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CHAPTER I

INTRODUCTION

Statom ont o f the Problem

The purpose o f t h is  study i s  to  id e n t i fy  th o se  a sp ec ts  o f  computer 

sc ien ce  th a t  would provide v a lid  c u r r ic u la  in  computer sc ien ce  fo r  

ed u cato rs.

D e f in itio n  o f Terms

To provide a common meaning fo r  some o f th e  term s used in  t h is  

study  the  fo llow ing words a re  d efined :

1 . APL -  A s c ie n t i f i c  language th a t  perm its g re a t  compression o f 

a lgorithm ic  s ta tem en ts in to  a few l in e s  o f coding.

2. BASIC -  A user language developed s p e c i f ic a l ly  fo r  use w ith 

remote te rm in a ls .

3 . COBOL -  A b usiness d a ta -p ro cess in g  language.

k, Coding -  The method used to  rep re se n t (sym bolize) d a ta  fo r  th e  

computer. I t  g iv es  su ccessiv e  computer o p e ra tio n s  req u ired  to  

so lve a given problem.

5 . C o e ffic ie n t -  The product being regarded as a d i s t i n c t  e n t i ty  

w ith re s p e c t  to  th e  excluded fa c to r  and to  a desig n a ted  o p e ra tio n .

6 , Computer -  A machine which i s  a b le  to  perform  sequences o f 

a rith m e tic  and lo g ic a l  op e ra tio n s  upon in fo rm a tio n .
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7 . C o m p u te r-A ssis ted -In stru etio n  -  Computers l in k e d  d i r e c t l y  to  

teach ing  d ev ices  and te le v is io n  which a id  in  the  in s t r u c t io n  of 

s tu d e n ts .

S. Debug -  To f in d  and remove e rro rs  in  a computer ro u tin e .

9 . E le c tro n ic  Data Processing  -  A range o f machines and processes 

which in c lu d es  ta b u la tin g , punched ca rd , o r in te g ra te d  da ta  p ro- - 

c e ss in g , com puters, and systems and procedures work.

10. F ac to r Loading -  A c o e f f ic ie n t ,  ranging  between -1 .0 0  through 

0 to  +1.00, t h a t  expresses th e  r e la t io n s  between th e  t e s t s  and the  

underly ing  f a c to r s .

Flo>'~ C hart -  A g rap h ica l re p re s e n ta tio n  o f a sequence o f pro

gramming o p e ra tio n s , using symbols to  re p re se n t  o p e ra tio n s  such as 

compute, s u b s t i tu te ,  compare, jump, copy, read , w r i te ,  e tc .

12 . FORTRAN -  One o f the  most popular computer languages developed 

fo r  m athem aticians and s c i e n t i s t s .  FORTRAN i s  derived  from FORmula 

TRANs la t io n .

13. Gaming -  A s i tu a tio n  where p a r t ic ip a n ts  compete w ith  th e  

computer in  t ra in in g  s i tu a t io n s .

l^r. Hardware -  The m echanical, m agnetic, e le c t ro n ic  and e le c t r i c a l  

dev ices from which a computer i s  f a b r ic a te d .

15. In fo rm ation  System -  A ll o f  the  e le c tro n ic  d a ta  p rocessing  

hardware and softw are  th a t  a re  needed to  provide comprehensive 

se rv ic e s  to  a b u s in e ss , in d u s try  or e d u catio n al system .

16. Programming -  The p rocess o f  producing from a given problem a 

computer program to  so lve  th e  problem. I t  c o n s is ts  of problem 

a n a ly s is ,  s e le c t io n  o f  the  method, and coding.
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17. Renote Terminal -  A te le ty p e ,  e le c t r i c  ty p ew rite r  o r o th e r  

device which can supply in p u t to  th e  computer and can a c cep t out

pu t from the  computer by using telephone o r o th e r  types o f  w ire 

co n n ectio n s. Can be many m iles removed from the  computer c e n te r ,

18. Softw are -  A c o lle c t io n  o f s tan d ard  programs and o p e ra tio n a l 

procedures needed f o r  th e  e f f i c i e n t  use o f  a d i g i t a l  computer.

19. User -  A person who through some type o f  in p u t  device 

communicates w ith  a computer,

20. User Language -  A sp e c ia l  language which enab les a person to  

communicate w ith  the computer w ith o u t using  machine language. Ma

chine language t r a n s la t e s  every th ing  to  a base two re p re s e n ta tio n .

L im ita tio n s  o f th e  S tudy

This s tu d y  i s  l im ite d  to  determ ining  c o n te n t,  approach and to p ic  

emphasis fo r  a computer sc ien ce  course fo r  ed u ca to rs. A d e te rm in a tio n  

o f  th e  r e l a t i v e  emphasis t h a t  should be g iven  to  each to p ic  i s  accom

p lish e d  by s t a t i s t i c a l  procedures d escrib ed  in  d e ta i l  l a t e r  in  t h i s  

paper..

The panel o f  ex p e rts  was se le c te d  from a l i s t i n g  o f people tra in e d  

in  b o th  computer sc ien ce  and ed u catio n . This l i s t i n g  was ob tained  w hile 

rev iew ing th e  l i t e r a t u r e  in  th e  f i e ld  o f  computer technology as  i t  

r e l a te s  to  education  and people known p e rso n a lly  by th e  au th o r as  having 

background a n d /o r experience  in  both computer sc ien ce  and education .

There was no evidence to  show th a t  th e  sample used in  t h i s  study 

i s  r e p re s e n ta tiv e  o f  the  t o t a l  po p u latio n  o f  people q u a li f ie d  in  both
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computer sc ience  and education . There w i l l  be no a ttem p t to  make 

g e n e ra liz a tio n s  to  the  popu lation  as a whole as a r e s u l t  o f  t h i s  s tudy .

There w i l l  be no a ttem p t to  organize the  to p ic s  determ ined to  be 

worthwhile in to  a sequence fo r  teaching  purposes.

Importance and need fo r  the  Study

According to  Haga th e  u t i l i z a t i o n  of computer technology in  educa

t io n  i s  a m ust. The b u siness of education  has grown u n t i l  i t  consumes 

more than  f o r ty  b i l l io n  d o l la r s  o f  th e  n a t io n 's  w ealth  each y e a r .  I t  

i s  no t d e fe n s ib le  to  guide the o p e ra tio n  and d i re c t io n  o f such a v a s t  

e n te rp r is e  w ith o u t the  use of the  b e s t  to o ls  t h a t  technology can p ro v id e .^

Educational in s t i t u t io n s  a re  fe e l in g  the  im pact of having to  absorb  

and l iv e  w ith computer technology, and they  have th e  a d d it io n a l  respon

s i b i l i t y  o f  educating  th e  c i t i z e n s  o f  today and tomorrow so th a t  they  

can u t i l i z e  the  se rv ic es  of computer technology. Loughary in d ic a te s  

th a t  th e re  i s  need to  a cq u ain t th e  p rospec tive  tea c h e r w ith th e  hardware 

and softw are o f a te c h n ic a l age. Yet, many c o lleg es  and schools of 

education  a re  doing l i t t l e  or noth ing  to  provide the  p ro sp ec tiv e  teach e r
pw ith  in fo rm ation  about to d a y 's  ro le  o f  computers in  h is  teach in g  c a re e r .

The computer has become so common and so inexpensive th a t  computer 

term in a ls  a re  now- being in s t a l l e d  in  homes a t  a c o s t  of only $110 a

■̂ •Enoch Haga, Understanding Automation, Elm hurst, I l l i n o i s :  The 
Business P ress , p . 79, 19^5.

2
John W. Loughary, "Can Teachers Survive the  Educational Revolu

tio n ?"  Phi D elta  Kappan, h8:20*J-07, January, 19&7.
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month fo r  r e n t ,  p lus $7.50 per hour o f  use . Through a tim e-sh a rin g  

system up to  200 remote term in a ls  a re  connected to  a c e n tr a l  computer 

and opera ted  s im ultaneously . This i s  p o ss ib le  because the  a c tu a l  time 

needed to  se rv ic e  each te rm in a l i s  j u s t  a f ra c t io n  of a second.^"

The modern computer i s  su ite d  fo r  many o f the  c le r ic a l  ta sk s  and 

even more so p h is t ic a te d  problems th a t  face  ed u cato rs. I l l i n o i s  school 

d i s t r i c t s  u t i l i z e  the computer to  perform one hundred twenty nine 

d i f f e r e n t  ta sk s  f o r  them,^

A sbell re p o r ts  th a t  what appears to  be a wave o f the  fu tu re ,  the  

Texarkana experim ent, u t i l i z e s  computer type equipment to  " in d iv id u a liz e ” 

i n s t r u c t io n  fo r  stxidents. This commercial company i s  a competing school 

system th a t  i s  u t i l iz in g  s c ie n t i f i c  equipment to  su c c e ss fu lly  do a job 

th a t  th e  school systems a re  o fte n  f a i l in g  to  do .^

L eadersh ip  i n  the use o f computer sc ience  i s  coming from o u tsid e  

th e  education  p ro fess io n  and i s  being im pressed on th e  schools by 

e d u c a tio n a lly  o r ie n ted  d a ta  p rocesso rs r a th e r  than  by d a ta -p ro cessin g  

o r ie n te d  e d u ca to rs.

The co lle g e s  and u n iv e r s i t i e s  have a tremendous r e s p o n s ib i l i ty  in  

t r a in in g  people who can be th e  lea d e rs  and a ls o  in  assuming a g re a t  dea l

 1---- —— , "The Handy Uses o f a Home Computer,” L ife , 68:^9
January  30, 1970.

2
  ------ 9 Survey; E ducational E le c tro n ic  Data P ro cessin g . I l l i n o i s

P u b lic  S choo ls, C ircu la r  S e r ie s  A, Number 205, 19»7.

^Bernard A sb ell, "Schools Hire Out th e  Job of T eaching." Think, 
3 6 :6 -7 , Septem ber-October, 1967.
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o f the  lea d e rsh ip  ro le  them selves. I t  i s  the  tea c h e r  t ra in in g  i n s t i t u 

t io n s  who a re  p rese n tly  tra in in g  the teach e rs  o f  th e  year 2000, Are 

th ese  teach e rs  being adequate ly  tra in e d  to  meet th e  in cre a se d  in v o lv e

ment they  w i l l  have with computer technology? Bushnell re p o r ts  th a t  

th e  tea c h e rs  on the  f i r in g  l in e  want to  know: "What i s  my r e s p o n s ib i l i ty ? "  

"How do I  f i t  in?"  "How and when do I  a c tu a l ly  use  the  computer in  th e  

classroom?"'*'

These q u e s tio n s , according to  S to l l a r ,  could be answered in  the  

methodology courses tau g h t by the  co lle g e  o f e d u catio n . Many co lle g e s  

and u n iv e r s i t ie s  w ith  a te a c h e r  education  program a lread y  have th e  fac 

i l i t i e s  to  draw upon fo r  th e  lab o ra to ry  experiences and f o r  te c h n ic a l  

a s s is ta n c e .  I t  would be r e l a t i v e ly  easy  to  add a d a ta -p ro c e ss in g  course 

fo r  educators during th e i r  f i r s t  y ea r  o f the p ro fe s s io n a l education  

sequence. He continues:

This should be a gen era l survey course aimed a t  d isc u ss in g  th e  
way in  which e d u catio n al d a ta -p ro cess in g  system s a re  developed, 
the  ty p ic a l  a p p lic a tio n  oi‘ da ta  p rocessing  and computer sc ience  
to  education . No a ttem p t should be made to  make programmers 
o u t o f p o te n t ia l  te a c h e rs .2

The in te n t  o f th e  course  would be to  make th e  s tu d e n t a know- 
3

led g eab le  consumer.

The dete rm in a tio n  o f th e  c o n ten t deemed most a p p ro p r ia te  to  the  

type of course describ ed  above i s  the  in te n t  o f  t h i s  paper.

^Don D. Bushnell and Dwight W. A llen , The Computer in  American 
Education , Mew York: John Wiley and Sons, In c . ,  p . 149, 19o7~.

2
Dewey H. S to l l a r  and John R. Ray, "DATE -  Datamation A p p lica tio n s  

f o r  Teacher Education ," The Jo u rn a l o f  Teacher E ducation , 20:192,
Summer, 1969.

3I b id .
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CHAPTER I I

METHOD OF STUDY

There were fo u r n a jo r  a re a s  con tained  in  the design  of th is  

s tu d y . They were (1) th e  c o n s tru c tio n  o f  th e  o p in io n n a ire , (2) the  

a d m in is tra t io n  o f t h a t  o p in io n n a ire  to  a c o n tro l group and a panel of 

" e x p e r ts 11 (3) th e  a n a ly s is  o f th e  d a ta  from the  r e tu rn s  obtained  and 

(h ) a d e s c r ip t iv e  comparison o f th e  f in d in g s  o f  th is  study and th e  

programs d esc r ib ed  in  Chapter I I I .

Development o f th e  O pinionnaire

The o r ig in a l  o p in io n n a ire  was based on to p ic s  suggested f o r  in 

c lu s io n  i n  a course  o f s tu d y  fo r  educato rs r e la t in g  to  computer sc ien ce . 

These to p ic s  were deriv ed  from a c a re fu l  stu d y  o f the  l i t e r a t u r e  r e la te d  

to  computer sc ien ce  in  edu catio n , in clu d in g  to p ic s  found in  e x is t in g  

programs d escrib ed  in  Chapter I I I  and from the  w r i te r ’s experience in  

developing  and teach ing  a course o f  th is  ty p e. A p relim in a ry  instrum ent 

was p rep ared  and subm itted f o r  c r i t ic i s m  to  th e  d i r e c to r  o f the  t e s t  

sco rin g  se rv ic e  a t  Montana S ta te  U n iv e rs ity . This person has a Doctor 

o f  Education  degree , has ta u g h t d a ta  p rocessing  co u rses , and has had 

over te n  y e a rs  ex perience working w ith  computers in  education .

The re v is e d  in stru m en t was th en  adm in istered  to  a  group o f g raduate  

s tu d e n ts  a t  Montana S ta te  U n iv e rs ity , some o f  which had had some computer 

e x p e rien ce . As a  r e s u l t  o f  th is  p i l o t  study  th e  op in io n n aire  was 

r e v is e d  and th e  c o n tro l group and th e  panel o f  ex p e rts  were asked to
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r a t e  each item  as  fo llow s: (1 )  o f v e ry  l i t t l e  value
(2 ) of some value
(3 ) w orthwhile 
(^ )  of g re a t  value 
(5 ) v i t a l

Topics designed to  determ ine p o ss ib le  in c lu s io n s  fo r  a coiirse in  

computer sc ience  fo r  ed u cato rs  were l i s t e d .  Item s designed to  determ ine 

th e  most e f f e c t iv e  way to  t r a i n  the  educator to  u t i l i z e  computer techno l

ogy (form al computer sc ien ce  courses tau g h t by computer sc ience d e p a rt

m ents, s e l f  education , computer m an u fac tu re r's  co u rses , e t c . ) ,  th e  b e s t 

type o f u se r  language, the  type  of educator i t  should be geared toward 

and th e  d u ra tio n  o f the  course  were a lso  included . A copy o f the  

o p in io n n a ire  i s  found in  Appendix B.

S e le c t io n  o f the  Respondents

For some of the  s t a t i s t i c a l  procedures used and f o r  te s t in g  and 

v a lid a t in g  th e  o p in io n n a ire  a co n tro l group was s e le c te d .  Those asked 

to  respond to  th e  o p in io n n a ire  as a c o n tro l group included twelve College 

o f Education f a c u l ty  a t  Montana S ta te  U n iv e rs ity , fo r ty - f iv e  computer 

sc ien ce  s tu d en ts  who had had a t  l e a s t  one previous course in  computer 

s c ien ce  and e ig h t  s tu d en ts  tak in g  se n io r le v e l  courses in  computer 

sc ie n c e . I t  was f e l t  th a t  th e  fa c u lty  members would have e x p e r t is e  in  

edu catio n  and a laym an 's knowledge of computers w ith  some d e f in i te  

op in ions concerning i t .  The s tu d e n ts  o f computer sc ien ce  have some 

e x p e r t is e  i n  t h e i r  f i e l d  and a layman knowledge of education  w ith  some 

d e f in i te  op in ions concerning i t .  They were encouraged to  respond to  

only th o se  item s about which th ey  had some knowledge o r some d e f in i te  

o p in io n .
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A "panel of exports"'*' was s e le c te d  from a l i s t i n g  o f people t ra in e d  

in  both computer sc ience and education . This l i s t  was compiled as a 

r e s u l t  o f  review ing the l i t e r a t u r e  in  the  f i e l d  o f computer technology 

in  education  and o f people known p e rso n a lly  by the au th o r as having 

background an d /o r experience in  both computer sc ience and education .

A dm inistra tion  of th e  O pinionnaire

The College o f  Education fa c u lty  were given th e  o p in io n n a ire  fo r  

t h e i r  resp o n ses , and were given o ra l  in s t ru c t io n s  concerning i t s  use and 

how to  f i l l  i t  o u t. The au th o r met vdth  th e  computer sc ience  c la s se s  

and adm in iste red  the  op in io n n aire  du rin g -a  c la s s  s e ss io n .

The rev ised  o p in io n n a ire , to g e th e r w ith a stamped, se lf -a d d re s se d  

envelope, a mark sense s h e e t, and a  l e t t e r  o f ex p lan a tio n  were m ailed to  

t h i r t y  people tra in e d  in  both education  and computer s c ien ce . A second 

m ailing  was made to  those people who had n o t responded to  th e  f i r s t  

m ailing  w ith in  two weeks.

A nalysis o f  the  Data

The d a ta  obtained  were analyzed by a s e r ie s  o f s t a t i s t i c a l  proce

d u res . The re tu rn s  on item s tw enty-nine through fo rty -se v e n , which 

d e a lt  w ith  course procedures r a th e r  than course in c lu s io n s , were tab 

u la te d , a mean and a standard  d e v ia tio n  was computed f o r  each item . 

S ig n if ic a n t  d iffe re n c e s  between th e  vario u s  rosponse item s in  each

^See Appendix A fo r  complete l i s t i n g  o f those who responded to  th e  
o p in io n n a ire .
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categ o ry  were determ ined by a s in g le - f a c to r ,  repea ted  measures a n a ly s is  

o f  v a rian ce  type design . The a n a ly s is  of v arian ce  ta b le  using a s in g le 

f a c to r ,  repea ted  measures design i s  as follows:'*'

(1) = G '/k r (2) X2 (3) = (:; :T j) /n  (k) = (:> P i) /k

Source
of v a r ia t io n SS d . f , MS F

Between people s s a = W  -  (1 ) n-1

'Within people 
Treatm ents 
R esidual

SS = (2) -  W  
ss'l  = (3) -  (1)
SS* = (2 ) - ( 3 ) - (4 ) + ( l)

n (k - l
k-1
( n - l ) ( k - l )

SS ,/k -1
S 3 j / ( n - l )  (k-1)

MS f 
MSr

T otal SST = (2) -  (1) kn-1

The r e s u l t  o f the s in g le - f a c to r ,  rep ea ted  measures a n a ly s is  of

v a rian ce  design i s  an F r a t i o .  The s ig n if ic a n c e  o f th e  obtained  F r a t io

was determ ined by use o f th e  F ta b le  which i s  found in  the  appendix o f 
2

th e  book by Winer.

