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MAYER: Good morning, Ash. 
STALNAKER: Good morning Dave. 
MAYER: Good morning ladies and gentlemen. 

We weren't always the ACM Special Interest Group on Computer 
Personnel Research; in fact, we only became so in November, 1966. 
Originally we were known as CPRG (Computer Personnel Research 
Group); founded back in 1962 as a result of some discussions at The 
RAND Corporation. I guess one might say that Robert Reinstedt was 
a little lonesome for the company of some other researchers. He had 
been investigating the problem of programmer selection and discovered 
that there was indeed very little research on this subject - -  except in 
the hands of a few colleagues in his general professional area, namely, 
Dallis Perry at the System Development Corporation, Professors 
Raymond Berger and James Rigney at USC, Jim Tupac at RAND, and 
Dr. Sherwood Peres who was atthe Sandia Corporation. He called these 
people together and they laid out a charter for CPRG in September 1962 
at the American Psychological Association meeting. By then they were 
well underway towards assembling atest battery to be used as the major 
component of a nationwide study of programmers. However, they needed 
help to conduct a national testing program, andthus placed an article in 
the January 1963 issue of DATAMATION. This aroused sufficient in- 
terest to permit calling the First Annual Conference of CPRG in Chicago, 
June 1963. At this point the group decided upon the final design of a 
test battery to be administered across the country to as many instal- 
lations and experienced programmers as they possibly could find. The 
t e s t  b a t t e r y  c o n s i s t e d  of the  P r o g r a m m e r ' s  Apt i tude Tes t ,  (be t te r  known 
a s  the  PAT) by  Hughes and M c N a m a r a ;  the  St rong Voca t iona l  I n t e r e s t  
Blank;  a s p e c i a l  t r i a l  t e s t  n a m e d  the  T e s t  of Sequent ia l  I n s t ruc t i ons ;  
and some  p e r s o n a l  b a c k g r o u n d  m a t e r i a l  c o v e r i n g  educa t ion  e x p e r i e n c e ,  
and  so for th .  The r e s u l t s  of t h i s  t e s t  b a t t e r y  wi l l  be inc luded  in the  body 
of  ou r  t a lk ,  but at t h i s  point  i t  su f f i ces  to note tha t  we c o m p l e t e d  i t  s u c -  
c e s s f u l l y ,  and we c a l c u l a t e d  c o r r e l a t i o n s  on the da ta ,  ob ta ined  much 
i n f o r m a t i o n ,  and i n i t i a t e d  the  k ind  of r e s e a r c h  tha t  CPRG p e r f o r m s .  

The i n i t i a l  r e s e a r c h e r s  went  on f r o m  that  point  to deve lop  a P r o -  
g r a m m e r ' s  A p p r a i s a l  I n s t r u m e n t ,  which i s  an eva lua t ion  de v i c e .  Th is  
w a s  the  r e s u l t  of Dr .  Sid F i n e ' s  work  with Rober t  Dickmann  (now SIG/  
C P R  Cha i rman)  at Johns  Hopkins  U n i v e r s i t y .  It was  t e s t e d  t h e r e  at the 
App l i ed  P h y s i c s  L a b o r a t o r y ,  and at 24 o the r  i n s t a l l a t i o n s .  

The next  s t ep  in our  r e s e a r c h  was  a i m e d  at advanc ing  the s t a t e -  
o f - t h e - a r t  of i n t e r e s t  t e s t s .  The St rong Voca t iona l  I n t e r e s t  Blank had  

The first session o f  the Conference was devoted to a review of SIG/CPR' s progress in research 
since 1952 and some thoughts on problems which s t i l l  face us. This review was in the form of  a 
dialogue between a computer center manager, David B. Mayer, and a management scientist ,  
Professor Ashford W. Stalnaker. 



been  r e v i s e d  (this had nothing to do with CPRG) and, a f t e r  addi t ional  
t e s t i ng ,  Da l l i s  P e r r y  deve loped  a key for  p r o g r a m m i n g  as a s e p a r a t e  
occupa t ion .  

In 1966 ACM approached  us  - -  they thought that  we w e r e  doing so 
we l l  that  we should join  the comput ing  f r a t e r n i t y ,  s ince  o r ig ina l l y  CPRG 
was  c o m p o s e d  p r i m a r i l y  of p sycho log i s t s  with only a spr ink l ing  of c o m -  
p u t e r  m a n a g e r s .  We a g r e e d  that  jo ining f o r c e s  with ACM al lowed 
C P R G ' s  r e s e a r c h  to be enhanced through b r o a d e r  con tac t s  and ou t le t s .  
Hence  in th is  s u r v e y  pape r  today,  we would l ike to de ta i l  s o m e  of that  
r e s e a r c h  h i s to ry ,  and some  of the ex i s t ing  i s s u e s  as we see  t h e m  at 
t h i s  t i m e .  

(At th is  point,  the s ample  t es t  b a t t e r y  conta ined  in the Appendix 
was a d m i n i s t e r e d  to the a t tendees . )  

MAYER:  Now that  you 've  gone through a s m a l l  p e r i o d  of t r i a l ,  we 
should  t e l l  you a bit  about the use  of s o m e  of these  t e s t s  in s e l ec t i ng  
c o m p u t e r  pe r sonne l .  

Table  I s u m m a r i z e s  the r e s u l t s  of the Dickmann s u r v e y  of 1966 
which was  r e p o r t e d  at the Four th  Annual Con fe r ence  (i) .  This  tab le  
i n d i c a t e s  that  483 f i r m s  in the United S ta tes  and another  98 in Canada 
p a r t i c i p a t e d  in the su rvey .  In the U.S. 68 p e r c e n t  u sed  t e s t s  in s o m e  
f o r m  or  another  for  s e l ec t i on .  This  c o r r e s p o n d s  v e r y  c lo se ly  to 72 p e r -  
cent  in Canada.  The n u m b e r  of p r o g r a m m e r - a n a l y s t s  ac tua l ly  employed  
by these  o rgan iza t i ons  was o v e r  23 thousand in the United Sta tes ,  with 
ano ther  thousand in Canada.  The number  of people  who a re  needed  in 
the  fo r thcoming  yea r  as of the t ime  of th is  s u r v e y  was another  
25 p e r c e n t .  

Tab le  I a lso  shows the compos i t ion  of the s ample  by indus t ry  g roups .  

TABLE I 

Type of Organizations in 1966 CPRG Survey 

Organizations Participating 
Programmer/Analysts Involved 
Approximate Number Hired Each Year 

UNITED STATES CANADA 
483 98 

23,636 1,083 
5,317 (25%) 177 (20%) 

UNITED STATES 

NUMBER 

AIRCRAFT INDUSTRY (Industrial, Aerospace) 47 
ELECTRONIC INDUSTRY (Industrial, Electrical- 

Electronic) 35 
OTHER INDUSTRY (Petroleum, Metal, 

Automotive, etc.) 120 
FINANCE (Banks, Insurance Companies, etc.) 81 
RESEARCH (Non-profits, University Labs, etc.) 90 
GOVERNMENT (Federal, State, and City Civil 

Service) 50 
UTILITY AND OTHER NON-MANUFACTURING 

CONCERNS 60 

483 

CANADA 

PERCENT N U M B E R  PERCENT 

10 3 3 

7 2 2 

25 34 35 
17 21 22 
19 10 10 

10 8 8 

12 2O 20 

100 98 100 

From Dickmann, Ref. 1 
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The kinds  of p r o g r a m m i n g  being p e r f o r m e d  were  b a s i c a l l y  of four 
m a j o r  types  - BUSINESS, SCIENTIFIC~ SOFTWARE or MILITARY, or  
combina t i ons  of these  (Table II). Of them,  the l a rges t  p e r c e n t a g e s  were  
in b u s i n e s s  computa t ions  with sc ien t i f i c  appl ica t ions  coming in s o m e -  
what lower.  Mi l i t a ry  and software p r o g r a m m i n g  were  sma l l  by 
c o m p a r i s o n .  

TABLE II 

Programming Staff Applications 

UNITED STATES CANADA 

Business 186 58 

Business and Scientific 84 11 

Business and Scientific and Software 72 6 

Scientific 44 6 

Scientific and Software 34 1 

Business and Software 33 1 

Business and Scientific and Software and Military 12 0 

Software 6 0 

Military 4 0 

Scientific and ~oftware and Military 3 0 

Business and Military 2 0 

Business and Software and Military 1 0 

Other 2 1 

From Dickmann, Ref. 1 

What kind of p r o g r a m m e r s  a re  t h e r e ?  We c l a s s i f i ed  them at the 
t i m e  the su rvey  was des igned  into four ma jo r  ca t egor i e s :  a p r o g r a m m e r  
who was e s s e n t i a l l y  a j un io r  or  t r a i n e e ;  the second one was ca l led  the 
expe r i enced  p r o g r a m m e r ;  a t h i rd  level  we ca l led  the s y s t e m  ana lys t  
t r a i n e e ;  and the fourth one was t e r m e d t h e  expe r i enced  s y s t e m s  ana lys t .  
Tab le  III a n s w e r s  the ques t ion as to what kind of educat ion is  demanded  
by  the v a r i o u s  i n s t i t u t i ons  or  o rgan i za t i ons  in t he i r  h i r ing  p r a c t i c e s .  
In the United States  it  tended toward  having some col lege t r a i n i n g  or a 
deg ree  - over  50 pe r cen t  of the United States sample ,  e spec i a l l y  for  the 



TABLE III 

EducationalRequirements 

S Y S T E M  EXPERIENCED 
PROGRAMMER EXPERIENCED ANALYST SYSTEMS 

TRAINEE PROGRAMMER TRAINEE ANALYST 

U.S. CANADA U.S. CANADA U.S. CANADA U.S. CANADA 

None Specified 9 14 9 10 7 4 8 7 

High School 27 65 19 43 13 32 11 28 

Some College 25 3 23 6 12 16 14 10 

College Graduate 34 13 35 8 43 9 40 11 

Graduate Degree 1 2 1 2 2 7 5 7 

Not Reported 4 3 13 31 23 32 22 37 

100% 100% 100% 100% 100% 100% 100% 100% 

From Dickmann, Ref. 1 

p r o g r a m m e r - t r a i n e e .  Th is  tendency  is  a l i t t l e  m o r e  e m p h a s i z e d  as you 
m o v e  up the e x p e r i e n c e  l adder .  Canada ' s  educat ional  r e q u i r e m e n t s  w e r e  
somewha t  lower ,  p o s s i b l y  because  they  do not have as l a rge  a co l l ege  
popula t ion  f r o m  which to r e c r u i t .  In Canada,  65 p e r c e n t  of the p r o -  
g r a m m e r  t r a i n e e s  had only a high school  educat ion  and the r e m a i n d e r  
had  some  co l lege  o r  above.  If you c o n s i d e r  the e x p e r i e n c e d  Canadian 
s y s t e m s  ana lys t s ,  you wiUf ind  that  28 p e r c e n t  had a high school  educa -  
t ion  o r  be t t e r .  However ,  37 p e r c e n t  w e r e  not r e p o r t e d ,  so we can only 
g e n e r a l i z e  about the t rue  p r o p o r t i o n s  in th is  s i tuat ion.  Canada, t h e r e -  
f o r e ,  i s  d rawing  on i t s  r e s o u r c e s  of p e r s o n n e l  in a c c o r d a n c e  with what 
t hey  have ava i l ab le .  

T e s t s  w e r e  used  in many of these  o rgan iza t ions ,  but they w e r e  used  
d i f f e r en t l y  depending on whe ther  the f i r m  r e q u i r e d  much educat ion,  or  
l i t t l e .  Or to put i t  in r e v e r s e ,  poss ib ly  t e s t s  w e r e  NOT used  in many 
c a s e s ,  and hence  the educa t iona l  r e q u i r e m e n t  was i n c r e a s e d  to c o m -  
p e n s a t e .  Taking one ca t ego ry  as an example ,  the s y s t e m s  analys t  
t r a i n e e ,  a lmos t  50 p e r c e n t  w e r e  r e q u i r e d  t o  be co l l ege  g r a d u a t e s  if  
t e s t s  w e r e  not used;  i f  a t e s t  w e r e  used,  only 39 p e r c e n t  w e r e  r e q u i r e d  
to have co l lege  d e g r e e s .  This  pa t t e rn  r e p e a t s  i t s e l f  throughout  Table  IV. 
We wil l  not dwell  on th i s  except  to note that  t e s t s  a r e  u sed  in many  
c a s e s  in conjunct ion with educat ional  r e q u i r e m e n t s ,  but in d i f fe r ing  
d e g r e e s .  

What types  of t e s t s  a r e  u sed  in t he se  two c o u n t r i e s ?  The t e s t s  
r e p o r t e d  used  w e r e  b roken  down into four  m a j o r  c l a s s i f i c a t i o n s  as 



TABLE IV 

Comparison of Educational Requirements for Organizations Using 
Tests in Selection Versus Organizations Not Using Tests 

(United States Sample) 

SYSTEMS EXPERIENCED 
PROGRAMMER EXPERIENCED ANALYST SYSYEMS 

TRAINEE PROGRAMMER TRAINEE ANALYST 

NON-TEST TEST NON-TEST TEST NON-TEST TEST NON-TEST TEST 

None Specified 6 10 6 10 5 8 7 8 

High School 16 32 6 25 4 17 3 15 

Some College 27 24 19 25 10 14 7 17 

College Graduate 37 32 53 27 50 39 48 36 

Graduate Degree 3 1 4 0 4 1 10 3 

Not Reported 11 1 12 13 27 21 25 21 

100% 100% 100% 100% 100% 100% 100% 100% 

From Dickmann, Ref. I 

shown in Table  V. The f i r s t  m a j o r  c l a s s i f i ca t i on  is  the g e n e r a l  i n t e l -  
l i g e n c e  t e s t  with the mos t  commonly  u sed  being the Wonder l i c  P e r -  
sonne l  Tes t  - -  60 o rgan iza t i ons  in  the United States and 7 in Canada.  
Of these  o rgan iza t ions  13 had unde r t aken  va l ida t ion  s tud ies  of th is  t e s t .  
Whether  the va l ida t ion  s tud ies  cons i s t ed  of actual  o n - t h e - j o b  p e r f o r m -  
ance  va l ida t ion  or t r a i n i n g  va l ida t ion  was not ind ica ted  in the su rvey .  
The o ther  two p r i n c i p a l  t e s t s  u sed  a re  gene ra l  i n t e l l i gence  t e s t s .  

