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The  purpose of this close look at  a group of mult iple-choice 
questions is to dispel a myth:  the my th  of the multiple-  
choice quest ion as a superficial exerc i se - -one  tha t  requires 
little thought,  less insight, and no unders tanding.  Like 
other myths,  this one may be based on a shadowy memory  
of the past, but  it bears little re la t ion to present  reality. 
"Wha t  is often overlooked . . . .  " writes Je rome  Bruner  in 
The Process of Education, "is tha t  examinat ions  can also 
be allies in the batt le  to improve curr icula  and teaching. 
Whe the r  an examinat ion  is of the 'objective'  type involving 
mult iple  choices or of the essay type, it can be devised so 
as to emphasize  an  unders tand ing  of the broad principles 
of a subject. Indeed,  even when one examines detailed 
knowledge, it can be done in such a way as to require 
unders tand ing  by the s tudent  of the connectedness between 
specific facts." 

Educa t iona l  test ing in its present  form and prevalence 
is a response to the needs of con tempora ry  Amer ican  edu- 
cation. Tests  of scholastic apt i tude  and achievement  seek 
to measure  cer ta in  abilities tha t  educators  want  evaluated. 
At Educa t iona l  Tes t ing  Service, this measu remen t  is accom- 
plished by leaving to the educators  the responsibil i ty for 
de termining the objectives of each test and by in t imate ly  
involving them in the actual  construct ion of test  questions. 
The  great  major i ty  of tests published by E T S  are prepared  
by committees of school and college teachers.  The  com- 
mit tees are selected to represent  different institutions, 
regions, and points of view, as well as the breadth  and 
depth of scholarship needed to prepare  a test in a particu- 
lar s~ubject. In  a typical  year,  over 500 individuals serve 
on such committees.  

If a test is to have relevance to education,  a test com- 
mittee, before writ ing a single question, must  consider the 
goals of ins t ruct ion tha t  are most  impor tan t  to measure.  
Most  often this step results in the p repara t ion  of a wri t ten 
s ta tement  or outl ine of what  is to be tested. Wi thou t  such 
fore thought  a test may  measure  very precisely some very 
un impor t an t  things. If tests are to be educat ional ly  useful, 
the test questions must  demand more from the s tudent  than  
rote recall. The  prepara t ion  of wri t ten  test specifications 
gives each commit tee  the oppor tun i ty  to identify the knowl- 
edge and  the skills tha t  ought  to be measured  by the test  
questions, and to lay specific plans for the prepara t ion  of 
such questions. 

The  actual  creat ion of the test questions is itself a 
crucial, a rduous  process. I t  is crucial  because the loftiest 
of objectives are meaningless  if the questions in a test do 
not require the s tudents  taking the test  to demonst ra te  
a t t a inmen t  of those objectives. I t  is a rduous  because of the 
several impor tan t  steps tha t  must  be successfully com- 
pleted in the writ ing of the questions. 

First, it is essential  tha t  the au thor  of a test quest ion 
identify and define the skill or knowledge he wishes to 
measure.  He must  satisfy himself  that ,  among the many  
questions tha t  may  be asked, a par t icu lar  quest ion is worth 
asking. Next,  he must  devise a way of asking the quest ion 

tha t  will insure tha t  the correct  answer  is not  identified 
in some superficial manner .  As may  be ap p a ren t  in the 
examples which follow, this considerat ion requires preci- 
sion and ar t is t ry  in the wri t ing of test questions. A well 
conceived and const ructed mult iple-choice quest ion should 
require  a s tudent  to select, weigh, and apply  what  he knows 
in order  to answer the quest ion correctly. 

Also, the au thor  of the quest ion must  word the quest ion 
and  the answer choices so tha t  those who indeed know 
what  is being asked can answer  correct ly and  those who 
are less knowing will, in effect, be defeated by their  own 
ignorance. The  ar t  of wri t ing a mult iple-choice quest ion 
requires, of course, a knowledge of the subject  and  a 
knowledge of how the subject  is t aught  at  the educat ional  
level for which the quest ion is intended. Moreover ,  the 
wri ter  of the question should be famil iar  not  only with 
what  s tudents  ought  to have learned,  but also with what  
they ought  not to have learned.  T h a t  is, he should be able 
to construct  each quest ion in such a way tha t  s tudents  who 
have mis informat ion or misconcept ions will be differen- 
t ia ted from those who are knowledgeable.  T h e n  each an- 
swer choice in a mult iple-choice question will contr ibute  to 
differentiat ing between competen t  and less - than-competent  
students.  Statist ical  analyses  of the sample questions tha t  
follow will show how this different iat ing power of a ques- 
tion depends on the extent  to which the wrong answers 
a t t rac t  the less competen t  students.  Questions can dis- 
cr iminate  at different levels of ability. In  effect, a quest ion 's  
difficulty and discr iminat ing power depend on the sophisti- 
cation required to dist inguish among the answer  choices. 

To create  questions tha t  are important ,  appropr ia te ,  ac- 
curate,  and discr iminat ing requires the imaginat ive  efforts 
of well- trained,  exper ienced individuals working in concert. 
Typical ly ,  a test commit tee  assumes responsibi l i ty not  only 
for p lanning a test but  for wri t ing and reviewing the test 
questions as well. Usual ly  each commit tee  member  writes 
a cer ta in  number  of questions and reviews those submit ted  
by his colleagues. An E T S  test  development  specialist  
assists the commit tee in p lanning  the questions, offers ad- 
vice on the construct ion of the questions, and  reviews the 
questions as a technical  editor. Final ly,  the commit tee  
selects from among all the questions wri t ten  those tha t  it 
deems of sufficiently high qual i ty  to use in its test. 

After  passing the test of exper t  judgment ,  questions must  
then  pass a second t e s t - - t h e  test  of use. Is the quest ion 
e a s y - - p e r h a p s  too e a s y - - o r  d i f f icul t - -maybe too difficult? 
Does it differentiate between able and less able s tudents?  
Is it clear and unambiguous?  Even  the most  competen t  
teachers and scholars m a y  occasionally misjudge such 
matters .  If  a test is to provide reliable measurement ,  pos- 
sible sources of error  are best identified and  e l iminated in 
advance. Therefore ,  whenever  feasible, questions are tr ied 
out exper imenta l ly  before inclusion in a test. F rom such 
"pretes t ing"  considerable informat ion  of value is derived. 
Each  question in this booklet  is followed by a stat ist ical  
analysis  that  summarizes  the kind of in format ion  obtained 



about  the pe r fo rmance  ot those s tudents  tested with the 
quest ion before its actual  use in a test as well as af ter  its 
actual  use. 

The  difficulty of each quest ion m a y  be readi ly  deter- 
mined. Difficulty is represented by the percentage  of stu- 
dents who answer  a quest ion correct ly;  the higher  the 
percentage  correct,  the easier the question. Similar ly,  the 
a t t ract iveness  of each answer choice m a y  be de te rmined  by 
the n u m b e r  of s tudents  who select it. 

The  power of a quest ion to differentiate among  s tudents  
of different academic  abilities is a more  complex mat ter .  To 
de te rmine  this, it is necessary to have for each s tudent  a 
measure  of the abi l i ty  tha t  is being tested by the question; 
this measure  serves as a criterion. As circular  as it m a y  at 
first seem, one such readi ly  available cr i ter ion is the stu- 
dent 's  score on the total  test of which the question is a 
part.  The  val idi ty  of such a technique has been confirmed 
by compar ing  the results of analysis  against  an in ternal  
cr i ter ion with those obtained with a less readi ly  available 
independent  criterion. In  essence, a l though a commit tee  of 
experts  m a y  err  in the formula t ion  of a par t i cu la r  question, 
we m a y  assume tha t  its j udgmen t  of what  const i tutes 
achievement  in an area  is genera l ly  valid. Hence  the rela- 
tion between s tudents '  success on a quest ion and success 
on the entire test  of which the quest ion is a par t  is an 
appropr ia te  measure  of the power of the quest ion to dis- 
c r iminate  be tween more  able and less able students.  

But  since much  of the power of a mul t ip le-choice  ques- 
tion depends on the na ture  of the answer  choices, obtaining 
measures  solely of the quest ion 's  over-all  pe r fo rmance  is 
not sufficient. If  the s t rengths  and weaknesses  of a question 
are to be diagnosed,  knowledge of the pe r fo rmance  of each 
of its s trategic par ts  mus t  also be obtained. Therefore ,  for 
each quest ion an analysis  is made  of the abi l i ty  of the 
group of s tudents  selecting each answer  choice. I t  seems 
reasonable  to expect  that,  in general,  those who are more  
able should select the correct response to a quest ion and 
that,  in general,  those who are less able should more  fre- 
quent ly  find wrong answers  attractive.  To ana lyze  the per- 
formance  of each question, s tudents  m a y  be divided (as 
i l lustrated in the following pages) into equal  fifths based 
on their  pe r fo rmance  on a re levant  c r i t e r i on - -u sua l l y  total  
test score. W h e n  the answer  choices in a quest ion are effec- 
tive, more  s tudents  in the highest  fifth t han  in the lowest 
fifth will select the correct  response, and  more  in the lowest 
fifth than  in the highest  fifth will select the wrong answers.  
Also, the n u m b e r  of s tudents  selecting the correct  response 
will genera l ly  increase in each higher  fifth, while the num- 
ber choosing the wrong responses will increase in each 
lower fifth. I n f o r m a t i o n  of this kind m a y  be used by a test 
commit tee  to select for its test only those quest ions which 
have proven to d iscr iminate  appropr ia te ly ,  or which, given 
the informat ion,  m a y  be revised to make  them sufficiently 
discr iminat ing.  The  questions appear ing  in this booklet  
have all passed through such a screening. 