I f  the o v e ra l l  hypothesis o f equal means i s  r e je c te d  by the analy

s i s  o f v a rian ce , i t  i s  reasonable  to  assume th a t  a t  l e a s t  one sample 

mean d i f f e r s  s ig n i f ic a n t ly  from one o th e r sample mean. A number of 

methods e x is t  fo r  making se le c te d  a p o s te r io r i  and complete s e ts  o f 

comparisons o f  th e  sample means. I f  a comparison i s  suggested by in 

sp e c tio n  of the  d a ta  Winer says, "The procedure given by ScheffA would
3

be used to  o b ta in  the  c r i t i c a l  v a lu e ."

^B. J ,  Winer, S t a t i s t i c a l  P r in c ip le s  in  Experim ental Design, New 
York: McGraw-Hill Book Company, pp. 110-113, 19bZ~.

^ Ib id .,  pp. 6^2-6^7.

3I b id , ,  p. 113.
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Roscoe in  ta lk in g  about th e  ScheffA t e s t  of m u ltip le  comparisons 

1says:

The ScheffA procedure f o r  te s t in g  any and a l l  p o ss ib le  
comparisons between means has the im p o rta n t 'p ro p e r ty  t h a t  th e  
p ro b a b i l ity  o f  a Type I  e r ro r  fo r  any comparison does n o t 
exceed the le v e l  of s ig n if ic a n c e  s p e c if ie d  in  the  a n a ly s is  
o f  v arian ce  fo r  the o v e r a l l  h y p o th esis . However, the  prob
a b i l i t y  of a Type I  e r ro r  fo r  a given comparison may be consid
e ra b ly  sm alle r than th e  le v e l  o f s ig n if ic a n c e  s e t  by th e  in v e s t
i g a to r .  Like the  a n a ly s is  o f v a ria n c e , the ScheffA procedure 
i s  q u ite  in s e n s i tiv e  to  d ep a rtu res  from norm ality  and homogen
e i ty  of the  v a ria n c es . The t e s t  s t a t i s t i c  i s  q u i te  sim ply 
c a lc u la te d  fo r  any p a ir  o f means, and i t  i s  r e f e r re d  to  the  
same reg ion  o f  re je c t io n  as t h a t  sp e c if ie d  f o r  th e  t e s t  of 
th e  o v e r- a ll  hypothesis  o f  equal means. The form ula i s  as 
fo llow s:

There a re  tim es whjn the  o v e ra l l  h ypo thesis o f  equal means i s  

r e je c te d  by the  a n a ly s is  o f v a rian ce  procedures and th e  ScheffA t e s t  

f in d s  t h a t  no two means d i f f e r  s ig n i f ic a n tly .  This i s  due to  the  f a c t  

t h a t  th e  a n a ly s is  o f  variance  procedure i s  a more powerful t e s t  o f  th e  

hyp o th esis  o f equal means. V/hen th is  happens i t  i s  reaso n ab le  to  con-
2

elude th a t  the  l a r g e s t  mean i s  s ig n i f ic a n t ly  l a r g e r  th an  th e  s m a lle s t.

I t  was f e l t  t h a t  in  some in s ta n c es  se v e ra l o f  the  item s 1-28, which 

d e a l t  w ith  to p ic s  suggested fo r  in c lu s io n  in  the  course , r e la te d  to  a 

p a r t i c u l a r  f a c to r  o r  g e n e ra l iz a tio n  concerning c o n te n t an d /o r approach

(Hj. -  i l2 ) 2
w ith d f  = k -  1 , N -  kF =

^John T. Roscoe, Fundamental Research S t a t i s t i c s , H o lt, R in eh art 
and W inston, I n c . ,  pp. 239-240, 1969.

2I b id . ,  p . 241.
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in  a course  o f th is  ty p e . S ince n o t every p o ss ib le  to p ic  could  be l i s t e d  

in  th e  o p in io n n a ire , to p ic s  t h a t  someone may want to  co n sid er fo r  in c lu 

s io n  i n  the  c u rr ic u la  f o r  a computer science course fo r  educato rs can be 

compared to  one o f  the  i d e n t i f i e d  fa c to rs  and thus r a te d .  To determ ine 

i f  such f a c to rs  d id  e x is t ,  the r e s u l t s  o b tained  from the c o n tro l  group 

were su b je c ted  to  a f a c to r  a n a ly s is  procedure.

The f i r s t  s te p  in  the  fa c to r  a n a ly s is  i s  to  develop an in te rc o r 

r e l a t i o n  m a tr ix . This i s  a m atrix  which shows th e  c o r r e la t io n  o f  each 

v a r ia b le  to  every o th er v a ria b le  being te s te d .  The n ex t s te p  i s  to  

e x t r a c t  f a c to rs  from the  m atrix  o f  in te r c o r r e la t io n s .^  A fte r  f a c to r 

ing  th e  m atrix , th e  nex t s tep  in  th e  procedure i s  to  r o ta te  th e  frame o f 

re fe re n c e  axes in to  a meaningful p o s it io n .  This i s  accom plished by 

u t i l i z i n g  a varimax ro ta t io n  w ith  Lho computation done by a high  speed 

d i g i t a l  com puter. A f a c to r  m atrix  o f  c o e f f ic ie n ts  t h a t  exp resses  the
2

r e la t io n s  between the  v a ria b le s  and the underly ing  f a c to rs  i s  formed. 

These c o e f f ic ie n ts ,  e n t i t le d  f a c to r  lo ad in g s , range between -1 .0 0  and 

+1.00. They a re  in te rp re te d  in  th e  sane manner as c o r r e la t io n  c o e ff i

c ie n ts  i n  t h a t  they  express the  c o rr e la t io n s  between th e  v a r ia b le s  and 

th e  f a c to r s .  K erlin g er s ta te s  th a t :

F a c to r  a n a ly s is  has two b a s ic  purposes: (1) to  exp lo re  
v a r ia b le  a reas  i n  o rd er to  id e n t i fy  fa c to rs  presumably 
u nderly ing  the  v a ria b le s  as  w ell as the  v a r ia b le s ,  and as

■^Harold Borko, Computer A pp lica tio n s  in  the  Behavioral S c ien ces , 
Englewood C l i f f s :  P re n iic e -K a ll I n c . ,  p. 2^1, 1962.

^Fred K, K erlin g e r, Foundations o f 3 eh av io ra l R esearch , New York: 
H o lt, R in eh a rt and W inston, I n c . ,  p . 6>53t 19o^.
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in  a l l  s c ie n t i f i c  work, (2) to  t e s t  hypotheses abou t th e  r e l a t i o n
among v a r ia b le s .^

Labeling o f th e  f a c to rs  i d e n t i f i e d  was determ ined as  a r e s u l t  of 

th e  n a tu re  of the  item s rec e iv in g  la rg e  f a c to r  lo a d in g s .^  The responses 

o f  the  panel o f e x u e rts  were compared on the f a c to rs  determ ined from th e  

c o n tro l  group and fo r  the  panel of e x p e rts  on each of th e  f a c to rs  

i d e n t i f i e d .

A d e term in a tio n  of s ig n i f ic a n t  d iff e re n c e s  between the  means o f th e  

c o n tro l  group and the  ex p e rts  was accom plished by u t i l i z in g  th e  t  t e s t .

A c a lc u la t io n  o f the  mean f o r  each f a c to r  was accom plished by f in d in g  

th e  mean o f  a l l  item s t h a t  rece iv ed  a f a c to r  lo ad ing  g re a te r  than  .30 

fo r  each responden t, then  averaging th e  f a c to r  mean fo r  a l l  resp o n d en ts. 

I f  an item  rece iv ed  a n eg a tiv e  f a c to r  lo ad in g , th e  r a t in g  g iven by each 

o f  th e  responden ts was in v e r te d . The Case I  form ula g iven by O stle  was 

used to  compute th e  t  value between th e  means. The r a t i o  ob tained  by

th e  form ula: -  _ f> ^  _ jjr ^ £  ... £  \  j

's^>  s f v f  ' '

3
i s  d is t r ib u te d  as S tu d en t’ s t  w ith  n^ + -  2 degrees o f  freedom.

The s p e c i f ic  n u ll  hypotheses to  be te s te d  as a means o f determ ining

th e  most e f f e c t iv e  course  in c lu s io n s  and procedures in c lu d e :

1I b id . .  p. 680.

^Harry K. Harmon, Modern F ac to r  A n a ly s is , The U n iv e rs ity  of Chicago 
P ress : Chicago, pp. 310-311. 19o?I

3
Bernard O stle , S t a t i s t i c s  in  R esearch , The Iowa S ta te  U n iv e rs ity  

P ress : Ames, Iowa, p . 95. 1963.
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1. There i s  no s ig n if ic a n t  d iffe re n c e  between th e  mean ra t in g s  

giver, by the c o n tro l group ar.d by the  e x p e rts  fo r  each of the 

f a c to rs  id e n t i f ie d .

2. There i s  no s ig n if ic a n t  d iffe re n c e  between th e  mean r a t in g s

f o r  each o f th e  fa c to rs  id e n t i f i e d  as ra te d  by the  panel c f

e x p e r ts .

3. There i s  no s ig n i f ic a n t  d iffe re n c e  in  the  mean r a t in g s  of the

ex p erts  f o r  the  type of course which w il l  most e f f e c t iv e ly  t r a in

the educato r to  u t i l i z e  computer technology.

4 . There i s  no s ig n if ic a n t  d iffe re n c e  in  th e  mean ra t in g s  of the  

ex p erts  as  to  the  computer language th a t  can be tau g h t most 

e ffe c t iv e ly  to educato rs.

5 . There i s  no s ig n i f ic a n t  d iffe re n c e  in  the  r.can ra t in g s  of the 

ex p e rts  as  to  th e  type of educator the course should be o r ie n ted  

tow ard.

6 . There i s  no s ig n if ic a n t  d iffe re n c e  in  th e  mean ra t in g s  o f the  

ex p erts  as  to  the  number o f hours needed fo r  a computer course 

fo r  educators in clu d in g  in s t r u c t io n  and lab  a c t i v i t i e s .

Once the  r e s u l ts  had been analyzed , a d e s c r ip tiv e  comparison was 

made between th e  item s l i s te d  in  some of the  courses d escribed  in  Chapter 

I I I  and th e  r a t in g  those item s were given by the  panel of e x p e rts .
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CHAPTER I I I

SOKE RELATED LITERATURE 

Ir.trcduc tio n

The au th o r was unable to  lo c a te  any resea rch  s tu d ie s  dea lin g  

d i r e c t l y  w ith  e v a lu a tio n  o f  the  approaches, method or co n ten t used in  

computer sc ien ce  courses fo r  edu catio n . L i te r a tu re  r e la t in g  to :  (1) 

course  c o n te n t, (2) approaches, and (3) pedagogy o f computer sc ience  

cou rses  fo r  educato rs i s  p resen ted  in  th is  ch ap te r .

Computer Courses fo r  Educators

The Northwest Regional E ducational Laboratory , through a program 

e n t i t l e d  REACT (R elevant E ducational A pp lica tions of Computer Technology) 

i s  be in g  designed  so t h a t  tea c h e rs  and a d m in is tra to rs  w i l l  have the 

o p p o rtu n ity  to  in c re a se  t h e i r  understanding  of how computers can be 

used i n  i n s t r u c t io n  and a d m in is tra t io n . This program i s  s t i l l  in  the 

development and r e v is io n  s ta g e . A l e t t e r ,  found in  Appendix C, from the 

Northwest Regional E ducational Laboratory  d e ta i ls  the  ex te n t of inco rpor

a tio n  and th e  e x te n t  and type of v a lid a tio n  procedures REACT had under

gone a s  of th e  Spring  o f  1971.

A s e r ie s  o f  t ra in in g  packages a re  being developed to  
dem onstra te  ways th e  computer can be used in  school admin
i s t r a t i o n  and in s t r u c t io n .  As a r e s u l t ,  school personnel 
in c re a se  t h e i r  understanding  o f  the  problems ar.d p o te n t ia ls  in  
using  com puters. They a re  a b le  to  s e le c t  i n te l l i g e n t ly  from the 
growing number of p o ss ib le  uses of the  computer in  education .

These tra in in g  packages a re  organized in to  se p ara te  courses 
f o r  school a d m in is tra to rs  and tea c h e rs .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

16

Course I  .is designed to  provide 30 hours o f in s t r u c t io n  
fo r  both  ad m in is tra to rs  and tea c h e rs . I n s t ru c t io n a l  u n its  
provide a ren o ra l in tro d u c tio n  to  computers and survey the 
use o f computers in  education .

Course I I  fo r  a d m in is tra to rs , a lso  provid ing  30 hours o f 
in s t r u c t io n ,  thoroughly examines the  concept of d a ta  manage
ment system s, A m in ia tu re  system i s  co n stru c ted  fo r  an 
im aginary sch o o l. Then, sev era l a d m in is tra tiv e  a p p lic a tio n s  
a re  explored  through m anipulating th is  in fo rm a tio n . The 
a p p lic a tio n s  range from th e  ro u tin e  (p re p a ra tio n  o f r e p o r t  
cards) to  the  im ag inative (a program planning budgeting system ).

Course I I I  i s  designed fo r  a d m in is tra to rs  who wish to  
implement computer based a p p lic a tio n s . I t  delves deeply 
in to  problems o f hardware op tio n s , softw are needs, c o s ts ,  
personnel and computer power o p tio n s .

Course I I  fo r  teach e rs  i s  composed o f  a p p lic a tio n  u n its  
from vario u s  su b je c t a re a s .

Course I  i s  composed o f te n  u n its  which d ea l w ith : (1) O rie n ta tio n , 

(2) In tro d u c tio n  to  Computers, (3) Algorithms and Flow C harts , (h) In tro 

du c tio n  to  Programming, (5) Teletype Procedures, (6) Programming in  

B asic, (7) Impact o f Computer on S o ciety , (8) Computers in  I n s t ru c t io n ,

(9) Computers in  Educational A dm in istra tion , and (10) Computers in  
2

Guidance, Testing  and L ib ra r ie s .

Course I I  f o r  a d m in is tra to rs  i s  based on u n i ts  in  th e  a re a s  o f  Pup il 

Accounting, P ersonnel Accounting, F in an cia l O perations, F a c i l i t i e s  A ppli-
3

c a tio n s , and Curriculum A p p lica tio n s .

\ j e r r y  K irk p a tr ick , E d ito r , Northw est R eport, Northwest Regional 
E ducational Laboratory , P o rtlan d , Oregon, p. 3, December, 1970.

2I b id . ,  p . 3.

^ Ib id .,  p . b .
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Mathematics A p p lica tio n s , S cience A p p lica tio n s , Business Education 

A p p lica tio n s , E nglish A p p lica tio n s  and S o c ia l Science A pplica tions a re  

th e  u n i ts  provided in  th e  su b je c t  a reas  designed to  h e lp  th e  teach e r 

make use of computer technology in  h is  a rea  o f s p e c ia l iz a t io n .  These 

u n i ts  a re  found in  Course I I  fo r  th e  te a c h e r.^

S c h a ffe r  suggests t h a t  a survey course  in  da ta  p rocessing  fo r  educa

to rs  should in c lu d e  d e ta i le d  trea tm en t of: (1) the  forms o f machine 

language, (2 ) th e  fu n c tio n s  o f u n i t  reco rd  equipment, (3) e le c t ro n ic  

computer hardw are, (4) system s s tu d y  and d esign , (5) flow  c h a rt in g ,

(6) d a ta  p ro cessin g  term inology, and (7) understand ing  the  procedures 

and purposes of th e  keypunch.

S c h a ffe r  f u r th e r  suggests t h a t  th e re  be some acquain tance in :

(1) the  h is to r y  o f  data  p ro cessin g , (2) th e  ro le  o f da ta  p ro cessin g  in  

th e  f i e l d  o f education , (3) the  l i t e r a t u r e  o f  the  f i e l d  of d a ta  process

in g , (4) th e  speed of th e  v ario u s  kinds and p ieces  o f  equipment, and 
2

(5) programming techn ique .

According to  Haga a f e e l in g  f o r  le a rn in g  by programmed in s t r u c t io n  

can be im parted  by having th e  p a r t ic ip a n ts  work th e i r  way through a 

programmed course  on programmed in s t r u c t io n .  Other experiences suggested  

a re :  (1) having th e  p a r t ic ip a n ts  analyze a ta sk  and id e n t i fy  performance 

s ta n d a rd s , (2) produce a course  o u tlin e  and convert t h i s  to  computer 

coding sh e e ts  f o r  punching on cards o r ta p e , (3) have those p a r t ic ip a n ts

^ Ib id . , pp. 5-6 .