The second type i s  the aptitude tes t ,  which i s  be ing used  as if it  
i s o l a t e s  p r o g r a m m i n g  as a s epa ra t e  and spec ia l  apt i tude.  The IBM 
P r o g r a m m e r  Aptitude Tes t ,  PAT, is  by far  the mos t  commonly  used  
t e s t  in  both coun t r i e s :  over  282 o rgan iza t i ons  in the United States - -  
app rox ima te ly  83 pe rcen t ,  and 67 in Canada .  Of the r e m a i n i n g  aptitude 
t e s t s ,  the Nat ional  Cash Reg i s t e r  Tes t ,  the Science R e s e a r c h  A s s o c i a t e s  
T e s t  Ba t t e ry  and s e v e r a l  o thers  were  used,  but nowhere  n e a r l y  as widely 
as  the PAT.  The F e d e r a l  Serv ice  E n t r a n c e  Examina t ion  is  not a t r ue  
apt i tude tes t  - it i s  a tes t ,  I be l ieve ,  that  i s  g iven to a lmos t  any p r o -  
spec t ive  federa l  s e r v i c e  employee,  for  many  di f ferent  pos i t ions .  

The two other  types  found in  the s u r v e y  were  the p e r s o n a l i t y  t e s t s  
and  the i n t e r e s t  t e s t s .  Very  few of them are  used .  P e r s o n a l i t y  t e s t s  
w e r e  be ing  used  by only I0 or  15 o rgan iza t i ons  and v e r y  spa r ing ly  at 
tha t .  Fo r  example ,  the Thur s tone  T e m p e r a m e n t  Schedule and the 
Act iv i ty  Vector  Ana lys i s  were  each used  by only th ree  o rgan iza t ions ;  
s e v e r a l  o thers  were  used  in va ry ing  deg ree s .  

For  the i n t e r e s t  t e s t s ,  the Kuder P r e f e r e n c e  Record  was c i ted by 
only  two o rgan iza t i ons .  I n t e r e s t i ng ly  enough to me,  ne i the r  Strong 
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TABLE V 

Tests Used for Interviewing Programmer Candidates 

TEST NAME 
FREQUENCY OF USE r 

UNITED STATES CANADA 

VALIDATION 

STUDIES (TOTAL) 

GENERAL INTELLIGENCE TESTS 

Wonderlic Personnel Test 
Thurstone Test of Mental Alertness 
Otis Tests (Unspecified) 
School and College Ability Tests (SCAT) 
Wesman Personnel Selection Test 
Ship Destination Test 
Lowry Lucier Reasoning Test Combination 
Concept Mastery Test 
Henmon Nelson Tests of Mental Ability 
Schubert General Ability Battery 

60 7 18 
12 1 4 
11 0 5 
5 0 2 
3 0 0 
3 0 0 
3 0 2 
2 0 1 
2 0 2 
2 0 0 

APTITUDE TESTS AND BATTERIES 

IBM Programmer Aptitude Test 
National Cash Register Programming 

Aptitude Test (E51) 
Federal Service Entrance Exam 
SRA Computer Programmer Aptitude 

Battery (Burroughs Corp.) 
Employee Aptitude Survey 
Differential Aptitude Tests 
Watson Glaser Critical Thinking Appraisal 
Short Employment Tests 
Test of Sequential Instructions 
Minnesota Clerical Test 
Guilford Zimmcrman Aptitude Survey 
Bennett Mechanical Comprehension Test 

282 67 83 

9 4 6 
13 0 3 

5 3 1 
7 0 3 
6 0 4 
5 1 3 
5 0 1 
2 0 1 
2 0 1 
2 0 1 
2 0 2 

PERSONALITY TESTS 

Thurstone Temperament Schedule 
Activity Vector Analysis 
Rohrer-Hibler-Replogle Personality Test 
Humm-Wadsworth Temperament Scale 
Edwards Personal Preference Schedule 
Cleaner Self Description 
Adaptability Test 
Guilford Martin Inventory of Factors 
Guilford Martin Temperament Profile Chart 

INTEREST TESTS 

Kuder Preference Record 

OTHER TESTS 

Manhattan Symbol (MAZE) 
1401 Autocoder Exam 
GCT 
LOMA 
Personagraph 

*For Tests Used Two or More Times 
From Dickmann, Ref. 1 
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Vocat iona l  In t e re s t  Blank (SVIB, o r ig ina l  or  r e v i s e d  ve r s ion)  was m e n -  
t ioned  by any o rgan iza t ion .  Yet it i s  one of the few for which the re  
ex i s t s  a key for p r o g r a m m i n g .  It i s  hoped that SIG/CPR will  have some 
educa t iona l  effect by b r ing ing  the value of SVIB to the a t tent ion of those 
r e s p o n s i b l e  for p e r s o n n e l  se lec t ion .  

Among the other  t e s t s  is  the 1401 Autocoder exam, which was de-  
ve loped by Compute r  Usage Corpora t ion .  This  t e s t  i s  a fo rm of the 
Logica l  Ana lys i s  Device developed by Langmui r  at the Psychologica l  
Co rpo ra t i on  of A m e r i c a .  This  l a t t e r  t es t ,  known as the LAD, was not 
c i ted  at all ,  however .  

Let us  take a look at the use  of the PAT for  a momen t .  (See 
Tab le  VI.) 282 o rgan iza t i ons  use  it  in the United States .  128 of them 
use  it  in  combina t ion  with some other  t e s t .  154 use  it  a lone.  As for  
pos i t ion  l eve l s  at which it i s  used,  for the p r o g r a m m e r  t r a i n e e -  278 
o r g a n i z a t i o n s  gave the PAT; for the expe r i enced  p r o g r a m m e r  - -  and 
th i s  i s  a lways a del ica te  subjec t  for a compute r  m a n a g e r  who i s  i n t e r -  
v iewing  candida tes  - -  t he re  were  138 o rgan iza t ions ;  for s y s t e m s  
ana lys t  t r a i n e e s  - 142; and for exper ienced  s y s t e m s  ana lys t s  - only 87. 
Of these ,  71 o rgan iza t ions  had p e r f o r m e d  va l ida t ion  s tud ies  - that  is ,  
how the p e r f o r m a n c e  of the p r o g r a m m e r  compared  to h is  s co re  on the 
PAT.  22 o rgan iza t ions ,  o r  a l i t t le  l e s s  than 10 pe rcen t ,  ac tua l ly  d i s -  
con t inued  the use  of the PAT for v a r i o u s  r e a s o n s .  

This  comple tes  our  s u m m a r y  of the Dickmann  survey ,  and I th ink 
it  would be well  worth while to go into some of these  t e s t s  and desc r ibe  
t h e m  and r e l a t e  them to the sample  ba t t e ry  which you have jus t  c o m -  
p le ted .  Ash, would you d i s cus s  some of these  for us ,  p l e a s e ?  

TABLE VI 

1966 CPRG Survey IBM Programmer Aptitude Test 

UNITED STATES 

NUMBER OF ORGANIZATIONS USING: 282 

IN COMBINATION WITH OTHER TESTS: 128 
ALONE: 154 

PERCENT OF TOTAL SAMPLE: 58% 

PERCENT OF THOSE USING TESTS: 85% 

LEVELS OF TEST USE: 

PROGRAMMER TRAINEES : 278 
EXPERIENCED PROGRAMMERS 138 
SYSTEMS ANALYST TRAINEES: 142 
EXPERIENCED SYSTEMS ANALYSTS: 87 

VALIDATION STUDIES: 71 

DISCONTINUATION: 22 

CANADA 

67 

18 

49 

68% 

93% 

67 
27 
32 
14 

12 

0 

From Dickmann, Ref. 1 

12 



STALNAKER: Before we begin a d i scus s ion  of the t e s t s  t h e m s e l v e s ,  we 
should make c l ea r  some of the fac ts  about the populat ion to which we 
a r e  add re s s ing  o u r s e l v e s .  Of the s tud ies  on job ana lys i s  which have 
been  p e r f o r m e d  r e l a t ing  to compute r  p r o g r a m m e r s ,  t he re  a re  two 
which have been  c i ted  in  S I G / C P R ' s  l i t e r a t u r e .  Before we look at the 
r e s u l t s  of these ,  I th ink some r e m a r k s  f rom one of the s tudies  a re  quite 
app rop r i a t e .  These  obse rva t ions  were  made by Ray B e r g e r  of the 
U n i v e r s i t y  of Southern Ca l i fo rn ia .  His f i r s t  obse rva t ion  was that  job 
t i t l e s  such as s y s t e m s  analyst ,  s en io r  p r o g r a m m e r  a n d p r o g r a m m e r  hold  
only  a rough approximat ion  of the job content .  Secondly, the des igna t ion  
of content  a r ea s  such as sc ien t i f ic  and eng inee r ing ,  b u s i n e s s  and log i s -  
t i c s ,  and m i l i t a r y  s y s t e m s ,  s e rve  be t t e r  to d i s t ingu ish  a r e a s  of c o m -  
pu t e r  appl icat ion r a t h e r  than a r ea s  of p r o g r a m m i n g .  

Of the two s tud ies  that have been  ci ted in the SIG/CPR l i t e r a t u r e ,  
the f i r s t  was p e r f o r m e d  by Lothridge (2) at Genera l  E l e c t r i c  C o r p o r a -  
t ion .  Lo th r idge ' s  study cons i s t ed  of p r e s e n t i n g  to exper i enced  p r o -  
g r a m m e r s  40 job s t a t e m e n t s  which they were  r e q u i r e d  to o r de r  in r ank  
of i m p o r t a n c e  or  in t e r m s  of the f r equency  of o c c u r r e n c e  in the i r  jobs .  
As a r e s u l t  of these  o rde r ings ,  Lothridge was able to develop th ree  job 
d e s c r i p t i o n s .  These  job de sc r ip t i ons  are ,  however ,  unnamed .  In the 
B e r g e r  study (3), a s i m i l a r  approach was taken,  except that 186 t a sk  
s t a t e m e n t s  were  given to exper i enced  p r o g r a m m e r s  who ranked  them 
s i m i l a r l y  to the method used  in the Lothridge study.  As a r e s u l t  of 
t h i s  work, B e r g e r  was able to develop a l i s t  of 17 ge ne r a l  p r o g r a m m i n g  
ope ra t i ons .  These  are  shown on Table  VII. If it i s  agreed  that  these  do 
in  fact r e p r e s e n t  the 17 ma jo r  t a sks  of p r o g r a m m i n g ,  they do not in my 
m i n d  give us  a sa t i s f ac to ry  b a s i s  for job ana lys i s  or a s a t i s f ac to ry  set  
of job de sc r ip t i ons  that adequately de sc r ibe  what a p r o g r a m m e r  r e a l l y  
does  at v a r i o u s  l eve l s .  David, do you feel  that these  17 t a sks  in any 
way r e p r e s e n t  what r e a l l y  goes on in the p r o g r a m m i n g  wor ld?  

TABLE VII 

17 Major Tasks of Programming 

I. PROGRAM PRODUCTION 

1. General Programming Operations 
2. Debugging 
3. Programming Real-Time Systems 
4. Lead Programming Responsibility 
5. Program Production; Special Purpose Computers 
6. Program Production; Planning and Scheduling 
7. Program Production Supervision 
8. Utility Program Development (Executive and Compiler) 
9. Utility Program Development (General Purpose and Library) 

10. Program Diagramming and Testing 
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TABLE VII 

(cont'd) 

II. PROGRAM ANALYSIS AND DESIGN 

11. Program Systems Analysis (Business & Logistics) 

12. Program System Analysis and Design 

13. Program System Integration 

HI. TESTING, INSTRUCTION, DOCUMENTATION AND TRAINING 

14. Program System Testing 

15. Program Installation or Modification Consulting 

16. Program Documentation 

17. Training 

From Rigney-Berger, Ref. 14 

MAYER: Yes, to a large extent, I think they do. However as a com- 
puter center manager, I think it would be interesting to compare 
Berger's list with what managers think really goes on, i.e., a list which 
they use to rate their employees. It just so happens I have here the 
supervisory rankings of the 42 items in the Programmer Appraisal 
Instrument (4). (See Table VIH.) Of the 42 items, the majority of the 
ten considered most important involve knowledge and capability, such 
as checking out programs, understanding assignments, and defining 
problems. Only a few involve the temperament of the person - that is, 
if he is diligent, and can handle work under pressure. The ones that 
are ranked lowest on the scale of importance, as far as managers are 
concerned, are age, the number of professional societies he belongs to 
and so on. 

I think though, more interesting is what programmers think is the 
content of their job; they decided to be entirely technical. Table IX is 
from Balrdain's study (5) and displays the patterns of techniques that 
are used in programming from the programmer's point of view. These 
range from group A down through group E with increasing complexity, 
i. e., from a junior trainee who knows how to do looping and instruc- 
tion modification through the advanced systems analyst and systems 
programmer who will have programmed inter-connected computers 
having remote input/output processing. Notice that none of these in- 
volves temperament; they're all purely technical items. 