Despi te  all these precautions,  not  every quest ion pre- 
pared  by the methods  descr ibed ' tu rns  out to be a good one. 
Even  af ter  the most  careful  scrut iny  of an exper t  com- 
mit tee  as well as a pa ins taking  exper imenta l  screening, 
some do not measu re  adequa te ly  an i m p o r t a n t  ins t ruct ional  
goal, and some m a y  contain  errors of fact or  in terpre ta t ion.  
These,  however,  are the rare  exceptions. 

The  quest ions which appea r  on the following pages have 
been taken f rom a var ie ty  of tests const ructed  by Educa-  

t ional  Tes t ing  Service. M a n y  similar  questions are now in 
use. Those  presented  here  are as they  appea red  in the 
original  tests, with the directions,  when given, as they  were 
given to the students.  Each  quest ion is followed by a statis- 
tical analysis  of its pe r fo rmance  and by a brief  discussion 
of the thought  processes involved in formula t ing  the ques- 
t ion and in arriving at the correct  answer. 

S tudy  of this representa t ive  sample  of mul t ip le-choice  
quest ions should lead to a c learer  under s t and ing  of their  
potential i t ies,  and should help to dispel the m y t h  tha t  
"object ive"  tests require  no thought ,  insight, or under-  
s tanding.  

Quest ion  I 

The  shad ing  on the  above m a p  is used to ind ica te  

(A) p o p u l a t i o n  dens i ty  

(B) percentage  of  to ta l  labor force in agr icu l ture  

(C) per c a p i t a  i n c o m e  

(D) death  rate per t h o u s a n d  o f  p o p u l a t i o n  

Statistical Analysis 

RESPONSES 

Omit 
*A 
B 
C 
D 

Total 

LOWEST 
FIFTH 

1 
45 
6 
6 
2 

60 

Students Classified by Total Test Score 
NEXT NEXT 

LOWEST MIDDLE HIGHEST HIGHEST 

FIFTH FILTH FIFTH FIFTH 

52 53 58 58 
1 2 1 1 
5 1 1 
2 4 1 

60 60 60 60 

P e r  c e n t  o f  t o t a l  g r o u p  o f  3 0 0  s t u d e n t s  a n s w e r i n g  c o r r e c t l y  . . . . . . . . . .  8 9 %  

C o r r e l a t i o n  b e t w e e n  s u c c e s s  o n  t h i s  q u e s t i o n  a n d  t o t a l  s c o r e  o n  t e s t  .47  

. . . . .  L ,, , 

* C o r r e c t  a n s w e r  

In  m a n y  of the mul t ip le-choice  quest ions included in tests  
in the social sciences, an  a t t e m p t  is made  to require the 
s tudent  to make  use of his general  background  of knowl-  
edge in the in te rp re ta t ion  of mater ia ls .  Thus ,  this quest ion  
does not s imply  ask: W h a t  areas  of the world have the 
highest  popula t ion  densi t ies? Ra ther ,  it presents  a novel 
s i tuat ion in which the s tuden t  mus t  infer that ,  of the 
choices offered, only popula t ion  densi ty  provides a plausible  
exp lana t ion  of the shadings on the map.  



This quest ion was answered correct ly by almost  90 per 
cent of a group of college seniors. However,  a l though large 
numbers  of lower abil i ty students were successful on it, the 
question did differentiate between some of the very poorest 
s tudents  and the rest of those tested. 

An examinat ion  of the map clearly shows tha t  choice 
(A), populat ion density, is the proper  response. The  dark- 
est shading, which according to the map 's  legend indicates 
the highest  degree of whatever  the shading represents,  
covers such high populat ion density areas as the north- 
eas tern  par t  of the Uni ted States, a large pa r t  of Europe,  
the Nile valley, India,  Japan ,  and Eas t e rn  China. If this 
were not a sufficient clue, the areas with the ]ightest shad- 
ing include such underpopula ted  areas as the Arctic 
regions, tropical  South America, the Sahara  and Arabian  
deserts, and most  of Australia.  

Choice (B),  the percentage of total  labor force in agri- 
culture, while possibly at t ract ive if only India  and China 
are examined, is clearly incorrect  when applied to the 
Nor theas te rn  Uni ted  States. This  choice was taken  by 10 
per cent of the least  able group, but was not  a t t ract ive to 
any of the other  groups. 

Choice (C), per capi ta  income, a t t rac ted  modera te ly  
those in the lowest two-fifths of the group. Per  capita 
income could be plausible only if the s tudent ' s  analysis of 
the map  took in solely the dark shading in the Uni ted 
States and Wes te rn  Europe,  and even there it is not 
ent irely correct, but the dark shading in China and India  
could cer ta inly not indicate high per capita income. The  
reverse observat ion is t rue of choice (D), death rate per 
thousand of populat ion,  since the la t ter  might  be expected 
to be high for India  and China, but low for the Uni ted 
States and Europe.  Only nine students  selected this choice. 

Quest ion 2 
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The graph above represents  the  pol i t i ca l  c o m p o s i t i o n  from 
1922 to 1955 of which of the  following? 

(A) German  Bundes tag  

(B) French  Nat ional  Assembly 

(C) I t a l i an  C h a m b e r  of Deputies 

(D) Bri t ish House of Commons  

Statistical Analysis 

RESPONSES 

Omit 
A 
B 
C 

*D 
Total 

S t u d e n t s  C l a s s i f i e d  b y  T o t a l  T e s t  S c o r e  
.. 

NEXT 
HIGHEST 

F I F T H  

2 
4 

11 
5 

38 
60 

NEXT 
LOWEST LOWEST MIDDLE 

FIFTH F I F T H  F I F T H  

8 1 3 
5 4 5 

25 28 14 
6 5 6 

16 22 32 
60 60 60 

H I G H E S T  
F I F T H  

2 
3 
6 

49 
60 

P e r  c e n t  o f  t o t a l  g r o u p  o f  3 0 0  s t u d e n t s  a n s w e r i n g  c o r r e c t l y  . . . . . . . . . . .  5 2  % 

C o r r e l a t i o n  b e t w e e n  s u c c e s s  o n  t h i s  q u e s t i o n  a n d  t o t a l  s c o r e  o n  t e s t  . . . .  4 9  

* C o r r e c t  a n s w e r  

To answer this question correctly,  the s tudent  mus t  be able 
to do several things. First, he must  be able to read the 
graph. Then,  using the informat ion  he can infer from it, he 
must  in te rpre t  it in the l ight of his knowledge of E u r o p e a n  
his tory and government  from 1922 to 1955 and draw a con- 
clusion concerning which legislative body may  proper ly  be 
so depicted. In  such a process, it is possible for different 
s tudents  to make use of different informat ion  to arr ive at  
the correct  answer. 

In  examining the graph, the s tudent  should note tha t  the 
pa r ty  system shown is essent ial ly  a two-par ty  one, a l though 
there  is a third par ty  that,  for most  of the period shown, 
decreased in representat ion.  He  may  also note the years  in 
which elections were held, the years  tha t  P a r t y  A received 
majorit ies,  the fact tha t  P a r t y  B did not receive a major i ty  
unt i l  1945, and the fact tha t  in the elections of 1923 and 
1929 nei ther  par ty  received a majori ty .  

In  considering the first of the four possible answers, 
the German  Bundestag,  the s tudent  should recognize tha t  
dur ing the period through 1932, tha t  of the We imar  Repub-  
lic, no single par ty  in G e r m a n y  was able to a t ta in  a 
major i ty ,  par t ly  because of the mult ipl ic i ty  of parties. After  
Hi t ler  came to power in 1933, part ies  other  than  the Nazi  
P a r t y  were outlawed. These  facts do not fit the graph,  as 
most  of the students  recognized. 

The  second possible answer, the French  Nat iona l  Assem- 
bly, contained far more than  three part ies both before and  
af ter  World  War  II.  In  spite of this, many  students,  espe- 
cially those in the lowest two-fifths, found this choice 
attractive.  Only three of the highest  group selected it, 
however. The  I ta l ian  Chamber  of Deput ies  should also be 
rejected as a possible answer because, af ter  Mussolini  came 
to power in 1924, it became less and less impor tan t  until,  
in 1938, it was superseded by a Chamber  of Fasci  and Cor- 
porat ions and political part ies  were suppressed. This  choice 
a t t rac ted  only five or six s tudents  in each of the fifths. 