^ P h il ip  M. S c h a ffe r , "The Need fo r  T ra in in g ,"  The Jo u rn a l o f 
Data E ducation , 11:78, December 1970.
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w ith o u t ex p erien ce  keypunch th e i r  own c a rd s , those  w ith  knowledge of 

keypunching a rran g e  fo r  keypunching s e rv ic e s , (4) o b tain in g  knowledge o f 

computing system s through classroom  in s t r u c t io n ,  (5) have p a r t ic ip a n ts  

e n te r  and check o u t t h e i r  i n s t r u c t io n a l  programs o n - lin e  a t  remote 

conso les t i e d  by telephone l in e s  to  one or more tim e-sh a rin g  com puters, 

debug o f f - l i n e ,  m anually in p u t program c o rre c tio n s  o n - lin e ,  and i t e r a t e  

u n t i l  an e f f e c t iv e  in s t r u c t io n a l  program i s  developed, (6) o b ta in in g  

s u f f i c i e n t  knowledge o f  d a ta  communications, advanced in p u t-o u tp u t  

d e v ic e s , e t c . ,  to  enable  p a r t i c ip a n ts  to make reasonab ly  i n t e l l i g e n t  c o s t  

and e ffe c tiv e n e ss  d e c is io n s  in  t h e i r  r e a l - l i f e  environm ents, and (7) 

o b ta in in g  an in -d e p th  understanding  o f CAI b eh av io ra l re se a rch  a t  u n i

v e r s i t i e s  and companies; id e n t i fy  s o c ie t ie s ,  jo u rn a ls ,  and in d iv id u a ls  

which m ight se rv e  as d a ta  sources f o r  p o st-co u rse  fo llow -up  by in te r e s te d  

partic ip an ts ."* '

I f  th e  people to  be tra in e d  in  computer technology a re  in - s e rv ic e ,  

Jacobson advocates t h a t  extended c o n tra c ts  be issu ed  f o r  th e  d u ra tio n  

o f  a workshop which has re p re s e n ta tiv e s  from IBM, F rid e n , NCR, Burroughs, 

Univac and p o ss ib ly  o th er m anufactu rers. These r e p re s e n ta tiv e s  could 

make a p re s e n ta t io n  to  th e  group. F ie ld  t r i p s  to  (1) government ag e n c ie s ,

(2) ed u c a tio n a l i n s t i t u t i o n s ,  (3) u t i l i t y  companies, and (^ ) banking 

i n s t i t u t io n s  which u t i l i z e  a p p lic a tio n s  o f d a ta  p ro cessin g  were tak en  by 

th e  in -s e rv ic e  educato rs t h a t  were in  the  workshop she d e s c r ib e s . Each

■*"Enoch Kaga, Understanding Automation, Elm hurst, I l l i n o i s :  The 
B usiness P re s s ,  p. 285, 19o5.
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p a r t i c ip a n t  a ls o  completed a sev en -tap e , 15-hour in tro d u c to ry  course fo r  

th e  1311 key-punch m achine.^

S to l l a r  f e e l s  t h a t  many o f the  problems encountered in  education  

a re  a r e s u l t  o f having ed u ca tio n a l a p p lic a tio n s  of d a ta -p ro cess in g  hard

ware and softw are being promoted by the  m anufacturer and h is  s a le s  ar.d

te c h n ic a l  d iv is io n s . They a re  being developed to  promote the  computer
2

m arket r a th e r  than  f o r  th e  d i r e c t  so lv ing  o f e d u catio n al problems.

According to  Cougar computer m anufacturer’s courses a re  j u s t  one o f 

s e v e ra l methods employed. S pec ia l f a c u lty  sem inars, courses sponsored 

by p ro fe s s io n a l s o c ie t ie s  and o th er o rg an iza tio n s , and g ran ts  to  perm it 

th e  in d iv id u a l  i n s t r u c to r  to  acq u ire  th e  foundation  and then develop 

computer programs fo r  h is  c la s se s  were a l l  u t i l iz e d  in  provid ing  computer
3

t ra in in g  needed by the  educato r in  the  e leven schools t h a t  he s tu d ie d .

To so lve the  problem o f teach e r education , in  i t ’s tim e-sharing  

experim ent u t i l i z in g  rem ote te rm in a ls , Dartmouth College had tea c h e rs  

in  fo r  t ra in in g  se ss io n s  whore they  had: (1) experienced u se rs  of the  

system ta lk  to  the  group about l ik e ly  problems, (2) s ix  one-hour le c 

tu re s  on BASIC language, (3) ample tea c h e r  time a t  th e  remote term ina l 

( a t  l e a s t  te n  hours in  th e  f i r s t  f iv e  days — twenty befo re  th e  teach e r

^Darlyne Jacobson, "Organize Your Own Data Frocessing  Workshop,"
The Jou rn a l of Business Education , *1-1:151-2, January 1966.

2Dewey H. S to l l a r  and John JR. Ray "DATB-Datarnation A pplica tions f o r  
Teacher Education ," The Journa l of Teacher E ducation, 20:i91-3» Summer, 
1969.

3 j .  D aniel Couger, "Educating F acu lty  About Computers," The 
Jo u rn a l o f Business E ducation , 64:2^9, Harch, I 969.
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w il l  f e e l  com pletely  a t  e a se ) , (4) problem sess io n s  fo r  e x tra  h e lp  sched

u led , and (5) q u a n ti t ie s  of p r in te d  m a te ria ls  placed in  the  hands of 

th e  te a c h e r  ( fo r  re fe re n c e  l a t e r  i f  needed),^

Brur.dy recommended th a t  a re a s  o f sp e c ia l  emphasis and resea rch  

should in c lu d e : (1) pedagogical is s u e s  concerned w ith  CAI, (2) psycho-
2

lo g ic a l  and p h y s io lo g ic a l e f f e c ts  as w ell as so c io lo g ic a l im p lic a tio n s .

A g en e ra l survey course i s  recommended by S to l l a r .  T ypical p rese n t 

a p p lic a tio n s  o f  d a ta  p rocessing  and computer sc ien ce  as they  r e la te  to  

e d u catio n  and fu tu re  d a ta  p rocessing  and computer a p p lic a tio n s  in  educa

t io n  should be s tr e s s e d .  There should  bo no a ttem p t to  make programmers 

o u t o f te a c h e rs ,  j u s t  knowledgeable consumers. Topics should in clu d e :

(1) scope and s ig n if ic a n c e  o f d a ta  p rocessing  f o r  education , (2) h is to ry  

o f d a ta  p ro cessin g , (3) h is to ry  o f d a ta  processing  in  education , (4) u n i t  

reco rd  d a ta  p ro cessin g , (5) th e  development o f  the  e le c tro n ic  computer,

(6 ) today  in  e le c t ro n ic  d a ta  p ro cessin g , (? )  a p p lic a tio n s  o f e le c tro n ic  

d a ta  p ro cessin g  to :  (a) in s t r u c t io n ,  (b) guidance and, (c) a d m in is tra tio n , 

(8) system s study  and d esign , and (9) th e  fu tu re  o f e le c tro n ic  da ta  
3

p ro ce ss in g .

The Hayward U nified  School D i s t r i c t  o f Hayward, C a lifo rn ia  devel

oped an in -s e rv ic e  t ra in in g  program in  computer technology because they

------------- / 'D em onstra tions and Experim entation in  Computer T rain
in g  and Use in  Secondary Schools," In te rn  Report, Hanover, New Hampshire: 
K iew it Computation C enter, p. 4, 19b8^

^Robert F . Brur.dy, "Com puter-A ssisted I n s t ru c t io n —V/here a re  We?"
Fhi D elta  Happan, 49:424-428, A p ril, 1968.

^Dewey H. S to l l a r  and John R. Ray, "DATE-Datamation A pplica tio n s  
f o r  Teacher E ducation ,"  The Jo u rn a l o f  Teacher E ducation, 20:192-3,
Summer, 1969.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



www.manaraa.com

21

f e l t  t h a t  teach e rs  a re  in  need o f updating th e i r  education  in  the  a rea 

o f computer sc ie n c e . T heir aim was to  rake teach e rs  aware of the  devel

opments in  and th e  s o c ie ta l  im p lica tio n s  of th e  computer re v o lu tio n . 

Hager to p ic s  included  in  the  program were: (1) data  p ro cessin g , automa

t io n ,  c y b e rn e t ic s -h is to r ic a l  development, (2) fu n c tio n s  of a computer,

(3) op era tio n  and c a p ac ity  o f  a computer, (b) programming a computer,

(5) im pact of computers and autom ation, (6) s iz e  and scope o f computer 

in d u s try , (7) v o c a tio n a l o p p o r tu n itie s  -  today and tomorrow, (8) im pact 

on society,"*"

Expected outcomes o f  an ed u catio n al media course , "Computing System 

A nalysis and Design in  E ducation", developed by S te ffe n se n  were t h a t  the  

stu d e n t would be ab le  to : (1) acq u ire  p ra c t ic a l  s k i l l  in  flo w -ch a rtin g  

tech n iq u es, (2) a cq u ire  s k i l l  in  apply ing  the method o f system a n a ly s is  

to  ed u catio n al problem s, (3) acq u ire  s k i l l  in  ed u ca tio n a l system desig n , 

and (A) acq u ire  s k i l l  in  p reparing  a system design  f o r  computer im ple

m entation .^

A le c tu re - la b o ra to ry  course i s  more in fo rm ative  and p roductive  

according  to  Eaga. I t  a lso  req u ire s  th a t  access to  a computer system 

be provided . Computer softw are  in  th e  form of CAI com pilers, tim e

sharing  c a p a b i l ity  a v a ila b le  a t  tim es convenient to  th e  c la s s  schedu les,

■ Î.'ary 3, Q uigley, "An In -S o rv ice  Program," The Jo u rn a l o f  Data 
Education , 11 :16-7 , October, 1970.

^Robert G. S te ffe n se n , "Computing System A nalysis and Design in  
E duca tion ," A Course o f Study in  Educational media from the  U n iv e rs ity  
o f  Utah, Department of E ducational A dm in istra tion .
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se v e ra l  s tu d e n t conso les, l o g i s t i c a l  sup p o rt such as key punching, and 

a co n sid e rab le  degree o f understanding  by th e  u n iv e r s ity  f a c u l ty  a re  

considered  e s s e n t ia l  to  a su ccessfu l course  fo r  educato rs in  computer 

techno logy .^

^Enoch Haga, Automated Educational System s, Elm hurst, I l l i n o i s :  
The Business P ress , p. 264, 19b?.
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CHAPTER IV

AHALYS IS OF DATA

Restatem ent of the  Problem

The i d e n t i f i c a t io n  o f  those a sp ec ts  of computer sc ien ce  t h a t  would 

prov ide v a lid  c u r r ic u la  in  computer sc ien ce  fo r  educato rs was th e  ob

j e c t  o f  t h is  stu d y . S t a t i s t i c a l  a n a ly s is  o f  s ix  n u l l  hypotheses was 

performed to  v a lid a te  th e  f in d in g s  of an o p in io n n a ire  ad m in iste red  to  a 

group of people tra in e d  in  both education  and computer sc ien ce .

V a lid i ty  o f  C r i te r io n  fo r  O pin ionnaire

A search  o f the  l i t e r a t u r e  concerned w ith  computer sc ience  in  educ

a t io n  id e n t i f i e d  s e v e ra l course  o u t lin e s  suggested  f o r  t ra in in g  educato rs 

in  computer s c ie n c e . An o p in io n n a ire  based on to p ic s  suggested in  the  

course  o u tlin e s  and from th e  experiences o f  th e  au th o r was developed. A 

p re lim in a ry  in stru m en t vras prepared and subm itted fo r  c r i t ic is m  to  the  

d i r e c to r  o f th e  t e s t  sco rin g  se rv ic e  a t  Montana S ta te  U n iv e rs ity . The 

re v is e d  in stru m en t was th en  adm in iste red  to  a group o f  g raduate  s tu d en ts  

a t  Montana S ta to  U n iv e rs ity , some of whom had had some experience work

ing  w ith  com puters. These g raduate  s tu d e n ts  in  education  suggested 

some changes and as a r e s u l t  o f t h i s  p i lo t  stu d y  th e  o p in io n n a ire  vras 

ag a in  rev ise d  and adm in iste red  to  a c o n tro l  group. This group c o n s is ted  

o f people tra in e d  in  education  and o th e rs  t ra in e d  or in  th e  process of 

becoming t ra in e d  in  computer sc ie n c e .
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O ninionnaire Returns

Th8 o p in io n n a ire , to g e th e r  w ith  a stamped, s e lf-a d d re sse d  envelope, 

a mark sense sh e e t ,  and a l e t t e r  o f exp lan a tio n  was m ailed to  t h i r t y  

people t ra in e d  in  both education  and computer sc ien ce . A second m ailing  

was made to  those people who had n o t responded to  the  f i r s t  m ailing  w ith

in  two weeks. Of the t h i r t y  "ex p e rts"  who were se n t the  i n i t i a l  m ailin g , 

a t o t a l  o f tw en ty -four usable  re tu rn s  were rece iv ed . One o p in io n n a ire  

was re tu rn ed  b lank .

Id e n t i f ic a t io n  of F ac to rs

A d e te rm in a tio n  of fa c to rs  r e la t in g  to  a g eneral idea or to p ic  was 

accom plished by having th e  r e s u l ts  obtained  from the c o n tro l group 

su b jec ted  to  a f a c to r  a n a ly s is  procedure, A f a c to r  m atrix  i s  the  f in a l  

r e s u l t  o f th e  f a c to r  a n a ly s is .  This m atrix  i s  a ta b le  of c o e f f ic ie n ts  

which shows the  r e la t io n s h ip s  between the  opinions expressed in  the  

op in io n n a ire  and the underly ing  f a c to r s .  These r e la t io n s h ip s  a re  ex

pressed  as c o e f f ic ie n ts  t h a t  a re  in te rp re te d  in  th e  same manner as 

c o r r e la t io n  c o e f f ic ie n ts .^

F ive f a c to rs  were id e n t i f i e d  by th e  f a c to r  a n a ly s is  procedure.

Names f o r  the  f a c to rs  a re  suggested  from th e  n a tu re  of the  item s w ith 
2

la rg e  w eigh ts. Table I  shows th e  l i s t i n g  of item s in  each f a c to r  t h a t

% red  N. K erlin g e r, Foundations o f Behavioral R esearch, New York: 
H o lt, R in eh a rt and W inston, In c . ,  p. ^53, 19&J-.

2
Harry H. Harmon, Modern F a c to r  A n aly sis , The U n iv ers ity  of Chicago 

P ress : Chicago, pp. 310-311. 196?.
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have a f a c to r  loading  in  excess of .3 0 . The name fo r  the  f a c to r  was 

obtained  by id e n tify in g  a common a t t r ib u t e  in  each f a c to r .

The h ig h es t fa c to r  loading  fo r  any item  in  fa c to r  one was .74 

ob tained  fo r  item 14. This pointed up a high c o rre la t io n  between the 

item , req u ir in g  p ro fic ien cy  in  u t i l iz in g  computing and d a ta  processing  

procedures and equipment as they  r e l a te  to  education , and fa c to r  one.

The item  rece iv in g  the low est f a c to r  loading ( .4 3 )  considered in  fa c to r  

one r e la te d  to  req u ir in g  f a m i l ia r i ty  w ith s o c ie t ie s ,  jo u rn a ls , and 

in d iv id u a ls  which might serve as resource  h e lp  fo r  post-co u rse  fo llow - 

up. F a c to r  one was lab e led  Computer A pplications and I m plications as 

th ey  R ela te  to  Education.

Mechanics of Conoutsr Use was the la b e l  given to  f a c to r  two. The 

h ig h es t fa c to r  loading  fo r  any item  in  fa c to r  two was .83 obtained 

f o r  item  24. Item 24 s tre s se d  the a b i l i t y  to  code d i r e c t ly  from a flow

ch a rt. Item 21, r e la t in g  to  th e  s tu d en t being ab le  to  keypunch a pro

gram, had the  low est fa c to r  load ing  (.41 ) considered fo r  any item  in  

f a c to r  two.

A f a c to r  load ing  of .64 fo r  item  8 was the high fo r  f a c to r  th re e . 

Item 8 s tre s se d  req u ir in g  f a m i l ia r i ty  w ith in p u t and o u tpu t devices and 

p o s s ib i l i t i e s .  Item  1 which s tr e s se d  the  s tu d en t knowing the da ta  

communications flow  from the le a rn e r  through th e  computer and re tu rn  

rece iv ed  th e  low est fa c to r  loading  (.3 0 ) considered fo r  fa c to r  th re e . 

F a c to r  th re e  was lab e led  Knowledge o f Computer Hardware.

F ac to r fo u r, e n t i t le d  Knowledge of Computer Softw are , had a f a c to r  

load in g  o f .72 on item  12. This was the h ig h es t fa c to r  load ing  fo r  

any item . Item  12 s tre s se d  s tu d e n ts  having the  a b i l i t y  to  u t i l i z e
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"canned" programs such as pre-programmed " t"  t e s t s .  Item  11 had the 

lo w est f a c to r  lo ad ing  ( .3 3 )  considered  in  f a c to r  fo u r. Requiring  fam il

i a r i t y  w ith  problems faced  in  the  a p p lic a tio n  o f  computers in  education  

e .g .  (a )  man-machine communication; (b) c o s t  e ff ic ie n c y ;  (c) u se r  

accep tance; e t c . ,  was the problem posed in  item  11.

Prov id ing  "hands on" tim e a t  an in p u t  d ev ice , item  3. rece iv ed  the  

h ig h e s t  f a c to r  load in g  ( .7 3 )  in  f a c to r  f iv e .  Item 2 s tr e s s in g  f a m ilia r 

i t y  w ith  th e  a p p lic a tio n s  of e le c tro n ic  da ta  p rocessing  in  guidance and 

counseling  rece iv ed  the  low est lo ad ing  ( -.3 * 0  co n sid ered . F ac to r f iv e  

was la b e le d  "Hards on" E xperience.

A s ix th  f a c to r  i d e n t i f i e d  by the  varim ax r o ta t io n  was d isreg a rd ed  

s in c e  th e  a u th o r was unable to  d e te c t  a "common a t t r ib u t e " '1' among the  

item s which ob tained  a fa c to r  load ing  o f .30 or g re a te r .  The item s and 

th e i r  f a c to r  load ings a re  as fo llow s; Item 4 ( - .6 4 )  req u ired  th e  award

in g  of a c e r t i f i c a t e  o f  achievement fo r  com pleting th e  course . Item 5 

( - .3 3 )  req u ired  th e  a b i l i t y  to  use a remote te rm in a l. Item 6 ( - .3 1 )  

s tr e s s e d  re q u ir in g  f a m i l ia r i ty  w ith  computer sto rag e  components. Item 

20 ( - .3 5 )  would provide resource h e lp  fo r  p o s t-co u rse  fo llow -up  fo r  the  

ed u ca to r . Item  21 ( .4 1 ) ,  the  only item  w ith  a p o s it iv e  c o rr e la t io n ,  

re q u ire d  th e  a b i l i t y  to  keypunch a program.

A complete l i s t i n g  o f the  ro ta te d  f a c to r  m atrix  c o e f f ic ie n ts  i s  

found i n  Table I I .

