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~LECTrtONIC INSTRT.Ji·iS J.1IT.;\.rrION AND SA5~ l : 
EDITCATION FOR .MEDI CAL TECHNOLOGISTJ 

Scott D. An derson, M.S. 

The University of North Dakota, 1975 

Faculty Advisor: Dr. Myron Bender 

The purpose of this investigation was to determine: 

(1) the possible need for an electronic instrumentation and 

safety course designed for medical technologists, (2) the type 

of medical electronics program practicing medical technolo

gists would like to see implemented in their curricula, (3) 

concepts which would be included in an electronics course to 

provide for an e ffective learning experience for medical 

technologists in the area of electro-medical instrumentation 

and safe ty, (4) whether medical technologists believe a course 

in medical electronics and electrical safety should be a 

requirement or an elective for a major (BS-NT) in medical 

technology, (5) wh3.t qualifications and/or proficiency an 

instructor must connnand to impleme nt such a progra m. 

Resea r c h of the descriptive type was employad through

out the study: a questionnaire was used to collec t the 

desired inform.8.tion and a computer was used to synthesize 
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the da ta. The data were collected from 165 ~niversities, 

university hospitals, and i!ls titutes of tecb_riology offering 

programs in medical technology in the Unit ed States. Data 

were p:::,e,y::;nted in tabular form accompanied by narrative sum

m.arie s ~ 

Conclusions 

Conclusions drawn from the findings were: (1) a 

definite need exists for electronic education for medical 

technology student·s, (2) the study and operation of instru

mentation systems is an integra l part of electronic education 

for medical technology students, (3) of the institutions 

s urveyed who offer electronic education, the majority of 

them are taught in the madical technology department in con

junction with physics, engineering, and chemistry, (4) elec

trical safety is extrem9ly important when working with 

electronic instrumentation, (5) emphasis of electronic con

cepts be genera l rather than in-depth, (6) the study and 

operation of instrumentation systems in an integral part of 

electronic education for medica l teqhnology students, (7) 

college level physics should be a requirement in the medical 

technolog y curricula and a p~erequisite to an electronic 

course, (8 ) a course in electro-medical instrumantation and 

electri c al 3afety should be a requirement ror a ma jor (BS

MT) in medical technology., 
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Rec om..'na::d at ions 

It is 1"eco;11.n.13nded that: (1) an electronics course for 

riedical tecb:1ology students should emphasize the ap:;>lication 

of principle s 1 no t a detailed a na l y sis of component s and 

circuits; be p:ra6r.iatic in nature; b':3 minimal in theo~"'Y and 

:;:nathematics, (2) instruction involve s mechanical wo:>kings 

of the instrument, with enough theoratical background so 

that the students understand how the appropriate signal is 

generatad from the sensor and translated into a visible sig

nal, (3) investigation be continued by the medical technology 

a nd industrial tecb..nology departments .to continually update, 

f urther dev3lop, and implement content to keep abreast of 

t e cl:L'1.ology. 

3 

-



ELECTRONIC I.dSTRUMENTATION AND SA.F:2:TY: 
EDUCATION FOR :1IEDICAL TECHNOLOGISTS 

by 
Scott D. Anderson 

Bach3lor of Science, University of North Dakota, 1973 

A Thesis 

Submitted to the Graduate Faculty 

of the 

University of North Dakota 

in partial fulfillment of the requirements 

for the degree of 

Master of' Science 

Grand Forks.: North Dakota 

May 
1975 



-



• 
This Thesis submitted by Scott D. Anderson in partial 

fulfillment of tho requirements for tho Degree of l'1,'lster of 
Science .from the University of North Dakota is hereby approv·ed 
by the Faculty Advisory Committee under whom the work has 
been done. 

( (Chairman) 

) 

ii 

·-



Permission 

::2ltle Electroni~ Instrumentation a~j Safety: Education 

for Medic~l Technologists 

D·3ps.r tment ___ I_n_d_'J_3_-:-_.,r_i_ri_l_T_e_c_h_n_o_l_o....:g..,_.._y ______________ _ 

Degree Master of Science -------------------------------
In presenting this thesis in partial fulfillment of 

the requirements for a graduate degree from the University 
of North Dakota, I agree tru1t the Library of this Univer
sity shall Imike it freely available for inspection. I 
further agree that permission for extensive copyiri..g for 
scholarly purposes may be granted by the professor who 
suparvised my thesis work or, in his absence, by the Chair
man of the Department or the Dean of the Graduate School. 
It is understood th~t any copying or publication or other · 
use of this thesis or part thereof for financial gain 
shall not be allowed without my written permission. It is 
also understood that due recognition shall be given to ms 
and to the University of North Dakota in any scholarly use 
which mRY ba made of any material in my thesis. 

Signature ---------------
Date 



AC KNO i,.JLEDGMENTS 

The ::iu thor wi she 3 to thank the host of people who_ en

coura.6:.ld him to conduct this in7estigatio~. Special tha::1.k3 

are e:,ct:;9.nded to :Mrs. Jean Saumur and Mrs. Jane Robb, Medical 

Technology; Dr. Myron Bander and Dr. Herbert J. Auer, In

dustrial Tecb~~ology; Miss Helen Kjelmyr, Department of Manage

ment; for their assistancs, constructive criticia~s and 

recommendations. 

The author also wishes to thank the people previously 

cited for their patience and cheerful acceptance of any in

conv·aniences this study has imposed on ·thsm. 

iv 

• 



TABLE OF CON~CENTS 

Page 

AC:Ki\JOWLEDG1'.!Sll':2S .................. .... l>.................... i V 

itBS TR...A..C T •• e ... ................. .. " ~ ~ • ._ ••••••••••••• " ix 

CHAPTER 
I. INTRODUCTION ••••••••••••••••••••••••••••••• 

Statement of the Problem 
Need for the Study 
Definition of Terms 
Limitations 

II. REVIEW OF LITERATURE ••••••••••••••••••••••• 

Introduction 
Function and Role of the Medical Tech

nologist in our Society 
Rationale of Electronic Education for 

Medical Technologists 
Future of Instrumentation 
Content of Existing Electronic and/or 

Instrumentation Programs within the 
Hed ical Technology c ·urric ula 

Electronic Instrumentation and Elec-
trical Safety Texts 

1 

7 

III. METHOD AND PROCE:QURE •••••••••••••• g•g•••c•• 16 

Type of Research 
Participant Selection and Compilation 
Questionnaire Design 
Cover Letter 
Follow-up 
Treatment of Data 

IV. PRESENTATION AND .ANALYSIS OP DA.TA........... 20 

Intent of study 
Type of Analysis 
Population 
Ana lysis of the Possible Need for 

Ele ctro-medical Instru~entation 
Instruction 

V 

• 



Ana lysis of Instructor Proficiency and 
Competency 

Ana ly3i3 of Educati~nal Concepts 
Ba sic theory, components and cir-

cuits 
~ l e ctrical safety 
Introduction to instrumentation 
Instrumentation systems 
Laboratory activities 

Ana lysis of Course Time and Charactar
istics 

Analysis of Comments 

V. SUMMARY, CONCLUSIONS, A.ND RECOMMENDATIONS.. 49 

Summary 
Conclusions 
Reco:mmsndations 

APPE1-ID IX A. Survey Ins tr umen t ••••••••••••• . • • • • • • • 5 5 

APPENDIX B. Cover Letter......................... 68 

APPE}IDIX c. Follow-up Letter••••••••••••••••••••• 69 

APPENDIX D. Possible Texts......................... 70 

BIBLIOGR.APir.i .................. , • • • • • • • • • • • • .. • • • • • • • 71 

_vi 



Table 
1. 

LI ST or ·r!\ BLES 

Page 
An Ele ctricity Electronics Course for 
Medic e. l T3ch..."lology Stude:i. to in Electro-
Medic a l I :1.strumsntation and Sa fety Should 
Be Incl ud ed in the Curriculum for a 
Medical Tachnology Degree................... 23 

2. Qualifications and/or Proficiencies an 
Instructor Should Command to Implement 
an Electro-Medical Instrumentation and 
Safety Program. He. or She Must Under
sta nd the Basic Principles, a Working 
and Practical Knowledge of:................. 25 

J. Departments Offering Electronic Education 
to Medical Technology Students Through 
Inter-Disciplinary Instruction............... 26 

4. Educational Concepts (Basic Theory, Com-
ponents and Circuits)..................... 27 

5. Educational Concepts (Electrical Safety).... 33 

6. Educa tiona l Concepts (Introduction to 
Instrumenta tion) ••••••••••••••••••••••••• ~.. 34 

7. Educationa l Concepts (Instr umentation 
Systems).................................... 38 

8. Educational Concepts (Laboratory 
A~tivities) •••• ~•••••••••••••••••••••••••••• 39 

9. Possible Availability of an Electronics 
Course for Hedical Technolog y Students...... 41 

10. The Re qu irement of College Level Physics 
in t he ?1fe d i c a l Technology Curricula •••••• ,. • .. 43 

11. The Re qu ire ment of College Le vel Physics 
as a Prerequisite to an El a ctronics Course.. 43 

12. Credit Eou r s A.warded Students Fulfilling 
Requi r eme nts of the Electronics Course 
(Mean o f Re sponses) ••••• s••••••••••••••••••• 43 

vii 

-



Table Page 
lJ. Electronic Class Meeting3 (Clock Hours 

Per Week) (Mean Values)..................... 44 
ll~. Shau ld :,. C o:..Jrse in Elec t.ro-:Ne d ical Ins tru -

mentation and Electrical Saf~ty be a Re
qu.irar;,..ent:; on an Elective fa-;:• a Major 
(BS-HT) in Hedical Techn.olo 5 y ••••••••• • ... • •,. 44 

viii 

I 



/:i. 3S TRA.C T 

Tha pi_;rpose of this invostigation was to determine: 

(1) the P 0 33ible need for a n. electronic instrm:1antation and 

safety course designed for medical technologists, (2) the type 

of medical electronics program practicing medical technolo

gists would like to see implemented in their curricula., (3) 

concepts which would be included in an electronics course to 

provide for an effective learning experience for medical 

tecbnologists in the area of electro-medical instrumentation 

and safety, (4) whether medical technologists believe a course 

in medical electronics and electrical saf'ety should be a 

requirement or an elective for a major (BS-~rr) in medical 

technology, (5) ·what qualifications and/or prof'iciency an 

ins true tor mu s-t command to implement such a program. 