Over half  of the group of college s tudents  who a t t empted  
this question selected the correct  response, the Bri t ish 
House of Commons. P a r t y  A, on the graph, corresponds to 
the Conservative Par ty ,  P a r t y  B to the Labor  Par ty ,  and 
P a r t y  C to the Liberal  Par ty .  The  large Conservat ive 
majori t ies  of 1924 and 1931 are clearly shown, as is the 
a t t a inmen t  of a major i ty  by the Labori tes  in 1945. 



Q u e s t i o n  3 

" I n  a f l a sh  it  c a m e  u p o n  m e  t h a t  t h e r e  w a s  t h e  r e a s o n  for 
a d v a n c i n g  p o v e r t y  w i t h  a d v a n c i n g  w e a l t h .  W i t h  t h e  g r o w t h  
o f  p o p u l a t i o n ,  l a n d  g r o w s  in  v a l u e ,  a n d  t h e  m e n  w h o  w o r k  
i t  m u s t  p a y  m o r e  for t h e  p r i v i l e g e .  I n  a l l o w i n g  o n e  m a n  to  
o w n  t h e  l a n d  o n  w h i c h  a n d  f r o m  w h i c h  o t h e r  m e n  l ive ,  w e  
h a v e  m a d e  t h e m  h i s  b o n d s m e n  in  a d e g r e e  w h i c h  i n c r e a s e s  
as m a t e r i a l  p r o g r e s s  g o e s  o n .  T h i s  is  t h e  s u b t l e  a l c h e m y  
t h a t  in  w a y s  t h e y  do  n o t  r e a l i z e  is  e x t r a c t i n g  f r o m  t h e  
m a s s e s  in  every  c i v i l i z e d  c o u n t r y  t h e  f r u i t s  o f  t h e i r  w e a r y  
t o i l . "  

T h e  p e r s o n  m o s t  l i k e l y  to  h a v e  w r i t t e n  t h e s e  w o r d s  is  

(A) J o h n  J a c o b  A s t o r  

(B)  W i l l i a m  J e n n i n g s  B r y a n  

(C) T h o r s t e i n  V e b l e n  

(D) L i n c o l n  S t e f f e n s  

(E) H e n r y  G e o r g e  

Statistical Analysis 

R E S P O N S E S  

Omit 

D 
*E 

Total 

L O W E S T  

F I F T H  

32 
5 

15 
7 
8 
6 

73 

Students Classified by Total Test Score 
N E X T  N E X T  

L O W E S T  I~[IDDLE H I G H E S T  H I G H E S T  

F I F T H  F I F T H  F I F T H  F I F T H  

22 15 16 4 
6 2 1 

13 22 10 9 , 

10 13 12 16 
8 9 8 4 

15 13 27 41 
74 74 74 74 

Per cent of total group of 369 students answering correctly . . . . . . . . . .  28 % 
Correlation between success on this question and total score on test . . .  47 

(Discrepancies in total numbers in each fifth are caused by drop-out of 
students not completing the test.) 

*Correct answer 

This  quest ion presents  the s tudent  with a quota t ion  and 
asks h im to ident i fy  the person most  l ikely to have made  
the s ta tement .  Note  tha t  the s tudent  is not  asked to, or 
expected to, recognize the s t a t emen t  f rom memory .  Ins tead,  
he is expected to read the excerpt  carefully,  to evaluate  
it in t e rms  of his knowledge and unde r s t and ing  of Ameri-  
can intel lectual  history,  and then  to select f rom the five 
names  l isted the person to whom the s t a t emen t  might  most  
reasonably  be a t t r ibuted.  

Some interes t ing results m a y  be seen by examining the 
statistics obta ined when the quest ion was adminis te red  in 
a college-level Amer ican  his tory test  to a group of very 
able high school seniors. Because the quest ion was a diffi- 
cult one for the group, m a n y  s tudents  chose not to answer  
it at  all r a ther  than  risk being penal ized  for an incorrect  
guess. This  he lped  to differentiate be tween the able stu- 
dents  and the less able ones. Whereas  32 of the s tudents  in 
the lowest fifth omit ted  the question, only four of the 
s tudents  in the top fifth did so. 

Choice (A) served to a t t rac t  only a few of the less able 
students.  None  of the top group thought  tha t  the s t a t ement  
could have been made  by J o h n  Jacob  Astor. An entre-  
p reneur  of the ear ly  n ine teenth  cen tu ry  who built  up  a 
vast  fur t rad ing  empire  in the Pacific Nor thwest ,  Astor  
would most  l ikely be associated with the opening up of the 

Oregon country.  In  this huge, unse t t led  region where  land 
was then  readi ly  available,  he would ha rd ly  have been con- 
cerned with the par t i cu la r  economic problem discussed in 
the quotation.  Moreover ,  anyone  who recognizes the name  
has no reason to associate it with reform. 

Choice (B) is a more  sophis t icated wrong answer  than  
is (A). The  s tudents  who selected Wil l iam Jenn ings  B r y a n  
as the probable  au thor  of the passage were undoub ted ly  
aware  of Bryan ' s  r epu ta t ion  as "The  Grea t  C o m m o n e r " - -  
the self-styled defender  of the people against  the "dic ta tor-  
ship" of Wal l  Street ,  the i r  champion  in the campa ign  for 
free coinage of silver. Al though the last  sentence of the 
quota t ion  might  be s l ight ly reminiscent  of B r y a n ' s  style, 
the par t icu la r  ideas are not  those exploi ted by an orator  
who made  free silver a "cause  c~l~bre." This  answer,  while 
a t t rac t ive  to some of the s tudents  in the lower two-fifths, 
was most  popula r  with those in the middle  fifth. This  m a y  
be par t ly  explained by its greater  sophist icat ion,  but  the 
fact tha t  most  of the lower group had a l r eady  chosen to 
omit  the quest ion p robab ly  accounts  for the fai lure of tha t  
group to choose (B).  

Choice (C), Thor s t e in  Veblen, served to separa te  the 
bet ter  s tudents  f rom the very best. Few of the poores t  stu- 
dents  chose Veblen, pa r t l y  because of the reasons men-  
t ioned above, and possibly also because they  m a y  not  have 
been famil iar  with Veblen. The  br ighter  s tudents  m a y  have 
been more  famil iar  with his name  and ideas or at  least  
with the fact tha t  he was a critic of the Amer i can  economic 
sys tem at the tu rn  of the century.  T h e y  did not  know 
enough, however, to realize tha t  Veblen was not  concerned 
with the monopoly  of l and  as a cause of poverty.  

Very  few of the top group were a t t r ac ted  to choice (D),  
Lincoln Steffens. Concerned  p r imar i ly  with the problems 
of the cities, Steffens is pe rhaps  best known for his expos- 
ure of munic ipa l  corrupt ion.  

H e n r y  George, the correct  response,  was selected by over 
half  of those in the highest  fifth, but  only six of the lowest 
group chose this correct  answer.  Al together  only 28 p e r  
cent of the total  group could answer  the quest ion correctly,  
for a thoughtfu l  unde r s t and ing  of the ideas of H e n r y  
George was required.  T h e  s t a t emen t  did not  conta in  any  
of the catchwords usua l ly  superficial ly connected with 
George, such as "single tax"  or "unea rned  inc rement . "  

Q u e s t i o n  4 

I n  t h e  f o l l o w i n g  q u e s t i o n s  y o u  are  a s k e d  to  m a k e  i n f e r e n c e s  
f r o m  t h e  d a t a  w h i c h  are  g i v e n  y o u  o n  t h e  m a p  o f  t h e  i m a g -  
i n a r y  c o u n t r y ,  S e r e n d i p .  T h e  a n s w e r s  in  m o s t  i n s t a n c e s  
m u s t  be  p r o b a b i l i t i e s  r a t h e r  t h a n  c e r t a i n t i e s .  T h e  r e l a t i v e  
s i z e  o f  t o w n s  a n d  c i t i e s  is  n o t  s h o w n .  To  a s s i s t  y o u  in  t h e  
l o c a t i o n  o f  t h e  p l a c e s  m e n t i o n e d  in  t h e  q u e s t i o n s ,  t h e  m a p  
is  d i v i d e d  i n t o  s q u a r e s  l e t t e r e d  v e r t i c a l l y  f r o m  A t o  E a n d  
n u m b e r e d  h o r i z o n t a l l y  f r o l n  1 to  5. 
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T h e  ques t ion  r e p r o d u c e d  benea th  the  m a p  requi res  
knowledge  of the n a t u r a l  resources  used in p roduc ing  steel 
and  an  awareness  of the  i m p o r t a n c e  of t r a n s p o r t a t i o n  facili- 
ties in br inging these  resources  together .  I t  was p a r t  of a 
genera l  a ch i evemen t  test  given to high school seniors.  