^Karry H. Harmon, Modern F ac to r A n a ly s is , The U n iv e rs ity  o f Chicago 
P ress : Chicago, p . 311, 1967.
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RELATIONSHIPS BET'.VEEM OPINIONNAIRE ITEMS

F ac to r Loadings

1* *
2
3
4
5
6
7
8 
9

10
11
12
13
14
15
16
17
18
19
20  
21 
22
23
24
25
26
27
28

.27568

.56743

.06152
-.01613

.08847
-.15626

.11041
-.17393

.09382 
-.13868  

.24008 

.06043 

.09449 

.74386 

.44489 

.68986 

.13728 

.50041 

.11754 

.42777 

.17965 

.72992 

.64002 
-.00664 
- 019090 

.72089 

.69568 

.22724

.28263
-.03347

.13332
-.15836

.28529

.50076

.13454

.10428

.03893
-.08758
-.05993

.04952

.14934

.01185

.11744
-.00004

.16510
-.20421
-.03327

.02856

.41450

.08821
-.07322

.82732

.59180

.13332

.03829

.72533

.29584 
-.10641 
-.06059 
.01795 

-.17352 
.30265 
.57544 
.64003 
.54782 
.20283 
.43121 
.03038 
.12335 

-.01539 
.22123 
.09493 
.25588 
.49215 

-.13327 
.18805 
o10599 
.08545 
.35517 
.00090 
.04350 
.04413 

-.16976 
.05699

.25451

.20328

.05292

.00570

.00175
-.05518
.05506
.18233

-.05996
.35056
.32825
.72735
.41132
.25753
.01965

-.00480
.20?40

-.03550
.36462
.21496
.24972

-.11298
.02526
.19531
.03316
.16980
.03556

5* 6

.21838 -.04583
-.15847 -.33791

.13556 .62631
-.64115 -.00816
-.32992 .36179
-.31143 -.25338

.10012 -.26700

.14053 .08460
-.10894 -.04285

.26849 .21333
-.11357 .09944
-.06766 .09909
-.03217 -.01632

.00106 .09795

.05441 -.36620

.07866 -.05551
-.18876 .39368
-.03447 .23198

.22430 -.03365
-.35064 -.08884

.41275 .10530
-.19992 .02680
-.09680 .21771

.00962 .18502

.11705 .42286

.19458 -.00314

.12681 .11497

.17242 .00247

♦Factor 5 was om itted by th e  au th o r fo r  lack  o f a common a t t r ib u t e  
among la rg e  f a c to r  lo ad in g s .

♦♦Items a re  numbered co n secu tiv e ly  from 1-28 on pages 1 and 2 o f the 
o p in io n n a ire .
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T esting  o f the  Hypotheses

In  th is  s e c tio n  the f in d in g s  of th e  s t a t i s t i c a l  analyses of the  

s ix  n u ll  hypotheses s ta te d  in  Chapter I I  a re  p resen ted . The n u ll hypo

th eses  were te s te d  a t  th e  .05  le v e l  of s ig n if ic a n c e .

Hypothesis 1

There i s  no s ig n i f ic a n t  d iffe re n c e  between the  mean r a t in g s  given by 

th e  c o n tro l group and by th e  ex p erts  f o r  each of th e  f a c to rs  id e n t i f i e d ,

A d e te rm in a tio n  of s ig n i f ic a n t  d iffe re n c e s  between the mean r a t in g  

o f th e  c o n tro l group and the  ex p erts  fo r  each of the  fa c to rs  was accom

p lish e d  u t i l i z i n g  the  t  t e s t . '1' The computed va lues were compared to  the
2

ta b le  va lues found in  the  back of Ferguson 's  t e x t .

The mean, standard  d e v ia tio n , variance  and t  t e s t  a re  l i s t e d  fo r  

each o f  the  f a c to rs  in  Table I I I .

F a c to r  1 had a computed t  value of 3 .0 9 . S ince the  computed t  value 

o f  3 .09 was g re a te r  than the ta b le  value o f t  (1 .9 9 ) , the n u l l  hypothesis  

o f no d iffe re n c e  between the  means was r e je c te d .  S ince the  mean fo r  the  

e x p e rts  was s ig n i f ic a n t ly  h ig h er than th a t  fo r  the  c o n tro l group, i t  

can be concluded th a t  they  f e l t  t h a t  Knowledge of Computer A p p lica tions 

and Im p lica tio n s  as they r e l a te  to  Education i s  a more im portan t in c lu s io n  

in  a computer sc ience  course fo r  educators than  d id  the  c o n tro l group.

^"Bernard O s tle , S t a t i s t i c s  in  R esearch, The Iowa S ta te  U niv ers ity  
P ress : Ames, Iowa, p. 95, 19b3.

2
George A. Ferguson, S t a t i s t i c a l  A nalysis in  Psychology and 

E duca tion , iicGraw-Hill: New York, pp. tO o-^-ll, 1̂ 6Z~,
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COMPARIS OKS OF HC'J CONTROL GROUP AND EXPERTS RATED 
EACH OF THE FIVE FACTORS

F a c to r Group Mean S.D. Variance t - t e s t

1 Control 3.01 .76 .58 3.09*

Experts 3.5^ .60 .36

2 C ontrol 3.78 .75 .57 3.72*

Experts 3.08 .86 .75

3 Control 3.24 .63 .39 0.04

Experts 3 .24 .63 .39

4 Control 2.78 .69 .48 1.79

Experts 3.07 .61 .37

5 Control 3 .88 .56 .32 2.02*

Exports 3.62 .52 .27

♦ S ig n if ica n t beyond th e  .05 le v e l .
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F a c to r  2 had a computed t  va lue  o f 3 .72 . S ince th e  computed t  v a lu e  

o f  3.72 was g re a te r  than the ta b le  value o f t  (1 .9 9 ) , the  n u ll  hypo thesis  

of no d iffe re n c e  between the  means was r e je c te d .  S ince the  mean fo r  th e  

c o n tro l group v:as s ig n if ic a n tly  h ig h er than  che mean fo r  the group of 

e x p e rts ,  i t  can be concluded th a t  the  c o n tro l group f e l t  th a t  Knowledge 

of th e  Mechanics of Computer Use was of more value than  d id the  group 

o f  e x p e rts .  This probably could have been p red ic ted  because o f the 

background and t ra in in g  o f the  m ajo rity  o f th e  co n tro l group.

F a c to r  3 had a computed t  value of .04 . Since th e  computed t  v a lu e  

o f .04 was le s s  than the  ta b le  value of t  (1 .9 9 ) , th e  n u ll  hypothesis  

o f no d iffe re n c e  between the  means was n o t r e je c te d .  There was no s ig n i 

f ic a n t  d iffe re n c e  noted in  how the  co n tro l group and th e  group of e x p e rts  

r a te d  the  importance o f educators a cq u irin g  Knowledge o f Computer 

Hardware.

F ac to r 4 had a computed t  value o f 1 .7 9 . S ince th e  computed t  va lu e  

of 1 .79 was le s s  than the  ta b le  value of t  (1 .9 9 ) , th e  n u ll  hypothesis 

o f  no d iffe re n c e  between the  means was n o t r e je c te d .  There was no s ig n i

f ic a n t  d iffe re n c e  noted in  how the  c o n tro l group and th e  group o f e x p e rts  

r a te d  th e  importance o f educators acq u irin g  Knowledge o f Computer 

S oftw are .

F ac to r 5 had a computed t  va lue  o f 2 .02 . S ince the  computed t  va lu e  

o f 2 .02 was g re a te r  than  the  ta b le  value o f t  (1 .9 9 ) , th e  n u ll  hypo th esis  

o f  no d iffe re n c e  between th e  means was r e je c te d .  S ince the  mean fo r  th e  

c o n tro l group was s ig n i f ic a n tly  h ig h er than  the  mean fo r  the  group o f 

e x p e rts , i t  can be concluded th a t  the  c o n tro l group f e l t  th a t  th e  "Hands 

on" Experience was of more value than  d id  the  group o f e x p e rts .
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Hypothesis 2

There i s  r.o s ig n i f ic a n t  d iffe ro n c e  between the mean r a t in g s  fo r  each 

o f  th e  f a c to r s  i d e n t i f i e d  as ra te d  by th e  panel o f  e x p e rts .

A t e s t  o f  n u ll  h ypo thesis  2 was accom plished by means of a n a ly s is  of 

v a ria n c e  p ro ced u res . Table IV gives th e  r e s u l ts  of the  a n a ly s is  of 

v a rian ce  c a lc u la t io n s .

TABLE IV

SUMMARY TABLE FOR THE ANALYSIS OF VARIANCE OF THE FACTORS
IDEKTIrlED AS RATED BY THE PAHEL Cl■ EXPERTS

Source o f v a r ia t io n Sums o f Squares ! d . f . Mean Square F r a t i o

Between e x p e rts 18 .8  i 23

V/ithiR ex p e rts  
F a c to r  
R esidual

39.0
6.23  

3 2.77

96
4

92
1.56

.36
4 .33*

T ota l 57.8 119

^ S ig n if ic a n t  a t  th e  .05 lo v e l .

The computed F r a t i o  o f 4 .33  i s  la r g e r  than th e  ta b le  va lue  o f  2 .49 

(F 4 , 92; .9 5 ) .  T h e refo re ,th e  n u ll  hypo thesis  of no d iffe re n c e  in  the  

mean r a t in g  f o r  each of th e  fa c to rs  i d e n t i f i e d ,  as ra te d  by th e  panel of 

e x p e rts ,  i s  r e je c te d .

M u ltip le  comparisons o f the  fa c to rs  to  determ ine which f a c to r  i f  any, 

has a means s ig n i f ic a n t ly  d i f f e r e n t  than the  o th e rs  was accom plished by 

u t i l i z i n g  th e  S cheffd method fo r  m u ltip le  com parisons. The d iffe re n c e
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necessa ry  f o r  a s ig n i f ic a n t  f in d in g  occurs when th e  c a lc u la te d  c r i t i c a l  

d i f fe re n c e  i s  sm alle r than  the  d if fe re n c e  between any two means.^

A comparison o f th e  d if fe re n c e  i n  th e  means i s  made to  determ ine i f  

any exceed th e  c a lc u la te d  s ig n i f ic a n t  d if fe re n c e . Table V l i s t s  tho mean 

r a t in g  f o r  each o f the  fa c to rs  id e n t i f i e d  ar.d th e  d i f fe re n c e s  in  th e  mean,

TABLE V

KEAIS AND DIFFERENCES FOR FACTOR RATINGS BY THE EXPERTS

D iffe ren ces  in  Mean 
F a c to r  Kean f o r  fa c to r
________________________2 3 ^ 5

1 . Computer A pp lica tio n s  and Im p lic a tio n s
as r e la te d  to  Education 3.5*4- .*+6 .30 .47 .08

2 . Mechanics o f Computer Use 3.08 .16 .01 .54

3. Knowledge o f Computer Hardware 3.2*4- .17 .38

4 . Knowledge o f Computer Softw are 3.07 .55*

5 . "Hands on" Experience 3.62

*A s ig n i f ic a n t  d i ffe re n c e  e x is ts  a t  th e  .03 le v e l .

The c a lc u la te d  c r i t i c a l  d if fe re n c e  between th e  means f o r  the  f iv e  

id e n t i f i e d  f a c to rs  as r a te d  by th e  panel o f  ex p erts  was .5 5 . Since th e  

g r e a te s t  d iffe re n c e  between any of th e  means i s  .5 5 . th e  S c h e ff i  method 

f o r  m u lt ip le  comparisons was ab le  to  d e te c t  a s ig n i f ic a n t  d iffe re n c e  fo r

John T. Roscoe, Fundamental Research S t a t i s t i c s , H o lt, R in eh art 
and W inston, I n c . ,  p . 241, 19o9.
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th e  r a t in g  of ’’Hands on11 Experience over th e  f a c to r  Knowledge of Computer 

S oftw are . This means t h a t  the  panel o f ex p e rts  ra te d  the value of "Hands 

on" E xperience s ig n i f ic a n t ly  h ig h er than Knowledge o f Computer Softw are.

The mean r a t in g  of each of the  item s included  to  determ ine course 

co n te n t was found and th e  standard  d e v ia tio n  computed. From a p o ssib le  

h igh  mean o f 5 .0 , th re e  item s had a computed mean o f ^ .0 .  A f u l l  l i s t 

in g  o f a l l  tw en ty -e ig h t item s, ranked from those which obtained  the  high

e s t  mean to  th e  item  which o b tained  th e  lo w est mean i s  found in  Table VI. 

R equ iring  f a m i l i a r i ty  w ith  problems faced in  th e  a p p lic a tio n  of computers 

i n  e d u c a tio n , re q u ir in g  p ro fic ie n c y  in  u t i l i z in g  computing and da ta  pro

cess in g  procedures and equipment as  they  r e l a te  to  ed u catio n , and re q u ir 

in g  an understand ing  o f th e  psych o lo g ica l and s o c io lo g ic a l  im p lica tio n s  

in vo lved  in  computer a s s i  sted  in s t r u c t io n  rece ived  th e  h ig h es t mean 

r a t i n g .  The n e c e s s i ty  o f  ax-rarding a c e r t i f i c a t e  o f achievement as a 

r e s u l t  o f th e  su c ce ss fu l com pletion of the  course had a mean ra t in g  

o f  2 .0 , which in d ic a te d  the  p ra c t ic e  to  be o f some v a lu e . This item  

rec e iv ed  the  lo w est o v e ra l l  r a t in g .

I t  i s  o f i n t e r e s t  to  note t h a t  th e  mean r a t in g  dropped from 3.2 to  

2 .8  and lower f o r  th o se  item s th a t  could be c la s s i f i e d  as r e la t in g  to  

making a programmer o u t o f th e  e d u ca to r.

Plypothesis J3

There i s  no s ig n i f ic a n t  d iffe re n c e  in  the  mean ra t in g s  of the  ex p erts  

f o r  th e  type o f course  which xri.ll most e f f e c t iv e ly  t r a i n  th e  educator to  

u t i l i z e  computer technology. This h y po thesis  -ms te s te d  by a n a ly s is  of
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11 . Requiring f a m il ia r i ty  w ith probli::-.s faced ir. the a p p lic a t io n  c f  conputcrs in  oducati 
e .q .  (a ) nan-machine corununicatior.; (b) c o s t  e f f ic ie n c y ;  (c )  user acceptance; e tc .

I t .  Ica.cuirir.T p r o f ic ien cy  in  u t i l iz i r .  r comp; 
equipment as they  r e la te  to  e tc  c a tio n .

3 . rrov id in r  "hands or." time a t  an ir.put d e v ic e . 

1?.. K'/Juirinc tho a b i l i t y  to  u t i l i s e  "canned" pro

8 . TUvjuirin:- f a m i l i a r i t y  w ith  in p u t  and ou t,

1 '.. h-'viirir.;-, f a ; .d lia r lty  viith the scope and ir.ipnet o f computer ncio 
c u r re n tly .

2 . h^'.iuirir.c fa m i l ia r i ty  w ith tho a p p lic a t io n s  o f  e le c tr o n ic  data r 
?nidance and r oi m c o l i  r.r.

5. Requiring tho a b i l i t y  to  submit, a program to  tho computer v ia  a

3.D .

1 .1 8

1.0b

1 .12

1 .15

0 .8 2  

1 .80
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v aria n c e  procedures. Table VII g iv es  the  r e s u l ts  o f  the  a n a ly s is  o f 

v a ria n c e  c a lc u la t io n s .

TABLE VII

SIKMARY TABLE FOR THE ANALYSIS CF VARIANCE OF TI3 TTFES CF COURSES 
WHICH './ILL MOST EFFECTIVELY TRAIN THE EDUCATOR TO 

UTILIZE COMPUTER TECHNOLOGY

Source o f  v a r ia t io n Sums o f Squares d . f . Mean Square F r a t i o

Between ex p e rts 18.6 23

V ith in  ex p e rts  
Type of course  
Residual

74.9
125.1

200.0 96
4

92
18.73

1.36
13.77*

T o ta l 218.6 119

♦ S ig n if ic a n t  a t  the  .05 le v e l .

The computed F r a t i o  of 13.77 i s  la r g e r  than  th e  ta b le  v a lu e  of 2.49 

(F 4 , 92; .9 5 ) .  T herefo re , th e  n u ll  hypo thesis  of no d iffe re n c e  in  th e  

mean r a t in g s  of the  tyoe of course  which w il l  most e f f e c t iv e ly  t r a in  the 

ed u cato r to  u t i l i z e  computer technology as ra te d  by the  panel o f e x p e rts , 

i s  r e je c te d .

M u ltip le  comparisons o f th e  r a t in g s  o f  f iv e  types o f courses to  

determ ine which type i f  any, i s  s ig n i f ic a n tly  more e f f e c tiv e  than  the  

o th e rs  was accom plished by u t i l i z i n g  the  Scheff* c r i t i c a l  d i f fe re n c e  

method fo r  m u ltip le  comparisons. Table V III  l i s t s  the  mean and th e  

d iff e re n c e s  in  the  mean fo r  each type of course th a t  was ra te d  by th e  

pane l of e x p e rts .
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keafs ai:d differences for types cf courses rated

D iffe ren ces  in  the  mean 
fo r  types 

2 3 4 5

1. Formal commuter sc ience courses tau g h t
by computer scienco  departm ents 2 .71 .92 .46 .17 1.79*

2 . S p e c ia l f a c u l ty  seminars ( u t i l i z in g
e x p e rts  f o r  a sh o rt period  of tim e) 3.63  1.38* .75 .87

3. Computer m anufac tu rer’ s courses 2 .25 .63 2.25*

4 . S e lf  education  2.88 1.62*

5 . A s p e c if ic  course designed fo r  educa
to rs  and tau g h t by educato rs t ra in e d
in  computer sc ience  4.50

*A s ig n i f ic a n t  d i ffe re n c e  e x is ts  a t  th e  ,05 le v e l .

The c a lc u la te d  c r i t i c a l  d iffe re n c e  between th e  means of the  f iv e  

types of courses l i s t e d  fo r  t ra in in g  th e  educator to  u t i l i z e  computer 

technology was l .O o . The mean o b tained  from th e  r a t in g  o f the  panel of 

ex p e rts  f o r  a s p o c if ic  course  designed fo r  educato rs and tau g h t by 

educato rs t ra in ed  in  computer sc ience  was 4 .5 0 . This v a lue  exceeded a l l  

o f the  o th er means except sp e c ia l facud tv  sem inars by more than th e  

1.06 req u ired  to  be s ig n i f ic a n t .  S p e c ia l f a c u l ty  sem inars were r a te d  

as being s ig n i f ic a n t ly  b e t t e r  than computer m anufac tu rer’ s c o u rse s .

Hypothesis 4

There i s  no s ig n i f ic a n t  d i f fe re n c e  in  th e  mean r a t in g s  of th e  experts  

as to  tho computer language th a t  can be tau g h t most e f f e c t iv e ly  to
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e d u c a to rs . This hypo thesis  was a lso  te s te d  by a n a ly s is  of v a rian ce  

procedures. Table IX g ives the r e s u l t s  of the  a n a ly s is  o f v a rian ce  

c a lc u la t io n s .

TABLE K

SUMMARY TABLE FOR THE ANALYSIS OF VARIANCE OF THE TYPES OF COMPUTER 
LANGUAGE THAT CAN BE TAUGHT MOST EFFECTIVELY TO EDUCATORS

Source o f v a r ia t io n Suns of Squares | d . f . 1 Mean Square F r a t i o

Between ex p e rts 56.2 23

W ithin e x p e rts  
Language 
R esidual

116.7
21.0
95.7

72
3

69
7.00
1.39

5 .Oh*

T otal 172.9 95

^ S ig n if ic a n t  a t  the  .05 le v e l .