Methods 

Research of the descriptive type was employed through

out the study: a questionnaire was used to collect the 

desired inforrnation and a computer was used to synthesize 

the data~ The data were coll8cted from 165 un iversities, 

univers ity h ospitals, and inJtitutes of technology offering 

progra ms in medical technology in the United States. Data 

were presented in tabular .form accompanied by narrative sum

m.c-'lrie s,. 
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Conclusions 

Conclusions drawn f:!:lor.t the findings wa:::-e: (1) a 

defini te need exists for e lectronic education for medical 

tecb:lolo3y students, (2) the study and operation of instru

mentation systems is an integral part of electronic education 

for r.iedical technology st1-1 d ents., (3) of tl:e i n::1titutions 

surveyed who offer electronic education, the majority of 

them are taught in the medical technology department in con

junction with physics, engineering, and chemistry, (4) elec

trical safety is extremely important when working with 

electronic instrumentation, (5) emphasis of electronic con

cepts be general rather than in-depth, (6) the study and 

operation of instrumentation systems is an integral part of 

el e ctronic education for medical tech.."'lology students, (7) 

college level physics should be a requirement in the medical 

techi."'lology curricula and a prerequisite to an electronic 

course, (8) a course in electro-medical instrumentation and 

electrical safety should be a requirement for a major (BS

MT) in medical technology .. 

Recommendations 

It is recommended that: (1) an electronics course for 

medical t e chnology students should emphasize the application 

of principles, not a detailed analysis of components and 

circuits; ba pragmatic in nature; be minimal in theory and 

matherr..atics, (2) instruetion involves mechanical workings 

of the instrument, with enough theoretical background so 

X 



that the students understand how the appropriate signal is 

genera ·~ed from the sensor and translated into a visible sig

nal, (3) investigation ba continued by th3 medical technology 

and irrdu3trial tech..riolClgy departments to co:itinually update, 

further develop, and imp:!..e:::nant content to keep abreast of 

technology. 

xi 



CH.APTER I 

INTRODUCTION 

In recent years, increased use of el3ctronic instru

mentation in the medical field has created weaknesses in 

some areas of medical technology curricula. These deficien

cies have activated further course development for the pur

pose of broadening the technological backgrounds of medical 

technology stud en ts. (3 ,4) 

The National Council of Medical Technology Education 

prepared a report sighting weak areas of instruction, 

11 ••• inadequate clinical instruction in instrumenGation, 

mathematics, clinical application of laboratory test results, 

and application of theory to practical aspects of_ laboratory 

work." (1, p. 7) 

Medical technology is expanding at the same rate as 

all technology of medicine. This technological expansion 

has promped a n urgent need for the integration and/or con

solidation of new disciplines into the medical technology 

curricula. Through change, it is hoped that more confid9nt 

and competent medical t3chnologists will emerge , capable 

of understanding compl ex instrumentation systems. 

1 
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Stat3m9nt of the Problem 

Thi3 research was c;:,ncerned with criteria and content 

for m~dical technology education at the undargraduate level 

in the area of electro-ruddical instrumentatio~ a nd safety. 

Tha objectives of this research wsra to: (1) determinC3 

the pos3ible need for a n e l ectronics instrum3ntation and 

safety cour3e designed for medical technologists~ (2) deter

mine the type of medical electronics program practicing medi

cal technologists would like to see implemented in their 

curricula, (3) determine concepts which should be included 

in a n electronics course to provide an effective learning ex

perience for medical technologists in the area of electro

me dical instrumentation and safety, (4) determine whether 

medical technologists believe a course in medical electronics 

and electrical safety should be a requirement or an elective 

for a major (BS-MT) in madical technology, (5) determine what 

qualifications and /or proficiency an ins true tor must conunand 

to implement such a pr•ogram. 

Need for the Study 

Professional educators of medical technology and prac

ticing medical technologists are seeing the large influx of 

electronic instrumentation in their laboratories. 

Ins trumentation sy.ster.i.s today are a rr..a.j ~::!:' tool in the 

laboratory environm-3nt.. ·wn.::i. t was once a primitive basement 

operation is now a highly s ophisticated, automated instrumen

tation s ystem. With the broad variety of instruments and 

scientific methods available to the medical technologists, 

• 
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i ~ is feasible te> ~arform with ease la:c3e numbers of accurate 

a. ::s l y tical labora tory tasts in a ral:i t ..i.vel·.v short timt}. 

In most clinic ~11 labora tori-33,. .('(S'::1.Y of the simpla ,:;.2:1-

·:2. J.y ~i cal tests are :;J .3 r·formed with e l.':l ct!'onic instruman:~s .. 

T~~ s s instrumanbs, with continuous da : ly use, are susca~~ibl9 

t o mechanical failur3.. In most case3 it is the respons.Lbil-

ity of the medical technologist supervising the laboratory 

oparations to parform the necessary m.:1intenance and to cor

r e ct minor malfunctions. At prssent, very few medical tech

nologi3ts po3sass tha technical electronic background to deal 

with such assignments. 

Whan el ,::ctronic failure is th3 cause of instrument 

bx•a akdo,...m, there is usually a delay until tha rnanufa.ctur9rt s 

r e presant~1tiv8 arrives, alleviates tha p l""oblem, and returns 

t he instrument to proper use~ This procass could pos3ibly be 

a ccele .ra ted i f the :rnadical t echnologist had an electronic 

a nd/or mechan ical edu0ation and could intelligently com.~uni

c a t e with th'=' manufacturer, poin ting out th8 operational de

fect before the latter sent out his rapresentative. 

Along with tha ope r 2 tion of any electronic device, 

safe ty should be a m~jor concern ~ Sat'ety is proba bly the 

m..)8t i mporta n t e l eme :1.t when working witQ ~lectronic ap:9a ra-

tu 3 .. All electronic in3 truma nts r a q u ira .. . . 1 e J..0c ·c;ri.ca 

fu:action a n d are oota :i t;ia l h'.:1.za r ds w:1-a ~1. u3e d incorrect:v .. It 
~ y 

i s the raspon s ibi li t y of' the me d i c al t echnologist to h-:10;.; both 

his or her l i mi t atlon:J a nd the limi cat ions of tha instrument. 

I nstrumants tha t a ra rrdsused and/or ,?.. bu s ed by unqua lified 
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p9rsonnel are subj9ct to shorter livds and become posaible 

s ~1fet·y hazards. Eq1Jally important, proper grounding a.'1.d 

c ~libration are di~ectly related to a~curate analyticai out

put of electronic instruments. 

With the large overlapping of elactronic instrumenta

tion in our society today and all manufacturers conti~ually 

offering improvements, electronic education would aid in 

consumer or user knowledge. Electronic education may also 

aid tha medical technologist in advising on the design or a 

more efficient instrumentation systeme It is proposed that 

electronic instrumentation and safety education for medical 

technology students would result in more conf'ident and more 

competent medical personnel. 

This research attempted to develop and structure its 

findings into an electronic instrumentation and safety pro

gram for medical technologists. However, this course could 

be helpful to other medical personnel, such as chemists and 

nurses. 

Since a phase of industrial technology is concerned 

with the study of electronics and instrumentation systems, 

it is apparent that both medical tech..~ologi and industrial 

t 0cb~-riology might be :1.efit from the e .xpercisa, equipment :1.nd 

f a cilities availabla in each departnen.t .. A descripbiv13 

electronics course amphasizing electro-m9dical instrumentation 

and safety, pragmatic in nature, applications orientad, but 

with a minimum of mathematics, is suggested. Therefore, the 

purpose of this study is to develop criteria and content for 

• 
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medical teclinologists' education in the area of electro-

d · al · .1... .1... .. • d f 1-raa 1c ins~rum~n~a~ion an sa e~y. 

Definition of Terms 

The follo:,,1i:-ig are a list of te.rms used throug:iout the 

de scription of the research material. 

Ned ical t~chnology--the area of medicine cone e:'aed with 

tha application of principles of natural, physical, and bio

logical sciences to the performance of laboratory procedures 

which aid in the diagnosis and treatment of diseases and the 

maintenance of health- (10) 

Instrumentation system--a set of instruments and equip

ment utilized in the measurement of one or more characteris

tics or phenomena, plus the presentation of information ob

tained from those measurements in a form that can be read and 

interpreted by man. (9) 

Electro-medical instrumentation--the measurement and 

recording of electronic, chemical, and . physiological variables. 

Safety b.azards--potentially dangerous situations of 

instruments which are caused by abuse, lack of preventive 

maintena nce, or natural routine use. 

Electronic concepts--cognitive areas within the sGope 

of electronic education. 

Limitati ons 

The scope of this study was to identify ba3ic criteria 

a nd content that would serve as guides for medical tschnolo

gistsr education in the area of e l ec tro-medical instrumenta

tion and safety .. The da t a of this study were obtaine·j by 
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the use of a survey instrument~ The electronic concepts were 

developed through the use of refereQce material and e x isting 

a lactronic, instrumsntation, and safo ty programs. 