Finally, I think even more interesting was when management 
decided to observe the programmers in their actual work and see what 
they really did all day long. The results of this study (5), were very 
telling. The utilization of time, Table X, shows that if indeed a pro- 
grammer was trying to produce output, the only time he did so was 
when he was either reading, writing, or recording- and that happens 
only 27 percent of the time. All the rest of the time he was talking or 
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TABLE VIII 

Programmer Performance Appraisal Items CPRG Research Study 1964 

10 HIGHEST RATED ITEMS 

CHECK OUT PROGRAMS 
PLAN PROGRAMS 
DEFINE PROBLEMS 
UNDERSTAND ASSIGNMENTS 

WORK INDEPENDENTLY 
FINDS APPROPRIATE PROG'G METHODS 
DILIGENT 
CAN HANDLE COMPLEXITY 
WORK UNDER PRESSURE 
MASTER ASSIGNMENTS SPEEDILY 

TYPE OF 
ITEM 

K/C 
K/C 
K/C 
K/C 

WS 
WS 
TT 
K/C 
TT 
WS 

10 LOWEST RATED ITEMS 

EVALUATE NEW HARDWARE 
INITIATE INVESTIGATIONS IN MATH ANALYSIS 
PERSONAL APPEARANCE 
HANDLE # OF MACHINES 
GIVES ON-THE-JOB TRAINING 
USES MATH. ANAL. METHODS 
# PUBLICATIONS, TALKS GIVEN 
# PROF. SOC. BELONG TO 
AGE 
TEACH FORMAL CLASSES 

K/C 
K/C 
P/P 
K/C 
WS 
K/C 
P/P 
P/P 
P/P 
P/P 

IMPORTANCE 
INDEX 

74 
73 
72 

70 
69 
68 
67 
66 
65 
65 

34 
34 
33 
32 
30 
29 
17 
17 
16 
10 

K/C: Programming Knowledge/Capability 
WS: Working Style 
TT: Temperament Traits 
P/P: Personal/Professional 

From Bairdain, Ref. 5 

l i s t e n i n g ,  p o s s i b l y  to  a m a n a g e r  o r  p o s s i b l y  to  a f r i e n d ,  w a l k i n g ,  away ,  
o r  ou t .  T h i s  w a s  b a s e d  on o v e r  7 ,000 o b s e r v a t i o n s  of  a g r o u p  of  
m e t h o d s  p r o g r a m m e r s .  Oh, b y  c o m p a r i s o n ,  we  h a v e  a s t u d y  of  a g r o u p  
o f  e n g i n e e r s  ( s ee  T a b l e  XI) u n d e r  t h e  s a m e  k i n d  of  o b s e r v a t i o n a l  p r o -  
c e d u r e .  It s h o w s  t h a t  t h e  t i m e  d e v o t e d  to  a c t i v i t y  w h i c h  w o u l d  p r o d u c e  
an  ou tpu t  f o r  t h e  p r o d u c t  in  q u e s t i o n  w a s  45 p e r c e n t  c o m p a r e d  wi th  t h e  
p r o g r a m m e r s '  27 p e r c e n t ;  I t h i n k  t h e  f i g u r e s  s t a n d  by  t h e m s e l v e s ,  a s  
t o  w h a t  p r o g r a m m e r s  r e a l l y  do .  
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TABLE IX 

Patterns in the Use of Programming Techniques 

TECHNIQUES 

A. LOOPING CHANNELS 

INSTRUCTION (ADDRESS) MODIFICATION CONTROL ROUTINES 

COUNTING CONVERSIONS 

INDEXING SCANS 

SWITCHES (HARDWARE, DIGIT, etc.) 

CONTROL CARDS D. MULTIPLE PROGRAMMING 

CHECKPOINT AND RESTART 
B. LOGICAL OPERATIONS 

RANDOMIZING 
LABELS TABLE LOOKUP 
PROGRAMMED INPUT/OUTPUT SEARCHES 

INTERRUPTS LIST PROCESSING 
BLOCKING (or DE-BLOCKING) 

C. SORTING E. REMOTE INPUT/OUTPUT 

MULTIPLE INPUT/OUTPUT INTERCONNECTED COMPUTERS 

From Bairdain, Ref. 14 

TABLE X 

Utilization of Time Work Sampling: Programmers in a 

Data Processing Center Research Study 1964 

LIST 
CARD MAlL OPER 
WORK M1SC TECH PROC PROG 

ACTIVITY SHEET BUS P E R S  MEET TRNG DOC MAN M I S C  T E S T  TOTAL 

Talk/Listen 4 17 7 3 -- 1 -- 32 

Talk W/Mgr -- 1 . . . . . . . . . .  1 

Telephone - 2 1 . . . . . . . . . .  3 

Read 14 . . . . . . . .  2 2 . . . .  18 

Write/Record 13 . . . . . . . .  1 . . . .  14 

Away/Out -- 4 1 4 6 . . . .  15 

Walk 2 2 1 -- - 1 . . . .  6 

Misc's 2 3 3 . . . .  1 1 1 11 

Total 35 29 13 7 6 5 2 2 1 100"* 

Approximately 70 Personnel were Involved in this Study. 

**The Figures in the Body of the Table Show the Percentage of a Work Week Devoted to the Activity. 

1 6  
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TABLE XI 

Utilization of Time Work Sampling: Engineers in a 

Research Laboratory Research Study 1963 

ACTIVITY 

INDEPENDENT WORK 

- LABORATORY WORK 
- READING 
- CALCULATING 
- THINKING 
- OBSERVING 

WRITTEN COMMUNICATION 

- WRITING 
- DICTATING 
- SKETCHING 

VERBAL COMMUNICATION 

- WITH ALL OTHERS 
- WITH SUPERVISOR 
- WITH SUBORDINATES 

OTHER ACTIVITIES 

- WALKING 
- PERSONAL 

AWAY/NOT RECORDED 

PERCENT OF TIME DEVOTED TO ACTIVITY 

34% 

13% 
11% 
7% 
2% 
1% 

11% 

9% 
1% 
1% 

40% 

24% 
9% 
7% 

7% 

4% 
3% 

8 %  

From Bairdain, Ref. 5 

S T A L N A K E R :  I g u e s s  t h e n  o u r  t a s k  in  S I G / C P R  i s  to  f i nd  a m e t h o d  of  
s e l e c t i n g  p e o p l e  who  c a n  c o m m u n i c a t e  w e l l  w i t h i n  t he  g r o u p .  A p p a r -  
e n t l y ,  t h i s  i s  t h e i r  m a j o r  a c t i v i t y .  

M A Y E R :  T h a t  m a y  be  t h e i r  m a j o r  a c t i v i t y ,  but  i t  c e r t a i n l y  i s n ' t  t h e  
m a j o r  r e a s o n  t h e y  w e r e  h i r e d .  

S T A L N A K E R :  We wi l l  c o m e  b a c k  to  t h i s  p o i n t  a b i t  l a t e r .  N e x t ,  we  
w o u l d  l ike  to  c o n s i d e r  s o m e  of  t h e  s e v e r a l  t e s t s  t h a t  h a v e  b e e n  u s e d  in  
v a r i o u s  C P R G  s t u d i e s  - -  a s a m p l e  of  s o m e  of  t h e s e  w e r e  i n c l u d e d  in  
t h e  s m a l l  t e s t  b a t t e r y  w h i c h  you j u s t  c o m p l e t e d .  In t h e  o r i g i n a l  C P R G  
n a t i o n a l  s u r v e y  (6), t h r e e  c o g n i t i v e  d e v i c e s  w e r e  i n c l u d e d .  T h e s e  w e r e  
t h e  P A T ,  t he  S t r o n g  V o c a t i o n a l  I n t e r e s t  B lank ,  and t h e  T e s t  o f  S e q u e n t i a l  
I n s t r u c t i o n s .  The  f i r s t  of  t h e s e ,  a s  w a s  i n d i c a t e d  by  t h e  D i c k m a n n  s u r -  
v e y ,  i s  by  f a r  t h e  m o s t  p o p u l a r  s e l e c t i o n  i n s t r u m e n t  in  b o t h  t h e  U.S.  and  
C a n a d a .  The  r e s u l t s  of  t he  f i r s t  C P R G  s t u d y  i n d i c a t e d  p o s i t i v e  c o r r e -  
l a t i o n s  b e t w e e n  t h e  P A T  s c o r e  and  a c t u a l  p e r f o r m a n c e  on ly  in  a s m a l l  
n u m b e r  of  c a s e s .  In t h e  o v e r a l l  s u m m a r y  of  t h e  r e p o r t ,  no c o r r e l a t i o n  
w a s  found  b e t w e e n  t h e  P A T  and s u p e r v i s o r y  r a n k i n g s  of  p e r f o r m a n c e .  
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The PAT has  also been  used  in two s tud ies  subsequent  to the CPRG 
na t iona l  su rvey .  The f i r s t  was by Biamonte  (11) at NYU working with 
a group of n o n - c r e d i t  p r o g r a m m i n g  s tudents ,  andthe  second by Got te re r  
and  Sta lnaker  (12) at Georg ia  Tech with s e v e r a l  groups  of u n d e r g r a d u a t e s  
e n r o l l e d  in a compute r  cour se  which had as a ma j o r  component  p r o -  
gramming and systems analysis. In the latter case, as was true in the 
national survey, no correlation was found between PAT scores and per- 
formance in a training situation. We emphasize that the work at Georgia 
Tech was strictly in a training situation and in no way relates to sub- 
sequent performance in an actual programming assignment. 

David, what do you think about the matter of a programming apti- 
tude? Does such a thing really exist? 

MAYER: Well,  I have been  t ry ing  to f ind that out f rom CPRG for s ev -  
e r a l  y e a r s .  You know, af ter  over  a thousand i n t e r v i e w s  - -  which I ' m  
to ld  is  the wors t  way to f indout  whether  they are  a p r o g r a m m e r  or  have 
po ten t i a l  - -  and approx ima te ly  200 people h i r e d  over  my s igna tu re ,  I 
would say that I can detect  what one might  ca l l  an X factor ;  i t ' s  p robab ly  
ca l l ed  apt i tude.  I do not know of what it  cons i s t s ;  al l  I can say i s  that 
t h i s  man  s i t t ing  before  me s e e m s  to p o s s e s s  it  and wil l  succeed  in the 
p r o g r a m m i n g  a r t .  After  se lec t ing  my p r o g r a m m e r s  in  th i s  way, when 
I r ank  my p r o g r a m m e r s  on some kind of sca le  f rom top to bot tom, I 
ob ta ined  some v e r y  i n t e r e s t i n g  r e s u l t s ,  which I t h i n k w e  can show l a t e r .  

STALNAKER: I seriously question that there is, as far as the training 
situation is concerned, any indication of a specific programming apti- 
tude. I might mention that my interest in CPRG evolved from the same 
question that I just put to David. The interest was generated primarily 
by the repeated occasions which we observed at Tech, wherein a truly 
marginal student --  a student who was only barely able to maintain 
satisfactory status in school --  was able to succeed in developing a 
r a t h e r  soph is t i ca ted  p r o g r a m m i n g  ski l l  and also a sophis t ica ted  approach 
to s y s t e m s  ana lys i s .  

Before  going on, David, maybe we should look  at some of the CPRG 
r e s u l t s  with r e g a r d  to the PAT (6). As I ment ioned,  only in  a l imi t ed  
n u m b e r  of ca ses  was the re  a s ign i f ican t  c o r r e l a t i o n  between PAT r e -  
su l t s  and r anked  p e r f o r m a n c e .  However,  I feel  that  one of the poin ts  
tha t  we should pay spec ia l  a t tent ion to is  the sor t  of c r o s s - o v e r s  or the 
r e v e r s a l s  we get in t e r m s  of the PAT.  We wil l  not ice  among the b u s i -  
n e s s  p r o g r a m m e r s  (Figure  l )  who are  graded  in  the upper  half  with 
r e g a r d  to the i r  p e r f o r m a n c e ,  42 pe r cen t  of them scored  44 or below on 
t h e  PAT.  On the o ther  hand, among those who were  r a t e d  in  the lower  
hal f  in r e g a r d  to t he i r  p e r f o r m a n c e s ,  49 pe r c e n t  of these  s co red  69 or  
above on the PAT.  We might  note too that  the r e l a t i onsh ip  in th is  case  
could be c u r v i l i n e a r .  In the sc ien t i f i c  group,  F igu re  2, the r e l a t i o n -  
ship i s  approx ima te ly  l i n e a r  and the degree  of the r e v e r s a l s  not as 
l a r g e  as in  the case  of the b u s i n e s s  group.  Here  we note that 31 p e r -  
cen t  of those who are  r a t ed  in  the upper  half  with r e g a r d  to the p e r -  
f o r m a n c e  s co red  44 or  below, and 34 pe r cen t  who sco red  in  the lower  
ha l f  in  t e r m s  of t he i r  p e r f o r m a n c e  s co red  69 or  above.  In the sample  
t h e r e  were  534 p r o g r a m m e r s ;  301 o f t h e m w e r e  sc ien t i f i c  p r o g r a m m e r s  
and the r e m a i n d e r  were  in  b u s i n e s s  p r o g r a m m i n g .  There  were  25 dif-  
f e r e n t  i n s t a l l a t i ons  and compan ie s .  
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PAT SCORES SUPERVISORS' RANKINGS 

69 and Above 

57 - 68 

45 - 56 

44 and Below 

Percentage In Upper Half 
t 

37% 

42% 

Percentage In Lower Half 
I 

49% 

~ r ~  36% 

~ / / / / / ~  631 

From Reinstedt, Ref. 6 

FIGURE 1 

Relationship Between PAT Scores and Rankings - Business Group 

PAT SCORES 

69 and Above 

57 - 68 

45 - 56 

44 and Below 

SUPERVISORS' RANKINGS 

Percentage In Upper Half Percentage in Lower Half 

5O% 50% 

3 1 % ~  ~ / / ~ / ~  69% 

From Reinstedt, Ref. 6 

FIGURE 2 

Relationship Between PAT Scores and Rankings - Scientific Group 
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A second component  of the na t iona l  study (6) was the Tes t  of 
Sequent ia l  I n s t r u c t i o n s .  The TSI was inc luded to show that ~ tes t  
that  in some way m e a s u r e s  a fo rm of logical  r e a son i ng  wil l  in some 
s e n s e  ind ica te  the leve l  of p e r f o r m a n c e  in  p r o g r a m m i n g  jobs and wil l  
a l so  ind ica te  in some sense  the in t e l l i gence  of the indiv idual .  This  
hypothes i s  is  borne  out by the r e s u l t s  of the na t iona l  s tudy in which the 
c o r r e l a t i o n s  be tween the TSI and the PAT were  in many  cases  quite 
s ign i f i can t .  One case ,  David, was your s  - -  you had some r a t h e r  r e -  
m a r k a b l e  r e s u l t s ,  d idn ' t  you? 