The computed F r a t i o  of 5 .0^  i s  la r g e r  than th e  ta b le  v a lue  o f 2 .75 

(F 3 , 69; .9 5 ). T herefore , th e  n u ll  h y po thesis  of no d iffe re n c e  in  th e  

r a t in g s  of th e  t</ne of computer language th a t  can be most e f f e c t iv e ly  

tau g h t to  educato rs i s  re je c te d .

M ultip le  comparisons o f the  fo u r languages compared by the  panel o f 

e x p e rts  to  determ ine a p r io r i  which language i s  s ig n i f ic a n t ly  more e f f e c 

t iv e  than  some o f th e  o th ers  was accom plished by u t i l i z i n g  the  S c h e ff i  

method fo r  m u ltip le  com parisons. Table X l i s t s  the  mean and d i f f e re n c e s  

in  th e  mean f o r  each o f the  languages r a te d .
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KEANS AKD DIFFERENCES FOR TYPES OF COMPUTER LANGUAGES RATED

D ifferences in  the  mean 
Tyne of Language .Fean fo r language

2 i  k

1. BASIC 3.67 .38  1.13* 1.04*

2 . FORTRAN 3.29 .75 .66

3. COBOL 2.54  .09

4 . AFL 2.63

*A s ig n i f ic a n t  d iffe re n c e  e x is ts  a t  the  .05 le v e l .

The c a lc u la te d  c r i t i c a l  d i ffe re n c e  between th e  means o f the  four 

computer languages was .98 . The BASIC language w ith  a mean of 3.67 was 

the  only language th a t  had a mean high enough to  produce a c r i t i c a l  d i f 

fe re n c e . BASIC was ra te d  s ig n i f ic a n t ly  h ig h er than  e i th e r  COBOL or APL. 

However, th e  d if fe re n c e  between BASIC and FORTRAN was n o t s ig n if ic a n t ,  

nor was the  d i f f e re n c e  between FORTRAN and any of th e  o th e rs .

Hypothesis _5

There i s  no s ig n i f ic a n t  d iffe re n c e  in  th e  mean r a t in g s  of the  ex p erts  

as to  th e  type o f educato r th e  course should be o r ie n ted  toward. To t e s t  

t h is  h y p o th esis  th e  a n a ly s is  of v arian ce  procedure was u t i l iz e d .  Table XI 

giv es  th e  r e s u l t s  of the  a n a ly s is  of v arian ce  c a lc u la t io n s .
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TABLE XI

SUI-IARY TABLE TOR THE ANALYSIS C:’ VARIANCE OF THE TYPES OF 
EDUCATORS THE COURSE SHOULD BE ORIEHTED TOWARD

Source of v a r ia tio n 1 Sums o f Squares d . f . :-.ean Square F r a t i o

Between ex p erts 25.0 23

W ithin ex p e rts 184.2 120
Type of educator 48.6 5 9.72 8.24*
R esidual 135.6 115 1.18

T otal 209.2 lit 3

♦ S ig n if ic a n t  a t  the .05 le v e l .

The cor.puted F r a t i o  of 8 .24  i s  la r g e r  than the  ta b le  va lu e  o f 2 .30 

(_F 5 , 115; .9 5 ). T herefore , th e  n u ll  hypothesis o f  no d if fe re n c e  in  the  

r a t in g s  of the  type o f educator th a t  th e  course should be o r ie n te d  townrd 

i s  r e je c te d .

M ultip le  comparisons of th e  s ix  types of educators compared by the  

panel of ex p e rts  to  determ ine a n r io r i  which typo would be s ig n i f ic a n t ly  

most e f f e c t iv e ly  tra in e d  was accom plished by u t i l i z in g  th e  S c h e ff i  method 

fo r  m u ltip le  comparisons. Table X II l i s t s  the mean and d iffe re n c e s  in  

the  mean fo r  each ty p e 'o f  educato r r a te d .

The c a lc u la te d  c r i t i c a l  d if fe re n c e  between th e  means of th e  s ix  

tynes of educato rs t h a t  the  course  should be o r ie n ted  toward was l.G o .

The mean o f A.29 obtained  fo r  item  4 , which s tre s se d  th a t  th e  course 

should be o r ie n ted  toward a l l  educato rs doing r^nriuate work, was the 

h ig h e s t  o f se v e ra l t h a t  ra te d  q u i te  h igh . Item 6 , which would d i r e c t  

the  course  toward ju s t  those educato rs t h a t  a re  i n te r e s t e d , was ra te d
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s ig n i f ic a n tly  lower than  a l l  o f the  o th e r  types except item  5. Item 5 

would have a l l  oduoa to rs  doing nnlo rg radnato  yoiv: req u ired  to  take the 

course .

TABLE XII

KEANS AND DBYERENC23 NCR TPE TYPES OP EDUCATORS RATED

D ifferences in  th e  rnean 
Lean fo r  types o f educators

2 3 ‘ k 5 6

1. A dm in is tra to rs b.13 .17 .12 .16 .59 1.39*

2. Business teach e rs 3.96 .29 .33 M 1.22*

3. Math an d /o r science teach e rs b.25 .Ob .71 1.51*

A. A ll educato rs doing graduate
work b.29 .75 1.55*

5> A ll educato rs doing under
graduate  work 3.5b-

0CO

6. J u s t  those educators th a t
a re  in te r e s te d  2.7b

*A s ig n i f ic a n t  d iffe re n c e  e x is ts  a t  th e  .05 le v e l .

Item s l i s t i n g  a c h iin ls tra to rs , math and /o r science te a c h e rs , and 

a -̂*- educato rs doing graduate work a l l  rece ived  r a t in g s  "o f g re a t  v a lu e" . 

The mean f o r  a l l  of th e  above types was in  excess of b.OO. The mean of 

3,96  fo r  bu sin ess  teach e rs  was a lso  h igh enough to  be considered  in  

p lanning such a course .
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Hypothesis 6

Thera i s  r.o s ig n i f ic a n t  d iffe re n c e  in  the  near. rn tiry .e of the  ex p e rts  

as to  th e  number of hours needed fo r  a computer course  f o r  educato rs 

in c lu d in g  in s t r u c t io n  and la b  a c t i v i t i e s .  This hypo th esis  ve-s te s te d  by 

a n a ly s is  of v a ria n c e  procedures and th e  r e s u l ts  have been ta b u la te d  in  

Table X II I .

TABLE X III

sum :ary table for tit : analysis of variance c .- the tctai, funder cf hours
NEEDED NOR A CC.'RUTER SCIENCE COURSE i’CR EDUCATORS INCLUDING 

INSTRUCTION AND labcratcry EXPERIENCES

Source of v a r ia tio n Sums of Squares- d . f .
! ..........................

Mean Square F r a t i o

3otween ex p e rts 77.6 23

t’i th in  ex p e rts 115.0 72
Lumber of hours 3^ 3 11.33 9.68*
R esidual 81 69 1 .17

T otal 192.6 95

♦ S ig n if ic a n t  a t  th e  .05 le v e l .

The computed F r a t i o  o f  9.68 i s  la r g e r  than  the  t a b le  v a lu e  o f 2.75 

(F 3, 69; .9 5 ). T herefo re , the n u ll  h y po thesis  o f  no d if fe re n c e  in  the  

ra t in g  o f the  number of hours needed f o r  a computer sc ien ce  course  fo r  

educato rs i s  r e je c te d .

M ultip le  comparisons o f  the  fou r groups of hours considered  by the 

panel of experts  was accom plished by u sing  th e  S ch e ff6 method. The
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computed c r i t i c a l  d iffe re n c e  between the means i s  .90 . Table XIV l i s t s  

th e  near, and the  d iffe re n c e s  in  the  near fo r  each group o f hours r a te d .

TABLE XIV

MEANS AMD DZ'T£3ffiKC3S NCR CROUPS 0? HOURS AS RATED BY THE PANEL

D ifferences in  th e  mean fo r  
Number o f  hours Kean numbers of hours

2 3 4

1 . 10-30 hours 2 .29 .79 1.63* 1.17*

2 . 30-50 hours 3.03 .34 .38

3. 50-70 hours 3.92 .46

4 . More than  70 hours 3.46

*A s ig n i f ic a n t  d iffe re n c e  e x is ts  a t  th e  .05  le v e l .

Item s 3 and 4 each had a d iffe re n c e  g re a te r  than  the  .90 needed to  

be co n sid ered  s ig n if ic a n t  when compared to  item  1 . T herefo re , i t  can be 

concluded th a t  providing f i f t "  o r more hours fo r  i n s t r u c t io n a l  and lab  

a c t i v i t i e s  in  _a computer science course fo r  educato rs ra te d  s ig n i f ic a n t ly  

h ig h e r  than  p rovid ing  le s s  than  t h i r t y .

Comparison o f F indings and Computer Course Suggestions from L ite r a tu re

I t  should be noted here th a t  n o t a l l  o f the  su ggestions found in  

th e  l i t e r a t u r e  were included in  the  o p in io n n a ire . The a u th o r in  c o n su lt

a t io n  w ith  th e  d i re c to r  of the  t e s t  sco ring  se rv ic e  and as a r e s u l t  o f 

some r e v is io n  fo llow ing the p i lo t  and c o n tro l group responses d e le te d  

some o f  th e  item s. They were n o t a p p ro p r ia te  an d /o r hard  to  i n te r p r e t .
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Only th o se  item s suggested  in  th e  l i t e r a t u r e  by th e  v a rio u s  au thors th a t  

a c tu a l ly  appeared in  th e  o p in io n n a ire  w i l l  be compared. I f  i t  i s  ap p aren t 

t h a t  one of th e  item s would be a n a tu ra l  in c lu s io n  in  one o f the  f a c to rs  

i d e n t i f i e d  a comparison o f  the  item  with th e  f a c to r  r a t in g  w i l l  be made, 

ro r  a comparison to  be made between th e  item s suggested  in  the  

l i t e r a t u r e  and th e  f in d in g s  of th e  o p in io n n a ire  a c e r ta in  amount o f 

in te r p r e t a t i o n  had to  be made by the  a u th o r . I t  i s  fra n k ly  adm itted th a t  

sonetim os assum ptions of what an item  r e la te d  to were made; and th a t  

•these assum ptions may be in flu en ced  by th e  a u th o r 's  experience .

S c h a ffe r  su ggests t h a t  a survey course  in  d a ta  p ro cessin g  fo r  

ed u cato rs  should in c lu d e  d e ta i le d  trea tm en t of svr.e item s and only an 

acq u ain tan ce  o f  o th e r s .^  Table XV compares the  item s suggested by 

S c h a ffe r  w ith  th e  f in d in g s  o f the  panel o f  e x p e rts .

Those item s S c h a ffe r  su ggests should rece iv e  d e ta i le d  trea tm en t 

r a te d  q u i te  low. A mean r a t in g  o f th re e  was judged as being "worthwhile" 

and no item  rece iv ed  a r a t in g  as high as th re e . None of th e  fa c to rs  th a t  

th ese  item s f i t  w7e re  in  the  top  two ra te d  f a c to r s .  Nor th o se  item s w ith  

which he suggested  some acq u ain tan ce , th re e  r e la te d  to  f a c to rs  which had 

a mean o f  3-5^. Two i£em s, the  ro le  o f d a ta  p rocessing  in  th e  f i e ld  of 

edu catio n  and th e  l i t e r a t u r e  of the  f i e l d  o f d a ta  p ro cessin g , rece ived  

moan r a t in g s  c o n sid e rab ly  h ig h er than "w orthw hile".

P reparing  educato rs to  w ri te  computer a s s i s te d  programmed in s t ru c 

t io n  was th e  ta sk  Haga was w ritin g  about when he suggested  th a t  a person

1P h i l ip  I-i. S c h a ffe r , "The Need fo r  T ra in in g ,"  The Jo u rn a l of Data 
E duca tion , 11:78 , December, 1970.
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COURSE INCLUSIONS SIEGES TED BY SCHAFFER VERSUS PANEL OF EXPERTS

SUGGESTIONS BY 3CHAJ- PER 

Item

D eta iled  trea tm en t of:

1 . The forms of Machine Language

2. Functions o f Unit Record 
Equipment

3. E le c tro n ic  Computer Hardware

A. Systems Study and Design

5. Flow c h a rtin g

6. Data P rocessing  Terminology

7. Understanding th e  Purposes o f 
th e  Keypunch

Some Acquaintance w ith:

1 . The H isto ry  o f Data P rocessing

2. The Role o f Data Processing  in  
th e  F ie ld  of Education

3. The L ite r a tu re  of the  F ie ld  of 
Data P rocessing

4 . The Speed o f the  Various Kinds 
and P ieces of Equipment

5. Programming Technique

RATINGS OF THE PANEL OF EXPERTS

F ac to r F a c to r  Mean Item Mean

2 * 3 . 0 8 **

3 3.24 2 .8

3 3.24 2 .4

4 3.0?

2 3.08 2 .7

2 3.08

2 3.08

1 3.54 2 .3

1 3.54 3.6

1 3.54 3 .4

3 3.24 2 .4

2 3.08 2 .7

*Factors were e n ti t le d :  (1) Computer A p p lica tio n s  and Im p lica tio n s  as 
r e la te d  to  Education, (2) Mechanics o f Computer Use, (3) Computer Hard
ware, (4) Computer Softw are, and (5) "Hands on" Experience.

**A11 means were c a lc u la te d  on a f iv e  p o in t s c a lo .
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could g e t a f e e l in g  fo r  lea rn in g  by programmed in s t r u c t io n  by working 

through a programmed course  on programmed in s t r u c t io n .^  O ther task s  

o u tlin e d  by Kaga a re  compared w ith the  f in d in g s  from the panel of 

ex p e rts  as shown by Table XVI.

A ll of the  item s suggested by Haga a re  re la te d  to  fa c to rs  th a t  had 

a f a i r l y  high f a c to r  mean. Two of the  item s, ob tain in g  an in -d ep th  

understand ing  of CAI b ehav io ra l resea rch  and ob tain ing  s u f f ic ie n t  know

ledge  to  make reasonab ly  i n te l l i g e n t  c o s t and e ffe c tiv e n e ss  d e c is io n s , 

rece iv ed  a 4 .0  mean r a t in g .  The 4 .0  mean was the  h ig h es t item  mean 

o b tained  from a n a ly s is  o f the  o p in io n n a ire .

A suggestion  th a t  Tiaga makes in  ano ther w ritin g , th a t  a l e c tu re -
2

la b o ra to ry  course  i s  more in fo rm ative  and p roductive, i s  supported by 

th e  f a c t  th a t  the  panel ra te d  providing t h i r ty  hours o r more f o r _a course 

in  computer sc ien ce  fo r educators s ig n i f ic a n tly  h ig h er than providing 

le s s .  The f a c t  t h a t  the f a c to r  r e la t in g  to  "rands on" Experience re 

ceived  the h ig h e s t  f a c to r  mean a lso  supports th i s .

The es tab lish m en t o f a reg io n a l computer system fo r  secondary schools 

was th e  emphasis of a program a t  th e  Kiewit Computation Center a t  Dart

mouth C ollege. To so lve  the  problem of teach e r education  fo r  t h e i r  tim e

sh arin g  experim ent they  brought teach e rs  in  fo r  t ra in in g  se ss io n s . The 

procedures l i s t e d  as recommendations fo r  running i n i t i a l  t ra in in g  sess io n s

^"Snoch Haga, Understanding Automation, Elm hurst, I l l i n o i s :  The
B usiness P ress , p. 2bS, 19o5.

^Enoch Haga, Automated Educational System s, E lm hurst, I l l i n o i s :  The 
B usiness P ress , p. 244,
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TABLE XVI

EXPERIENCES SUGGESTED BY HAGA VERSUS KIHDIKGS OK PANEL OK EXPERTS

S U G G E S T lC i'S  BY HAGA RATINGS OF THE PANEL CF EXPEi 

F ac to r F ac to r Lean Item  I

Having th e  p a r t ic ip a n ts  analyze 
a ta sk  and id e n t i fy  performance 
stan d ard s  5

Produce a course o u tlin e  and con
v e r t  th is  to  computer coding sh e e ts  
fo r  punching on cards o r  tap e  2

Have those p a r t ic ip a n ts  w ithout 
keypunch experience le a rn  how to  
use the keypunch 2

O btaining knowledge of computing 
systems through classroom  in 
s tru c t io n  3

Develop and de-bug an e f f e c t iv e  
in s t r u c t io n a l  program o n - lin e  v ia  
a remote te rm in a l 5

Obtaining s u f f ic ie n t  knowledge to  
make reasonab ly  i n te l l i g e n t  c o s t  
and e ffe c tiv e n e ss  d ec is io n s  1

Obtaining an in -d ep th  understand
ing o f CAI b eh av io ra l re se a rch  1

Obtaining knowledge o f s o c ie t ie s ,  
jo u rn a ls ,  and in d iv id u a ls  which 
m ight se rve  a s  h e lp  fo r  post
course fo llow -up 1

3. 62*

3.24

3.24

3.24 

3.62

3.54

3.54

3.54

3.5

4 .0

4 .0

3 .4

^F acto rs were e n t i t le d :  (1) Computer A p p lica tio n s  and Im p lic a tio n s  as 
r e la te d  to  Education, (2) Fochanics of Computer Use, (3) Computer Hard
ware, (4) Computer Softw are, and (5) "Hands on" E xperience.

**A11 means were c a lc u la te d  on a f iv e  p o in t s c a le .
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f o r  school tea c h e rs  a re  Riven by the  Interm  R eport,^  A comparison of 

the  procedures used a t  Dartmouth w ith the  fin d in g s  from the op in io n n aire  

a re  found in  Table XVII,

TABLE XVII

DARTMOUTH COLLEGE REC0M1-SMDATICNS VERSUS FINDINGS OF THE OPINIONNAIRE

DARfi iouth recommendations RATINGS tF  THE PANEL OF EXPERTS

Item F acto r F ac to r Mean Item Mean

1 . Experienced u se rs  of the  system 
ta lk  to  th e  group about l ik e ly  
problems 1* 3.5*1-**

2. Use of th e  BASIC language 3.7

3. Ample t in e  a t  remote term in a ls 5 3.62 3.5

4 . Problem se ss io n s  f o r  e x tra  h e lp 1 3.5**

5. Reference m a te ria l  made a v a il 
a b le  to  th e  tea c h e r 3. 3.54 3 .4

♦Factors were e n t i t le d :  (1) Computer A pp lica tions and Im p lica tio n s  as 
r e la te d  to  E ducation, and (5) "Hands on" Experience.

♦♦All means were c a lc u la te d  on a f iv e  p o in t s c a le .