The mailing or the survey in::1 i~rument was limited to 

uni versities, univ3rsity hospitals~ 2.nd institutes of tech

nology in the United States currently offering accredited 

~B dical technology programs. The reference used for these

lection ·was "Allied Medical Education Directory." (2) 

The data in this study were limited to the survey in

struments received between the dates of November 6, 1974 and 

February 14, 1975. By the latter date, it was felt that all 

potential participating personne.l had returned the survey in

strumant. 
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REVIEW OF' LI TZRATTJRE 

Introc1-1ction 

Analy3is of the literature revealed that vary few 

studies have bean undertaken to determine the extent of alee-

tronic instrumantation and safety offerings in the profes

sion of me d ical technology. However, a relatively large 

n umb e r of medical t e cri_r1ology program3 across the nation n13.ke 

course s in basic e l 3 ctronics and/or instrum·3nta ·tion avail-

a ble to the ir studentsp 

In ma ny cas e s, othe r d i ~ciplines such a s physics, cham

i stry, or engineering offe r their facilities a nd expertisa 

to help in the e duca tion of me dical t e chr1ology students. 

Revi ew of t h 9 lite rature discuss e s: ( 1) the function 

a n d role of t he medica l technologis t in o ur society, (2) the 

r a tional e as to why electronic e duc a tion may be clesir2.ble 

in light of the r apid e xpa nsion of me dical instrumentation, 

(3) the fu t ure of instrumenta tion , a nd (4) the contant of 

e xisting e l e c~ro~ic a nd/or in3tru~an tation pr ogrq~3 ~ ithin 

the medical t .:.;c h..D.ology curricul '.1 ,. a nd (.5) elec t r onic in;:;tru-

menta tion ~~ d el ectrica l texts • 

. 7 
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F u!'"l.1:; ::ion and Role of t he Medical Tech.:."'lo lo:<iJt 
in OlH' S ocie ty 

Th3 r:-:3 .:.)ir:;a l technol 1Jgis t :i. 3 a n indispen::;'.lb'.:..0 member of 

th e h ea l ~!:1 :. oa :n .. Departme r1ts ,.,rita.in the cliniea.l 12.bo;r•atory 

wher0 mddi~ a.::.. t'3 c hnologists wo:·k ::::. re hernatolo3y ~ Lr, .. z:i.unohern.!:l.

tology, chs~i3 t ry, and micro biol ogy. Medical t1ch~ologists, · 

who are occ '.l s i onally referre d to 1-J. s a medical or l'lboratory 

t e chr1ic i a ns, conc e ntra te the ir skill toward laboratory diagno

s i s , ma nagement, a n d research. 

La bora t ory diagnosis rafers to the performing of chen1..ical, 

microscopic, a n d ba cteriological tests to provide data for 

us e in dia gno s ing disea sesp The medical t e chnologist receives 

s pecimen3 or abta i~s body fluids such a s urino, blood, and 

sp ut um o r oth:ff· s8cretions f rom th·3 pa ti ent and rnakes qua li-

tat i ve a n d qu a nti t ative me dica l analyses with the use of in

s trume nta tion sy.:3t:; -3ms.. From the se an'l lyses the medical 

t e chn.ologist s, along with othe r rnemb8rs of the medical team, 

contributes t oward proper diagnosis and tre atment. 

The m9dical technologist is also a ntlnager. He or she 

may supervise and coordinate the activ i ties of 1.-mrkers per

forming in th .J l a boratory.. Th0 medical technologist may be 

a n educ a tor ~ha jevelops} o r~anizes , and dire ct3 ~dd i~1l 

technolog y 3 ·J uc ,:1 tio nal prog:::-:1r:1s, foPm:Jla tes a nd ( >U ~linss 

course nu=tt '3ria l an d establishe :3 criteria for t ha .e:1ricb ..... m3nt 

of the ma d.i. ca::. t e chnology eurricula., 

Me d :~c2. l research is a v:Jry important a. r e a o;,' m9dic2l 

technolo3:y .. It is through r e s f~arch \-Jith other :nedical 
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research di ~,isions, cooperating together as a team, that many 

of the 11 incu.rable" disease.J have been controlled or cured. 

Rationale of Electronic Education for 
Medica·].. 1i1 3 ~hr1ologists 

Owin g to the rapid pace of technology, weaknesses ·in 

many educa t ional programs in hospitals, clinics, and colleges 

have been created. These weaknesses have come about because 

of the rapid expansion in instrumentation in the medical 

field. 

In the center of the medical connnunity are the medical 

tech..-r1ologists ·who have probably been hit hardest by the in

crease in instrumentation. Therefore, in an attempt to keep 

abreast of: the rapid pace of instrum3ntation technology, 

directors of medical technology programs must reassess their 

undergraduate programs. 

Terence c. Karselis (4, p.134), BS, MT (ASCP), assistant 

professor of medical technology at the University of New York 

at Buffalo recognized this problem and observed: 

In recent years the need for a broader techno
logical background in medical technology education 
has made itself obvious. This is essentially true 
in the are as of chemistry and hematology where auto
mation made its first impression. Tl:1e rapid expan
sion of instrumentation h a s produced weaknesse3 in 
some area s of medic a l technology education. This has 
stimula t a d a rea ssessment of undergraduate curriculum 
in rnan y s c h ools. 

Al s o, wi th the rapid growt h in the wor1 a : s population, 

the nee d f o r h ealth care ha s increased and hospitals and 

clinics h a v e become crowded, t hus causing an i nc rea se in the 

number o f me dica l personnel a nd the size of th3ir facilities. 



10 

These f a cts have created a need for more medical technolo

gists to r.candle the larga a mount of laboratory testing neces

sary to ::1i.s.ke accurate a:::1:J.lyses. The resulti::-ig heavy work 

load maka8 one aware of the need for more p e rsonnel educated 

in the u se of electronic instrumentation in :-.'!.edical tecb..nol-

ogy. 

In a pamphlet prepared by the Director of Curriculum 

for Medical Technology a.t the University of North Dakota (5, 

p. 2), opport~nity and need for a broader technological edu

cation were expressed. 

The need for medical technologists has grown with 
the physician's dependence upon laboratory tests for 
accurate diagnosis and progress of treatment. The ad
vent of many drugs, treatments and antibiotics demands 
that careful laboratory checks be used to monitor ef
fectiveness for the patient. Developments in chemistry 
and ins trumentation has· led to a need for personnel 
trained in opera tional techniques. 

Many di a gnostic~ therapeutic, and analytical instru

ments rr.ay be found in a medical laboratory • .A large majority 

of these instruments are electronic in nature and require 

electrical power for operation. 

Medical technologists must not only master the operation 

of these instrumantation systems, but must also be respon-

sible for thair routine ni.s.intenance, in order to forestall 

lengthy down time. (3,5,7) 

.Medical technologists ., like other hospital personnel, 

depend heavily on accurate a~alytical results from the in

strumentation at their disposal. With day-to-day routine 

tests, the possibility of electronic and/or m'3chanical failure 

is inevitable. The supervising laboratory medical technologist 
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h.s.s tn3 responsibility of maintaining a satisfactory level 

of . p9 ·r.f'o r:m.-ince of all oquipmant, making minor electronic re

pairs a nd /or seeing to it th~t a factory r0prasentative is 

call3d upon. 

:Sduc a tion in routine ma.intenance is u .Jually provided by 

the ins trument manufactu rer. In the past, fo w technologists 

have be3n instructed to go beyond the performance of routina 

tasks to make these corrections. These minor problems in

evitably result in long delays of instrument down time. (3, 

5,6} 

This situation need not exist. Just as medical tech

nologists can be taught to operate instruments, they can 

also be taught to test and perform minor electronic and 

nBchanical failures. Schroader (6) pointed out that educators 

in colleges and hospitals are aware of this problem and have 

b e gun to offer cour se s in electronics and instrumsntation to 

their students and staff. 

Kars e lis (4, p. 134), ~ho ~qs developed an electronics 

course for medical technology sGudents, concluded that elec

tronic and instrumentation education are necessary to develop 

more confident and comp e tent medical tachnologists. 

'l'he acute need fo r instruction in instrumentation 
is ac1cnowledged by :-1 mr::.jori ty of medi~s. l t ,.,chnology 
ed uc ator3. In an affo.r.-~ t o provide confident, competent 
t3c o .... ::1ologis ts c a pable o.:.' :mastering cor.iplax instrumen
t a tion, in3truction in b~sic electricity, electronics 
and a 7en computers is now b3ing propos ed . An electron
ic s course that would h elp to build such confidence 
in a technologist i s n eeded . 

I 
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Fut ura o.f Ins trumenta ti_.'.):l 

In m.':ln 1 s qu9st to conquer the unkno 1...;n, he finds solu

ti on.'.:! to many of his p:;:-obler:13 and answer-s to many of his quas

tion3 only to disco~,'3~ ha ha s more unsol ·ved mysteries ahaad of 

hi~ d ~d a greater possibility for error. 

As instrumentation becomes increasin6 ly complax in th3 

futura, the possibility for electronic failure becomes greater. 

Tha result, of course, will be more frequent periods of down 

tima. Unless :major changes are made in the design and pro

duction of the new instrumentation systems, such problems are 

li kaly to continue. (7) 

Simplicity of operation, together with smaller sample 

sizes and amounts of reagents, will facilitate a larger number 

of tests to be run more economically. (7,8) 

It is difficult to predict what th9 future of electronic 

instrumentation will be. Whatever the answar, instrumenta

tion will have to k0ep abreast of the current medical trends. 

Instrumentation systems in use today rn.9..Y be out of 

da te and of little use in the medical laboratory in a few 

years. Patton (7) predicted that in the near future, much 

of our present autom:.':lted equipment m_g_y be obsolate because 

of the l 2 rga size of tha s-3.mpl~, the larg3 'ivlume of 

reagent3, and tha questionable accuracy of thM readout d~vic~s. 

Th:3 futura of a~y laboratory lies in tha current choica 

of laboratory instrumentation. Instrumant3 in the very na~r 

future will be more 2ccurate, smaller, and easier to manipL!ls.ta. 
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In conclusion, it c a ~ be said that the future of the clini0al 

12. 0 0.:,a tory lies in the h3.nds of the i!lst-r·umant manufactur~ra. 