MAYER: In my  sc ien t i f i c  p r o g r a m m i n g  group I obta ined a c o r r e l a t i o n  
coeff ic ient  of .70 be tween the PAT tes t  r e s u l t s  and my s u p e r v i s o r ' s  
r a n k i n g s .  But i n t e r e s t i n g l y  enough, on the  TSI the  c o r r e l a t i o n  coeff ic ient  
was  .71. So I n a t u r a l l y  asked myse l f ,  what was I doing that was r i g h t ?  
Could I i n t e rchange  the TSI with the PAT as par t  of se lec t ion  p r oc e du r e  
for  p r o g r a m m e r s  ? 

STALNAKER: The c o r r e l a t i o n s  you obta ined  on these  two t e s t s  would 
ind ica te  to me that they could be used  i n t e r changeab ly  in your  group to 
m e a s u r e  the s ame  phenomenon,  whatever  it  was.  

MAYER: That s t r i k e s  me as a l i t t le  s t r ange .  The TSI, to me,  t e s t s  the 
ab i l i ty  to do mul t ip le  t a sks  s i m u l t a n e o u s l y .  To p e r f o r m  well  on that  
t e s t  you a re  holding one t a sk  in the back of your  mind  while another  
t a s k  i s  being p e r f o r m e d  in the fo reground .  Then,  we bui ld  up to 3, 4 and 
5, in fact,  i n t h e  r ea l  TSI, I th ink  we have 7 t a sks  runn ing  s imu l t aneous ly .  
The PAT, to me,  has  no such a t t r ibu te .  The PAT does tes t  o ther  c o m -  
ponen t s  which a re  r e q u i r e d  in  p r o g r a m m i n g  - -  n u m e r i c a l  capabi l i ty ,  
spa t i a l  r e l a t ionsh ips ,  and such.  I would have suspec ted  the two t e s t s  
we re  s u p p l e m e n t a r y  r a t h e r  than in t e rchangeab le ,  yet  you a re  saying  
that  I might  be m e a s u r i n g  the s ame  phenomenon  with two v e r y  unl ike  
i n s t r u m e n t s .  

STALNAKER: Again, I r e m a r k  on the purpose  of the TSI - -  it was i n -  
c luded  as a tes t  to m e a s u r e  some fo rm of logical  r e a s o n i n g  and thus,  
wi l l  be v e r y  c lose ly  r e l a t ed  to a m e a s u r e  of in t e l l i gence .  It might  well  
be  that PAT i s  m e a s u r i n g  the s ame  thing.  

MAYER: Well,  in  o ther  words ,  if I h i r ed  p r o g r a m m e r s ,  they should 
have these  components  and they should have some other  a t t r ibu te s  - I 
p r e s u m e ,  for example ,  they ought to be i n t e r e s t e d  in the subjec t .  

STALNAKER: This  leads  us  into the th i rd  component  of the CPRG 
n a t i o n a l  the Strong Vocat ional  Inven to ry  Blank (SVIB). The SVIB i s  a 
t e s t  that has  been  in use  for a g r e a t  n u m b e r  of yea r s ,  p r i m a r i l y  though, 
in  the voca t iona l  counse l ing  a rea .  The purpose  of the SVIB is  to e l ic i t  
i n f o r m a t i o n  r e g a r d i n g  the i n t e r e s t s  of the t e s t ee .  The i n t e r e s t s  a re  
then  compared  to the i n t e r e s t s  of people who have been  succes s fu l  in 
s e v e r a l  occupat ional  groups ,  the hypothes is  be ing that if  a p e r s o n  has  
i n t e r e s t s  s i m i l a r  to those success fu l  in  c e r t a i n  occupat ions ,  t he re  may  
be some mot iva t ion  to en te r  th i s  occupat ional  a r e a .  It should be noted 
tha t  the SVIB is  not c l a imed  by i t s  author  to p red ic t  p e r f o r m a n c e  on the 
job;  instead~ it only e l i c i t s  i n fo rma t ion  r e g a r d i n g  i n t e r e s t s .  
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MAYER: You and I have looked at s e v e r a l  speci f ic  i t e m s  in the SVIB 
that  a re  v e r y  i n t e r e s t i n g  to me .  Fo r  in s t ance ,  the ones about p r o g r e s -  
s ive  and conse rva t ive  people s eem v e r y  t e l l ing .  Is  it  poss ib le  for  me 
to take individual  ques t ions  f rom the SVIB and say that  they are  de f in i -  
t ive  of a p r o g r a m m e r ' s  at t i tude,  or  in te res t s  or some th ing?  

STALNAKER: Before answer ing  that  quest ion,  David, we should c o m -  
p a r e  the i n t e r e s t s  of compute r  p e r s o n n e l  to the publ ic  in gene ra l  in  
r e g a r d  to c e r t a i n  a n s w e r s  to ques t ions  on the SVIB (Table XII). The 
SVIB conta ins  400 i t e m s .  You ment ioned  spec i f ica l ly  the m a t t e r  of p r o -  
g r e s s i v e  people.  41 pe rcen t  of compute r  p e r s o n n e l  l ike this  type of 
p e r s o n  - -  among the gene ra l  publ ic  85 pe r c e n t  of these  people l ike 
people  with th is  outlook. On the other  hand, t he re  is  a g rea t  f locking 
among  compute r  p e r s o n n e l  to conse rva t ive  people.  84 pe r c e n t  p r e f e r  
these~ while among men  in generals  only 56 pe rcen t .  Another  example  
was  th r i f ty  people:  45 pe rcen t  of compute r  p e r s o n n e l  s ta ted they l iked 
t h i s  a t t r ibu te .  They a re  much be t t e r  l iked by people in ge ne r a l  - -  74 
p e r c e n t .  F r o m  what we hea rd  f rom David ' s  e a r l i e r  r e m a r k s  about the 
work  ac t iv i t i es  of compute r  pe r sonne l ,  it  s e e m s  quite r ea sonab l e  that 
only  14 pe rcen t  of the p r o g r a m m e r s  l ike ene rge t i c  people whereas  
89 pe r cen t  of the publ ic  like ene rge t i c  people! 

TABLE XII 

Strong Vocational Interest Blank Interests of Programmers 

and General Population by Percentages 

PROGRAMMERS GENERAL POPULATION 

Like Indifferent Dislike Like Indifferent Dislike 

Aviator 67% "21% 12% 30% 36% 34% 

Mathematics 90 8 3 69 20 11 

Solving Mechanical Puzzles 63 29 9 39 34 27 

Giving First Aid 22 51 27 40 42 18 

Progressive People 41 42 17 85 11 4 

C?nservative People 84 15 1 56 35 9 

Energetic People 14 48 38 89 9 2 

Thrifty People 45 44 11 74 22 4 

Sell Machines 8 27 65 26 32 42 

A B Prefer A Indifferent Prefer B Prefer A Indifferent Prefer B 

Few Details - Many Details 18 27 55 36 28 36 

Technical - Supervision 65 16 19 34 19 47 
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Now, your  ques t ion - -  can we look at indiv idual  i t e m s  in the SVIB 
to see  if these  indicate  anything in r e g a r d t o  the gene ra l  i n t e r e s t  pa t t e rn  
tha t  should be the pa t t e rn  of a succes s fu l  p r o g r a m m e r .  The answer  to 
t h i s  is  a decided NO. You ment ioned  two ca t ego r i e s  - -  p r o g r e s s i v e  and 
c o n s e r v a t i v e  people .  The r e s u l t s  shown by the SVIB are  r e v e r s e d  in 
work  by Biamonte  (7) at NYU in which he spec i f ica l ly  cons ide red  a t t i -  
t udes .  He shows the re  were  negat ive  c o r r e l a t i o n s  between t r a i n i n g  
s u c c e s s  and such a t t r ibu te s  as dogmat i sm,  c o n s e r v a t i s m ,  and au tho r i -  
t a r i a n i s m ,  a f inding which would indica te  the r e v e r s e  of your  con-  
j e c t u r e .  The point  is  that  the SVIB ques t ions  when taken out of context 
have no mean ing .  One mus t  analyze  the complete  400 ques t ions  in 
o r d e r  to e l ic i t  anything r ega rd ing  the tota l  i n t e r e s t  pa t t e r n  of the 
ind iv idua l .  

MAYER: Then,  the p rocedu re  i s  to give the comple te  tes t ,  send it to 
Minneso t a  and pe rhaps  two weeks l a t e r ,  I wil l  get some r e s u l t s .  This  
i s  a difficult  way to run  an in t e rv iew.  

STALNAKER: It i s  t r ue  - the n o r m a l  s co r ing  of the SVIB is  quite com-  
plex  because  it has  to be s co red  for  all  occupat ions .  It is  poss ib le ,  I 
might  ment ion ,  to h a n d - s c o r e  for a p a r t i c u l a r  occupat ional  group.  For  
i n s t ance ,  s ince  the i n t e r e s t  of th i s  group is  the compute r  p r o g r a m m e r ,  
it  could be that  the keys  could be obtained and thus we could h a n d - s c o r e  
for  th i s  specif ic  occupat ion.  However,  I would l ike to warn  agains t  th is ;  
the SVIB is  mean ingfu l  only in t e r m s  of i t s  to ta l  content .  When we take 
an occupat ion or  a ques t ion  out of context,  the r e s u l t s  a re  ques t ionable  
to say the l eas t .  

I have ment ioned  the ex i s tence  of the p r o g r a m m e r  sco r ing  key for 
the r e v i s e d  SVIB. The s e r i e s  of ques t ions  that you have in your  sample  
b a t t e r y  a re  f rom the old SVIB which was the one used  in the o r ig ina l  
C PRG na t iona l  study. Subsequently,  Da l l i s  P e r r y  (8) under took  ano ther  
na t iona l  study in which he used  the r e v i s e d  SVIB. He also worked with 
a l a r g e r  sample  than that  inc luded in the o r ig ina l  CPRG study.  Based 
upon th i s  work, P e r r y  has developed the p r o g r a m m e r  sco r ing  key which 
i s  now avai lab le  to all  u s e r s  of the SVIB. 

MAYER: So far, we have cited aptitude as one component of selection, 
and we have cited interests as another component. In addition, the pop- 
ular folklore is that programmers should have very logical minds. In- 
cluded in today's demonstration battery were some questions from the 
W a t s o n - G l a s e r  C r i t i c a l  Thinking Appra i sa l  (9). What kind of r e s u l t s  
should we expect f rom a c r i t i c a l  th inking ana ly s i s  i nven to ry  of th is  type 
and should I use  it ? 

STALNAKER: The W a t s o n - G l a s e r  is  another  quite old tes t  which also 
ha s  undergone  r e v i s i o n  s ince  the r e s e a r c h  which I want to ment ion  
b r i e f l y .  The t e s t  i s  s ta ted  by the au thors  to m e a s u r e  c e r t a i n  c r i t i c a l  
th ink ing  ab i l i t i e s  - -  c r i t i c a l  th inking ab i l i t i e s  which we could hypothesize  
a re ,  or  at l eas t  should be,  s t rong ly  r e l a t ed  to p r o g r a m m i n g .  The tes t  
c o n s i s t s  of five p a r t s .  As a pa r t  of the work I did at Georg ia  Tech with 
s tudent  p r o g r a m m e r s  the W a t s o n - G l a s e r  was used  with four  d i f ferent  
g roups .  Even though s igni f icant  c o r r e l a t i o n s  between t r a i n i n g  p e r f o r m -  
ance  and W a t s o n - G l a s e r  s c o r e s  were  ind ica ted  for t h ree  of the groups ,  

22 



we des igned  a new key and were  able to subs t an t i a l l y  i n c r e a s e  the c o r -  
r e l a t i o n s  in  the las t  two groups  that were  t es ted .  Again, though David, 
I would l ike to emphas ize  that the work we have done with th is  t es t  ap-  
p l i e s  to the s tudent  groups  and it was used  to p red ic t  nothing more  than 
t r a i n i n g  s u c c e s s .  Our r e s e a r c h  says  nothing about the t e s t s '  r e l a t i o n -  
ship to actual  o n - t h e - j o b  p e r f o r m a n c e .  

MAYER: I ga ther  it was p re t ty  good for p red ic t ing  t r a in ing  succes s .  

STALNAKER: We think it was quite good as far  as p red ic t ing  t r a i n i n g  
s u c c e s s  with r e spec t  to the four groups  in which it  was used .  

MAYER: Does it  d i s t inguish  between a coder  and a p r o g r a m m e r  in any 
way?  

STALNAKER: Well,  th is  is  one of the p r o b l e m s  which we have yet to 
face:  What kind of p r o g r a m m i n g  w e ' r e  teaching .  I don ' t  know how to 
c l a s s i fy ,  no r  how to judge them on a sca le  that says  a p e r s o n  who does 
t h i s  be longs  to that job ca tegory .  