T h e  s tuden t  who knows t ha t  i ron is the  basic raw mate -  
r ial  of steel and  tha t  coal  c o m m o n l y  provides  the  necessa ry  
source  of hea t  would  p roceed  to locate  deposi ts  of these  
resources  in re la t ion  to the  cities l isted in the  quest ion.  
H e  would  be able to e l imina te  Cot immedia te ly ,  s ince the re  
is no i ron or coal in its vicini ty,  a l t hough  Cot m igh t  be an  
a t t r ac t ive  choice to s tuden t s  who m i s t a k e n l y  th ink  tha t  
copper  is a basic i ng red ien t  of steel. Both  Li a n d  D u b e  are  
loca ted  r ea sonab ly  n e a r  suppl ies  of iron, a n d  the re fo re  
migh t  be a t t rac t ive  choices. Um,  however ,  is the  m o r e  
c lear ly  " co r r ec t "  response,  because  not  on ly  a re  deposi ts  
of i ron and  coal nea rby ,  bu t  t hey  are  more  r ead i ly  t rans-  
por tab le  by direct  r a i l road  routes.  

Q u e s t i o n  5 

W h i c h  o f  t h e  f o l l o w i n g  c i t i e s  w o u l d  be  t h e  b e s t  l o c a t i o n  for 
a s t e e l  m i l l ?  

(A) Li (3A) 

(B) U m  (3B) 

(C) Cot (3D) 

(D) D u b e  (4B) 

Statistical Analysis 

Students Classified by Total Test Score 
LOWEST 

27% RESPONSES 

Omit 8 

A 10 2 
*B 40 84 
C 4 1 
D 9 6 

[. Total 71 93 

HIGHEST 

2 7 %  

Per cent of total group of 370 students answering correctly . . . . . . . . . .  75 % 
Correlation between success on this question and total score on test . . . .  43 

(A somewhat different form of analysis was used for this test. Discrepancies 
in total numbers in each group are caused by drop-out of students not com- 
pleting the test.) 

*Correct answer 

A m a p  of an  i m a g i n a r y  count ry ,  such as t ha t  shown above, 
offers n u m e r o u s  possibilities for quest ions  which m e a s u r e  
i m p o r t a n t  unders tand ings•  One could ask several  quest ions  
requi r ing  an  u n d e r s t a n d i n g  of the symbols  used on the 
map.  To  d e t e r m i n e  s tuden t  c o m p r e h e n s i o n  of the m e a n i n g  
of con tour  lines, for example ,  one migh t  ask which ra i l road  
has the s teepes t  grades  to climb. S imi la r  ques t ions  can be 
developed which  requi re  knowledge  of the factors  influenc- 
ing popu la t ion  dis t r ibut ion,  economic  activi t ies and  so on. 

In  wh ich  of  t h e  f o l l o w i n g  c e n t u r i e s  was  t h e  p i e c e  o f  s c u l p -  
t u r e  s h o w n  a b o v e  m o s t  p r o b a b l y  p r o d u c e d ?  

(A) T h e  f i f th  c e n t u r y  B.C. 

(B) T h e  f o u r t e e n t h  c e n t u r y  A.D. 

(C) The  s i x t e e n t h  c e n t u r y  A.D. 

(D) T h e  e i g h t e e n t h  c e n t u r y  A.D. 

(E) T h e  t w e n t i e t h  c e n t u r y  A.D. 



Statistical Analysis 

R E S P O N S E S  

Omit 
A 
B 
C 
D 

*E 
Total 

L O W E S T  

F I F T H  ,, 

16 
6 
9 
8 
5 

27 
71 

Students Classified by Total Test Score 
N E X T  N E X T  

LOWEST M I D D L E  H I G H E S T  H I G H E S T  

F I F T H  F I F T H  F I F T H  F I F T H  

9 10 5 3 
7 9 7 6 
8 1 5 
6 5 3 
3 5 2 3 

41 . 44 52 62 
74 i 74 74 74 

Per cent of total group of 370 students answering correctly . . . . . . . . . .  62 % 
Correlation between success on this question and total score on 

humanities section of test . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  40 

(Discrepancies in total numbers in each fifth are caused by drop-out of 
students not completing the test.) 

*Correct answer 

Th i s  ques t i on  on a r t  a p p e a r e d  in a tes t  of gene ra l  back-  
g r o u n d  given to col lege seniors  a n d  g r a d u a t e  s tuden t s .  To  
a n s w e r  the  ques t ion ,  the  s t u d e n t  m u s t  a p p l y  his  k n o w l e d g e  
of the  c h a r a c t e r i s t i c s  of va r ious  pe r iods  in the  h i s t o r y  of 
s c u l p t u r e  in o r d e r  to p lace  the  s t a t ue  w i th in  its p r o p e r  
per iod.  

T h e  s t a t u e  can  be ident i f ied  i m m e d i a t e l y  as a p r o d u c t  
of w e s t e r n  c iv i l iza t ion  because  of its sub j ec t  m a t t e r  a n d  
design.  T h e  s c u l p t u r e  mos t  c o m m o n l y  a s soc ia t ed  wi th  
w e s t e r n  a r t  in the  fifth c e n t u r y  B.C. is t h a t  done  in Greece .  
D u r i n g  t h a t  pe r iod  Greek  s c u l p t u r e  showed  its c h a r a c t e r -  
istic i dea l i za t ion  of the  h u m a n  figure. I f  the  s t u d e n t  con- 
t ras t s  a w e l l - k n o w n  s t a tue  f rom t h a t  per iod ,  such  as 
M y r o n ' s  " D i s c o b o l u s "  ( " T h e  Discus  T h r o w e r " )  wi th  the  
s t a tue  in the  p ic tu re ,  he  can  eas i ly  d i scover  t h a t  the  t r ea t -  
m e n t  a c c o r d e d  the  two figures is no t  the  same.  T h e  f igure 
of the  w o m a n  p i c t u r e d  is no t  ideal ized,  a n d  a l t h o u g h  the  
f ron ta l  pose is found  in Greek  scu lp tu re ,  a t u r n e d  h e a d  on 
the  f igure is not.  T h e r e f o r e ,  choice  (A) can  h a r d l y  be 
correct .  

I n  some coun t r i e s  scu lp to rs  of the  f o u r t e e n t h  c e n t u r y  
A.D. b e g a n  to c r e a t e  s t a tues  for use  in p a l a c e s ,  chapels ,  
a n d  tombs  of p r iva t e  ind iv iduals ,  bu t  t he i r  work  r e t a i n e d  
the  qua l i t i e s  of the  r e p r e s e n t a t i o n s  of sa in t s  found  in the  
G o t h i c  c a t h e d r a l s  of E u r o p e .  S t a t u e s  of m e n  a n d  w o m e n  
assoc ia t ed  wi th  C h r i s t i a n  h i s t o ry  were  also used  as archi -  
t e c t u r a l  decora t ions .  I n  the  f o u r t e e n t h  c e n t u r y  p r o b a b l y  
on ly  E v e  wou ld  have  b e e n  c a r v e d  as a n u d e  f ema le  figure, 
a n d  she wou ld  c e r t a i n l y  have  been  p o r t r a y e d  in a m o r e  
m o d e s t  pose  a n d  wi th  a fig leaf.  A l though ,  l ike the  f igure 
of the  w o m a n  p ic tu red ,  the  f igures of this  pe r iod  of Chris-  
t i an  a r t  a r e  no t  idea l ized ,  the  s t a t u e  of the  w o m a n  d i sp lays  
none  of the  o t h e r  cha rac t e r i s t i c s  of m e d i e v a l  ar t ,  a n d  
choice (B)  c an  be e l imina ted .  

T h e  f i f t een th  c e n t u r y  saw the  beg inn ings  of the  I t a l i a n  
R e n a i s s a n c e ,  a n d  by  the  s ix t een th  c e n t u r y  scu lp to r s  were  
aga in  p r e s e n t i n g  idea l i za t ions  of the  h u m a n  figure, mos t  
o f ten  in a C h r i s t i a n  r a t h e r  t h a n  c lass ical  context .  T h e  
s t a tue  p i c t u r e d  above  shows none  of t he  hero ic  c h a r a c t e r  
t h a t  is f ound  in the  works  of M i c h e l a n g e l o  a n d  none  of the  
e x a g g e r a t e d  s t y l i z a t i on  t h a t  a p p e a r e d  in the  works  of his  
fol lowers.  T h u s ,  choice  (C) c a n  be r e g a r d e d  as i naccu ra t e .  