"' c, .:.-0 t f .,-, . J..' .,..,., t • d I T I- J.. t• ., . n ,J n o ~xis l,:. n .~ ..:,1.:3c · ron1.c an / or _ ns "rumen ua 1. on 
Programs 'dit:ii :: t r..3 Hedical Techno :i.::>gy Curricula 

t 1· 'J.. d t f · d 1 . ... vary 1.m1. ve a.mo,Jn o researcn 1 course eve opmen;:;, 

and content has been published in electronics and/or instru

mentation for medical technology. The three.programs dis

played below aided in the development o.f the philosophy and 

partial cont9:nt of this research. 

Three of the existing electronic programs wera found in 

publication form and wera developed by: 

1) Te rence C. Karsalis, BS, MT (A.SCP) 
Assist;ant Professor, Departmant of Medical Technology 
State University of New York 
Buffalo, New York 

2) Thomas D. Schroeder, Ph.D. 
Department of Chemistry 
Shipp9nsburg State College 
Shippensburg, Pennsylvania 

3) Physiology Department 
University of the Pacific 
Stockton, California 

The following compilation shows which of the major con

cepts identified by the author are included in each of the 

thre3 8xisting programs. 

EXISTLNG 
PR OG~-D\ HS 

1 2 3 

X X X 

X X X 

}g JOR CO)lC:ZPT HEADINGS AS IDEN·rIFIED BY THE AiJ·I'EOn 

Basic Th0ory of Electricity 

Direct CurrBnt Concepts 



EXISTING 
??.OGRA .. MS MAJOR CO.NCEPT HEADINGS AS IDENTIFIED BY TEE AUTHOR 

l 

X 

'( .,_ 

'/ - \. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

2 

X 

X 

X 

v · 
_'\. 

X 

X 

X 

X 

X 

3 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Funda::n3n tals of Elec troma3netism 

Meter No~rament s 

Altern.2.ting Current Concep cs 

Amplification 

Special Purpose Devices 

Semiconductor Fundamentals 

Transistor Amplifiers 

Signal Generator Applications 

Semiconductor Control Devices 

Electrical Safety 

Introduction to Instrumentation 

Phase I Signal Sensing and Conversion (Trans-
ducers) 

Phase II Signal Processing (Amplification) 

Phase III Signal Processing (Special Circuits) 

Phase IV Signal Readout (Display Systems) 

X X X Instrumentation Systems 

Laboratory Activities X X X 

The following major concepts which were covered by the Uni

versity of the Pacific which were not considered necessary by 

Karselis and Schroed a~: 

X Physiological Stimulation Tocnniques 

X Recording and Stimulating Electrodes Design, 
Theory, and Applications to Living Tissues 

X Telematry for Biologica l Systems 



E XI S TING 
PROGRA:HS 

1 2 3 
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M_t\JOR CONCEPT HEADINGS AS IDENTIFIED BY THE AUTHOR 

X General E:octrophysiology or Cells and Tissue 

X Electroph-ysiology of Isolated Excitable Tissu~ 
In Vitro 

X Electrophysiology of Receptors 

X Electrophysiology of the Vertebrate Spinal Co~d 

X Electrophysiology of the Cerebral Cortex in the 
Cat and Rat Preparation 

The major concepts of Electrical Safety, Introduction 

to Instrumentation, Phase I, Phase II, Phase III, and Phase 

IV, that were not checked above, are possibly part of the 

content of the existing programs but were not cited in the 

publications~ 

Electronic Instrumentation and Electrical Safety Texts 
; 

An increasing number of texts are becoming available on 

Electronic Instrumentation and Electrical Safety. A few of 

these books are listed in Appendix D. 



CHAPT"'cll III 

NE'fi!OD AND PRO C3:JCT.tl"S 

Type of Resea::-ch 

· The purpos9 of' thi3 chapter is to present the method 

a~d procedure followed in the design and administration of 

the survay instru~ent used in this study. 

Research of the de-scriptive typa was employed throughout 

the study: a question..-ria.ira was used to collect the desired 

information. This approach was considered to be the most 

fea sible, economically and physically, in surveying a large, 

widespread population. 

Participant Selection and Compilation 

The 1973 Allied Medical Education Directory was used as 

the source to identify institutions that currently have a 

medical technology education program. Institutions selected 

to participate in this research were from univeraities, univer

sity ho3pitals, and institutes of technology in the United 

States. Two hundr9d and seventy-five addresses were compiled 

and tha survey i~3 t:-- 1 •. una.nt mailed. 

QLla3tionnaire Design 

The questionna ire is widely used by educators to obtain 

facts about past, present, and anticipated events, conditions 

16 
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a nd practices and to make inquirie3 concerning attituda3 and 

opinions. ( 11) 

This questi on~aire was not d0~igned to prove or dis

p r ove anything .. It was designed to va-r-ify and comp:ile educa

tion a l information ·,,1hich could be use d as a guide in str~c

t uring an electronic in3trumentation a nd 3afety cour39 for 

me dical technologists. 

The questionnaire was po3sibly too long. Each queation 

included in tha questionnaire, however, was felt to be neces

sary to fulfill th3 objectives of the study. It should be 

noted tha·t some recipients m.q_y not have supplied accurate 

a nswers, others may h a ve felt unqualified to divulge informa

tion, or others may have been discouraged by the length or 

subject matter of the qu'3stionnaire. 

A closed-form questionnaire · was designed for, and used 

in, this study. The questionnaire consisted of four sheets 

of p a per, printed on both sides. Objectives of the survey . 

were identified on the first paga of the questionnaire follow

ed by thrae major groups of inquiry: (1) ascertainment of 

need, (2) instructor proficiency and competency, and (3) edu-

,c a tional concapts. Space was provided on the last page of 

ths qusstionnaire for comments, suggast i ons and/or criticisms. 

Tha questionnaire i 3 fea tured in Appe n d i x A. 

Cover Lette:!:' 

Enclosed with the questionnaire were a stamped, salf

addressed, return envelope and a cov~r letter. The cover 

I 
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l s tter, addressed to the Program Coord ir~tor of Medical Tech-

~ology, introduc ed the questionnairs and stated the purpose 

of the study, the maj or topics, and ·what was hoped to ba 

l earned from the inf o r mation. Sugga s tions and recommendations 

-,.;9 r e strongly encou .:."'aged and a summary of the results of this 

st~d y would be a vaila '::>le to those inte rested and/or in~rolved 

in further development of medical tecb~~ology curricula. The 

cover letter was approved and signed by the chairman of the 

advisory com.-raittee from the Department of Industrial Tech

nology, a member of the advisory committee from Medical Tech

nology, and the author. This was to demonstrate to the re

cipients that there was an inter-departmental interest as well 

as a personal interest in their responses. (See Appendix B) 

The initial mailing of the survey instrumant was Novem

ber 6, 1974 .. 

Follow-up 

On January 8 ,- 1975, thirty-eight percent of the surveyed 

institutions had responded to the initial mailing of the in

strument. On ·January 10, 1975, a follow-up letter was mailed 

to the remaining sixty-two percent, explaining the importance 

of their professional opinion in the succesa of the study . 

I f t hey had not r 9c e ive d a questionna ire or misplaced ic, 

another one woul d b a sent urging them to consult a fellow 

c olleague who was more knowledgeabls a bout the questionnaire 

subject matter . They were asked to c omplete and return the 

questionnaire, using the self-addressed stamped envelope 

provided. (See Append ix C) 
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The survey ended February 28, 1975. At tha +: .... . t ,n.:::,, 
"' l.,..1.-u.J ~ 

hundred and si x ty-five of the original two hundred and 

.J 3:n~nty-five in3titutions had re3ponded. This repre3ent3 

3ixty percent o.f' the total population questioned. 

Treatment of Data 

one 

After comple tion of tha survay, the data from th~ ques

tionnaires were recorded on Fortran Coding Forms. Ona hund

red and forty-saven items were obtained from each question

naire. Information from the coding form were transferred to 

computer job cards and a computer program entitled "Tally" 

was processed by the computer center at the University of 

North Dakota. 

Inforr.iation derived from the computer print out were 

used in the construction of tables. A descriptive analysis of: 

the tabular informa.tion was analyzed and each topic discussed 

in a narrative suni.-rnary. 



.. 

CHAPTER IV 

PRES:2NTATI0N AND ANAL::SIS OF DATA 

Intent of Study 

The intent of this research ~~s to provide information 

about electronic instrumentation and safety and to develop a 

positive attitude toward the integration of such a disci

pline with medical technology. 

This research was an attempt to: (1) determine the 

possible need for an electronic instrumentation and safety 

coursa designed for medical technologists, (2) determine what 

type of madical electronics program practicing medical tech

nologists would like to see implemented in_ their curricula, 

if such a program were offered, (3) determine what concepts 

should ba included in an electronic s course to provide an 

effective learning experience for madical technologists in 

the area of electro-medical instrumentation and safety, (4) 

determine whether madical technologists believe a course 

in medic a l electronics and electrica l safety should be a 

r3quirement or a n e l e ctive for a mD. jor (BS-MT) in medical 

t 9chnology, (5) detr3rmine what qu:ili f i cations and/or pro

f iciency an instructor must comm.and t o implement such a 

program. 

20 



21 

Type of Analysis 

Analysis of' the data was conducted with the use o:f the 

c omputer. T,.!... 
-v programmed to sy!!thesize the data and 

print out tha following for each item on the question..Y).d.ire: 

1) The mean score. 

2) The fr9q!..lency of each rating. 

3) The percent of each rating. 

The information were separated into three groups: 

1) Institutions who have an electronics course. 

2) Institutions who do not have an electronics course. 

3) A combination or total over-all response of the 

above t~o groups. 

The numbers used in the following tables are mean scores 

unl e ss otherwise i ndicated .. A. s um of the means or the in

stitutions having a course and institutions not having a 

course will not and is not intended to equal the combination 

mean score. 

Popula tion 

One hundred a nd sixty-five of the two hundred seventy

rive questionnaires were returned. This represents a return 

of six ty percent . 