As I ment ioned  e a r l i e r ,  the work of Lothridge and Be rge r  in job 
a n a l y s i s  did not lead to suff ic ient ly  de ta i led  job desc r ip t ions ,  by which 
we can go into the compute r  p e r s o n n e l  popula~on and say you go to 
job A, and yo_..u, belong to job C. 

MAYER: We have under  d i s cus s ion  i n the  Steer ing  Commi t t ee  us ing  the 
t e s t  and the modif ied sco r ing  key in  a new na t iona l  s tudy.  I p r e s u m e  
tha t  th is  will  be pa r t  of a new tes t  ba t t e ry .  

I th ink now we should move on to the topic of p r o g r a m m e r  eva lu-  
a t ion - -  how can we de t e rmine  if a p r o g r a m m e r  i s  ac tual ly  effective on 
the job. Ash, would you begin  by ci t ing some of the p r o c e d u r e s  that  have 
been  used  to analyze p e r f o r m a n c e  of the p r o g r a m m e r .  

STALNAKER: The f i r s t  r e s e a r c h  in th is  a rea ,  David, was r epo r t ed  by 
CPRG.  This  was the P r o g r a m m e r  Appra i sa l  I n s t r u m e n t  (4) developed 
at the Applied Phys ics  Labora tory ,  unde r  the d i rec t ion  of Bob Dickmann  
and  Sid F ine .  This  is  a m u l t i - d i m e n s i o n a l  i n s t r u m e n t ,  which in many  
ways  appears  to be more  conce rned  with what might  be r e g a r d e d  as a 
p r o f e s s i o n a l  p r o g r a m m e r  r a t h e r  than the opera t ing  p r o g r a m m e r  - at 
l e a s t  I think th is  is  sor t  of a s u m m a r y  of r e m a r k s  made in the eva lu -  
a t ion of the PAI.  The re  is  a cons ide rab le  emphas i s  on p ro fe s s iona l  
ac t iv i t i e s  and th is ,  in some cases ,  has  led to r e s i s t a n c e .  It i s  c o m -  
posed  of four speci f ic  a reas :  p ro fe s s iona l  p r e p a r a t i o n  and act ivi ty,  
p r o g r a m m i n g  competence ,  deal ing with people and adapting to the job. 
Th i s  i n s t r u m e n t  was va l ida ted  by Bob Dickmann but is  not be l i eved  to 
be widely used  at th is  t ime .  

MAYER: In fact,  it i s  v e r y  difficult  to use ,  I don ' t  know if you r e a l i z e  
th i s  or  not.  

STALNAKER: In what sense  is  it difficult  to u s e ?  

MAYER: Well,  for example,  it asks  a n u m b e r  of th ings  to be sco red  
n u m e r i c a l l y ,  such as:  how many  soc ie t i e s  does he belong to, and how 
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o ld  i s  he; does  he give some  o n - t h e - j o b  t r a i n i n g  - -  a lot  o r  none at a l l ?  
A s u p e r v i s o r  f inds  tha t  t h i s  does  not r e a l l y  cove r  the  sub j e c t  of p r o -  
g r a m m i n g ,  o r  p r o g r a m m i n g  c a p a b i l i t y .  S u p e r v i s o r s  shy  away f r o m  
q u e s t i o n - a n d - a n s w e r  p r o c e d u r e s  for  a p p r a i s a l  of p r o g r a m m e r s .  P r a c -  
t i c a l l y  none have ac tua l ly  put  t h i s  into e f fec t .  P r o g r e s s i v e  as  I am - I 
h a v e n ' t  e i t h e r .  My p r o j e c t  l e a d e r s  w e r e  v e r y  r e s i s t a n t  to i t .  They  
p r e f e r  to use  s u b j e c t i v e  t echn iques ,  such as  t h e i r  i m p r e s s i o n  of the  
p r o g r a m m e r ' s  output;  s o m e t i m e s  they  ac tua l l y  r e a d  h i s  p r o g r a m s .  
But a f o r m a l  document  of t h i s  type  they  r e s i s t - -  i t  i s  p u r e l y  
p s y c h o l o g i c a l .  

STALNAKER:  Do you th ink  an i n s t r u m e n t  such as  the  PAI r e a l l y  ap -  
p l i e s  to what might  be  c a l l e d  a c o d e r  o r  j un io r  p r o g r a m m e r ,  s ince  t h i s  
i s  the  l e v e l  w h e r e  c o r r e c t  a p p r a i s a l  i s  mos t  v i t a l ?  

MAYER:  No, I th ink  a b e t t e r  p r o c e d u r e  would be to  t e m p o r a r i l y  t ake  a 
c o d e r  out of h i s  c l a s s  and put h im into the  c l a s s  of p r o g r a m m e r ,  and to 
o b s e r v e  h i s  p r o g r a m m i n g  c a p a b i l i t y  r a t h e r  than eva lua t ing  h im th rough  
a q u e s t i o n n a i r e .  Or ,  I would l ike  to have some  kind of t e s t  which wi l l  
a c t u a l l y  show h i s  l e v e l  of c o m p e t e n c e .  

STALNAKER:  Do you fee l  that  a t e s t  that  i s  c o n c e r n e d  with p r o g r a m -  
m i n g  ab i l i t y  i s  r e a l l y  going to ind ica t e  the  r e a d i n e s s  for  the  move ,  s ay  
f r o m  c o d e r  to p r o g r a m m e r ,  o r  p r o g r a m m e r  to s e n i o r  p r o g r a m m e r ?  

MAYER: It c e r t a i n l y  would be m o r e  ob j ec t i ve  than the t echn iques  I have 
now. T h e r e  i s  one f u r t h e r  th ing tha t  mus t  be done, and tha t  i s ,  a s  
D r .  Pau l  Herwi t z  (13) of IBM has  r e c e n t l y  s ta ted ,  the  only way a s u p e r -  
v i s o r  can t e l l  what a p r o g r a m m e r  i s  doing i s  by be ing  knowledgeab le  
about  the  code tha t  he h a s  wr i t t en .  In o t h e r  words ,  he mus t  r e a d  the 
p r o g r a m ,  and v e r y  few s u p e r v i s o r s  do.  That  would be the  f i r s t  s t ep  I 
would  s a y  t o w a r d s  p r o p e r  eva lua t ion .  The second  s t ep  would be  to give 
a p r o f i c i e n c y  t e s t ,  an o b j e c t i v e  one. 

STALNAKER:  In t e r m s  of an ob j ec t i ve  t e s t ,  B e r g e r  (10) at USC, who by  
the  way i s  a m e m b e r  of the  P e r s o n n e l  E l e c t r o n i c s  R e s e a r c h  Group 
w o r k i n g  with the  Office of Nava l  R e s e a r c h  on a l o n g - r a n g e  p r o j e c t ,  ha s  
d e v e l o p e d  a t e s t  which i s  c a l l e d  The B a s i c  P r o g r a m m i n g  Knowledge 
T e s t  (BPKT).  Th i s  t e s t  was  deve loped  and v a l i d a t e d  with a g roup  of 
n a v a l  t r a i n i n g  p r o g r a m m e r s  and a l so  with s o m e  ou t s ide  a g e n c i e s  such 
a s  RAND, SDC, e tc .  Spec i f i ca l ly ,  the  t e s t  i s  de s igned  to  eva lua t e  s ix  
d i f f e r e n t  a b i l i t i e s :  f i r s t ,  log ic  e s t i m a t i o n  and a n a l y s i s ;  second ,  f low 
d i a g r a m m i n g ;  t h i rd ,  p r o g r a m m i n g  c o n s t r a i n t s ;  four th ,  coding o p e r a -  
t i ons ;  fifth, p r o g r a m  t e s t i n g  and checking;  and s ix th ,  documen ta t ion .  
Not  only does  the  t e s t  eva lua t e  the  p e r s o n ' s  p e r f o r m a n c e  in t h e s e  a r e a s ,  
bu t  i t  i s  a l so  d e s i g n e d  to e l i c i t  i n f o r m a t i o n  r e g a r d i n g  h is  b a s i c  knowl -  
edge  of the  a r e a s .  Do you th ink  th i s  k ind of t e s t  would s e r v e  your  p u r -  
p o s e s ,  Dav id?  

MAYER:  Yes; a s  you know the e x a m p l e s  on the l a s t  shee t  of t o d a y ' s  
s a m p l e  b a t t e r y  a r e  f r o m  the B e r g e r  t e s t s .  They a r e  r e j e c t e d  ques t ions ,  
b e c a u s e  they  did not d i s c r i m i n a t e  be tween  the g o o d p r o g r a m m e r  and the 
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b a d  p r o g r a m m e r .  A se t  of ques t ions  of t h i s  k ind  would be a good p r o -  
f i c i e n c y  t e s t  to my  mind.  S i m i l a r  t e s t s  fo r  d i f fe ren t  t y p e s  of p r o -  
g r a m m e r s  at d i f f e ren t  l e v e l s  would be v e r y  ef fec t ive  e v a l u a t o r s .  The 
p r o b l e m  of c o u r s e ,  i s  the  r e s i s t e n c e  the  p r o g r a m m e r s  a r e  going to 
show; t h i s  app l i e s  e s p e c i a l l y  to e x p e r i e n c e d  ones  who a r e  v e r y  much in 
d e m a n d .  

STALNAKER:  That  would r e s o l v e  ano ther  p r o b l e m t o o  - -  s t r a t i f y i n g  the 
v a r i o u s  l e v e l s  of p r o g r a m m i n g .  

MAYER: Let  me  a sk  you a ques t ion  at t h i s  point .  We have c i t ed  the  
P A T ,  we have c i t ed  the  St rong Voca t iona l  I n t e r e s t  Blank,  we have c i t ed  
the  TSI, we have c i t ed  B i a m o n t e ' s  a t t i tude  s u r v e y .  The PAT i s  an a p t i -  
tude  t e s t ,  p r e s u m a b l y .  The SVIB i s  an i n t e r e s t s  t e s t .  The TSI p r e s u m -  
ab ly  t e s t s  a kind of l o g i c a l  c apab i l i t y .  B iamonte  c o v e r s  the  e f fec t s  of 
a t t i t u d e s .  If I u se  a l l  t h e s e  t e s t s  and get  good s c o r e s  on al l  of them,  
d o e s  i t  mean  I s e l e c t e d  a good p r o g r a m m e r ?  

STALNAKER:  No, I don ' t  th ink  i t  m e a n s  that  you have  s e l e c t e d  a good 
p r o g r a m m e r  - but  i t  m a y  wel l  i n c r e a s e  the  p r o b a b i l i t y  that  you have 
s e l e c t e d  one.  We have not been  able  to show at t h i s  point ,  with the  e x -  
cep t ion  of the  r e c u r r i n g  i n t e r e s t  p a t t e r n  of p r o g r a m m e r  p e r s o n n e l ,  any 
s t r o n g  ind ica t ion  of s u b s t a n t i a l l y  i n c r e a s i n g  the p r o b a b i l i t y  of c o r r e c t l y  
s e l e c t i n g  a p r o g r a m m e r  by  the u se  of t h i s  b a t t e r y .  

MAYER: Suppose I add the W a t s o n - G l a s e r  us ing  your  mod i f i ed  s c o r i n g .  
Then,  we add an i n t e l l i gence  t e s t .  We have  a g r e e d  that  those  who r a t e  
high on i n t e l l i g e n c e  t e s t s  have made  g o o d p r o g r a m m e r s  (maybe i t ' s  v i ce  
v e r s a ,  good p r o g r a m m e r s  come  f r o m  those  who a r e  in t e l l i gen t ) .  Now, 
i f  I b r i n g  a l l  t h e s e  s c o r e s  t oge the r ,  have I s e l e c t e d  my p r o g r a m m e r s  
p r o p e r l y ?  

STALNAKER:  I th ink  the only th ing you have r e a l l y  added new i s  the  
W a t s o n - G l a s e r  and of c o u r s e ,  i t  i s  ques t ionab le  whe the r  you have r e a l l y  
a d d e d  anything new t h e r e .  The W a t s o n - G l a s e r  a l so  c o r r e l a t e s  v e r y  
h igh ly  with i n t e l l i gence .  Iwou ld  s t a te ,  p r o b a b l y ,  David,  tha t  if  you would 
u s e  a l l  of your  p r o p o s e d  b a t t e r y  to s e l e c t  an ind iv idua l ,  you can obta in  a 
p e r s o n  who has  a high p r o b a b i l i t y  of s u c c e s s f u l l y  c omple t i ng  your  t r a i n -  
in.._.g p r o g r a m .  Whe the r  th i s  ind iv idua l  i s  going to l ike  p r o g r a m m i n g  o r  
w i l l  p o s s e s s  the  mot iva t ion  tha t  wi l l  a l low h im to t ake  the s u c c e s s f u l  
t r a i n i n g  onto the  job  s i t e  i s  a ques t ion that  i s  not ye t  a n s w e r e d .  

MAYER: Well ,  then I th ink  we come  to a s m a l l  denouement ,  and i t  i s  
tha t  i f  we look at the  p a s t  f ive y e a r s  of c o m p u t e r  p e r s o n n e l  r e s e a r c h ,  
the  m a j o r  e f for t  has  been  in the  deve lopmen t  of two s e t s  of t e s t i n g  p r e -  
d i c t o r s :  (F igure  3) t e s t i ng  for  t r a i n i n g  s u c c e s s ,  and t e s t i ng  for  job  
p e r f o r m a n c e .  Then have you s a id  that  we have good p r e d i c t o r s  for  the  
t r a i n i n g  phase  and ques t ionab le  ones  for  the  work ing  p h a s e ?  T e m p e r a -  
m e n t  t e s t s  a r e  f r equen t l y  c o n s i d e r e d  as  good p r e d i c t o r s  of t r a i n i n g  
s u c c e s s  and job  p e r f o r m a n c e ,  but  we have  no r e s e a r c h  us ing  t h e m .  