E a r l y  in t he  e i g h t e e n t h  c e n t u r y  s cu lp to r s  f r e q u e n t l y  dis- 
p l a y e d  a se l f -consc ious  coy f e m i n i n i t y  in the i r  f ema le  

nudes ,  bu t  by the  end  of t h a t  c e n t u r y  scu lp to r s  such  as 
C a n o v a  h a d  a d o p t e d  the  c lass ica l  ideals  a n d  i m i t a t e d  
c lass ica l  models .  C o n s e q u e n t l y ,  choice (D)  is no t  a va l id  
one,  for the  s t a tue  in the  p h o t o g r a p h  does not  r e s e m b l e  a n  
e i g h t e e n t h - c e n t u r y  i n t e r p r e t a t i o n  of a G r e e k  goddess  or  
n y m p h .  I t  does, however ,  r ea l i s t i ca l ly  p r e s e n t  a h u m a n  
f igure w i thou t  a n y  a t t e m p t  a t  idea l iza t ion .  T h e  r e a l i s m  
h e r e  is t h o r o u g h l y  m o d e r n .  T h e  use  the  s c u l p t o r  m a k e s  of 
t e x t u r e  poin ts  to the  m o d e r n  per iod,  for it was  on ly  la te  
in the  n i n e t e e n t h  c e n t u r y  t h a t  s c u l p t u r e  ( such  as R e n o i r ' s  
" T h e  W a s h e r w o m a n " )  u s e d  n o n r e p r e s e n t a t i o n a l  t e x t u r e  as 
an  in t eg ra l  p a r t  of the  des ign  a n d  aes the t i c  effect  of the  
work  of art .  M i n o r  de ta i l s  in the  s t a tue  such  as the  s h a p e  
of t he  nose, the  ha l f - c lo sed  eyes  ( i n s t ead  of open  socke ts ) ,  
a n d  the  l ine of the  h a i r  i n d i c a t e  t h a t  the  work  is no t  clas- 
sical  in origin,  a n d  a t  the  s a m e  t ime  t h e y  po in t  to the  
t w e n t i e t h  c e n t u r y  school  of ar t .  T h e  s t a t ue  is a c t u a l l y  
" J u n g e  F r a u , "  the  work  of the  m o d e r n  G e r m a n  scu lp tor ,  
Georg  Kolbe.  

T h e  s ta t i s t ics  show t h a t  the  ques t ion  was  an  e a sy  one  
for the  p a r t i c u l a r  g roup  t h a t  took the  test.  T h e  co r r ec t  
a n s w e r  was chosen  by  62 pe r  cen t  of the  s tuden t s .  Howeve r ,  
m o r e  of the  s t uden t s  in t he  h ighes t  g roup  t h a n  in the  lowes t  
g roup  se lec ted  the  c o r r e c t  response ,  a n d  the  i n c o r r e c t  
a n s w e r s  were  g e n e r a l l y  m o r e  a p p e a l i n g  to the  p o o r e r  stu- 
den t s  t h a n  t h e y  were  to t he  be t t e r  s tuden t s .  

Q u e s t i o n  6 

I n  t h e  f o l l o w i n g  q u e s t i o n  y o u  are  g i v e n  a c o m p l e t e  s e n t e n c e  
t o  b e  r e p h r a s e d  a c c o r d i n g  t o  t h e  d i r e c t i o n s  w h i c h  f o l l o w  i t .  
Y o u  s h o u l d  r e p h r a s e  t h e  s e n t e n c e  m e n t a l l y  t o  s a v e  t i m e ,  
a l t h o u g h  y o u  m a y  m a k e  n o t e s  i n  y o u r  t e s t  b o o k  i f  y o u  w i s h .  

B e l o w  t h e  s e n t e n c e  a n d  i t s  d i r e c t i o n s  are  l i s t e d  w o r d s  or  
p h r a s e s  t h a t  m a y  o c c u r  i n  y o u r  r e v i s e d  s e n t e n c e .  W h e n  y o u  
h a v e  t h o u g h t  o u t  a g o o d  s e n t e n c e ,  f i n d  i n  t h e  c h o i c e s  A t o  E 
t h e  w o r d  or  e n t i r e  p h r a s e  t h a t  is  i n c l u d e d  i n  y o u r  r e v i s e d  
s e n t e n c e .  T h e  w o r d  or  p h r a s e  y o u  c h o o s e  s h o u l d  b e  t h e  m o s t  
a c c u r a t e  a n d  m o s t  n e a r l y  c o m p l e t e  o f  a l l  t h e  c h o i c e s  g i v e n .  

A l t h o u g h  t h e  d i r e c t i o n s  m a y  r e q u i r e  y o u  t o  c h a n g e  t h e  
r e l a t i o n s h i p  b e t w e e n  p a r t s  o f  t h e  s e n t e n c e  or  t o  m a k e  
s l i g h t  c h a n g e s  i n  m e a n i n g  i n  o t h e r  w a y s ,  m a k e  o n l y  t h o s e  
c h a n g e s  t h a t  t h e  d i r e c t i o n s  r e q u i r e ;  t h a t  is ,  k e e p  t h e  m e a n -  
i n g  t h e  s a m e ,  or  as  n e a r l y  as  t h e  d i r e c t i o n s  p e r m i t .  I f  y o u  
t h i n k  t h a t  m o r e  t h a n  o n e  g o o d  s e n t e n c e  c a n  b e  m a d e  a c -  
c o r d i n g  t o  t h e  d i r e c t i o n s ,  s e l e c t  t h e  s e n t e n c e  t h a t  is  m o s t  
e x a c t ,  e f f e c t i v e ,  a n d  n a t u r a l  i n  p h r a s i n g  a n d  c o n s t r u c t i o n .  

S e n t e n c e :  J o h n ,  s h y  as  h e  w a s  o f  g ir l s ,  s t i l l  m a n a g e d  t o  
m a r r y  o n e  o f  t h e  m o s t  d e s i r a b l e  o f  t h e m .  

D i r e c t i o n s :  S u b s t i t u t e  J o h n ' s  s h y n e s s  for  J o h n ,  s h y .  

Y o u r  r e w r i t t e n  s e n t e n c e  w i l l  c o n t a i n  w h i c h  o f  t h e  f o l l o w i n g ?  

(A) h i m  b e i n g  m a r r i e d  t o  

(B)  h i m s e l f  m a r r i e d  t o  

(C) h i m  f r o m  m a r r y i n g  

(D)  w a s  h i m s e l f  m a r r i e d  t o  

(E) h i m  t o  h a v e  m a r r i e d  



Statistical Analysis Q u e s t i o n  7 

RESPONSES 

Omit 
A 
B 

*C 
, D 

E 
P Total 

Students Classified by Total Test Score 
NEXT NEXT 

LOWEST LOWEST MIDDLE HIGHEST HIG HEST 
FIFTH FIFTH FIFTH FIFTH FIFTH 

6 1 2 
4 2 5 
9 6 2 
9 21 33 44 45 

11 8 3 2 .... 

11 12 5 3 2 
50 5O 50 5O 5O 

P e r  c e n t  o f  t o t a l  g r o u p  o f  250 s t u d e n t s  a n s w e r i n g  c o r r e c t l y  . . . . . . . . . .  6 1 %  

C o r r e l a t i o n  b e t w e e n  s u c c e s s  o n  t h i s  q u e s t i o n  a n d  t o t a l  s c o r e  o n  t e s t  . . . .  66 

* C o r r e c t  a n s w e r  

In  developing this type  of quest ion the commit tee  of exam- 
iners reasoned tha t  most  good writers reconst ruct  sentences 
to change emphasis ,  to improve style, to avoid ambigui ty ,  
or to e l iminate  verbosity,  and tha t  the good s tudent  should 
be able to make  such changes wi thout  involving himself  in 
s t ruc tura l  faults  or g rammat ica l  errors. This  type  of ques- 
tion is designed, therefore,  to assess the s tudent ' s  mas t e ry  
of var ie ty  in sentence structure,  his abi l i ty  to make  a 
change within a sentence so tha t  it says what  he intends 
to say more  smoothly,  concisely, and  effectively than  the 
original version may.  Fur the rmore ,  the commit tee  decided 
tha t  to test this abi l i ty the quest ion should require  the 
s tudent  first to construct  his new sentence men ta l ly  and  
then to compare  his answer  with a n u m b e r  of possible 
answers  presented  to him. As choices for answers  they  
chose the kinds of expressions which s tudents  include in 
their  own wri t ing when they a t t emp t  to solve problems of 
sentence var ie ty  and become enmeshed  in g rammat ica l  
incongruit ies  or verbal obscurities. 

In  order  to select choice (A), a sentence like John ' s  
shyness  with girls did not stop h im being mar r i ed  to the 
most  desirable of them would have to be used. To  make  
this sentence correct,  formal  wri t ten  Engl i sh  demands  tha t  
the word being be preceded by the possessive p ronoun  his. 
Choice (B) presents  a sentence s imilar  to Despi te  John ' s  
shyness  with girls, he managed  to get h imself  mar r ied  to 
one of the most  desirable of them. This  sentence is wordY 
and inappropr i a t e  in its tone (for formal  Engl ish) .  Choice 
(C), however,  yiel~ls a sentence on the order  of John ' s  
shyness  with girls did not prevent  h im from m a r r y i n g  one 
of the most  desirable of them. This  retains  the mean ing  of 
the original sentence and contains no errors in grammar"  
it is the correct  answer.  The  fourth choice might  lead to 
John ' s  shyness  with girls did not keep h im single" he was 
himself  mar r i ed  to one of the most  desirable of them. This  
sentence changes the mean ing  of the original  sentence,  and  
it is, at  the same time, ambiguous  in its own meaning.  
John ' s  shyness  with girls was not a reason for h im to have 
mar r ied  the most  desirable of t h e m - - t h i s  sentence, an 
a t t emp t  to use the fifth choice, results in a complete  change 
of meaning.  I t  is therefore  unacceptable ,  even though it is 
g rammat i ca l ly  correct.  