The recommendations given by the Dartmouth College pr o je c t  were

ra te d  very  h ig h . However, no t enough m a te ria l was given to  provide a

- - —  / 'D em onstra tions and Experim entation in  Computer T ra in 
ing  and Use in  Secondary S ch o o ls,"  Interm  R eport, Hanover, New Hampshire: 
K iew it Computation C en ter, p. 4 , 1968.
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b a s is  f o r  conducting a t ra in in g  se ss io n  fo r  te a c h e rs .  This program has 

rec e iv ed  c o n s id e rab le  a t t e n tio n  n a tio n a lly ,  '/.ore inform ation  about t h e i r  

t ra in in g  a c t i v i t i e s  wo a id  be h e lp fu l  in  course  p lann ing .

"There should be no a t te r .p t  to  rak e  programmers out of te a c h e rs ,  

j u s t  knowledgeable consumers," accord ing  to  S to llar." '"  A genera l survey 

course  s tr e s s in g  ty p ic a l  a p p lic a tio n s  of d a ta  p rocessing  and computer 

sc ie n c e  as th ey  r e l a te  to  edu catio n  should be tau g h t. S p ec ia l emphasis 

should be g iven  to  the  c o n tr ib u tio n s  da ta  p rocessing  and computer sc ien ce  

w i l l  make to  education  in  the fu tu re .  A comparison of the  s p e c i f ic  item s 

recommended by S to l l a r  and the  f in d in g s  from th e  op in io n n aire  a re  found 

in  Table X V III.

The item s recommended by S to l l a r  rece iv ed  q u ite  high r a t in g s  when 

compared to  the  f in d in g s  of the  o p in io n n a ire , b u t th e re  was a very  

im p o rtan t gap in  th e  recommendations. Zone o f the  item s recommended by 

S t o l l a r  provided f o r  "Hands on" Experience, Since t h i s  f a c to r  rece iv ed  

th e  h ig h e s t  mean o f  a l l ,  a p ro v is io n  fo r  l e t t i n g  the  educator have some 

experience  communicating w ith a computer would be an im portan t a d d it io n  

to  S t o l l a r 1s recommendations. The second f a c to r  t h a t  was m issing was a 

p ro v is io n  f o r  re q u ir in g  some competency in  the  mechanics of computer 

u se .

A f e l t  need to  become knowledgeable about th e  developments in  and 

th e  s o c ie ta l  im p lic a tio n s  o f  th e  computer re v o lu tio n  caused th e  Hayward 

U nified  School D i s t r i c t  of Hayward, C a lifo rn ia  to  develop an in -s e rv ic e

^Dewey K. S to l l a r  and John R. Ray, "DATE -  Datamation A p p lica tio n s  
f o r  Teacher E ducation ,"  The Jo u rn a l o f Teacher E ducation , 20:192-3» 
Summer, 1969.
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TABLE XVIII

STOLLAR*3 RECCid'KHDATIOES VERSUS THE FII.DIUGS OF THE OFIHIOHHAIRS

s t c l l a r 1 s r e c c : ;e :: la t ic ; ;s  | ra t i: :: -s  oh the  fa h e l oh experts

Item I F ac to r F ac to r Lean I te r, Mean

1 . Scope and s ig n if ic a n c e  o f
d a ta  p rocessing  fo r  educa
t io n  1* 3.5^** 3.6

2 . H is to ry  o f d a ta  p rocessing  3 3 .2^

3. H is to ry  o f d a ta  processing
in  education  1 3 .5^  2 .3

k. U nit reco rd  d a ta  p rocessing  ^ 3.07 2 .8

5. The development of th e  e le c 
t ro n ic  computer 3 3.2h

6. Today in  EDP 1 3 .5^  3.6

7. A pp lica tio n s  o f  EDP 1 3 .5 ;+ 3.5

8. Systems study and design  4 3 .0? 3 .8

9. F u tu re  of EDP 1 3.5^

^Factors were e n t i t le d :  (1) Computer A pp lica tions and Im p lica tio n s  as 
r e la te d  to  Education, (2) Mechanics of Computer Use, (3) Computer Hard
ware, (A) Computer Softw are, and (5) "Hands on" Experience.

^ A l l  means were c a lc u la te d  on a f iv e  p o in t sc a le .
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t ra in in g  program fo r  t h e i r  te a c h e rs .  Tabic XIX compares th e  major 

to p ic s  o f th e  Hayward in -s e rv ic e  program and the  f in d in g s  from the 

o p in io n n a ire .

i.echanics of computer use and knowledge o f computer softw are were 

two f a c to rs  which were n o tic e a b ly  a b sen t from th e  program o u tlin e d  by 

th e  U nified  School D i s t r i c t  o f Hayward, C a lifo rn ia . The au th o r i n te r 

p re te d  th e  program provided by th e  Hayward School D i s t r i c t  as s tr iv in g  

to  g ive  tea c h e rs  a genera l education  about computers and th e i r  r e la t io n  

to  ed u ca tio n . This i s  c o n tra s te d  w ith the  "knowledgeable consumer" idea 

proposed by S to l l a r .

The id ea  of making th e  educato r a knowledgeable consumer i s  probably 

b e s t  accom plished through a course  of study th a t  would fo llow  many of the  

u n its  proposed by Northwest Regional E ducational L ab o ra to ry 's  p ro je c t  

REACT. This program, which i s  i n  th e  developm ental s tag e  and w il l  n o t be 

ready fo r  wide d i s t r ib u t io n  u n t i l  August, 1972, p rovides fo r  in -d ep th  

t ra in in g  in  computer use in  edu catio n . The in tro d u c to ry  course  i s  com

posed o f ten  u n i ts .  Table XX compares the  u n its  c u rre n tly  being devel

oped fo r  p ro je c t  REACT with th e  f in d in g s  from the  o p in io n n a ire .

P ro je c t  REACT in co rp o ra te s  u n i ts  which inclu d e  a l l  of the  fa c to rs  

i d e n t i f i e d .  F ive of th e  u n its  r e l a t e  to  computer a p p lic a tio n s  and 

im p lic a tio n s  as re la te d  to  edu catio n . The resea rch  procedures th a t  

a re  enumerated in  Appendix C gave r e s u l ts  th a t  c o r r e la te  q u ite  c lo se ly  

w ith  th e  f in d in g s  of the  o p in io n n a ire .

V .ary  3. Quigley, "An In -S e rv ice  Program", The Journa l o f Data 
E d ucation , 1 1 :lb -7 , October, 1970.
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TABLE XIX

HAYWARD SCHOOL DISTRICT IN-SERVICE MAJOR TOPICS VERSUS 
FINDINGS OF THE OPINIONNAIRE

HAYWARD'S NAJCR TOPICS j RATINGS OF THE PANEL CF EX PEP!

Topic F acto r F ac to r Lean Item IN

1 . Data p ro cessin g , au tom ation, and 
c y b e rn e t ic s -h is to r ic a l  development 1* 3,5*1-** 2 .3

2 . Functions of a computer 3 3.24 3 .6

3. O peration and cap ac ity  o f a 
computer 3 3.24 2 .4

4 . Programming a computer 5 3.62 3 .5

5. Impact o f computers and autom ation 1 3.54 3 .6

o . S ize  and scope of computer 
in d u s try

7 . V ocational o p p o rtu n itie s  -  today 
and tomorrow

8. Impact on s o c ie ty

^Factors were e n ti t le d :  (1) Computer A pp lica tio n s  and Im p lica tio n s  as 
r e la te d  to  E ducation, (2 ) Mechanics of Computer Use, (3) Computer 'Hard
ware, (4) Computer Softw are, and (5) "Hands on" Experience,

**A11 means were c a lc u la te d  on a f iv e  p o in t s c a le .
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5/j-

TAELE XX

REACT UFITS VERSUS TEE FIHDIHGS OF THE OFlXICDfAIRE

REACT UHIT3 “ bI t ie g s '' cv ' t f e ‘pa5:el of exfe:

Item Facto r F ac to r He;in Item  I F

1. O rie n ta tio n 1* 3 . 5A**

2. In tro d u c tio n  to  Computers 3 3 . 2b 3.3

3. A lgorithm s and Flow Charts 2 3.08 2 .8

In tro d u c tio n  to  Programming 2 3 .2 b 2 .8

5. Teletype Procedures 5 3.62 3.5

6. Programming in  BASIC 5 3.62 3.9

7. Impact of Computer on S o c ie ty l 3 .5^ b . o

8 . Computers in  In s t ru c t io n l 3 .5 b 3 .7

9. Computers in  Educational
A d m in is tra tio n 1 3 .5 b b . o

A 3.0  7 b . o

10. Computers in  Guidance
T esting  and L ib ra r ie s 1 3 .5b 3.5

■^Factors were e n t i t le d :  (1) Computer A pp lications and Im p lica tio n s  as 
r e la te d  to  Education, (2) mechanics of Computer Use, ( 3) Knowledge o f 
Computer Hardware, (b) Knowledge o f Computer Softw are, and (5) "Hands on" 
E xperience.

**A11 means were c a lc u la te d  on a f iv e  p o in t s c a le .
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

The purpose o f th is  study  was to  id e n t i fy  those a sp ec ts  of computer 

sc ien ce  t h a t  would provide v a lid  c u rr ic u la  i n  computer science fo r  

ed u c a to rs . The summary o f th e  in v e s t ig a t io n ,  the  conc lusions based on 

th e  f in d in g s  and th e  recommendations fo r  f u r th e r  s tudy  a re  p resen ted  in  

th is  c h a p te r .

The experim en tal d esig n  of t h i s  study  req u ired  c o n s tru c tio n  o f an 

o p in io n n a ire  designed  to  g o t the re a c t io n  o f  a panel o f ex p erts  to  item s 

and methods t h a t  have been used o r recommended fo r  use in  courses in  

computer sc ien ce  designed f o r  the  e d u ca to r. These item s and methods were 

d e riv ed  from a c a re fu l  stu d y  of tine l i t e r a t u r e  r e la te d  to  computer scicnco  

i e d u c a t i o n .

A p re lim in a ry  in stru m en t was prepared  and subm itted  fo r  c r i t ic is m  

to  th e  d i r e c to r  o f the  t e s t  scoring  s e rv ic e  a t  Montana S ta te  U n iv e rs ity .

I t  was a lso  adm in iste red  to  a group of g raduate  s tu d e n ts  in  education  

a t  Montana S ta te  U n iv e rs ity  and s tu d e n ts  e n ro lled  in  courses in  computer 

sc ie n c e . Tho r e s u l ts  o b tained  from th is  c o n tro l group were su b jec ted  

to  a f a c to r  a n a ly s is  procedure and f iv e  f a c to rs  wero id e n t i f i e d .

The f in a l  o p in io n n a ire  was s e n t  to  t h i r t y  people t ra in e d  in  both 

e d u catio n  and computer s c ie n c e . Of th ese  t h i r t y  "e x p e rts "  a t o t a l  o f 

tw en ty -fo u r u sab le  re tu rn s  were re tu rn e d . One o p in io n n a ire  was re tu rn ed  

b lan k .
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A t  t e s t  of s ig n if ic a n c e  was used to  determ ine i f  th ere  e x is te d  a 

s ig n i f ic a n t  d iffe re n c e  between the r cans o f the c o n tro l group and the 

ex p e rts  fo r  each of th e  f a c to rs  i d e n t i f i e d .  A nalysis o f  v a ria n c e  pro

cedures were employed to  determ ine i f  th e re  was a s ig n i f ic a n t  d if fe re n c e  

between the fa c to rs  as ra te d  by th e  panel of e x p e rts .

Those item s d ea lin g  w ith course procedures r a th e r  than course  

in c lu s io n s  were a lso  su b jec ted  to  an a n a ly s is  of v a ria n c e  procedure w ith  

a fo llow  up of the  S c h e ff i  t e s t  of m u ltip le  comparisons to  determ ine 

i f  and where s ig n i f ic a n t  d iffe re n c e s  e x is te d  among th e  item s in  t h i s  

p o r tio n  of the  o p in io n n a ire . A comparison o f the  programs and recommenda

t io n s  given in  Chapter I I I  and the  fin d in g s  from the  o p in io n n a ire  was 

made.

F indings

A nalysis o f d a ta  from the op in io n n aire  can be summarized as fo llow s: 

1 , Five fa c to rs  were id e n t i f ie d  by the  f a c to r  a n a ly s is  pro

cedures. Karnes were assigned to  the  fa c to rs  based on th e  n a tu re  o f 

th e  item s th a t  rece iv ed  la rg e  fa c to r  lo ad in g s . F a c to r  one, e n t i t l e d  

Computer A pp lica tio n s  and Im p lica tio n s  as re la te d  to  Education 

had a mean r a t in g  s ig n i f ic a n t ly  h igher by the panel o f ex p o rts  than  

by the  c o n tro l group. The conti’o l group ra te d  th e  im portance of 

fa c to r  two, Mechanics of Computer Use, s ig n i f ic a n t ly  h ig h er than 

did  th e  panel o f  e x p e rts .  There was no s ig n i f ic a n t  d if fe re n c e  in  

th e  mean r a t in g  rece iv ed  by f a c to r  th re e , Knowledge of Computer 

Hardware, o r f a c to r  fo u r, Knowledge o f Computer S o ftw are , as
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ra te d  by th9 co n tro l group and th e  panel o f e x p e rts . The co n tro l 

group ra te d  the  importance of f a c to r  f iv e ,  "Herds or." Sxooricnco, 

s ig n i f ic a n t ly  h igher than  d id  th e  panel of e x p e rts ,

2. A nalysis of v ariance procedures determined a s ig n i f ic a n t  

d if fe re n c e  in  the  f a c to rs  as ra te d  by the panel of e x p e rts . VJhen 

the  ScheffA nothod fo r  m u ltip le  comparisons'- was app lied  the  

d iffe re n c e  between the  means o f fa c to r  5 and f a c to r  h exceeded the 

c a lc u la te d  d iffe re n c e  fo r  s ig n if ic a n c e . Thus th e  "hands on" f a c to r ,  

w ith  a mean of 3.62 was ra te d  s ig n i f ic a n tly  h igher than  Knowledge 

o f Computer Softw are w ith  a mean of 3 .0?•

3, The mean r a t in g  o f each o f  the  item s included to  determ ine 

course  c o n te n t was found. From a p o ss ib le  high mean o f 5 .0 , th re e  

item s had a computed mean o f 6-.0. Requ i r in g f a m i l ia r i ty  with 

problems faced  in  the  a p p lic a tio n  of computers in  ed u ca tio n , re q u ir 

ing  p ro fic ie n c y  in  u t i l i s i n g  computing and d a ta  p rocessing  procedures 

and equipment as they r e la te  to edu catio n , ar.d req u ir in g  an under

s tand ing  of the  psychological and so c io lo g ic a l im p lic a tio n s  involved 

i n  computer a s s is te d  in s t ru c t io n  received  a h.O mean r a t in g .  The 

item  r e la t in g  to  the  n e c e ss i ty  o f  awarding a c e r t i f i c a t e  o f  achieve

ment  as a  r e s u l t  o f su ccessfu l com pletion o f the  course had a mean 

r a t in g  o f  2 .0 . This was t ie d  fo r  the  low est r a t in g  of any item  w ith 

re q u ir in g  th e  a b i l i ty  to  charge from a base ten  num eration system to  

a base two num eration system ar.d back to  base t e n .

"\john T. Roscoe, Fundamental Research S t a t i s t i c s , H olt, R in eh art 
and W inston, I n c . ,  p. 2 h l.
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I t  i s  of i n te r e s t  to  note t h a t  the  mean r a t in g  dropped from 

3 .2  to  2 .8  and lo v er fo r  those item s th a t  could bo c la s s i f i e d  as 

r e la t in g  to  making a programmer o u t o f  the  ed u c a to r .

4 . A s p e d f l c  course  dosi-nod  fo r  educato rs and ta u r h t  by 

educators tra in e d  in  connuter sc ien ce  was th e  type o f course which 

rece iv ed  a mean r a t in g  high enough to  be s ig n i f ic a n t ly  d i f f e r e n t  

than  a l l  o f the  o th e r  types excep t f a c u l ty  sem inars. Holding 

sp e c ia l fa c u l ty  sem inars had a mean r a t in g  o f 3 .6 3 . This item  had 

a c r i t i c a l  d iffe re n c e  la rg e  enough to  be ra te d  s ig n i f ic a n t ly  more 

v a lu ab le  than  a computer m anufac tu rerfs c o u rse .

5. The BASIC language, w ith a  moan of 3.67 was r a te d  s ig n i f i 

c a n tly  h ig h er than e i t h e r  COBOL o r APL, b u t  not s ig n i f ic a n t ly  

h ig h er than FORTRAN.

6 . Items l i s t i n g  a d m in is tra to rs , math an d /o r s c ien ce  te a c h e rs , 

and a l l  educators doing g raduate  work rece iv ed  r a t in g s  "o f g re a t  

v a lu e " . The mean fo r  tho above types of educato rs th a t  should be 

included  in  a computer course f o r  educato rs exceeded 4 .0 0 . A mean 

o f 3.96 obtained  fo r  in c lu d in g  b u siness te a c h e rs , was a lso  high 

enough to  be considered  fo r  a t t e n t io n  when planning  f o r  such a 

course . Requiring a l l  educato rs doing g raduate  work to  p a r t i c ip a te  

in  such a course was ra te d  by th e  panel o f  ex p e rts  as  being s ig n i f i 

c a n tly  more im portan t than having a course provided fo r  .just those  

educato rs th a t  a re  i n te r e s te d . I t  can th en  be te n t a t i v e ly  urged 

th a t  such a course be a planned in c lu s io n  in  a g raduate  program.
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7. Provid ing  f i f t y  or more hours fo r  in s t r u c t io n a l  and lab  

a c t iv i ty  rece iv ed  a rear, r a t in g  s ig n if ic a n tly  h ig h er than  provid

ing  le s s  than  t h i r t y ,

6. The proposals fo r  a course ir. computer sc ience  fo r  educators 

o f te n  om itted one o r more o f the  f a c to r s .  These fa c to rs  o ften  r e 

ceived  high  r a t in g s .  The one program th a t  scorned to  meet the  f in d 

in g s  of the  op in io n n aire  most c lo se ly  was sp e lle d  out in  the  recom

m endations fo r  the u n i ts  in  p ro je c t  REACT. P ro je c t  REACT i s  in  th e  

developm ental stag e  a t  the I'orthw est Regional Educational Laboratory .

Conclusions

From th e  r e s u l ts  o f the  f in d in g s , conclusions drawn from the  in v e s t 

i g a t io n  were:

1. A course in  computer sc ience fo r  educato rs should provide 

lab o ra to ry  experiences fo r  the  p a r t ic ip a n ts .  These experiences 

would a llow  the s tu d e n t to  communicate with the  computer through a 

v a r ie ty  o f media.