STALNAKER:  We might  men t ion  tha t  in t e r m s  of t e m p e r a m e n t  t e s t s ,  
even  though t h e r e  i s  nothing in the  publ ic  domain  r e g a r d i n g  t he se ,  t h e r e  

25 



TESTING - TRAINING • WORKING 

PREDICTORS G O O D  QUESTIONABLE 

f 
Programmer's Aptitude Test (PAT) 
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i s  one study whose r u m o r e d  r e s u l t s  were  shocking to say the l eas t .  I 
fu l ly  agree  with you that t e m p e r a m e n t  is  one r e s e a r c h  a r e a  we need to 
e n t e r .  

MAYER: A l l , r i gh t ,  we wil l  leave that an open i s sue .  F ina l ly ,  of the 
work ing  t e s t s ,  the only p ro f i c i ency  t e s t  I know of is  B e r g e r ' s  Bas ic  P r o -  
g r a m m e r  Knowledge Tes t .  I u n d e r s t a n d  that he wil l  publ i sh  a v e r s i o n  
of it  in the publ ic  domain,  by p e r m i s s i o n  of the Navy. For  eva lua t ion  
p r o c e d u r e ,  at the m o m e n t  th is  c o n s i s t s  of the P r o g r a m m e r  Appra i sa l  
I n s t r u m e n t  (PAD which we developed but have not used .  This  I th ink 
s u m s  up the s i tua t ion  at the moment ,  if I am c o r r e c t .  

STALNAKER: I th ink that if we have to have a v e r y  conc ise  s u m m a r y  
of our  c u r r e n t  knowledge,  it  i s  that the more  in te l l igen t  p e r s o n  you can 
find, the be t t e r  p r o g r a m m e r  you can p robab ly  get.  

MAYER: That makes  all  of us  he re  today good p r o g r a m m e r s !  
I th ink  now that  we should move f rom h i s t o r y  to the fu ture .  Ash 

and I, of course ,  d i s c u s s e d  th is  in de ta i l  ahead of t i me .  We agreed  that  
t h e r e  were  four  m a j o r  i s s u e s  - -  i s s u e s  that we feel  wil l  be i mpor t a n t  
for  compute r  p e r s o n n e l  r e s e a r c h  to p roceed  effect ively.  We have ranked  
these  i s s u e s  by our  e s t ima te  of t he i r  i m p o r t a n c e  (see F igure  4). 
Br ie f ly ,  we think that they s tand as follows: The mos t  i mpor t a n t  s ingle  
th ing we need  is  an effect ive eva lua t ion  p r o c e d u r e  for the p r o g r a m m e r  
as  he ex i s t s .  The second i t em i s  the need  for a s e r i e s  of se lec t ion  
t echn iques  which r ecogn ize  the s t r a t i f i ed  l eve l s  of p r o g r a m m i n g  - -  ex-  
p e r i e n c e d  vs .  i nexper i enced ,  ana lys t  f rom p r o g r a m m e r ;  coder  f rom 
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p r o g r a m m e r ,  etc.  The th i rd  i s sue  conce rns  the need for new o b s e r -  
va t i ona l  t echn iques .  C u r r e n t  t echniques  include t es t ing  and i n t e r v i e w -  
ing.  The fourth i s sue  revo lves  about the ro le  of c r ea t iv i ty  in p r o g r a m -  
ing.  B u s i n e s s m e n  always s eem to want to h i r e  c rea t ive  types  for t he i r  
p r o g r a m m i n g  staff.  Some people feel  that p r o g r a m m i n g  r e q u i r e s  
c r ea t i v i t y ,  but t he re  has  been  ve ry  l i t t le  defini t ive r e s e a r c h  in th is  a r ea .  

Let us  r e t u r n  to the d i s cus s ion  of evaluat ion  t echn iques  s ince  we 
have named  th is  as the f i r s t  and mos t  impor t an t  i s s u e .  We have used  
s e v e r a l  evaluat ion  techniques  in  CPRG. One of them,  for  example ,  has  
been  to r ank  p r o g r a m m e r s  in a specif ic  o r d e r .  What r ank ing  was i t ?  

STALNAKER: The o rde r  was d e t e r m i n e d  by answer ing  the following 
quest ion:  If the t e s t s  were  per fec t ly  d i s c r i m i n a t i n g ,  in what sequence  
f r o m  top to bot tom would you place your  p r o g r a m m e r s ?  

MAYER: The t roub le  with that  p rocedure  i s  that if we rank  people in  
some  fashion within an organ iza t ion ,  only 25 or so could be r anked  at 
one t ime  within sa id  organiza t ion ,  s ince  that i s  about all  a given s u p e r -  
v i s o r  spans .  The use  of t r a i n i n g  g rades  i s  a s t anda rd ized  approach 
which can be applied to la rge  groups of s tudents .  Effect ive p ro f i c i ency  
t e s t s  could be a good s p e c t r u m  ana lyze r  of hundreds  of people.  The 
ones  that have been developed in B e r g e r ' s  study have been  used  in that 
fashion,  but a re  c u r r e n t l y  l imi t ed  to Navy p e r s o n n e l .  A f inal  c o r r e l a t e  
of p ro f i c i ency  which has  been used  i s  ca l led  " re la t ive  s a l a ry . "  What 
tha t  means  is  that the s a l a r y  i s  adjus ted  for exper ience  and c o r r e c t e d  
for  geographica l  and age fac to rs .  

STALNAKER: Unfor tunate ly ,  the hypothesis  he re  i s  that t he re  i s  a high 
c o r r e l a t i o n  be tween s a l a r y  and p e r f o r m a n c e  - -  a v e r y  ques t ionable  
hypo thes i s .  

MAYER: Any subjec t ive  p rocedure  wil l  c rea te  d i f f icul t ies  in compute r  
p e r s o n n e l  r e s e a r c h .  For  one thing,  the groups  being s tudied were  not 
homogeneous .  For  ins tance ,  in the na t iona l  s t u d y b u s i n e s s  groups  were  
r anked  s epa ra t e ly  f rom sc ien t i f ic  groups;  but it  i s  imposs ib l e  to me r ge  
two dif ferent  sc ien t i f ic  groups  into a s ingle  ranking,  and l ikewise ,  a 
sc ien t i f i c  in s t a l l a t ion  at Lockheed could not be merged  with a b u s i n e s s  
group at Johns Hopkins Unive r s i ty .  We have no way of putt ing them all  
t oge the r .  F u r t h e r m o r e ,  ranking  i s  r e l a t ive  - it  i s  not an absolute  
m e a s u r e .  F ina l ly ,  we could not de t e rmine  what s e v e r a l  d i f ferent  s u p e r -  
v i s o r s  within an in s t a l l a t i on  thought about the same  p r o g r a m m e r  in  more  
than  two or th ree  cases ,  and you ce r t a i n ly  couldn ' t  do it  a c r o s s  mul t ip le  
i n s t a l l a t i o n s .  Hence,  evaluat ion  methods  mus t  be developed before  we 
can  do fu r the r  effect ive r e s e a r c h ,  so that  we can obtain meaningfu l  
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c o r r e l a t o r s  a c r o s s  a much w i d e r  s p e c t r u m  and a much m o r e  f ine ly  
d i v i d e d  s p e c t r u m .  T h e r e f o r e ,  the  c o r r e l a t o r s  tha t  we need  should  be 
n a t i o n a l  in s cope .  They should  have  an e f fec t ive  p e r f o r m a n c e  c r o s s -  
check .  They should  t e s t  knowledge .  They  should  t e s t  p e r f o r m a n c e .  

STALNAKER:  We might  ment ion  th i s  point ,  David,  that  a t e s t  does  ex i s t  
t ha t  c l a i m s  to be  in t h i s  g e n e r a l  a r e a .  Th is  i s  the  DPMA C e r t i f i c a t i o n  
p r o g r a m .  However ,  I th ink  we should  note that  i t  i s  quite ques t ionab le  
tha t  t h e r e  e x i s t s  a r e l a t i o n s h i p  be tween  th i s  t e s t  and what we might  
i den t i fy  as  any l eve l  of p r o g r a m m i n g  s k i l l . T h e  DPMA t e s t  i s  p r i m a r i l y  
a knowledge  t e s t ,  but  not at a v e r y  s o p h i s t i c a t e d  l eve l .  

MAYER:  Is  i t  knowledge  of p r o g r a m m i n g  o r  knowledge  of wha t?  

STALNAKER:  It i s  m y  u n d e r s t a n d i n g  tha t  i t  i s  g e n e r a l  knowledge  - -  at 
l e a s t  tha t  i s  my  i m p r e s s i o n  f r o m  the g r o u p s  tha t  w e r e  f o r m e d  to s tudy  
fo r  i t .  

MAYER:  Then, p e r h a p s  the  t r u e  p r o f i c i e n c y  t e s t  r e a l l y  h a s n ' t  been  
d e v e l o p e d  ye t  i f  t h i s  i s  only  a g e n e r a l k n o w l e d g e  t e s t .  I would then s t i l l  
c a l l  fo r  some  kind  of s t a n d a r d  t e s t ,  e i t h e r  s ub j e c t i ve  o r  ob jec t ive ,  but  
which  i s  r e p l i c a b l e .  In o the r  words ,  i t  can be r e p e a t e d  and the  s a m e  
r e s u l t s  can be ob ta ined  no m a t t e r  who g i v e s  i t ,  o r  w h e r e v e r  i t  i s  g iven .  

STALNAKER:  The s econd  i s s u e  that  we want  to r a i s e  i s  the  need  for  
the  s t r a t i f i c a t i o n  of s k i l l s .  Al l  of the  w o r k  within S I G / C P R ,  with the  
excep t ion  of D i c k m a n n ' s  s u r v e y  of t e s t  u sage ,  has  been  c o n c e r n e d  with 
the  g e n e r a l  c a t e g o r y  of s k i l l  known as  p r o g r a m m i n g .  We fee l  that  t h e r e  
i s  a need  for  r e s e a r c h  to s p e c i f i c a l l y  c o n s i d e r  the  fact  tha t  p r o g r a m -  
m i n g  i s  not  a homogeneous  s k i l l .  T h e r e  a r e  many  d i f f e r en t  l e v e l s  of 
p r o g r a m m i n g  and t h e r e  a r e  many  d i f f e ren t  a p p r o a c h e s  to p r o g r a m m i n g .  
We thus  r a i s e  a ques t ion :  If we r e c o g n i z e  the  fac t  that  i t  i s  not a h o m o -  
g e n e o u s  sk i l l ,  would i t  be p o s s i b l e  to c o n t e m p l a t e  a s ing le  i n s t r u m e n t  
tha t  could  m e a s u r e  the  c o m p l e t e  s p e c t r u m  of s k i l l s  that  a r e  r e q u i r e d  
fo r  o p e r a t i n g  at the  v a r i o u s  l e v e l s  within the  g e n e r a l  a r e a  of p r o g r a m -  
m i n g .  The s p e c i f i c  i s s u e  h e r e  i s  f i r s t ,  a s tudy of the  con ten t s  of the  
j o b s  and second,  the c r e a t i o n  of s p e c i f i c  job  d e s c r i p t i o n s .  T h e s e  s t e p s  
w i l l  t end  to l e ad  to the  s t r a t i f i c a t i o n  that  we fee l  i s  n e c e s s a r y .  

MAYER: Are  you say ing  tha t  only  with mu l t i p l e  t e s t s  can we obta in  
m u l t i p l e  s t r a t i f i c a t i o n ?  

STALNAKER:  Mul t ip le  s t r a t i f i c a t i o n  a l r e a d y  e x i s t s .  The ques t ion  i s :  
Can  a s ing le  t e s t  d i s c r i m i n a t e  be tween  the occupan t s  of t h e s e  v a r i o u s  
s t r a t a  ? 

MAYER:  To s u m m a r i z e :  We have c a l l e d  fo r  s e v e r a l  new p r o c e d u r e s  
which  should  be i n v e s t i g a t e d  in the  y e a r s  to  c o m e .  D e sp i t e  the  fac t  tha t  
I have  been  to ld  t i m e  and t i m e  a g a i n b y  m y  p s y c h o l q g i s t  f r i e n d s  that  m y  
o r  o t h e r  p e o p l e ' s  i n t e rv i ewing  t echn ique  cannot  be a r e a l l y  e f fec t ive  
d e v i c e ,  i t  i s  s t i l l  the  one that  I, as  a c o m p u t e r  m a n a g e r ,  u se  in at l e a s t  
50 p e r c e n t  of m y  eva lua t ion  of the  cand ida t e .  Hopeful ly ,  i f  t h e s e  new 
p r o c e d u r e s  can be deve loped ,  both I and m y  fe l low m a n a g e r s  wi l l  be 
b e t t e r  ab le  to s e l e c t ,  t r a i n ,  eva lua te ,  and r e w a r d  our  c o m p u t e r  p e r -  
sonne l .  Thank you, e v e r y o n e  for  your  kind a t ten t ion  today .  
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APPENDIX 

SAMPLE TEST BATTERY 

DEMONSTRATION PROGRAMMER'S APTITUDE TEST (DPAT) 

N u m e r i c a l  Se r i e s  

1. 2 4 6 8 10 12 

2. 1 5 9 13 17 21 

3. 14 15 13 16 12 17 

4. 3 9 12 9 3 9 

5. 12 3 1 2 24 6 

6. 9 15 i0 20 11 25 

7. 1 2 3 4 9 10 

8. 4 6 4 8 4 10 

9. 100 50 56 28 32 16 

C i r c l e  Next I n S e r i e s  

(a) (b) (c) (d) (e) 
13 14 15 16 17 

(a) (b) (c) (d) (e) 
23 25 27 29 31 

(a) (b) (c) (d) (e) 
18 19 10 11 21 

(a) (b) (c) (d) (e) 
6 15 3 9 12 

(a) (b) (c) (d) (e) 
2 12 3 8 9 

(a) (b) (c) (d) (e) 
30 12 10 8 15 

(a) (b) (c) (d) (e) 
5 12 10 8 11 

(a) (b) (c) (d) (e) 
6 12 10 8 4 

(a) (b) (c) (d) (e) 
2 12 18 8 4 
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INSTRUCTIONS FOR PART II 

Each  row is  a p r o b l e m  in w h i c h A i s  r e l a t ed  to B in some way. You are  
to find the ru le  by which A i s  changed to make B. Then use  the same  
ru l e  to find how C should be changed.  One of the n u m b e r e d  f igures  at 
the r ight  side of the page is  the c o r r e c t  answer .  