This  quest ion was answered correct ly  by 61 per  cent of 
the col lege-bound high school s tudents  who a t t empted  it. 
Most  of the s tudents  in the two highest  fifths answered it 
correctly,  while a ma jo r i t y  of s tudents  in the two lowest 
groups answered  the question incorrectly.  

T h e  s e n t e n c e  b e l o w  h a s  b l a n k  s p a c e s ,  e a c h  b l a n k  i n d i c a t -  
i n g  t h a t  a w o r d  h a s  b e e n  o m i t t e d .  B e n e a t h  t h e  s e n t e n c e  
are  five l e t t e r e d  s e t s  o f  w o r d s .  Y o u  are  t o  c h o o s e  t h e  o n e  
s e t  o f  w o r d s  w h i c h ,  w h e n  i n s e r t e d  i n  t h e  s e n t e n c e ,  b e s t  
f i ts  i n  w i t h  t h e  m e a n i n g  o f  t h e  s e n t e n c e  as  a w h o l e .  

F r o m  t h e  f irst  t h e  i s l a n d e r s ,  d e s p i t e  a n  o u t w a r d  n ,  d i d  
w h a t  t h e y  c o u l d  t o m t h e  r u t h l e s s  o c c u p y i n g  p o w e r .  

(A) h a r m o n y . ,  a s s i s t  
(B)  e n m i t y . ,  e m b a r r a s s  
(C) r e b e l l i o n . ,  f o i l  
(D)  r e s i s t a n c e . ,  d e s t r o y  
(E) a c q u i e s c e n c e . ,  t h w a r t  

Statistical Analysis 

RESPONSES 

Omit 
A 
B 
C 
D 

*E 
Total 

LOWEST 
FIFTH 

Students Classified by Total Test Score 
NEXT 

LOWEST 
FIFTH 

2 

4 1 
10 7 
37 28 
9 22 

60 60 

MIDDLE 
FIFTH 

4 

2 
16 
38 
60 

NEXT 
HIGHEST 

FIFTH 

1 
1 

8 
50 
60 

HIGHEST 
FIFTH 

2 
3 

55 
60 

P e r  c e n t  o f  t o t a l  g r o u p  o f  3 0 0  s t u d e n t s  a n s w e r i n g  c o r r e c t l y  . . . . . . . . . .  5 8  % 

C o r r e l a t i o n  b e t w e e n  s u c c e s s  o n  t h i s  q u e s t i o n  a n d  t o t a l  s c o r e  o n  t e s t  . . . .  6 9  

* C o r r e c t  a n s w e r  

This  type  of quest ion is one of several common ly  used in 
tests in which a measure  of verbal  ap t i tude  is sought. Spe- 
cifically, this type  is designed to measure  one aspect  of 
reading comprehension:  the s tudent ' s  abi l i ty to recognize 
the consistency in logic and  in style tha t  is requi red  of the 
e lements  in a sentence. If  the s tudent  unde r s t ands  the 
implicat ions  of a sentence,  he should be able to select the 
answer  tha t  best fulfills the mean ing  of the sentence.  The  
sentences deal with a wide var ie ty  of topics tha t  the stu- 
dent  is l ikely to have encounte red  in general  reading. 

E x a m i n a t i o n  of the ques t ion  should indicate  tha t  the 
answer  involves two words which are, in a sense, opposite 
in meaning,  since the word "despi te"  carries with it the 
impl icat ion that  the is landers  acted in one fashion, while 
present ing  a somewhat  different  impress ion to the " r t~hless  
occupying power."  Wi th  this re la t ionship in m i n d ,  (A),  
(B),  (C), and (D) can be e l iminated  since all of those 
answers  fail to give the sense of contras t  tha t  is required.  
If ou tward  h a r m o n y  existed, assist ing the occupying power 
would probably  contr ibute  to this s ta te  of h a r m o n y  and 
s t reng then  it. If enmi ty  existed, embarrass ing  the occupy- 
ing power would be one me thod  of expressing this feeling. 
Should  rebellion exist, then  the is landers would be doing 
what  they could to foil the occupying power; these t e rms  
do not imply  opposition. The  same logic holds for "resist-  
ance . .  dest roy."  The  correct  answer,  the only one imply-  
ing two opposed actions, is (E) .  

In  this analysis,  58 per  cent of a group of college-bound 
secondary  school s tudents  answered  the quest ion correctly,  
and  it d iscr iminated ex t remely  well between the good stu- 
dents  and the poor s tudents .  Pe r fo rmance  on this quest ion 



c o r r e l a t e d  .69 w i t h  p e r f o r m a n c e  o n  t h e  t e s t  a s  a w h o l e .  

T h e  a n a l y s i s  s h o w s  t h a t  w h e r e a s  n e a r l y  a l l  of  t h e  t o p  o n e -  

f i f th  a n s w e r e d  c o r r e c t l y ,  o n l y  15 p e r  c e n t  of  t h e  l o w e s t  o n e -  

f i f t h  d i d  so. 

Q u e s t i o n s  8-9  

T h e  p a s s a g e  b e l o w  is f o l l o w e d  b y  q u e s t i o n s  b a s e d  o n  i t s  
c o n t e n t .  A f t e r  r e a d i n g  t h e  p a s s a g e ,  c h o o s e  t h e  b e s t  a n s w e r  
to  e a c h  q u e s t i o n .  A n s w e r  al l  q u e s t i o n s  f o l l o w i n g  t h e  p a s -  
s a g e  o n  t h e  b a s i s  o f  w h a t  is  s t a t e d  or  i m p l i e d  in  t h e  p a s s a g e .  

M i l l ' s  e s t i m a t e  o f  H a r r i e t ' s  g i f t s  m a y  h a v e  b e e n  
e x t r a v a g a n t .  T h e i r  c o n t e m p o r a r i e s ,  f ew o f  w h o m  k n e w  
h e r  we l l ,  w e r e  i n c l i n e d  t o  q u e s t i o n  i t .  As G o l d w i n  
S m i t h  w a s p i s h l y  r e m a r k e d ,  " M i l l ' s  h a l l u c i n a t i o n  as  

(5) t o  h i s  w i f e ' s  g i f t s  d e p r i v e d  h i m  o f  a l l  a u t h o r i t y  w h e r -  
eve r  t h a t  c a m e  i n . "  B u t  t h e r e  c a n  n o  l o n g e r  be  s u b -  
s t a n t i a l  d o u b t  o f  t h e  r a n g e  o f  h e r  i n f l u e n c e .  M r .  P a c k e  
c o r r o b o r a t e s  t h e  c o n c l u s i o n  r e a c h e d  b y  P r o f e s s o r  
H a y e k  i n  h i s  i n t r o d u c t i o n  t o  t h e  M i l l - T a y l o r  c o r r e -  

(10) s p o n d e n c e - - t h a t  M i l l  w a s  o n l y  s t a t i n g  s o b e r  f a c t  
w h e n  h e  c r e d i t e d  M r s .  T a y l o r  ( w h o  l a t e r  b e c a m e  M r s .  
M i l l )  w i t h  a l a r g e  s h a r e  i n  t h e  w o r k  p u b l i s h e d  u n d e r  
h i s  n a m e .  N o r  w a s  i t  a m a t t e r  o f  f e m i n i n e  f l a t t e r y  or ,  
as  C a r l y l e  i m a g i n e d ,  o f  " t h o s e  g r e a t  d a r k  eyes ,  t h a t  

(15) w e r e  f l a s h i n g  u n u t t e r a b l e  t h i n g s  w h i l e  h e  w a s  d i s -  
c o u r s i n '  t h e  u n u t t e r a b l e . "  M r .  P a c k e  i n s i s t s  t h a t ,  
e x c e p t  fo r  t h e  L o g i c ,  t h e  p r i n c i p l e s  u n d e r l y i n g  t h e  
m o r e  i m p o r t a n t  w o r k s  o f  J o h n  S t u a r t  M i l l  w e r e  d e -  
f i n e d  a l t h o u g h  n o t  a c t u a l l y  c o m p o s e d  b y  H a r r i e t  T a y l o r ,  

(20) a n d  t h a t  e v e r y  m a j o r  w o r k  a f t e r  t h e  P o l i t i c a l  E c o n o m y  
w a s  d r a f t e d  o r  p l a n n e d  d u r i n g  t h e i r  f i r s t  few y e a r s  o f  
m a r r i e d  l i fe .  T h i s  is n o t  n e c e s s a r i l y  t o  a c c e p t  M i l l ' s  
v i ew  o f  h i s  w i f e ' s  m e n t a l  e n d o w m e n t s .  S h e  w a s  o b v i o u s -  
ly  a w o m a n  o f  l i ve ly  m i n d  a n d  e x c e p t i o n a l  c h a r m  t o  

(25) w h o m  M i l l  r e s p o n d e d  i n t e l l e c t u a l l y  as  w e l l  as  e m o -  
t i o n a l l y .  B u t  we  m a y  s t i l l  s u s p e c t  t h a t  h e r  a s c e n d a n c y  
o v e r  h i m  w a s ,  a t  b o t t o m ,  o n e  o f  t h o s e  m y s t e r i o u s  f u n c -  
t i o n s  o f  p e r s o n a l i t y  r a t h e r  t h a n  o f  i n t e l l e c t .  