Computer a p p lic a tio n s  and im p lica tio n s  as r e la te d  to  education 

should rec e iv e  co n sid erab le  a t t e n tio n .  Data processing  equipment 

and procedures as th ey  r e l a t e  to  ed u catio n al u ses, n svcholocloal 

s o c io lo g ic a l  im p lic a tio n s  of computer a s s is te d  in s t r u c t io n ,  fa m ilia r 

i t y  with the  ro le  reg io n a l da ta  processing  c e n te rs  play in  provid

in g  e le c t ro n ic  da La processing  se rv ic es  fo r  edu catio n , and o th er 

phases o f  a p p lic a tio n s  and im p lic a tio n s  of computer sc ien ce  as they  

r e l a t e  to  education  should c o n s ti tu te  a major p o rtio n  of the  

in s t r u c t io n a l  phase o f the  course.
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From th e  mean r a t in g s  o f a l l  o f  the  item s i t  can be concluded 

t h a t  knowledge of the  mechanics o f  computer u se , computer hardw are, 

and computer softw are  i s  deemed worthwhile and th e re fo re  should be 

considered  f o r  in c lu s io n  in  a computer science course fo r  ed u cato rs.

Because o f the  low ra t in g  given to  thoso item s which could be 

in te r p re te d  as designed to  make programmers out o f ed u ca to rs, i t  may

be p o s tu la te d  th a t  th e  ty p ic a l  course tau g h t by th e  computer science 

departm ent, which s t r e s s e s  th ese  a sp e c ts ,  should n o t be a guide fo r  

a course  f o r  ed u ca to rs, m inimal s t r e s s  should be given to  item s 

l ik e :  re q u ir in g  the  a b i l i t y  to  code d i r e c t l y  from a flow c h a r t ,

keypunch a program, f lo w ch a r t, ana 'operate  d a ta  so r t in g  equipm ent.

2 . A 50 mean r a t in g  o b tained  by the  item  d ea lin g  w ith provid

ing  a s p e c i f ic  course designed fo r  educators and tau ~ h t by educators 

t ra in e d  in  computer sc ien ce  was th e  h ig h e s t  o f any item  on the  

o p in io n n a ire . I t  i s  th e  op in ion  o f th e  ex p e rts  th a t  th is  type of 

course  i s  th e  most d e s ir a b le  k in d . S p ec ia l f a c u l ty  sem inars 

( u t i l i s i n g  e x p e rts  fo r  a s h o r t  period  o f tim e) would probably be the  

second b e s t  c h o ice . S e l f  education  i s  more d e s ira b le  than  e i th e r  

form al computer sc ience courses o r computer m an u fac tu rer’s co u rses .

3. Because o f th e  ease  of le a rn in g  and i t s  a d a p ta b i l i ty  to  

many of th e  a sp ec ts  o f computer a p p lic a tio n  in  ed u catio n , th e  BASIC 

language should  be th e  f i r s t  language tau g h t. The FORTRAN language 

w ith  i t s  form ating  p o s s ib i l i t i e s  should be s e r io u s ly  considered  as 

a second language.
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k, A course in  computer sc ien ce  fo r  educato rs as p a r t  o f the  

g raduate  program would be of v a lu e . Others who would f in d  i t  o f 

v a lue  to  take  such a course a re  schoo l a d m in is tra to rs , math and 

sc ien ce  teach e rs  and business te a c h e rs .  According to  th e  panel of 

e x p e rts  leav in g  the p a r t ic ip a t io n  in  such a course  s t r i c t l y  an 

o p tion  fo r  those educators who a re  in te r e s te d  does not seem to  be 

adequate .

5. For a course in  computer s c ien ce  fo r  educato rs to  be mean

in g fu l  i t  i s  proposed th a t  a t  l e a s t  t h i r t y  hours be made a v a ila b le  

f o r  in s t r u c t io n a l  and lab  e x p e rien ces . F i f ty  or more hours appears 

d e s ira b le  to provide adequate time fo r  a m eaningful experience in  

such a course .

Recommendations

The xvriter considered the fo llow ing areas  as p o s s ib i l i t i e s  fo r  

f u r th e r  research :

1. P a r tic ip a n ts  in  the  computer sc ience  courses t h a t  a re  men

tio n ed  in  Chapter I I I  would be a knowledgeable group to  have r e a c t  

to  the  e ffe c tiv e n e ss  of the  course  they  took and compare i t  to  a 

course  o u tlin e  developed in  accordance to  the  f in d in g s  o f th is  

s tu d y .

2. A r e p l ic a t io n  of t h is  s tudy  should be made using  th e  above 

m entioned p a r t ic ip a n ts  as tho respondees to the  o p in io n n a ire .

3. Development o f a course  based on the  f in d in g s  of t h is  

s tudy  and then sev era l years of t e s t in g  and fo llow -up to  determ ine 

i f  the  course r e a l ly  i s  e f f e c t iv e .
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U. A de te rm in a tio n  of th e  v a r ia tio n s  in  a computer sc ien ce  

course  which would most e f f e c t iv e ly  meet the  r.eeds of the  v arious 

groups whom th e  panel o f ex p e rts  f e l t  should be included  in  such 

a course ,

5. A de te rm in a tio n  of the  kinds of in c lu s io n s  in  the  course th a t  

th e  proposed p a r t ic ip a n ts  would deem im p o rtan t. I f  th e  course  were 

to  be o r ie n ted  toward a d m in is tra to rs ,  a de te rm in a tio n  o f what 

a d m in is tra to rs  f e e l  they  would l ik e  and need to  le a rn  should be 

u ndertaken .

D iscussion

3y review ing th e  l i t e r a t u r e  the  au thor found th a t  th e re  have been 

s e v e ra l a ttem pts to  develop a course of study  in  computer sc ience  fo r  

e d u c a to rs . The Northwest Regional Educational Laboratory has developed 

a program e n t i t le d  REACT (R elevant E ducational A p p lica tio n  o f Computer 

Technology), t h is  course of study seems to  f i t  th e  c r i t e r io n  developed 

through th is  s tudy  b e t te r  than any o f the  courses id e n t i f i e d  in  th e  

l i t e r a t u r e .  A c a re fu l  fo llow -up and e v a lu a tio n  program over a numbor of 

y ea rs  i s  needed to  determ ine i f  t h i s  program i s  s u c c e ss fu lly  m eeting the  

needs o f  the  v a rio u s  groups fo r  whom i t  i s  designed .

A program to  provide some tra in in g  fo r  the  graduate  s tu d e n t in  

ed u catio n  i s  one a re a  th a t  g raduate  schools need to  co n sid er c a re fu lly .  

While th e  graduates a re  in  t h e i r  program i t  would be easy to  p a r t i c ip a te  

i n  a course in  computer sc ience  and th e  a p p lic a tio n  o f th e  p r in c ip le s  

th ey  le a rn  th e re  could be an in te g r a l  p a r t  of t h e i r  o th e r  course  work.
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Advanced le v e l  courses could be designed to  meet the  s p e c i f ic  needs of 

those  going in to  a d m in istra tio n  or those  p reparing  to  s p e c ia l is e  in  some 

o th e r  a re a .

S ix  c r e d i t  hours a re  needed to  provide adequate depth so th a t  the  

educato r w i l l  have the a b i l i ty  to  u t i l i z e  the  t ra in in g  in  th e  work he 

i s  involved  in .  The more experience t h e .educato r can have during  th is  

tim e in  a c tu a l ly  using the  computer to  so lv e  e d u ca tio n a l problem s, the  

more l ik e ly  the  course w il l  b e n e f i t  him in  h is  work. P rov id ing  work 

and equipment th a t  w il l  have the  educato r communicating w ith  th e  computer 

i s  an in te g r a l  p a r t  of h is  experience.

Computer a s s is te d  in s t ru c t io n  i s  g e tt in g  a l o t  of a t t e n tio n  in  th e  

l i t e r a t u r e  as w ell as in  the news. The panel o f ex p e rts  f e l t  t h a t  th e  

educato r needs to  be aware of the psycho log ical and the  s o c io lo g ic a l  

im p lic a tio n s  involved  in  computer a s s i s te d  in s t r u c t io n  as  w e ll as  some 

o f th e  hardware needed.

S ince many of the s ta te s  have gone to  th e  re g io n a l c e n te r  concept 

o f  p rovid ing  d a ta  processing  se rv ices  to  schools in  a geographic a rea  

e ducato rs must be taught how to  submit d a ta  to  th e  c e n te r  and how to  

u t i l i z e  th e  da ta  th a t  i s  re tu rn ed . Becoming f a m ilia r  w ith  th e  work th e  

reg io n a l c e n te rs  can do w il l  h e lp  to  educate the educato r as  to  th e  scope 

and im pact computer science i s  p re se n tly  having on education  as w e ll and 

some id ea  about fu tu re  impact.

The educato r needs to  become a knowledgeable consumer o f computer 

sc ien ce  s e rv ic e s . He needs to  be aware o f th e  problems th a t  a r i s e  in  

th e  a p p lic a tio n  o f computers in  education  such as  the  c o s t,  problems in
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man-machine communication, user accep tance, the  l im ita t io n s  o f  softw are 

in  i t s  p re s e n t  s ta t e  and nary o th e rs ,

A survey  of the  l i t e r a t u r e  would in d ic a te  t h a t  only a few u n iv er

s i t i e s  a re  r e q u ir in g  computer tra in in '-; as p a r t  o f the  g raduate  proprams 

fo r  t h e i r  education  s tu d e n ts , A la rg e  p a r t  of the  problem may very  w ell 

bo th e  lac k  o f  q u a li f ie d  persons to  teach  such a co u rse . S ince the  

panel o f e x p e rts  f e l t  t h a t  th e re  was no approach th a t  compared to  having 

a s p e c i f ic  course  in  computer sc ience  designed fo r  educato rs and tau g h t 

by ed u cato rs  t ra in e d  in  computer sc ien ce , i t  would seem th a t  th e re  i s  a 

g re a t  need to  e s ta b l is h  some t ra in in g  c e n te rs  t h a t  can q u a li fy  educato rs 

to  teach  such a c la s s .  Some i n s t i t u t e  programs f o r  th e  r e t r a in in g  of 

u n iv e r s i ty  personnel in  th is  a re a  need to  bo developed.
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o pik io i;:;a ire  alhihistered  to the panel op experts

P lease  answer the  fo llow ing q u estio n s  by marking the  space on the 
answer sh e e t t h a t  b e s t d e scrib es  your judgment of the  follow ing item s.
Your response vri.ll be read  by an o p tic a l  scanner so p lease  use a No. 2 
lea d  p e n c il .  P lease  e ra se  c le a n ly  any answer you wish to  change. Make 
no s tr a y  markings of any k ind .

P lease  mark as fo llow s: (1) of very  l i t t l e  v a lu e
(2) of some value
(3) worthwhile 
(k)  of g re a t  value 
(5) v i t a l

1 . Requiring f a m i l i a r i ty  w ith th e  da ta  communications flow from the 
le a rn e r  through the  computer and re tu rn  i s :

2 . Requiring f a m i l ia r i ty  w ith th e  a p p lic a tio n s  o f  e le c tro n ic  d a ta  
pro cessin g  in  guidance and counseling  i s :

3. P rovid ing  ’’hands on” tim e a t  an in p u t device  i s :

4 . A c e r t i f i c a t e  of achievement awarded as a r e s u l t  o f  the  su ccess fu l 
com pletion of th e  in -s c rv ic e  course  i s :

5. Requiring th e  a b i l i t y  to  submit a program to  th e  computer v ia  a
remote te rm in a l i s :

6 . R equiring f a m i l i a r i ty  w ith s to rag e  of d a ta  invo lv ing  d isk s , drums, 
ta p e s , and core  i s :

7 . R equiring f a m i l ia r i ty  w ith computer s ty le s ,  s iz e s ,  and c a p a b i l i t ie s  i s :

8 . R equiring f a m i l i a r i ty  with in p u t and o u tpu t dev ices and p o s s ib i l i t i e s

9 . R equiring th e  a b i l i t y  to  change from a base ten  num eration system to
a base two system and back to  base ten  i s :

10. R equiring th e  a b i l i t y  to  o p era te  d a ta  so rt in g  equipment i s :

11. Requiring  f a m i l ia r i ty  w ith problems faced  in  the  a p p lic a tio n  of
computers in  education  e .g .  (a) man-machine communication; (b) c o s t 
e f f ic ie n c y ;  (c) u se r accep tance; e t c . ,  i s :
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12. R equiring the  a b i l i t y  to  u t i l i z e  "canned" programs such as p re
programmed " t"  t e s t s  in  a s t a t i s t i c a l  program i s :

13. Requiring f a m i l ia r i ty  w ith  u n i t  record d a ta  p rocessing  i s :

14. Requiring p ro fic ie n c y  in  u t i l i z in g  computing and d a ta  p rocessing  
procedures ar.d equipment as they  r e la te  to  education  i s :

15. Requiring f a m i l ia r i ty  w ith  th e  h is to ry  o f e le c tro n ic  d a ta  p ro cess
ing as i t  r e la te s  to  education  i s :

16. Requiring f a m i l ia r i ty  w ith  the  scope and im pact o f  computer sc ien ce  
on education  c u rre n tly  i s :

17. R equiring f a m i l ia r i ty  w ith  gaming and s im ula tion  programs and 
techniques i s :

18. Requiring f a m i l ia r i ty  w ith th e  negative  a sp ec ts  o f  computer a s s i s te d  
i n s t r u c t io n  i s :

19. Arranged f ie ld  t r i p s  to  see the  a p p lic a tio n  o f d a ta  p ro cessin g  to  
d i f f e r e n t  a sp ec ts  o f education  i s :

20. Requiring f a m i lia r i ty  w ith s o c ie t ie s ,  jo u rn a ls , and in d iv id u a ls  
which might serve as reso u rce  help  fo r  po st-co u rse  fo llow -up  i s :

21. Requiring th e  a b i l i t y  to  keypunch a program i s :

22. Requiring an understanding  o f the  psychological and so c io lo g ic a l  
im p lic a tio n s  involved in  computer a s s is te d  in s t r u c t io n  i s :

23 . Requiring an understanding  of devices ar.d procedures used in  
computer a s s is te d  in s t ru c t io n  i s :

24. The a b i l i t y  to  code d i r e c t l y  from a flow chart i s :

23. Learning a u se r  language w ell enough to  communicate w ith th e  computer 
e f f i c i e n t ly  i s :

26. Requiring f a m i l ia r i ty  w ith  the ro le  reg io n a l data  p ro cessin g  c e n te rs  
p lay  in  provid ing  e le c tro n ic  d a ta  processing  se rv ic es  fo r  education  i s :

27. Requiring f a m i l ia r i ty  w ith  e le c tro n ic  data  p rocessing  procedure th a t  
w i l l  g rade, ana lyze , and record  t e s t  r e s u l ts  i s :

28. Requiring a high  degree of p ro fic ien cy  in  f lo w ch artin g  i s :
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THE FOLLOWING FIVE (5) ITEMS, NUMBERED 29-33 RELATE TC THE TYPE OF COURSE 
v/HICI! WILL MOST EFFECTIVELY TRAIN THE E DU CA TO R  TO UTILIZE COMPUTER 
TECHNOLOGY. P lease  r a te  a (1) i f  of very  l i t t l e  va lu e  ar.d as (5) i f  
considered  v i t a l  as p rev io u s ly  done.

29. Formal computer sc ien ce  courses tau g h t by computer sc ien ce  d ep a rt
m ents.

30. S p e c ia l f a c u l ty  sem inars ( u t i l i z in g  ex p erts  f o r  a sh o rt period  of 
t im e ) .

31. Computer m anufactu rer’s co u rses .

32. S e l f  education .

33. A s p e c if ic  course designed f o r  educato rs and tau g h t by educato rs 
t ra in e d  in  computer sc ie n c e ,

THE FOLLOWING FOUR (A) ITEMS NUMBERED 3-1-37 RELATE TO THE COMPUTER 
LANGUAGE TAUGHT M OST EFFECTIVELY TO E D U C A T O R S . P lease  r a te  a (1) i f  of 
very  l i t t l e  va lu e  and as (5) i f  considered  v i t a l  as p rev io u sly  done.

34. BASIC

35. FORTRAN

36. COBOL

37. APL

THE FOLLCv.TUG SEC (6) ITiFS LUMBERED 35-43 REUTE TO THE TYPE OF EDUCATOR 
THE COURSE SHOULD BE ORIENTED TOWARD. P lease  r a te  as (1) i f  o f very 
l i t t l e  value and as (5) i f  considered  v i t a l  as p rev io u s ly  done.

38. A d m in is tra to rs

39. B usiness teach e rs

40. Math a n d /o r sc ien ce  teach e rs

41. A ll educato rs during  g raduate  work

42. A ll educato rs during  undergraduate work

43. J u s t  th o se  educators t h a t  a re  in te r e s te d
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TIE FOLLOV/Ii:a FOUR (4) ITEMS NUMBERED Mt-b? RELATE TO THE NUMBER OF HOURS 
NEEDED FOR A COMPUTER COURSE FOR EDUCATORS INCLUDING INSTRUCTION AND LAB 
ACTIVITIES. P lease  r a t e  a (1 ; i f  of very  l i t t l e  value and as (5) i f  
considered  v i t a l  a s  p rev io u sly  done.

kb. 10-30

k5. 30-50

b6. 50-70

b7. More than  70,
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INCLUDED 13 A I.FTTKP. FROM KORTF.IEST REGIONAL EDUCATIONAL LABORATORY 
AND A DESCRIPTION OF THE PJi3liARCrl PROCEDURES USED j l N  DEVELOPING 

PROJECT REACT
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May 7, 11)71

Clifford Winkler has indicated to me that you are interested in more 
(ietaik.J into m a t  ion on the i.F.ACT I'marum. I am enclosing a cofy of 
a p a w i n c h  was published in the .Mnrnnl of Kdue lu n .t Data Proc e s s ir .;. 
I uUo am cuc-iosia- a copy of our promoiw-aal pamphlet, though Ci.M t.o :;:  
he already sent one to juii.

There is  not much inforinaiion to be communicated to you. Our l'iold 
t s e t  i t \  "S >  ̂ 1 i t  of Tcennolojrv, North EcrM, Ore:
mu! Multnomah Ce.mty, Oregon. We have acWetl to-t yroup of

Development Specialist

Encl.
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ASSKSSM  KN'T O F N EED S

ll.V

Mark Greene 
A1 Selinger

To provide information needed in planning and implementing 

REACT, the need for com puter se rv ices  among teachers, adm inistrators 

and o ther school personnel was studied. D istricts in the Portland, Oregon 

m etropolitan a rea  were surveyed in May 1PG9 about: (a) their perceptions

of their own fam iliarity  with com puters and computer se rv ices , (b) the 

p resent and projected levels of com puter use in schools and school 

d is tr ic ts , (c) the importance assigned to com puter serv ices as compared 

to o ther needs, and (d) the approxim ate date when they would like to have 

selected computer se rv ices made available to them.