Q. 

W 
A B C 1 2 3 4 5 

R. 

@ r  J @  o  OD@ 
A B C 1 2 3 4 5 

S. 

T T T & I & T 
A B C 1 2 3 4 5 

T. 

A B C 

~ V \- .... :~, v----7 \ j  / \  \ , /  

1 2 3 4 5 

INSTRUCTIONS FOR PART III 

After  each p r o b l e m  the re  a re  five answer s ,  but only one of them is  
the c o r r e c t  answer .  You a r e  to solve each p r o b l e m  and ind ica te  which 
answer  you think i s  c o r r e c t  by m a r k i n g  the p r o p e r  space.  

X: How many  apples  can you buy for 60 cents  at  the 
r a t e  of 3 for 10 cents  ? 

(a) 6 (b) 12 (c) 18 (d) 20 (e) 30 

Y: In 5 weeks John has saved $3.50.  What have his 
ave r age  weekly sav ings  been  ? 

(a) 35¢ (b) 40¢ (c) 50¢ (c) 70¢ (e) 80¢ 
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STRONG V O C A T I O N A L  INTEREST BLANK (SVIB) 

I N S T R U C T I O N S .  F o r  t h e  f o l l o w i n g  l i s t  of  19 o b j e c t s ,  c i r c l e  t he  L i f  you  
l i k e  t h e  i t e m ;  c i r c l e  t h e  I i f  you  a r e  i n d i f f e r e n t  a b o u t  t h e  i t e m ;  o r  c i r c l e  
t h e  D i f  y o u  d i s l i k e  t h e  i t e m .  

1. A r c h i t e c t  . . . . . . . . . . . . . . . . . . . . . .  L I D 
2. A i r p l a n e  P i l o t  . . . . . . . . . . . . . . . . . .  L I D 
3. C o l l e g e  P r o f e s s o r  . . . . . . . . . . . . . . . .  L I D 
4. G e o l o g i s t  . . . . . . . . . . . . . . . . . . . . . .  L I D 
5. F o r e i g n  C o r r e s p o n d e n t  . . . . . . . . . . . . .  L I D 
6. A l g e b r a  . . . . . . . . . . . . . . . . . . . . . . .  L I D 
7. M a t h e m a t i c s  . . . . . . . . . . . . . . . . . . .  L I D 
8. B i r d  W a t c h i n g  . . . . . . . . . . . . . . . . . .  L I D 
9. S o l v i n g  M e c h a n i c a l  P u z z l e s  . . . . . . . . . .  L I D 

10.  P i c n i c s  . . . . . . . . . . . . . . . . . . . . . . .  L I D 
I I .  S i g h t - s e e i n g  T r i p s  . . . . . . . . . . . . . . .  L I D 
12.  W r i t i n g  a O n e - a c t  P l a y  . . . . . . . . . . . . .  L I D 
13. G i v i n g  " F i r s t - a i d "  A s s i s t a n c e  . . . . . . . .  L I D 
14. D o i n g  R e s e a r c h  W o r k  . . . . . . . . . . . . . .  L I D 
15. C o n t i n u a l l y  C h a n g i n g  A c t i v i t i e s  . . . . . . .  L I D 
16. P r o g r e s s i v e  P e o p l e  . . . . . . . . . . . . . . .  L I D 
17.  C o n s e r v a t i v e  P e o p l e  . . . . . . . . . . . . . .  L I D 
18.  E n e r g e t i c  P e o p l e  . . . . . . . . . . . . . . . . .  L I D 
19. T h r i f t y  P e o p l e  . . . . . . . . . . . . . . . . . .  L I D 

I N S T R U C T I O N S .  H e r e  a r e  t e n  t h i n g s  you  c o u l d  do. F i r s t  r e a d  a l l  t en .  
T h e n  s e l e c t  t h r e e  t h i n g s  y o u  t h i n k  you  w o u l d  l i k e  m o s t  to  do, a n d  c i r c l e  
t h e m  in  t h e  f i r s t  c o l u m n  n e x t  to  t h e i r  n u m b e r s .  S e l e c t  t h e  t h r e e  t h i n g s  
y o u  w o u l d  l i ke  l e a s t  to  do, a n d  c i r c l e  t h e m  in  t h e  t h i r d  c o l u m n .  T h e n  
c i r c l e  t h e  r e m a i n i n g  f o u r  i t e m s  in  t h e  s e c o n d  c o l u m n  w h e r e  no  m a r k s  
h a v e  b e e n  m a d e  so  f a r .  

20 .  D e v e l o p  t h e  t h e o r y  of o p e r a t i o n  of a n e w  
m a c h i n e  ( fo r  e x a m p l e ,  a n  a u t o )  . . . . . . .  1 2 3 

21.  O p e r a t e  ( m a n i p u l a t e )  t h e  n e w  m a c h i n e . .  ° 1 2 3 
22.  D i s c o v e r  a n  i m p r o v e m e n t  i n  t h e  d e s i g n  

of  t h e  m a c h i n e  . . . . . . . . . . . . . . . . . .  1 2 3 
23.  D e t e r m i n e  t h e  c o s t  of o p e r a t i o n  

of t h e  m a c h i n e  . . . . . . . . . . . . . . . . . .  1 2 3 
24 .  S u p e r v i s e  t h e  m a n u f a c t u r e  

of  t h e  m a c h i n e  . . . . . . . . . . . . . . . . . .  1 2 3 
25 .  C r e a t e  a n e w  a r t i s t i c  e f f e c t  ( t h a t  i s ,  

i m p r o v e  t h e  b e a u t y  of t h e  m a c h i n e )  . . . . .  1 2 3 
26 .  Se l l  t h e  m a c h i n e  . . . . . . . . . . . . . . . . .  1 2 3 
27 .  P r e p a r e  t h e  a d v e r t i s i n g  f o r  t h e  

m a c h i n e  . . . . . . . . . . . . . . . . . . . . . . .  1 2 3 
28 .  T e a c h  o t h e r s  t h e  u s e  of t h e  m a c h i n e  . . . .  1 2 3 
29 .  I n t e r e s t  t h e  p u b l i c  in  t h e  m a c h i n e  

t h r o u g h  p u b l i c  a d d r e s s e s  . . . . . . . . . . .  1 2 3 
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(SVIB) 

(cont 'd) 

INSTRUCTIONS. Show he re  which of two di f ferent  kinds of work or  
ways of doing things you l ike be t te r .  If you p r e f e r  the i t e m s  on the left, 
c i r c l e  the A column;  if you p r e f e r  the i t ems  on the r ight ,  c i rc le  in the 
B column. If you l i k e b o t h t h e  s a m e  or  if you c a n ' t  decide which one you 
l ike be t te r ,  c i r c l e  in the ? column.  Work rapidly .  Make one m a r k  for 
each pa i r .  

30. Taxicab d r i v e r  . . . . . .  P o l i c e m a n  A B ? 

31. Work with few Work  with many  
deta i l s  . . . . . . . . . . . .  de ta i l s  A B ? 

32. Outs ide  work . . . . . . .  Ins ide  work A B ? 

33. Technica l  r e s p o n s i b i l i t y  Superv i so ry  r e s p o n s i -  
(in charge  of 25 people b i l i ty  (in charge  of 
doing sc ien t i f i c  o r  300 people in typica l  
t echn ica l  work) . . . . . .  b u s i n e s s  work) A B ? 
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DEMONSTRATION WATSON - GLASER CRITICAL 
THINKING A P P R A I S A L  (DWGCTA) 

TEST 1. I N F E R E N C E  

DIRECTIONS. An i n f e r e n c e  is  a conc lus ion  which a p e r s o n  d raws  f r o m  
c e r t a i n  o b s e r v e d  or  supposed facts .  In th is  t e s t  each  e x e r c i s e  beg ins  
with a s t a t e m e n t  of fac t s  which you a r e  to r e g a r d  as  t rue .  Af te r  each  
s t a t emen t  of fac t s  you will  find s e v e r a l  p o s s i b l e  i n f e r e n c e s  - that  is,  
i n f e r e n c e s  which s o m e  p e r s o n s  might  make  f r o m  the s ta ted  fac ts .  Ex-  
amine  each  in f e r ence  s epa ra t e ly ,  and make  a dec i s ion  as  to i t s  d e g r e e  
of t ru th  o r  fa l s i ty .  

In the Answer  A r e a  you wil l  f ind fo r  each  i n f e r e n c e  s p a c e s  m a r k e d  
with the l e t t e r s  T, PT,  ID, PF ,  and F. Fo r  each  i n f e r e n c e  c i r c l e  the 
p r o p e r  answer  as  fol lows:  

T - if  you think the i n f e r e n c e  is def in i te ly  t rue .  

PT - if you think the i n f e r e n c e  is  p robably  t rue ;  that  t h e r e  i s  b e t t e r  
than an even  chance  that  i t  i s  t rue .  

ID - if  you decide  that  t h e r e  a r e  insuf f ic ien t  data. 

P F  - if you think the i n f e r ence  is  p robab ly  fa l se .  

F - if  you think the i n f e r e n c e  is  def ini te ly  f a l se .  

S o m e t i m e s ,  in dec id ing  whe ther  an i n f e r e n c e  is  p robably  f a l se ,  you 
wil l  have to use  c e r t a i n  commonly  accep ted  knowledge or  i n fo rma t ion  
which p r a c t i c a l l y  eve ry  p e r s o n  knows. 

A thousand e igh th -g r ade  s tudents  r e c e n t l y  a t tended a vo lun ta ry  
w e e k - e n d  con fe rence  in a M i d w e s t e r n  city.  A t t h i s  con fe r ence  ques t ions  
of r a c e  r e l a t i o n s  a n d m e a n s  of ach iev ing  l a s t i n g w o r l d  peace  w e r e  chosen  
by the s tudents  for  d i scuss ion ,  s ince  these  w e r e  the p r o b l e m s  the s tu -  
dents  fe l t  to be mos t  v i ta l  today. 

I .  As a group,  the s tudents  who 
a t tended th is  con fe r ence  had a 
k e e n e r  i n t e r e s t  in human i t a r i an  
or  b road  soc ia l  p r o b l e m s  than 
mos t  e i g h t h - g r a d e  s tudents  have . . . T P T  ID P F  F 

2. The m a j o r i t y  of t h e s e  s tudents  w e r e  
be tween  the ages  of 17 and 18 . . . . .  T P T  ID P F  F 

3. The s tudents  c a m e  f r o m  a l l  
s ec t ions  of the country  . . . . . . . . . .  T P T  ID P F  F 

4. The  s tudents  d i s c u s s e d  only 
l abor  r e l a t i o n s  p r o b l e m s  . . . . . . . .  T P T  ID P F  F 

5. Some e igh th -g r ade  s tudents  fe l t  
that  d i s cus s ion  of r a c e  r e l a t i o n s  
and m e a n s  of ach iev ing  wor ld  
peace  might  be wor thwhi le  . . . . . . .  T P T  ID P F  F 
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TEST 2. RECOGNITION OF ASSUMPTIONS 

DIRECTIONS. An a s sumpt ion  i s  someth ing  supposed or  taken for  
granted.  When someone  s ta tes ,  " I ' l l  graduate  in June , "  he takes  for  
g ran ted  or  a s s u m e s  that he wil l  be a l ive  in June,  that  he wil l  r e m a i n  in 
school un t i l  that t ime,  that  he wil l  p a s s h i s  courses ,  and s i m i l a r  things.  

Below a r e  a n u m b e r  of s t a t emen t s .  Each s t a t emen t  i s  fol lowed by 
s e v e r a l  p roposed  a s sumpt ions .  You a r e  to decide for each a s s u m p t i o n  
whether  it n e c e s s a r i l y  is  taken for  g ran ted  in the s t a tement .  

If you think the given a s s u m p t i o n  is  taken for  g ran ted  in the s t a t e -  
ment ,  c i r c l e  the appropr i a t e  s t a t emen t .  

STATEMENT: "We need to save  t ime  in  ge t t ing  there ,  so we 'd  
be t t e r  go by p lane . "  

PROPOSED ASSUMPTIONS: 

1. Going by p lane  wil l  take l e s s  t ime  
than going by some  other  means  Assumpt ion  
of t r a n s p o r t a t i o n  . . . . . . . . . . . . . . .  Made Not Made 

2. It is  pos s ib l e  to make p lane  connec t ions  
to our  des t ina t ion  . . . . . . . . . . . . . . .  Made Not Made 

3. T r a v e l  by p lane  is more  convenien t  
than t r ave l  by t r a i n  . . . . . . . . . . . . . .  Made Not Made 

TEST 3. DEDUCTION 

DIRECTIONS. Each exe rc i s e  below cons i s t s  of two s t a t e m e n t s  (pre-  
mises )  followed by s e v e r a l  p roposed  conc lus ions .  For  the p u r p o s e s  of 
this  test ,  cons ide r  the two s t a t emen t s  in each e x e r c i s e  as t rue  without 
exception.  Read the f i r s t  conc lus ion  benea th  the s t a t e me n t s ,  and if you 
think it n e c e s s a r i l y  follows f r o m  the s t a t e m e n t s  given,  answer  by c i r c l i n g  
"CONCLUSION FOLLOWS". If y o u t h i n k i t  i s  not a n e c e s s a r y  conc lus ion  
f r o m  the given s t a t emen t s ,  then c i r c l e  "CONCLUSION DOES NOT F O L -  
LOW," even though you may be l ieve  it  to be t rue  f r o m  your  ge ne r a l  
knowledge. 