One hund r e d an d twenty or the one hundred and sixty

f iv e questionnaires were fully completed and used in ~he com

pute r analysis~ Thi s represents a completed r e turn of 72.73 

pe rcent. Forty-nine institutions, 29.70 percent , offer an 

· ele ctronics course f or their s t udents and seventy-one 
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institutions, 43.03 percent, do not. The re·main ·: ng forty

five institu ~ion3, 27.27 percent, returned partially answer

ed or unans :'1'9red questionnaire s which were not u.:ieci in the 

t .. . compu er an~iysis. 

Fro~ thi s point on. throughout the study, inst itutions 

offeriI1_g a cou r 3e in electronics to their students are 

labeled "Do H°ave Course," those institutions not offering a 

course are labeled "Don't Have Course, 11 and the total number 

of institutions returning the completed questionnaire are 

labeled "Combination." 

_i\nalysis of the Possible Need for Electro-medical 
Instrumantation Instruction 

In Table 1 data are presented indicating the nead for 

electronic education in the medical technology curricula. 

Of the forty-nine institutions offering electronic education, 

twenty-four institutions (49.98 percent) rated it "essential," 

seventeen institutions (34 .. 69 percent) val·ued it "highly 

desirable," and no institutions in this group rated it "of 

little value" or "of no value. 11 This yielded a mean of 4 .327, 

indicating "highly desirable." 

Seventy-one institutions not ha ving an electronics 

course as a ua r t o.f their progrmn had a mean of 3.648, still 

within the r~nge of "highly de .sir a ble ." 

The combina tion of the t~..-10 g roups shows tha t thirty

f our institu t ions (28.33 percent) indicated an e l e ctronics 

cou r se for medic a l technology students ·to be He ssential," 

forty-nine ins titutions (43.83 pe rcent) "highly dasirable," 
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TA.ELS 1 

AN ET.T;;CTRICITY ELECTRON:J:GS COURSE FOR 1·f°R::JIC.:\L 
TECHNOLOGY STUDErITS IN ELECTRO-l•fRDIC.,G 

INSTRUMENTATION AtID SAFETY SHOUIJ) B.S 
INCLUDED IN TrIE crJRHICULUM FOR A 

MEDICAL TEC:-f::TOLQGY DEGREE 

Don't Have Course Do Have Course Com~ination 
No. % No. % No. % 

Essential 

Highly 
Desirable 

Desirable 

Of Little 
Value 

Of No 
Value 

No Answer 

Mean Value 

24 

17 

8 

0 

0 

0 

49 

48.98 

34.69 

16 .. 33 

o.oo 

o.oo 
o.oo 

100 (• 00 

10 

32 

25 

3 

0 

1 

71 

Value Scale: (0.00 - 5.00) 

4.51 - 5.00 
3 .51 - 4 .. 50 
2.51 - 3 .. 50 
1 .. 51 - 2.50 
0.51 - 1 .. 50 

0 

Essential 
Highly Desirable 
Desirable 
Of Little Value 
Of No Value 
No Answer 

14.08 

45.07 
35.21 

4.23 

o.oo 

34 

49 

33 

3 

0 

1 

100.00 120 

3.648 

23.33 

40.83 

. 27 .. 50 

o.oo 

0 .. 83 

100.00 

3.925 
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thi r ty-three ins ti tu tions (27 .50 p erce:i.t) 11 desirable, 11 

thre ·3 institutions (2.50 percent) "of a little value," and 

one irlscitution (0.8J 9ercent) eliciting !trio response." 

This y- ialded a mean of J.925 indicatin3 ::=. value of "highl:1 

desira b:i.e • 11 

.Analysis of Instructor Proficiency and Compatency 

Table 2 indicates the rank order and the mean rating of 

the cognitive areas an instructor should command to implement 

such a course. The values given in this table are mean 

scores. Electronics was considered by the respondents to 

be "absolutely essential" in all groups, with physics, mathe

matics, and chemi3try of "considerable importance • 11 Although 

the ranlc order varies slightly in the "Do Have Course, 11 where 

chemistry is ranked bafore mathematics and biology before 

computer programming, the general rank order is slightly 

changed. 

Table 3 displays departments which teach electronic edu

cation to medical. technology students. The data for this 

table were taken from the forty-nine institutions including 

electronic education in their medical technology program. 

Eleetronic education is taught by medical technology 

personnel in 46.94 perca rit of the fo1•ty-nine institutions 

surveyed~ Physics, Chemistry, Clinical Fncility, School of 

Pharmacy, Engineering, Biochemistry and .Microbiology are de

partments offering their facilities and expertise for elec

tronic education for medical technology st~dents. 
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TABLE 2 

Q-U~\LIFICATIONS AND/OR 'PROFICIENCIES ?\ N INSTRUCTOR SEO"tjLD 
CC1·TI'1AND TO IMPLE?1ENT AN ELECTRO-MEDIC A.S INSTRUMENTATION 
!-,Ni) SAFETY PROGRAi·l.. £:IB OR SHE MUST u~mERSTAND THE BASIC 

PRINCIPLES, A. 1·iO~nuNG AND PRACTIC AL .KNOWLEDGE OF: 

Value Area 

Absolutely 
Essential Electronics 

Consider- Physics 
able 

Importance Mathematics 

Moderate 

Mino.r 
Importance 

Chemistry 

Physiology 

Computer 
P rogranrrning 

Biology 

Anatomy 

C • " ombi--,.-
na tion 

4.85 

4,.39 

4.11 

3.88 

3 .. 11 

2.90 

2.80 

1.80 

Value Scale: (0 .. 00 - 5 .. 00) 

Do Have 
Course 

4.78 

4.29 

3.86 

4 .. 06 

2.83 

2.60 

2.67 

1.73 

- 5 .. 00 
4.50 

- 3.50 

Absolutely Essential 
Consierable Importance 
Moderate 

- 2.50 
- 1.50 

.. 

Minor Importance 
No Importance 
No Answer 

Don't 
Have 
Course 

4.90 

4.46 

4.28 

3.76 

3.27 

3.10 

2.90 

2.00 

,,-Indicates the mean 3core which deta.rninad the rank 
order. 
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TABLE 3 

DEPARTHE:NTS OFF'~R.ING ELECTRONIC EDUCATION TO MEDICAL 
TECHNOLOGY S~WD"SNTS THROUGH IN'l'SR-DISCIPLINARY 

INSTRUCTION 

D 3pG. rtment Numb er Percent 

~·lsd ical Technology 23 46.34 

Physics 8 16.34 

Chemistry 5 10.20 

Clinical Facility 4 8.16 

School of Pharmacy 3 6.12 

Engines ring 3 6.12 

Biochemistry 2 4.08 

Microbiology 1 2.04 

Total 49 100.00 

Analysis of Educational Concepts 

Basic theory, components and circuits. On the basis 

of the data in Ta ble 4, educational concspts found to be 

"essential 11 or "very helpful 11 by the participants were recom

mended for inclusion in a n electro-medical instrumentation 

and safe ty course. These concepts are pragmatic in nature 

wi bh a mi nimum amount of theory. Gonce? ts labeled "helpfu l" 

might be considered l a st in the selection of content for 

such a course. Va ria nce in mea ns between institutions offer

ing a course is minimal, thus indicating a high correlation. 

There were no concepts in which the mean score fell in the 

range s of "some what helpful" a nd 11 h..q s no value. 11 
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TABLE 4 
~~DUCATIONAL CONCEPTS 

(BASIC TTIOR".[, COMPONENTS AND CIRCUITS) 

.. 
Cambi-" 

Sc ·.:i. l e Conc e pt 

Brt sic Theory of S l 3c
t.:.'ic i ty 

Essential Elactrical 
Safety Rules 

Va ry 
He l-pful 

Terminology & 
Definitions 

Measuring In
strument Usage 

Types of 
Currant Flow 

Direct Current Concepts 

nation 

4.63 

4.54 

4.47 

4.35 

Essentia l Ohm's Law 4.56 

Ve ry 
Helpful 

Series/Pa rallel 
Circuit Concepts 4.49 
Circuit Loading 

The Wheatstone 
Bridge 4.12 

Fundamentals of Electro
magn0tism 

Very 
Helpf ul 

H3lpful 

Ba sic Electro
m.!lgnetic J. n -
d uc tion 

Electric 
Motors 

Electric 
Generator s 

3.84 

3.28 

Do Have 
Course 

4.73 

4.40 

4.22 

4.63 

4 .63 

4.26 

3.78 

3.10 

Don't 
Have 
Cour3e 

4.56 

4.51 

4.44 

4.51 

4.39 

4 .. 28 

3.89 

3. 58 
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Table 4.--Continuad 

Combi--:~
na tion 

1'13t3r Movements 

Very 
rl~lo+>ul J.. ..... J. J. 

Calibration 

Sensi ti vi ty 

Ammeters and 
Voltmeters 

D 1Arsonual 
Galvanometer 

.4 .46 

4.35 

4.32 

4.27 

Alter:r1a ting Current 
Concepts 

Very 
Helpful 

Help.ful 

Terminology 

Capacitors and 
Cs.pac i tanc e 

Inductors and 
Inductance 

Reactance/ 
Impedance 

Phase Relation-

4 .. 30 

3.99 

J .. 56 

ships J.48 

Resonance J.17 

Integration/ 
Differentiation J.16 

RL and RC ;rime 
Constrrnts 3 .. 15 

Amplification 

Very 
Help.ful 

Theory of' 
Operation 

Gain of Ampli
fiers 3.77 

Do Have 
Course 

4.26 

4.26 

4.20 

4 .51 

4.10 

3 .55 

3.45 
2.98 

2.90 

3 • ()}_J. 