The sampling procedure for the m ajor portion of the study had 

two stages. F irs t ,  nearly 40 high schools in the Portland area were 

identified and categorized according to: unit of control (public vs.

private), type of school (general purpose vs. vocational), and location 

(Portland City Schools vs. schools outside).

Additionally, the public schools within Poi'tland were categorized 

according to the socioeconomic sta tus of the a rea  each served.

Given the foregoing categories and s tra ta  of schools, high schools 

were selected randomly from  each category. The selection procedure 

resulted in a sam ple of 11 schools, o r  28 p e r cent of the sam ple fram e.
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F u rth e rm o re , each cell within the sample fram e was represented in the 

study sam ple although the representation was not proportional. In addition, 

two public schoo ls—one from within and one outside <>f Portland—ive-<> 

selected  by random  means for supplem entary study.

Second, individuals were selected for interview at each school.

F o r each school in the sam ple, one teacher was selected  randomly 

from  among the math and science teachers, the principal and d istr ic t 

superintendent each designated adm in istra to rs  to be interviewed.

Supplementary Sample

The teachei’S intex’viewed in the main sample represented a 

single core of subject m atter ( i .e . ,  m ath/science). Since a study 

based solely on th e ir  views would be b iased, a supplem entary sample 

of 13 high school teach ers  was selected l-andomly for interview. The 

teach e rs  in the supplem entary sam ple represented  a variety  of subject 

a re a s , including at leas t one from  the m ath-science domain. A 

sum m ary of the num bers of teachers and ad m in istra to rs  interviewed 

is p resented  in Table 1.
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Tabl a 1

The Number of Individuals Responding to the 
 REACT Needs Survey by Cu^aqry_______

Category of Respondents

<1 ) (2 )
D istrict High School
A dm inistra tors A dm inistra tors

(3) (4)
M ath-Science Supplementary 
High Schooi Sample

The data collection instrum ent, a sem istrv.ctured guide for 

interviewing, was designed, field tested  ord redesigned before it was 

used with e ither the m ain o r supplem entary sam ples.

R e s u l t s

Highlights of the survey  findings are  presented  in the following 

sequence: (1) fam iliarity  with com puters/com puter se rv ices , (2) p resen t

and projected uses of com puter se rv ices , and (3) im portance of com puter 

se rv ices  in com parison to a standardized list of school needs.

F am ilia rity  With Computers

Respondents in the p resen t study were asked to lis t their 

sources of inform ation about com puters and com puter se rv ices . The 

findings deriving from  this question indicated: (a) th irty-one per cent

of the teachers from  the suppleme.ntary sample reported  they had 

neither heard about nor discussed  com puters o r  com puter se rv ices;
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( b )  t h e  m o s t  c o n s i s t e n t  s o u c c e  o f  v e r b a l  i n t e r  in  ,1: i o n  a b o u t  c o m p u t e r s / - 

c o m p u t e r  s e r v i c e s  f o r  a l l  g r o u p s  w a s  o t h e r  t e a c h e r s ;  a n d  ( c )  d i s t r i c t  

a d m i n i s t r a t o r s ,  h i g h  s c h o o l  a d m i n i s t r a t o r s  a n d  : v . a ! h - s c i e n c c  t  : a  . •h o > r  

r e l y  h e a v i l y  u p o n  o t h e r  t e a c h e r s ,  a d m i n i s t r a t o r s  a n d  o u t - o f - d i s t r i c t  

s o u r c e s  f o r  v e r b a l  i n f o r m a t i o n  a b o u t  c o m p u t e r  t e c h n o l o g y .

R e s p o n s e s  t o  t h e  q u e s t i o n  c o n c e r n i n g  w r i t t e n  s o u r c e s  o f  i n f o r m a t i o n  

a b o u t  c o m p u t e r s / c o m p u t e r  s e r v i c e s  r e v e a l e d :  ( a )  a l l  d i s t r i c t  a d m i n i s t r a t o r : ;

m  t h e  s a m p l e  u s e d  p r o f e s s i o n a l  j o u r n a l s  a s  a  s c a r c e  o f  i n f o r m a t i o n  a b o u t  

c o m p u t e r s / c o m p u t e r  s e ^ v i c - ' ' ? ;  ( b )  a t  l e a s t  2 5  p e r  c e n t  o f  t h e  h i g h  s c h o o l

a d m i n i s t r a t o r s ,  m a t h - s e i e n c e  t e a c h e r s  a n d  t e a c h e r s  f r o m  t h e  s u p p l e m e n t a r y  

s a m p l e  d i d  n o t  r e f e r  t o  r e a d i n g  s o u r c e s  f o r  i n f o r m a t i o n  a b o u t  c o m p u t e r s /  

c o m p u t e r  s e r v i c e s ;  a n d  ( c )  p r o f e s s i o n a l  j o u r n a l s ,  o t h e r  t h a n  j o u r n a l s  

d e v o t e d  p r i m a r i l y  t o  c o m p u t e r  s u b j e c t s ,  r e p r e s e n t e d  t h e  m o s t  p e r v a s i v e  

s o u r c e  o f  i n f o r m a t i o n .

A  s u m m a r y  o f  t h e  r e s p o n s e s  t o  t h e  q u e s t i o n  c o n c e r n i n g  f o r m a l  

t r a i n i n g  i n  c o m p u t e r s / c o m p u t e r  s e r v i c e s  r e v e a l e d  t h e  m a t h - s e i e n c e  

t e a c h e r s  l e a d  a l l  o t h e r  g r o u p s  i n  f o r m a l  c o u r s e  w o r k  a n d  s u r p r i s i n g l y  

f e w  a d m i n i s t r a t o r s  h a d  t a k e n  a n y  f o r m a l  c o u r s e  w o r k  i n  t h i s  a r e a .

In  r e s p o n d i n g  t o  a  q u e s t i o n  c o n c e r n i n g  p e r s o n a l  : x p o r i e n c e  w i t h  

c o m p u t e r s ,  7 5  p e r c e n t  o f  t h e  m a t h - s c i e n c e  t e a c h e r s  r e p o r t e d  p r e v i o u s  

u s e .  T h e  m a t h - s c i e r . e e  t e a c h e r s  c l e a r l y  l e a d  a l l  e t h e r  g r o u p s  o n  t h i s  

p o i n t .  A  s u r p r i s i n g l y  h i g h  n u m b e r  ( 7 5  p e r  c e n t )  o f  t h e  h i g h  s c h o o l  

a d m i n i s t r a t o r s  r e p o r t e d  t h e y  h a d  n o t  p e r s o n a l l y  u s e d  c o m p u t e r s .
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In  r e p o r t i n g  w a y s  i n  w h i c h  t h e y  h a d  u s e d  c o m p u t e r s ,  7 3  p e r  c e n t  

o f  t h e  m a t h - s c i e n c e  g r o u p  i n d i c a t e d  t h a t  t h e y  h a d  e x p e r i e n c e  w h i c h  t o o k  

t h e m  f r o m  i n i t i a l  p r o g r a m m i n g  t h r o u g h  a  f i n a l  p r i n t o u t .  O n  t h e  o i.h  r  

h a n d ,  v e r y  f e w  h i g h  s c h o o l  a d m i n i s t r a t o r s  o r  t e a c h e r s  f r o m  t h e  s u p p l e 

m e n t a r y  s a m p l e s  r e p o r t  e v e n  k e y p u n c h i n g  e x p e r i e n c e .

W h e n  q u e s t i o n e d ,  i t  w a s  q u i t e  e v i d e n t  t h e  m o s t  p e r v a s i v e  t y p e  

o f  c o m p u t e r  e x p e r i e n c e  a m o n g  t h o s e  i n t e r v i e w e d  c a m e  t h r o u g h  f o r i v . a l  

c o u r s e  w o r k .  O n l y  m i n i m a l  n u m b e r s  o f  a d m i n i s t r a t o r s  a n d  m a t h -  

s c i e n c e  t e a c h e r s  r e p o r t e d  f l v y  h a d  c o m p u t e r  e x p e r i e n c e  i n  s c h o o l  

r e l a t e d  w o r k .  A d d i t i o n a l l y ,  o n l y  m i n i m a l  n u m b e r s  o f  p e r r o n s  o u t s i d e  

t h e  m a t h - s c i e n c e  g r o u p  r e p o r t e d  t h e y  h a d  m a s t e r e d  a  c o m p u t e r  l a n g u a g e .

B a s e d  u p o n  t h e  f o r e g o i n g  d a t a ,  i t  s e e m e d  c l e a r  t h a t  e x c e p t  f o r  

m a t h - s c i e n c e  t e a c h e r s ,  s c h o o l  p e r s o n n e l  h a d  h a d  l i t t l e  p r a c t i c a l  e x p e r i e n c e  

w i t h  c o m p u t e r s .  T h u s ,  i t  w o u l d  s e e m  f a i r  t o  c o n c l u d e  c o u r s e  w o r k  

i n  c o m p u t e r  l i t e r a c y  m i g h t  w e l l  f o c u s  o n  t h e  n o n m a t h - s c i e n c e  t e a c h i n g  

g r ' o u p s .

P r e s e n t  a n d  P r o j e c t e d  U s e s

R e s p o n d e n t s  i n  t h e  s t u d y  w e r e  a s k e d  t o  d e s c r i b e  w a v s  i n  w h i c h  

t h e y  w e r e  c u r r e n t l y  u s i n g  c o m p u t e r  s e r v i c e s .  N e a r l y  e v e r y o n e  i n t e r v i e w e d  

d e t a i l e d  a t  l e a s t  o n e  w a y ,  a n d  m a n y  i n d i c a t e d  a  n u m b e r  o f  w a y s  t h e y  

w e r e  u s i n g  c o m p u t e r  s e r v i c e s .  T h e  m o s t  p o p u l a r  r e s p o n s e s  w e r e  

" s c h e d u l i n g "  a n d  " r e p o r t i n g  g r a d e s . "
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T h u s ,  r e l i a n c e  u p o n  c o m p u t e r  s e r v i c e s  a p p e a r e d  T u r l y  e v i d e n t  

a m o n g  e a c h  o f  t h e  g r o u p s  i n t e r v i e w e d .  A d d i t i o n a l l y ,  t h e  p a t t e r n  o f  

r e s p o n s e s  t o  t h e  q u e s t i o n  s e e m e d  t o  i n d i c a t e  th e  v a r i o u s  g r e u p i :  

e m p l o y e d  c o m p u t e r s  f o r  d i f f e r e n t  p u r p o s e s .  T h u s ,  e n d e a v o r s  t o  i n c r e a s e  

t h e  c o m p u t e r  l i t e r a c y  o f  h i g h  s c h o o l  p e r s o n n e l  s h o u l d  t a k e  i n t o  a c c o u n t  

t h e  s o m e w h a t  d i v e r g e n t  p u r p o s e s .

A n s w e r s  t o  q u e s t i o n s  a b o u t  f u t u r e  c o m p u t e r  s e r v i c e s  i n d i c a t e d  

l i t t l e  c o n v e r g e n c e  a m o n g  t h e  g r o u p s  a b o u t  t h e  I v p e  o f  c o m m i t m e n t  f c r  

f u t u r e  u s e ,  b u t  s u g g e s t e d  a  c o n t i n u i n g  d e m a n d  f o r  c o m p u t e r  s e r v i c e s .

I m p o r t a n c e  o f  C o m p u t e r  S e r v i c e s

D u r i n g  t h e  c o u r s e  o f  e a c h  i n t e r v i e w ,  a  s t a n d a r d  l i s t  o f  e l e v e n  

i t e m s  w a s  p r e s e n t e d .  T h e  e l e v e n  i t e m s  h a d  b e e n  s e l e c t e d  a s  " i m p o r t a n t "  

b y  s c h o o l  p e i ’s o n n e l  d u r i n g  a n  e a r l i e r  p h a s e  o f  t h e  s t u d y .  T h e  l i s t  

c o n s i s t e d  o f  t h e  f o l l o w i n g  i t e m s ;  m e r e  a u x i l i a r y  p r o f e s s i o n a l  s t a f f ,  

m o r e  p h y s i c a l  f a c i l i t i e s ,  m o r e  t e a c h i n g  e q u i p m e n t ,  c o m p u t e r  s e r v i c e s ,  

t e a c h e r  s u m m e r  e m p l o y m e n t ,  m o r e  c e n t r a l  o f f i c e  s t a f f ,  m o r e  t e a c h e r  

a i d e s ,  e x p a n d e d  c o c u r r i c u l a r  p r o g r a m ,  h i g h e r  t e a c h e r s  s a l a r i e s ,  

i n s e r v i c e  t r a i n i n g ,  s m a l l e r  p u p i l - t e a c h e r  r a t i o .

R e s p o n d e n t s  w e r e  a s k e d  t o  r a t e  ( o n  a  s c a l e  o f  1 - 7 )  t h e  i m p o r t a n c e  

o f  e a c h  o f  t h e  i t e m s  o n  t h e  l i s t .  I n  a n a l y z i n g  t h e  r e s u l t a n t  d a t a ,  t h e  

m e a n  r a t i n g s  f o r  e a c h  i t e m  w e r e  c o m p u t e d  b y  g r o u p .  T h e n  t h e  i t e m  

m e a n s  w e r e  r a n k e d  f o r  e a c h  r e s p o n d e n t  g r o u p .  F o r  d i s t r i c t  a d m i n i s t r a t o r s ,  

t h e  c o m p u t e r  s e r v i c e s  i t e m  t i e d  f o r  f i r s t  p l a c e  in  t h e i r  r a t i n g s .
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A S a t h - s c i e n c e  t e a c h e r s  a .  s o  % lo w e s t  .-o m i-t  c< 1 > : r .  u  «‘ f> >“ ■ v:>.e u*. t h e  l o p  

t h r e e  i t e m s  o n  t h e  l i s t .  T h e  o t h e r  t w o  g r o u p s  i n  t h e  s u r v e y  w e r e  m o r e  

m o d e s c  i n  t h e i r  r a t i n g  o f  t h e  n e e d  f o r  c o m p u t e r  s e r v i c e s ,  w i t h  t h e  t e r . c h e r s  

f r o m  t h e  s u p p l e m e n t a r y  s a m p l e  g i v i n g  a  r a t i n g  o f  s i x  t o  t h e  c o m p u t e r  

i t e m  a n d  t h e  h i g h  s c h o o l  a d m i n i s t r a t i o n  g i v i n g  a  r a t i n g  o f  s e v e n  t o  t h e  

c o m p u t e r  i t e m s .

S u m m a r y  a n d  C o n c l u s i o n s

T h i s  d a t a  r e s u l t e d  f r o m  a  l i m i t e d  n u m b e r  o f  i n t e r v i e w s ,  h o w o i o r ,  

t h e  p r o c e d u r e s  w h i c h  w e r e  u s e d  f o r '  s e l e c t i n g  r e s p o n d e n t s  p r o v i d e  s  

g o o d  b a s i s  f o r  c o n f i d e n c e  i n  t h e  r e s u l t s  o f  t h e  s t u d y .  T h e  c o n c l u s i o n s  

d r a w n  f r o m  t h e  r e s u l t s  a r e :

1.  S e v e r a l  s o u r c e s  o f  i n f o r m a t i o n  a b o u t  c o m p u t e r s  e x i s t

c o n c e r n i n g  s e r v i c e s  u s e d  b y  d i s t r i c t  a d m i n i s t r a t o r s ,  

h i g h  s c h o o l  a d m i n i s t r a t o r s  a n d  m a t h - s c i e n c e  t e a c h e r s .

T h e  d a t a  i n d i c a t e s ,  h o w e v e r ,  t h a t  n o n m a i h - s n e n c e  

t e a c h e r s  m a k e  l i t t l e  u s e  o f  t h e  a v a i l a b l e  i n f o r m a t i o n a l  

r e s o u r c e s .

2 .  W i t h  t h e  e x c e p t i o n  o f  t h e  m a t h - s c i e n c e  g r o u p ,  l i t t l e  c o u r s e

w o r k  i n  c o m p u t e r  t e c h n o l o g y  w a s  e v i d e n c e d .

3 .  W i t h  t h e  e x c e p t i o n  o f  m a t h - s c i e n c e  t e a c h e r s ,  s c h o o l

p e r s o n n e l  i n  t h e  g r o u p s  s u r v e y e d  h a v e  h a d  l i t t l e  p r a c t i c a l  

e x p e r i e n c e  w i t h  c o m p u t e r s .  T h i s  f i n d i n g ,  in  c o m b i n a t i o n  

w i t h  n u m b e r  t w o  a b o v e ,  w o u l d  s e e m  t o  i m p l y  t h a t  c o u r s e
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s c h o o l  p e r s o n n e l  o t h e r  t h a n  t h e  m a t h - s c i e n c e  t e a c h i n g  

g r o u p s .

N e a r l y  e v e r y o n e  i n t e r v i e w e d  w a s  a b l e  t o  l i s t  a t  l e a s t  

o n e  w a y  in  w h i c h  h e  w a s  u s i n g  c o m p u t e r  s e r v i c e s .  

F u i ' t h e r m o r e ,  a s  e v i d e n c e d  b y  t h e  c o m m i t m e n t s  w h i c h  

h a v e  b e e n  m a d e  f o r  f u t u r e  c o m p u t e r  s e r v i c e s ,  t h e  n e e d  

f o r  c o m p u t e r  l i t e r a c y  d o e s  n o i  a p p e a r  t o  b e  d i m i n i s h i n g .  

E n d e a v o r s  a i m * . 1 a t  f a m i l i a r i z i n g  s c h o o l  p e r s o n n e l  w n h  

c o m p u t e r  t e c h n o l o g y  w o u l d  s e e m  t o  b e  q u i t e  a p p r o p r i a t e .

N o t  o n l y  a r e  c o m p u t e r  s e r v i c e s  p r e s e n t l y  i n  g e n e r a l  u s e ,  

t h e y  a l s o  a r e  r e g a r d e d  a s  r e l a t i v e l y  i m p o r t a n t  b y  t o e  

r e s p o n d e n t s  o f  e a c h  o f  t h e  s u r v e y  g r o u p s .

W h i l e  t h e  d e m a n d  f o r  c o m p u t e r  s e r v i c e s  a p p e a r s  i m n n d i a t o  

a n d  h i g h ,  f a m i l i a r i t y  w i t h  c o m p u t e r  t e c h n o l o g y  i s  l o w .  T h e s e  

f i n d i n g s  d i c t a t e  t h e  n e e d  f o r  g r e a t e r  f a m i l i a r i t y  w i t h  

c o m p u t e r s  o n  t h e  p a r t  o f  s c h o o l  p e r s o n n e l .

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.