Question 8 

A c c o r d i n g  t o  Mr.  P a c k e ,  H a r r i e t ' s  p a r t  i n  M i l l ' s  i m p o r t a n t  
w o r k s  w a s  

(A) m a i n l y  r e s t r i c t e d  t o  s m a l l  d e t a i l s  

(B)  i n  t h e  p l a n n i n g  r a t h e r  t h a n  in  t h e  e x e c u t i o n  o f  t h e m  

(C) in  t h e  c o m f o r t  o f  h e r  p e r s o n a l i t y  a n d  c h a r m  

(D) o n l y  e v i d e n t  i n  t h e  L o g i c  
I 

(E) h e l p i n g  w i t h  t h e  m o r e  d i f f i c u l t  s e c t i o n s  

Statistical Analysis 

RESPONSES 

Omit 
A 

*B 
C 
D 
E 

Total 

Students Classified by Total Test Score 
N E X T  

L O W E S T  L O W E S T  ]VHDDLE 

F I F T H  F I F T H  F I F T H  

4 11 4 
1 3 1 

19 34 51 
14 8 5 
22 6 3 
14 12 10 
74 74 74 

NEXT 

H I G H E S T  H I G H E S T  

F I F T H  F I F T H  

2 1 
1 

46 64 
11 4 
2 

12 5 
74 74 

Per cent of total group of 370 students answering correctly . . . . . . . . . .  58 % 
Correlation between success on this question and total score on t e s t . . .  51 

*Correct answer 

Question 9 

T h i s  p a s s a g e  s h o w s  t h a t  G o l d w i n  S m i t h ' s  o p i n i o n  o f  M i l l  
w a s  t h a t  M i l l  

(A) w a s  n a t u r a l l y  t h e  p e r s o n  w h o  w o u l d  k n o w  b e s t  a b o u t  
h i s  o w n  w i f e ' s  i n t e l l e c t u a l  p o w e r s  

(B)  h a d  n o  l o n g e r  a n y  a u t h o r i t y  over  h i s  w i f e  

(C) w a s  a b l e  b y  s o m e  s i x t h  s e n s e  t o  see  t h a t  h i s  w i f e  h a d  
o u t s t a n d i n g  i n t e l l e c t u a l  a b i l i t y  

(D) w a s  very  s e r i o u s l y  m i s t a k e n  a b o u t  h i s  w i f e ' s  i n t e l l e c t u a l  
p r o w e s s  

(E) w a s  n o t  t h e  r e a l  " a r c h i t e c t "  o f  t h e  w r i t i n g s  p u b l i s h e d  
in  h i s  n a m e  

Statistical Analysis 

RESPONSES 

Omit 
A 
B 
C 

*D 
E 

Total 

LOWEST 

F I F T H  

2 
12 
27 

6 
8 

19 
74 

Students Classified by Total Test Score 

N E X T  N E X T  

L O W E S T  MIDDLE H I G H E S T  

F I F T H  F I F T H  F I F T H  

7 5 1 
3 1 3 

29 30 22 
5 5 2 

12 16 36 
18 17 10 
74 74 74 

t t I G H E S T  

F I F T H  

1 

23 

42 
8 

74 

Per cent of total group of 370 students answering correctly . . . . . . . . . .  31% 
Correlation between success on this question and total score on t e s t . . .  48 

*Correct answer 

Q u e s t i o n  8 is f a i r l y  e a s y ,  a n d  58 p e r  c e n t  of  a g r o u p  of 

c o l l e g e - b o u n d  h i g h  s c h o o l  s e n i o r s  a n s w e r e d  i t  c o r r e c t l y .  T h e  

q u e s t i o n  c l e a r l y  a s k s  f o r  a r e s t a t e m e n t  of  M r .  P a c k e ' s  o p i n -  

i o n  as  to  t h e  n a t u r e  of  H a r r i e t  M i l l ' s  c o n t r i b u t i o n  to  h e r  

h u s b a n d ' s  w o r k .  I n  l i n e s  6-13,  we  l e a r n  t h a t  P a c k e  c o r r o b o -  

r a t e s  P r o f e s s o r  H a y e k  a n d  J o h n  S t u a r t  M i l l  h i m s e l f  i n  t h e  

v i e w  t h a t  M r s .  M i l l  h a d  a l a r g e  s h a r e  in  t h e  w o r k  p u b -  

l i s h e d  b y  M i l l .  I n  l i n e s  16-22,  w e  l e a r n  t h a t  P a c k e  c o n s i d e r s  

t h i s  c o n t r i b u t i o n  to  c o n s i s t  of  p l a n n i n g  t h e  w o r k  i n  o u t l i n e .  

A c c o r d i n g l y ,  o n l y  ( B )  c o r r e c t l y  s t a t e s  h i s  o p i n i o n .  C h o i c e  

( A )  is w r o n g  b e c a u s e  i t  s u g g e s t s  o n l y  a v e r y  s m a l l  r o l e  f o r  

M r s .  M i l l .  C h o i c e  (C)  f a i l s  to  s u g g e s t  a n y  r e a l  i n t e l l e c t u a l  

c o n t r i b u t i o n ,  w h i c h  is c o u n t e r  to  P a c k e ' s  v i e w  t h a t  t h e  p r i n -  



ciples u n d e r l y i n g  the  works  were  def ined by Mrs.  Mill. 
Choice (D) ,  which  was the most  p o p u l a r  choice of the  least  
able group,  s ta tes  t ha t  Mrs.  Mil l ' s  con t r ibu t ion  is only evi- 
den t  in the  Logic, whereas  the passage  r epor t s  t ha t  Packe  
specifically excepted  the Logic f rom his remarks .  F ina l ly ,  
choice (E ) ,  while  suggest ing an  i m p o r t a n t  role for Mrs.  
Mill,  goes far  beyond  the  passage  and  describes her  work  
as he lp ing  when  difficulty arose. T h e  passage  nowhere  sug- 
gests t ha t  she h a d  such a role. T h e  ques t ion  cor re la tes  well 
wi th  test  score, as is evident  f rom the  increas ing  p ropo r t i on  
of cand ida tes  who answer  it successful ly  as the  abi l i ty  level 
increases.  

Ques t ion  9 p roved  to be more  difficult for  the  group ( the 
two ana lyses  a re  der ived f rom the  same cand ida te s ) .  I t  is 
much  more  specific, being based on the  sen tence  in lines 
3-6 which quotes  the  r e m a r k  of Goldwin  Smith .  Smith ,  of 
course, is t ak ing  violent  except ion to Mil l ' s  opin ion  of his 
wife 's  gifts. H e  refers  to this opinion as a "ha l luc ina t ion , "  
and  says t ha t  it depr ives  Mil l  of all  " a u t h o r i t y , "  i.e., all 
r ight  to speak  wi th  au thor i ty ,  on tha t  topic. 

Clear ly ,  then,  the  correct  r e s t a t e m e n t  of Smi th ' s  opinion 
of Mill  is (D) ,  which says t ha t  Mil l  was m i s t a k e n  about  
his wife. Choice (A) is d i rec t ly  opposi te  in mean ing ,  and  
is c lear ly  wrong. Choice (B) is wrong,  for it m i s in t e rp re t s  
"depr ived  h im of all a u t h o r i t y  whereve r  t ha t  came in." I t  
is the  mos t  c o m m o n  mis take ,  and  m a n y  qui te  able candi-  
dates  m a d e  it, bu t  it is c lear ly  wrong. Choice (C) is wrong 
in the same sense in which (A) is wrong:  it is too posit ive 
a th ing to say. F ina l ly ,  choice (E)  is wrong  because  it is 
comple te ly  beyond  the  scope of Smi th ' s  r emark ,  which had  
noth ing  to do wi th  the  ques t ion  of who p l a n n e d  Mil l ' s  work. 

As in the  first example ,  the  ques t ion  shows a definite 
t endency  for  the  p ropo r t i on  of successful  cand ida tes  to in- 
crease as the  abi l i ty  level rises. 