3.80 

Don't 
Have 
Coi.Jr3-3 

4.56 

4 .. 41 

4.37 

4.31 

3.91 

3.82 

3.56 

3.51 

3.30 

3.34 

3 .. 22 

3.76 
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Table 4. --Continued 

Don't 
Vn l ue Combi--l:- Do Have Ha va 
Sc2. l 0 Cone e n-:: nation. Course Co :J rs8 

The rmionic 
Emission 3.52 3.10 3 .. Go 

:Ie lpfu 1 Charac ter istic ' 
Curves 3 .41 3 .. 18 3.56 

Bias, Types 
and 11ethods 3.38 3.16 3.53 

Amplifier 
Cla ssification 3.37 3 .04 J.61 

Distortion 3.39 3.18 3.53 

Cou pling 
3.28 3.44 Me thods 3.06 

Spe cia l P urpose De vices 

Very Photo Tubes 4.00 4.10 J.93 
He lpful 

Cathode Ra y 
Tu bes 3.75 3.71 3.77 

H l c-. 1 _e_ pr u_ Vacuum Devices 3.42 3.51 3.37 

Triodes 3.27 3.29 3.27 

Pentodes 3 .05 2.92 3.14 

Tetrodes 3 .02 2 .84 3.14 

Remote Cut-off 2.81 2 .41 J.08 

Gas Filled 2.78 2 .. 51 2.97 

S ~:nnicond uc tor F un da -
mentais 

H·3l p ful Donors and 
Accedtor.:J 3.42 3.51 3.35 

P-Typ e s Gnd 
N-Types J.39 3.53 3.30 
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S c.s.ls 
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T~ble 4.--Continueo 

Cone apt 

Forw~rd, 
Reverse Bia.s 

Combi-1:

nation 

3.30 

Tr~nsistor Amolifiars 

Very 
Helpful 

Basic Transi3-
tor Theory 

Three Common 
Types of 
Amplifiers 

3.84 

3.59 

S igna 1 Genera tor 
A.pulica tions . ' 

He lpful Feedback 
Principles 3 .45 

Low Frequency 
Sine Waves 2 .. 82 

Square Ha ve 
Generation 2.81 

High Frequency 
S i ne Waves 2 • 7 7 

Precision 
Frequency 
Oscillators 2.75 

Ramp Generators 2.58 

S emiconductor Control 
Dl3 vic es 

He lpful Zener Diod0s 

Field Effe ct 
Transistors 

Specific 
Integratad 
Circuits 

3 .13 

3.02 

Do Have 
Course 

3.82 

2.53 

2. 73 

2.39 

2.41 

J.16 

2 .94 

Don't 
Havs 
Cour3e 

3.17 

3.86 

3 .45 

3 .. 01 

2.86 

2.97 

3.00 

2.70 

3.11 

3.06 
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TABLE 4.--Continuad 

Conc ept 

Silic0ne 
Controlled 
Rectlfi .::irs 

C b 
. -~:-om 1-

na tion 

3.01 

Value Scale: .(o.oo - 5.00) 

4.51 
3.51 
2.51 
1.51 
0.51 
o.oo 

- .5.00 
4.50 

- 3 .50 
- 2.50 
- 1.50 

Essential 
Vary Helpful 
Helpful 
Somewhat Helpful 
Has No Value 
No Answer 

Do Have 
Coursa 

2.92 

Don:t 
Hav3 
Co u:- .19 

3.07 

-:~-Indicate 3 tha r.iaan score which determined tha rank 
order. 
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Ana lysis of Educat ional Concepts 

Electric~l safety~ The dq~a in Table 5 indicat9 that 

electrical safoty i3 a very important area of elaccronic 

ed ucation. All of the concep ts sighted were cor..si d ered by 

the participants to be very pra ctical and pertinent to 

medical technologists' education. These concepts ar9 general 

in nature and are applicable to anyone working with elec

tronic instrumentation in any environment. 

Introduction to Instrumentation. Table 6 afforded a 

comparison among the four phases of instrumentation and power 

supplies identified by the author. Concepts scored highest 

by the participants were Phase I (Signal Sensing and Conver

sion), Phase IV (Signal Readout), and Power Supplies. · Since 

medic a l technologists are involved with transducers and 

display systems, it is evident that they would want rainf'orce

ment of these areas.. Power Supplies are indicated "very 

helpfuln and are an area which would be beneficial to expand 

upon. 

Phase II (Signal Processing) is considered to be "very 

helpful" with possibly a small introduqtion of the typas of 

a mplifiers listed beneath it. The conc ept of amplification 

is evidently more important tha n the amplifiers themselves. 

Phase III (Sigruil Processing) is less importa nt . to the 

medical technologist and could be used for students seeldng 

advanced electronic understanding. 
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TABLE 5 

EDUCATI ON.Aii CONCEPTS 
(ELECTRICAL SAFET.i) 

Va lue 
Scale Concept 

Combi-·,.-
.1.. • na l,J.on 

Do Have 
Course 

Essential Preventive 

Very 
Helpful 

M.8. int ena nc e 

Care of 
Equipment 

Principles of 
Electrical 
Grounding 

Reporting of 
Faults 

Regular Test
ing and 
Calibration 

Electrical 
Shock 

Specific Situa
tions Causing 
Elec trics.l 

4 .. 62 

4.60 

L~ .59 

4.56 

4.52 

Shock 4.47 
Electrical 
Energy 

Value Sca le: (0.00 - 5.00) 

4.51 
3.51 
2.51 
1.51 
0.51 
o.oo 

Essential 
Very Helpfc:l 
Helpful 
Somewhat Helpful 
Has No Value 
No Answer 

4.56 

4. 73 

4.61 

4.55 

-Don it 
g:ave 
Course 

4.61 

4.49 

4.59 

4.41 

4.37 

~~Indicates the mean score which determined the rank: 
order. 
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EDUC1\.'J:IONAL COiYiCEPTS 
(INTRODUCTION TO I ?TSTRUHENTATION) 

" Value C u:ct;:> i _..,,. Do Have 
Scale Concept nation CoL1rse 

Phase I (Signal Sensing 
and Conversion) 

Very Transducers 3 .95 4.06 
Helpful 

Photo-
electric 3.72 3.98 

Chemo-
electric 3.59 3.59 

Electro-
:m.8.gne ti c 3.58 3.39 

Thermo-
electric 3.52 3.39 

Helpful Nucleo-
electric 3.32 3.26 

Mechano-
electric 3.29 3.06 

Acoustico -
electric 2.90 2.59 

Phase II (Signal 
Processing) 

Vary Amplification 3.54 3.36 
Helpful 

Helpful 0:;?arati anal 
3 .. 43 f, .... f. 3.42 \m.p 1.1 1ers 

Pre-amplifiers 3,.38 3.37 

D i.f i' erent ia 1 
Amplifiers 3.27 3.22 

Buffer Amplifi- 3.10 2.94 
ers 

Don't 
Have 
Course 

3.87 

3.53 

3.59 

3.72 

3.62 

3.35 

3.45 

3.11 

3.48 

3.41 

3.39 

3.30 

3.21 
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TABLE 6~--Continued 

., 
Val-ue 
Scale 

r, ' • -,.,,4 
v om,:n -

Concept 

Pha s0 •T.1.r (Sion~l ·- -- \ -q " ... 

Processl0:3) 

H 1 f 1 __ e_p u F'il ters, Shape 
·-is a Function 
of Frequency 

n~ tlon 

Integrators/ 
Differentiators 2.76 

Somewhat 
Helpful 

Phfi se Differ
ence Circuits 

Vol tsge 
Frequency 
Converters 

rpri· crcr9Y1 
- 00 -~ 

Circuits 

Fune ti on 
Genera tors 

Wave Shaping 
and 
Converters 

Clipper and 
Limiter 
Circuits 

Phase IV (Signal 
Res.dout) 

2.65 

2 .64 

2 .62 

2.57 

2.55 

Very 
Helpful 

Disp lay Systems 3~82 

Recorders 4~14 

Visual 

Meters 

Digital 
Readouts 

Cathode 
Ray Tubes 

J.82 

3.99 

3.87 

Do Ra va 
Co1Jr3a 

2.63 

2.37 

2.37 

2.39 

2.22 

3.73 

4.04 

3.67 

4.02 

3.82 

3.73 

Don't 
Have 
C9ursa 

2.89 

2.84 

2.83 

2.68 

2.66 

2.62 

3.89 

3.93 

4.06 

4.11 
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Value 
Scale 

Helpful 

Power 

Very 
Helpful 
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TABLE 6~--Continued 

C :J:mbi-
~: 

Concept n ,=1. tion 

Audi o J .. 02 

Triggered 
A.larms 2.97 

Tone 
Indicators 2.87 

Supplies 

Transformers 3.89 

Regulators of 
Voltage 3.84 

Rectifiers 3 .. 72 

Filters 3.72 

Batteries 3.69 

Vol t;ace 0 

Dividers 3 .. 58 

Value Scale: (0.00 - 5.00) 

- 5.00 
- 4 .50 
- 3 .50 
- 2 .50 
- 1.50 

Essentia l 
Very Helpful 
Helpful 
Somewhat Helpful 
Has No Va lue 
No Ans·we r 

Don't 
Do Have Have 
Course Course 

2 .4 7 3.41 

2.51 3.30 

2.43 3.18 

4.02 3.08 

3.98 3.75 

3 .84 3.65 

3.73 3.70 

J.88 3.56 

3.69 3.51 

~~-Indic a tes the mean which determined the rank order. 
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Instrumantation systems. According to the dB.ta in 

Tabl9 7J 2 11 of the instrumentation systems contained in the 

questio.r..:."'lJ.ir-e were considered i:essential 11 or Hv3ry helpful." 

Tho3e racsiving the higher r~tings are possibly those instru

m3nt s racei ;rin.g th9 most labo1"a tory use. 

Labo~abory Activiti~s. Table 8 displays t~s rank order 

of laboratory activities as chosen by the participating in

stitutions. The activities of Table 8 which were considered 

most important are pragmatic in nature and correspond to 

ni.E.ny of the concepts labeled "essential" or "very halpful" 

in Tables 4, 5, and 6. 