Some hol idays  a r e  ra iny .  All  r a iny  days a r e  bor ing .  The r e f o r e  - -  

Conc lus ion  
1. No c l ea r  days a re  bor ing  . . . . . . . . . .  Fol lows Does Not 

Follow 

2. Some hol idays  a re  bor ing  . . . . . . . . . .  Fol lows Does Not 
Follow 

3. Some hol idays  a r e  not bo r ing  . . . . . . .  Fol lows Does Not 
Follow 
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TEST 5. EVALUATION OF ARGUMENTS 

DIRECTIONS. In making dec i s ions  about impor t a n t  ques t ions  it  is  de-  
s i r ab l e  to be able to d i s t ingu i sh  be tween a r g u m e n t s  that  a r e  s t rong  and 
those which a re  weak in so f a r  as  the ques t ion  at i s sue  is  concerned.  

Strong a r g u m e n t s  mus t  be both impor t an t  and d i rec t ly  r e l a t e d  to 
the quest ion.  

Weak a r g u m e n t s  may not be d i r ec t ly  r e l a t ed  to the quest ion,  even 
though they may be of g rea t  gene ra l  impor tance ;  or they may be of 
m i n o r  impor tance ;  or  they may be r e l a t ed  to t r i v i a l  a spec t s  of the 
quest ion.  

Below is  a s e r i e s  of ques t ions .  Each ques t ion  is  followed by th ree  
or four a rgumen t s .  For  the purpose  of this  t es t  you a re  to r e t a r d  each 
a r g u m e n t  as  t rue .  

Answer  by c i r c l i n g  the app rop r i a t e  answer  "STRONG" or  "WEAK." 
When evaluat ing  an a rgumen t ,  judge i t  on i t s  own mer i t ;  t r y  not to let  
c o u n t e r - a r g u m e n t s  or  your  own at t i tude toward  the ques t ion  inf luence  
your  judgment .  Judge each a r g u m e n t  separa te ly .  

Should al l  young men  go to col lege?  

1. Yes; college p rov ides  an  oppor tuni ty  
for  them to l e a r n  school songs  and 
chee r s  . . . . . . . . . . . . . . . . . . . . . . . .  Strong Weak 

2. No; a la rge  p e r c e n t  of young m e n  do 
not have enough abi l i ty  or i n t e r e s t  
to de r ive  any benef i t  f rom college 
t r a i n i n g  . . . . . . . . . . . . . . . . . . . . . . . .  Strong Weak 

3. No; excess ive  s tudying p e r m a n e n t l y  
wa rps  an i nd iv idua l ' s  pe r sona l i t y  . . . . . . .  Strong Weak 
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DEMONSTRATION BASIC PROGRAMMING KNOWLEDGE TEST 

102. 

97. Ind i rec t  add re s s ing  is  p r i m a r i l y  a method of: 

1. ca lcu la t ing  
2. p r o g r a m - h a r d w a r e  communica t i on  
3. t e s t ing  core s torage  
4. data r e f e r e n c i n g  

Dur ing  the p r e l i m i n a r y  check-out  of a s y s t e m  involving s e v e r a l  
i n t eg ra t ed  p r o g r a m s ,  a p r o g r a m m e r  should: 

1. run  l ive data  through the i n t eg ra t ed  s y s t e m  to see if expected 
va lues  appear  

2. use  s imu la t ed  data  and check for end r e s u l t s  f i r s t ,  then cons ide r  
the indiv idual  p r o g r a m s  

3. use  s imu la t ed  data  and cons ide r  the indiv idual  p r o g r a m s  f i r s t ,  
then in t eg ra t e  them for end r e s u l t s  

4. u se  l ive data and check t h e i n d i v i d u a l p r o g r a m s  f i r s t ,  then check 
the whole s y s t e m  

95. Radix so r t s  a re :  

I .  bes t  su i ted  for a l a rge  amount  o fda t awi th  lengthy keys 
2. bes t  su i ted  for a s m a l l  amount  of data  with lengthy keys 
3. fast  but r e q u i r e  more  bookkeeping than other  methods  
4. bes t  sui ted for a l a rge  amount  of data  with shor t  keys .  
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DEMONSTRATION TEST O F  SEQUENTIAL INSTRUCTIONS (DTSI) 

Game  # Tota l  
Team 1 2 3 3 G a m e s  

A b e l ' s  390 420 476 1286 

B a k e r ' s  419 501 427 1347 

C h a r l e y ' s  289 394 325 1006 

In th i s  e x e r c i s e  
1A 1B 1C 

each  w o r d  has  a code 
1D 1E 2A 2B 2C 

l e t t e r  and  n u m b e r  
2D 2E 3A 

combina t ion  benea th  i t .  
3B 3C 3E 

F o r  example ,  the  w o r d  " h a s "  in the  p r e v i o u s  s en t ence  has  
3E 4A 4B 4C 4D 4E 5A 5B 5C 5D 

the  code 2A benea th  it .  In the  f i r s t  s en t ence  of th i s  
5E 6A 6B 6C 6D 6E 7A 7B 7C 7D 7E 

p a r a g r a p h ,  c i r c l e  the  code combina t ion  of the  f i r s t  o c c u r r e n c e  
8A 8B 8C 8D 8E 9A 9B 9C 9D 

of the  w o r d  "code" ;  you 
9E 10A 10B 10C 10D 

shou ld  have  c i r c l e d  2C, 
10E l l A  l l B  l l C  

thus:  ~ .  
l l D  

Now; beginning  with the  next s en t ence ,  c i r c l e  the  
12A 12B 12C 12D 12E 13A 13B 13C 

code l e t t e r s  of a l l  w o r d s  beg inn ing  with  the  l e t t e r  "w."  
13D 13E 14A 14B 14C 14D 14E 15A 15B 15C 

And a l s o ,  e v e r y  t i m e  a s en t ence  begins  wi th  any vowel  
15D 16A 16B 16C 16D 16E 17A 17B 17C 17D 

except  "a" ,  c i r c l e  i t s  code  word .  In the  m e a n t i m e  if the  
17E 18A 18B 18C 18D 18E 19A 19B 19C 19D 19E 

number  15 is  g r e a t e r  than the  number  25, c i r c l e  the  code 
20A 20B 20C 20D 20E 21A 21B 21C 21D 21E 22A 

w o r d  in the  p r e v i o u s  sen tence ;  
23A 23B 23C 23D 23E 

l e t t e r s  of the  t h i r d  
22B 22C 22D 22E 

o t h e r w i s e ,  u se  the  t h i r d  w o r d  in  th i s  s en t ence .  You may  
24A 24B 24C 24D 24E 25A 25B 25C 25D 25E 

hal t  your  s e a r c h  for  s e n t e n c e s  beginning with  "u" ,  a s  we l l  
26A 26B 26C 26D 26E 27A 27B 27C 27D 27E 

a s  " a .  t~ 

28A 28B 
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Game # 
Team 1 2 

A b e l ' s  390 420 

B a k e r ' s  419 501 

C h a r l e y ' s  I 289 I 394 

Tota l  
3 3 G a m e s  

476 1286 

427 1347 

1325 1006 

O b s e r v e  the  bowling 
30A 30B 30C 

s c o r e s  of the  t h r e e - m a n  
30D 30E 31A 31B 31C 

t e a m s  in the  box at  
31D 31E 32A 32B 32C 

the  top of the  page .  
32D 32E 33A 33B 33C 

If B a k e r ' s  t e a m ' s  t h i r d  g a m e  was  his  s e c o n d  h ighes t ,  
33D 33E 34A 34B 34C 34D 34E 35A 35B 

then c i r c l e  the  code unde r  t he  s e c o n d  o c c u r r e n c e  of the  
35C 35D 35E 36A 36B 36C 36D 36E 37A 37B 

w o r d  " the"  in th i s  p a r a g r a p h ;  o t h e r w i s e  c i r c l e  code " 3 6 C . "  
37C 37D 37E 38A 38B 38C 38D 38E 39A 

You m a y  now hal t  looking for  w o r d s  beginning  with  the  
39B 39C 39D 39E 40A 40B 40C 40D 40E 41A 

l e t t e r  "w" at  the  end of th i s  s en t ence .  And you m a y  
41B 41C 41D 41E 42A 42B 42C 42D 43A 43B 43C 

a l s o  hal t  looking for  a l l  t h o s e  vowel s ,  beginning  with the  
43D 43E 44A 44B 44C 44D 44E 45A 45B 45C 

next  s en t ence .  And f o r  your  l a s t  t a s k s ,  if A b e l ' s  t e a m  
45D 45E 46A 46B 46C 46D 46E 47A 47B 47C 

s c o r e  to ta l  was  h ighe r  than B a k e r ' s  to t a l  then c i r c l e  codes  
47D 47E 48A 48B 48C 48D 48E 49A 49B 49C 

"40A" and " 4 2 A . "  O t h e r w i s e ,  c i r c l e  "40B" and  "42B" u n l e s s  
49D 49E 50A 50B 50C 50D 50E 51A 51B 

C h a r l e y ' s  s e c o n d  l owes t  g a m e  was  l e s s  than A b e l ' s  l owes t  
51C 51D 51E 52A 52B 52C 52D 52E 53A 

g a m e ,  in which c a s e  c i r c l e  the  code u n d e r n e a t h  a l l  w o r d s  
53B 53C 53D 53E 54A 54B 54C 54D 54E 55A 

with an "n," 
55B 55C 55D 

in th is  s en t ence .  
55E 56A 56B 
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ANSWERS TO DEMONSTRATION QUESTIONS 

DPAT 

I. Numerical Series 

1. ( b )=  14 
2. (b) = 25 
3. ( d ) =  11 
4. ( e ) =  12 
5. (a)= 2 
6. ( b ) =  12 
7. (e) = I I  
8. (e)= 4 
9. ( c ) =  18 

II. Spatial Relations 

Q. 2 
R. 1 
S. 4 
T. 3 

III. Algebra 

x.  ( c ) =  18 
Y. ( d ) :  70~ 

DWGCTA 

I. Inference 

1. PT 
2. PF 
3. ID 
4. F 
5. T 

III. Conclusions 

1. Does not follow 
2. Follows 
3. Does not follow 

II. Assumptions 

I.  Assumption made 
2. Assumption made 
3. Assumption not made 

V. A r ~ m e ~ s  

I.  W e b  
2. S t r o ~  
3. W e b  

DBPKT 

DTSI 

97. Difficulty Level: Easy 
Discrimination Index: Unsatisfactory 
Answer: 4. data referencing 

102. Difficulty Level: Moderate 
Discrimination Index: Unsatisfactory 
Answer: 3. use simulated data for individual p rograms,  

then integrate resul ts  

95. Difficulty Level: Difficult 
Index: Unsatisfactory 
Answer: 2. small amount of data, lengthy keys 

i .  2C 7. 27E 13. 40C 19. 53C 
2. 18E 8. 30A 14. 41C 20. 54D 
3. 19A 9. 33D 15. 50E 21. 55C 
4. 19C 10. 34D 16. 51B 22. 55D 
5. 23A I I .  36C 17. 51D 23. 55E 
6. 24E 12. 37C 18. 52D 24. 56B 
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STRONG VOCATIONAL INTEREST BLANK* 

INTERESTS OF PROGRAMMERS BY PERCENTAGES 

l ,  
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

i0, 
I i ,  
12 
13 

"14 
15, 
16 
17 
18 
19 

L ike  Ind i f fe ren t  D i s l i ke  

A r c h i t e c t  72 21 7 
A v i a t o r  67 21 12 
Co l l ege  P r o f e s s o r  62 26 12 
E x p l o r e r  67 20 13 
F o r e i g n  C o r r e s p o n d e n t  55 27 18 
A l g e b r a  90 8 3 
M a t h e m a t i c s  90 8 3 
O b s e r v i n g  B i r d s  22 37 41 
Solving Mechan ica l  P u z z l e s  63 29 9 
P i c n i c s  71 25 4 
E x c u r s i o n s  71 25 4 
Vaudev i l l e  44 39 t 7 
Giving F i r s t  Aid  22 51 27 
Doing R e s e a r c h  W o r k  70 23 7 
Cont inua l ly  Changing 62 29 9 
P r o g r e s s i v e  P e o p l e  41 42 17 
C o n s e r v a t i v e  Peop le  84 15 1 
E n e r g e t i c  Peop l e  14 48 38 
Thr i f ty  Peop le  45 44 11 

L ike  Ind i f fe ren t  D i s l i ke  

20. Develop  the  Machine  63 26 11 
21. O p e r a t e  the  Machine  27 43 30 
22. I m p r o v e  the  Machine  64 32 3 
26. Sel l  the  Machine  8 27 65 
28. T e a c h  Use of the  Machine  46 42 12 

A B P r e f e r  A Ind i f fe ren t  P r e f e r  B 

30. Chauffeur  - Chef 37 19 44 
31. Few De ta i l s  - Many De t a i l s  18 27 55 
32. Outs ide  W o r k  - I n s i d e  Work  29 33 38 
33. Techn ica l  - S u p e r v i s o r y  65 16 19 

*Sec RM 4033-PR, March 1964, Computer Personnel Research Group Prediction Study, by Reinstedt, 
et al, Rand Corp., pp. 43ff. 
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