An example of theory-activity relationships are meter 

usage, Oh..rn' s law, and series/parallel circuits which were all 

valued !!essential" or "very helpful" in Table 4, trouble

shooting and preventive maintenance ranked "essential" in 

Table 5, and regula_tors of voltage, "very helpful" in Table 6. 

From this comparison~ it can be concluded that a direct 

relationship exists between basic theory and laboratory ac

tivities, thus the importance for supplying laboratory ac

tivities to reinforce theoretical material. 

Analysis of Course Time and Credit Characteristics 

Table 9 represented an a tt~mpt to identify the academic 

level whe:;:i 3. course of thi3 n2ture might be o:'ferad. 

Tha 1:1ajority of the in3titutions offering a~ electronics 

course as W9ll as those institutions not offarir!g an elec

tronics course indicate tha junior year to be the most 



38 

TABLF: 7 

EDUCATIO~fAL CONCEPTS 
(INSTRU ~1IENTATION SYSTEMS} 

Value 
.v_ 

C ombi-" 
Sca l e Concept ::-la tion 

Essential Spectrophoto
meter 

pH Meter 

Very Flame 
Helpful Photometer 

Particle 
Counter 

Centrifuge 

Atomic 
Absorbtion 
Photometer 

Fluorometer 

Sequential 
Analyzer 

G2.s 
Chromatograph 

Filte r 
Photometer 

Electroence
pha lograph 

4 .. 21 

4.16 

Va l~e Scale: (0.00 - 5.00) 

4 ,..J l 
~ _:) ·-

3 -'1 
•.:J -

2 .. 51 
1 .. .51 
0~.51 
o ... oo 

- 5.00 
- 4 .50 
- 3.50 
- 2 .50 

1.50 

Essential 
Very Helpful 
Helpful 
Somewhat Helpful 
Has No Va lue 
No Answer 

Do Ha ,re 
Course 

4.61 

4 .. 29 

4 .. 20 

4 .. 33 

4 .. 26 

4.10 

4.26 

Don't 
Have 
Course 

4.31 

4.30 

4.35 

4.20 

4.22 

~~Indicates the mean s~ore which determined the rank order. 
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TABLE 8 

EDUC A ~rION.AL CONCEPTS . 
(L..4BOR!1.TORY ACTIVITIES) 

~'-
G ombi-" 

Concepts nation 
Do Have 
Course 

Laboratory Activities 

Very 
Helpful 

Helpful 

Meter Usage 

Trouble Shooting 
and Preventive 

4.42 

Mainte11..ance 4 .38 

O hrn' s Law as it 
Relates to 
Series/Parallel 
Circuits 4.21 
Oscilloscope 
Usage 3 .. 94 

Voltage 
Regulators J.66 

Amplifier Analy-
sis, Gain and 
Frequency 
Response J.61 

Sensing 
Transducers 

Power Supplies; 
Full and Half 

3.50 

Wave Rectifiers 3.48 

Rscording 
Transducers 3.47 

Dismantling and 
Reassembling 
of a Centrifuge 3.47 

Voltage 
Dividers 3.42 

4.61 

4.43 

3.88 

3 .. 82 

3.43 

3 .. 63 

3.22 

3.22 

3.53 

Don't 
Have 
Course 

3.99 

3.55 

3.65 

3.55 

3.38 

3.65 

3.63 

3.34 
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TABLE 8.--Continuad 

.,, 
Cambi-''" 

Concept3 nation 

Electric Mo tor 
Cha 

.4,.. • • • .. rac verJ. s ~ 1-c ::.1 

and Principles 3.34 
Operational i \n -
alys is of a Pho t o
sensitive i,,fh~at -
stone Bridga 3.33 

Specific Inte-
grated Circuits 3.32 

Operational 
Amplifiers J.22 

Differential 
Amplifiers J.18 

Frequency 
Counters 3.17 

Oscillator 
A.nalysis & 
Phase 
Measurements 

Fune ti on 
Generators 

:Multi vi bra tors 

A.nalog/Digi tal 
and Digital/ 
Analog Conve~
sion 

3.07 

3 .02 

2 .. 55 

2.52 

Va lue Scale: (0.00 - 5 . 00) 

4 .. 51 
3 ,.51 
2 .. .51 
1 .. 51 
0.51 
o.oo 

- 5.00 
- 4.50 
- 3.50 
- 2.50 

1.50 

Essential 
Ve ry Hs l?ful 
Helpl' ul 
Somewh::1.t Helpful 
Has No Value 
No Answer 

Do Ea iTe 

Coul:'se 

3. 04 

3 .08 

2.86 

3.00 

2.75 

2.71 

2.67 

2.31 

2.37 

Don't 
Have 
Course 

3 .53 

3.53 

3.31 

3.45 

3.32 

3.25 

2.72 

2.62 

~:-Indicates the mean score which determined the rank: 
order. 
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TABLE 9 

POSSIBLE AVAILABILITY OF AN ELECTftONTCS COURSE FOR 
"'IED-, ' -!• r• , 1 G :i .L TECHNOLOGY STUD3)TTS 

Yc2..c C ombina tio.n Do Have Course Don't Have Cour33 
No. % l'T O. % No. % 

In.tarn 
Period 11 9.17 3 6.12 8 11.27 

Senior 
Year 26 21.67 11 22.45 15 21.13 

Junior 
Year 79 65.83 31 63.27 48 67.61 

No 
Answer 4 3.33 4 8.16 0 o.oo 

120 100.00 49 100.00 71 100.00 

Hean Score 1.367 1.265 1.437 

Value Scale: (0 .. 00 - J.00) 

2.51 - 3.00 
1.51 - 2.50 
0.51 - 1.50 
0.,00 

Intern Period After Senior Year 
Senior Year 
Junior Year 
No Answer 

Note: No differentiation is made in the survey to identify 

4-year and 5-year programs of medical technology. In 

the former the internship is ths 4th year, in the 

l a tter the intern3hip follows a b2chalor 1 s degree. 

In both structures the junio!' year is the favore·d yaa :-. 
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opportun-3 time. The :me a n score of each group and the total 

population also indicata3 a trend toward the junior year. 

_.\ ccording to the findings in Table 10, college level 

physic s 8hould be a raqui~ement for a medical technology 

program. This was ind iGatsd by 66.33 pa:-cant of the total 

ra spond ant 3. 

From the data contained in Table 11, collage level 

physics is highly recommended by the majority of the respon

dents as a prerequisite to the electronics course. 

The data cited in Table 12 revealed that three semester 

hours or four quarter hours of credit should be awarded stu

de nts who fulfill the requirements of the course. 

Table 13 represents the general consensus of the respon

dents regarding laboratory and lecture tirne, without regard 

to a quarter or semester hour system. On the basis of these 

da ta, the class would meet for two hours of lecture and two 

hours of laboratory per week. 

Tha data in Tabl9 14 indicates that 71.43 percent of 

the medical technology programs that offer an electronics 

course for their students recommend it be a required course. 

Of the institutions surveyed who don't have an electronics 

course, 64.79 percent suppo~t9d this recommendation. 

Inspection of this cl::ita allows the ganeralization that 

a course in electro-medical instrumentation and electrical 

safety should be a requirement for a major (BS-i-'IT) in medical 

technology. 
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T1-\BLE 10 

'l1RE REQUIREMENT OF' COLLEGE LEVEL PHYSICS IN THE 
MEDICAL ·rECENOLOGY CURRICULA 

Valu 3 Scale C ombi nci ti on Do Have C our 3 e Don't Have Cour30 
No. % .No. % 

0 .. 51-1.00 Yes 76 66 .. 33 Jl 63.27 45 63.38 

0 .. 0 0 -0 .. 5 0 N o_L __ ~ 4......___.;;;3_6_._6...:..7 __ J __ 8 __ .::;.3_6 _. 7.:...:3:;.__ __ 2_6 __ -=J;._6_._6_2 __ 

120 100.00 49 100.00 71 100.00 

TABLE 11 

THE REQUIREMENT OF COLLEGE LEVEL PHYSICS AS A 
PREREQUISITE TO AN ELECTRONICS COURSE 

Value Scale C omoina tion Do Have Course Don't Have Course 
No. % No. % No .. % 

0 .. 51-1 .. 00 Yes 82 68 .. 33 26 53.06 56 78.87 

0.00-0 .. 50 No 38 31.67 23 L~6 • 9J-1- 15 21.13 

120 100.00 49 100.00 71 100.00 

TABLE 12 

CREDIT HOURS A WARDED STUDENTS FULFILLING REQ,TJIREMSNTS 
OF THS ELECTRONICS COURSE 

System 

Semest:er 
Hours 

Quarter 
Hours 

(Mean of Responses) 

Comoin~tion Do Have Cour3a Do~ 1 t Have Course 

3 3 3 

4 4 4 



L e c t ure 
Hours 

La boratory 
Hours 
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TABLE 13 

ELECTaONIC CLASS 11EETINGS 
(CLOCK HOURS PER vrE:SK) 

( £t19an Values) 

Combinat i on Do Have Course Don't Have Cou~s e 

2.1 2.3 2.3 

2.5 2.6 2.6 

TABLE l4 

SHOULD A COITRSE IN ELECTRO-MEDI CAL INSTRUMENTA.TI ON AND 
ELECTRICAL SAFETY BE A REQUIREMENT ON AN ELECTIVE 

FOR A MAJOR (BS-MT) IN MEDICAL TECHNOLOGY 

Combina tion Do Ha ve Course Don't Have Course 
No. % No. % No .. % 

Requi r ema nt 81 67 .. 51 35 71.43 46 64.79 

Elective 31 25.83 8 16.33 23 32.39 

Not Needed 1 0.83 0 0.00 1 1 .. 41 

No Answe r 7 5 .. 83 6 12.2~ 1 1.41 

1 2 0 100.00 49 100.00 71 100.00 

Mean Score 2.55 2.47 2.61 

Va lue Sca l e : (0.00 - 3.00) 

2 . 5 1 - 3.00 Requi :!'.'eme nt 
1. 51 - 2.50 El ective 
0.51 - 1.50 Co 1Jrse Not Needed a t All 
o.oo - 0.50 No Ans ;-1a r 
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Analysis of Comments 

The following paraphrased responses are typical of 

thDsa received regardir...g psrformance obje8t:!.ves for a medical 

tecb~ologists 1 electronic education course. The medical 

technology student: 

1) Will be able to operate instruments confidently 

and competently. 

2) Will be able to read and interpret instrument manu

als and diagrams intelligently. 

3) Will not put blind faith in an instrument just be

ca use it produces a "number." 

4) Will lea rn the importance of and perform preventive 

maintenance, calibration, and proper grounding of 

t he instrument. 

5) Will be able to recognize trouble symptoms and be 

skeptical of results. 

6) Will be able to report .faults in instruments and 

keep an instrument log. 

7) Wi ll not be expected to repair most instruments. 

8) Will ba a ble to trouble shoot as prascribed in the 

m~nuals so as to rule out electrica l failure 

versus mechanica l f a ilure. 

9 ) ~1/ill be a ble t o r ecognize jobs th.a t are within the 

capa bilities of t he medical t3chnologist and thos~ 

tha t should be sa ved for quali f ied electronic 

technicians. 
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The following w.9re general co!lli"113n ts received from the 

qus3tionnaire re3pondsnts. They cover a variety of asp9cts 

.r ::}ga rding cour3a co n t 9nt and approach3J to implementation. 

1) In designirrg a course in elec~ronics for medical 

technologists, one s hould keep in mind t~at he is not train

i~g a technologist who35 sole purpose is to keep laboratory 

instruments in repair, but to educate a technologist who will 

use the instrumentation. 

2) Practical training in the use of instruments is much 

mora valuable than a detailed electronics course for the 

following reasons: 

a. Many adv~nced concepts will not be graspad 
by the avarage medical technologist. 

b. Some would benefit from advanced training 
and could baa real asset to a clinical 
laboratory. 

3) It has been suggested that a course in electronics 

is needed based on two levels of knowledge: 

a. A required basic electronic course to be 
taught in conjunction with a practical · 
course in instrumsntation and electrical 
safety. 

b. An advanced elective course with its own 
lectur3 and l a boratory to be taught to 
medical technology students with an intsrast 
and ap t itude for electronics. 

4) Two probl3ms sxist in the instruction of electronics 

and in3trumentation. 

a. No good single text in this area is avail
able and a limited amount of research has 
been conducted. 
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b. People ~ho are able to teach electronics 
know little about medic~l instrumentation. 
8.nd p3ople who know abo1,1t medical instru-· 
me~ taGion know little abo ut electronic 
theory .. 

5) Success af such a course r eauires an instructor with 

the a bility to rela te to medical technologists and do the 

·work they do. Emphasis should be placad on the application 

of principles, not on the theory of components and detailed 

analysis of amplifiers and oscillators. 

6) An instructor should have practical work exparianca 

in a clinical l a boratory to relate to students the importance 

of the s ubject to the profession. 

7) I f electronic and mechanical equipment or facilities 

a nd expertise are limited, the instructor should seek inter

dis0iplinary a ssistance. 

8) S uch a course should emphasize general knowledge of 

electronics a nd equipment: the remainder should include in

str mnenta tion, sa fety, and genera l m.!.i.intenance. This neces

sita tes knowledge of basic electricity, .but does not require 

in-depth knowledge of electronic components. 

9) Empha sis should bs pla ced on block diagrams such as 

pow 9r supplies, pre-amps, and tra nsducers, to a llow a "3yst e ms" 

a·9p r oa ch r a ther tha n the mg_ thema tica l o.r• in-depth approa ch. 

10) The "Bls.c k Box " approach shDu l d be used whan gi v~!'l 

an input to determine the output. 

11) The l a bora tory should include routine electroni c 

ins trume nta tion of madica l t echnology and electronics. 
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Content should em;>hasize the assembly of the instruments which 

::1a ke s them f unction correctly. 

12) Basic electronics, electrical safety, and t~ouble

shooting should b9 incorporated into all clinical coursas any 

time ths student is introduced to a new piece of elactronic 

equipment. Inter-disciplinary assistance should be sought out 

in teaching thi3 important subject. 



CHAPTER V 

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 

Surrunary 

The foremost concern of this research was to determine 

a possible naed for an electronic instrumentation and safety 

course for medical technologists, and the identification of 

pertinent electronic concepts for inclusion therein. Secondly, 

once the need and electronic concepts ware identified, pro

gra m coordinators elicited responses on the questionnaire re

ga rding prerequisites to electronic and IT19dical technology 

course s, possible inter-disciplinary assistance, instructor 

proficiency and competencies, and course time and credit 

cha r a cteristics. These responses were collected, synthe

si zed, and analyzed. 

Conclusions 

The conclusions formula ted as a result of this study 

we re ba s e d on the responses of medical technologists or other 

r e l u ted personne l who are directly or indirectly involved in 

the educ a tion of medical technology students. 

In vi e w of the limita tions of tha s t udy, severa l conclu

s i ons have be en derived. 

1) A definite need exists for electronic education for 

me dical technology students. 

49 
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2) In the area of instructor proficiency and competency, 

a working o.nd :practical knowle:ige of electronics is "abso

lutely e s s :')ntial" followed by physics, mather:iati~3, and chem

istry which :,13re rated of 11 co:::1side1 .. able importanc3 • 11 Physi

ology, com:;n.:ter programming, a n.d biology are of '!moderate 

im:portanc e n ',Tith anatomy of ":minor importance .. 11 

3) Of' the institutions Sllrveysd who offer electronic · 

education, the ni.ajority of them ara taught in the Medical Tech

nology Department in conjunction with physics, engineering 

and chemistry. This is evidence that supports the success 

of interdisciplinary instruction in electronic instrumenta

tion. 

4) Little difference is apparent between the mean re

sponses elicited by the institutions having an electronics 

course and institutions not having an electronics course, but 

most indicated a positive attitude. 

5) The mean scores of Table 4 indicate that all of the 

educational concepts identified under "Basic Theory, Com

ponents, and Circuits 11 ·were considered "essential," "very 

helpful n or tthelpful." 

6) Electrical safety is extremely important when working 

with ele ctronic instrumentation, as reflected by the maan 

scores of thd groups identifie d . 

7) Ph.2 . .:;e I (Signal Sen3ing &nd Conversion)> Phase IV 

(Signal Rea dout) and Power Supplie s or the inpu t and output 

are considere d to be the most important subsystern.s of instru

mentation. Emphasis appears to be gener.al rather than 
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in-d e?th . This is indica ted by the high maan score in regard 

to t he r.i..s. j or topic of :i_::i.mplifica tion II anj th·3 lower mean 

scor~~ o~ its subdivis ions~ 

8) The study and op,:i-c'a tion of in3 trmn:snta tion systezn3 

is an i~tegral part of ele ~tr onic educa tion r o~ medical tech-

nol ogy s tudents. 

9) .A direct ralationship exists between basic theory 

and labora tory activities, thus indicating the importance of 

supplying laboratory activities to reinforce theoretical 

materia l. 

10) The junior year is considered to be the most oppor

tune time for a student of medical technology to receive 

ele ctronic education. 

11) College leve-1 physics should be a requirement in the 

me dica l t e chnology curricula and a . prerequisite to an elec

tronics c ou:r•s e .. 

12) Three semester hours and four quarter hours of credit 

should be a wa rded students fulfilling the raquiremsnts of 

the elec t ronic course. 

13) Class me e tings cons is t ing of two hours of lecture 

a n d two hours of l a bora tory should be held each week. 

l L~) A course in electr o--madical instrume::1.t ~t ion and 

elect2ica l safety should be a requirement f or• ;l rn.s.jor (BS

MT) in m-3di ca l technology~ 

Recomm8ndations 

Based on the result s of this inves t i g~ tion, it is 

recormnended that: 
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1) An electronic instrumentation ~~d safety course be 

m.s. d::; ·- ~12. ilable to m0dica1 technology students at the Uni-

2) An inter-disciplinJ.ry effort be H:3.de between Medi

cal T .:.Ghnology and th8 D3p'.lrtmen t of Ind~ strial Technology 

to im;?lement such a course. This reconrrnanda.tion w-a.s based 

on the technology level, expertise, and facilities of both 

di3ciplines. 

3) The resources for the course came from the facili

ties and expertise of both departments and that a cooperative 

effort be initiated through a team-teaching approach. 

~-) The educational ·concepts valued at "essential" and 

11 very helpfL~l 11 be included in the course content. 

5) An electronics course for medical technology stu

dents should: 

a. Emphasize the application of principles, 
not a detailed analysis of components and 
circuitse 

b. Be pragrr.:.atic in nature. 

c. Be minimal in theory and mathematics. 

6) Instruction involves rnecb..anical workings of the in

strument :r ·with enough theoretical back:ground so that the 

students understand how the appropriate signal is generated 

from the sensor and translated into a visible signal. This 

would involve mechanico."J. observations, flm-. p'.ltterns of ex

tern~l circuits, tubing, calibration, brokan wires, and pre-

ventive maintenance. 
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7) This ressr~rch ~e used in tho C:!a s i gn and implem0nta

t i o i-1 of' a n electro-m::-vJical instrument::.. t i on and electril'.:!al 

3a f' o ~J co urse for me ci,.: ~ l technology s ,Gi_: den ts. 

B) Once a cour ::;0 ha s been estabJ. i :-.;hr.:; tJ , its emphasi s 

re: n.E. :l.:r-1.3 oriented to·wfu•d t he needs of tho r.1.:! d ical technolo~.1 

s tud .:;;n t s and profesnio.::1., 

9) Investigation be continued by both departments, 

continually update, further develop and implement content to 

keep abreast of technology. 
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