Q u e s t i o n s  10-11  

Ques t ions  10-11 are based  on t h e  fol lowing G e r m a n  read ing  
passage:  

Als in der  e r s t en  Nachkr iegsze i t  eine F l u t  von bi l l iger  
S c h u n d l i t e r a t u r  u n s e r  L a n d  i i b e r s c h w e m m t e - - ( i n  e inem 
einzigen Z u r i c h e r  S c h u l h a u s  f and  m a n  bei e iner  D u r c h s u -  
c h u n g  t a u s e n d  so lcher  H e f t c h e n ) - - b i l d e t e  sich zur  Bek~impf- 
u n g  dieser G a f a h r  eine pr iva te  A r b e i t s g e m e i n s c h a f t .  Da 
fi ir  Verbote  ke ine  gese tz l iche  G r u n d l a g e  v o r h a n d e n  war,  
b e s c h r i t t  m a n  den  Weg, der  sich noch  i m m e r  als der  bes te  
bew~ihrt h a t :  m a n  s u c h t e  das Sch l ech t e  d u r c h  das G u t e  
aus  dem Felde zu sch lagen .  Es sol l te  m o r a l i s c h  u n d  l i t e ra -  
r isch e inwandf re i e ,  s p a n n e n d e ,  l ehr re iche ,  zu e igenem 
T u n  a n r e g e n d e  J u g e n d l e k t i i r e  zu b e s c h e i d e n e m  Preis  
geschaffen  werden .  Da ke in  schweizer i scher  Verlag daf i i r  
zu h a b e n  war ,  g r u n d e t e n  die I n i t i a n t e n  im  J a h r e  1931 
e inen  e igenen  Verlag.  Pro J u v e n t u t e  i i b e r n a h m  die Ge- 
sch~iftsstelle, u n d  die schweizer ische  L e h r e r s c h a f t  se tz te  
sich bis ins l e tz te  Be rgdor f  m i t  u n e r m i i d l i c h e m  Eifer f i i r  
das Werk  ein, das h e u t e  in der  E r z i e h u n g  der  Schweizer  
J u g e n d  e inen  b e d e u t e n d e n  P la t z  e i n n i m m t .  

T r a n s l a t i o n :  

When  ou r  c o u n t r y  was s w a m p e d  by a flood of  t r a s h y  l i te ra-  
t u r e  s h o r t l y  a f t e r  t h e  war  (a search  of  a s ingle schoo lhouse  
in Zur ich  t u r n e d  up  a t h o u s a n d  copies of  such  pub l i ca t ions ) ,  
a p r iva te  coopera t ive  was fo rmed  to c o m b a t  th is  menace .  
Since t h e r e  was no legal basis for suppress ing  these  wri t ings ,  
t h e  p r o b l e m  was a p p r o a c h e d  in a way t h a t  has  always 
proven  to  be t h e  m o s t  s u c c e s s f u l - - t h a t  of  us ing  t h e  good 
t o  r o u t  t h e  bad.  Read ing  m a t t e r  of  u n q u e s t i o n e d  m o r a l  and  

l i t e ra ry  value was to  be m a d e  avai lable  to  y o u n g  peop le  a t  
m o d e s t  prices,  r ead ing  m a t t e r  b o t h  suspense fu l  a n d  in-  
s t ruc t ive ,  which  would  s t i m u l a t e  y o u n g  people  to inde -  
p e n d e n t  ac t ion .  Being u n a b l e  to  i n t e r e s t  a Swiss p u b l i s h i n g  
house  in t he  pro jec t ,  t h e  p r o m o t e r s  f ounded  t h e i r  own 
p u b l i s h i n g  house .  Pro J u v e n t u t e  a s s u m e d  m a n a g e m e n t ,  
whi le  t h e  en t i re  t e a c h i n g  p r o f e s s i o n - - d o w n  t o  t h e  last  
m o u n t a i n  v i l l a g e m c o m m i t t e d  i t se l f  w h o l e h e a r t e d l y  t o  t h i s  
u n d e r t a k i n g ,  which  now occupies  a c en t r a l  pos i t ion  in t h e  
e d u c a t i o n  of  Swi t ze r l and ' s  y o u n g  people.  

Question 10 

Pro J u v e n t u t e  wurde  gegr i inde t ,  u m  

(A) der  schweizer i schen  L e h r e r s c h a f t  ein E i n k o m m e n  zu 
verschaffen  

(B) die Gesetze  des Landes  zu u m g e h e n  

(C) aus l f indische  Bi icher  vom M a r k t e  zu verdr~ingen 

(D) [ Y b e r s c h w e m m u n g e n  des Landes  zu ve rh i i t en  

(E) wer tvol le  u n d  p re i swer t e  J u g e n d l i t e r a t u r  zu 
ver i i f fent l ichen 

T r a n s l a t i o n :  

Pro J u v e n t u t e  was f o u n d e d  in order  to  

(A) provide  i n c o m e  for t h e  Swiss t e a c h i n g  p rofess ion  

(B) c i r c u m v e n t  t h e  laws of  t h e  l and  

(C) squeeze  foreign books  f r o m  t h e  m a r k e t  

(D) p reven t  floods 

(E) pub l i sh  w o r t h w h i l e  a n d  m o d e r a t e l y  pr iced  r ead ing  
m a t e r i a l  for y o u n g  people  

Statistical Analysis 

RESPONSES 

Omit 
A 
B 
C 
D 

*E 
Total 

Students Classified by Total Test Score 
NEXT THIRD THIRD NEXT 

LO~VEST L O W E S T  L O W E S T  HIGHEST HIGHEST HIGHEST 
GROUP GROUP G R O U P  GROUP GROUP GROUP 

28 35 23 16 4 i ! i 
5 6 2 
4 6 3 
6 2 

3 6 3 2 
1 15 24 13 24 65 

32 71 62 36 30 65 

P e r  c e n t  of  t o t a l  g r o u p  of  296 s t u d e n t s  a n s w e r i n g  c o r r e c t l y  . . . . . . . . . .  48 % 

C o r r e l a t i o n  b e t w e e n  success  on  t h i s  q u e s t i o n  a n d  t o t a l  score  on  t e s t  . . . .  80 

( T h e  s t a t i s t i c a l  a n a l y s i s  p r e s e n t e d  for  t h i s  q u e s t i o n  d i f fers  s o m e w h a t  f r o m  

t h o s e  p r e v i o u s l y  p r e s e n t e d .  I n  t h i s  t y p e  o f  a n a l y s i s  t h e  t o t a l  g r o u p  is di-  

v i d e d  i n t o  six s t / b - g r o u p s  so t h a t  i f  t h e  scores  a re  d i s t r i b u t e d  a c c o r d i n g  to  

t h e  n o r m a l  c u r v e  t h e  n u m b e r s  in  e a c h  s u b - g r o u p  wil l  be  e q u a l .  I n  t h i s  

p a r t i c u l a r  case,  h o w e v e r ,  t h e  sco res  were  n o t  n o r m a l l y  d i s t r i b u t e d ;  t h u s  

t h e  s u b - g r o u p s  a re  n o t  e q u a l  in  size.)  

. m  

* C o r r e c t  a n s w e r  



Question 11 

M a n  k o n n t e  d ie  m i n d e r w e r t i g e  L i t e r a t u r  n i c h t  v e r b i e t e n ,  
w e i l  

(A) s ie  p r i v a t e s  E i g e n t u m  war  

(B) es k e i n e  b e s s e r e  J u g e n d l e k t i i r e  gab  

(C) s ie  n i c h t  g e s e t z w i d r i g  war  

(D) s ie  b i l l i g  u n d  w e i t  v e r b r e i t e t  war  

(E) s ie  d e m  G e s c h m a c k  der N a c h k r i e g s z e i t  e n t s p r a c h  

T r a n s l a t i o n :  

T h e  t r a s h y  l i t e r a t u r e  c o u l d  n o t  be  s u p p r e s s e d  b e c a u s e  

(A) it  was  p r i v a t e  p r o p e r t y  

(B) n o  b e t t e r  r e a d i n g  m a t e r i a l  for y o u n g  p e o p l e  was  avai l -  
ab le  

(C) i t  w a s  n o t  i l l ega l  

(D) i t  was  c h e a p  a n d  w i d e l y  read  

(E) it  s a t i s f i e d  p u b l i c  t a s t e  in  t h e  p o s t w a r  p e r i o d  

Statistical Analysis 

Studen t s  Classified by Tota l  Tes t  Score 

NEXT THIRD THIRD NEXT 

LOWEST LOWEST LOWEST H I G H E S T  HIGHEST HIGHEST 
RESPONSES GROUP GROUP GROUP GROUP GROUP GROUP 

I Omit  29 38 25 23 5 1 

A 1 6 9 1 1 w 
B 1 7 10 3 7 

*C 1 6 7 6 10 61 

D 5 6 2 4 2 

F E 9 5 1 3 

~ Tota l  32 71 62 36 29 65 

Per  cent  of  t o t a l  group of 295 s tuden t s  answering correct ly  . . . . . . . . .  31% 
Correlat ion b e t w e e n  s u c c e s s  on this  question and to ta l  score on tes t  . . . .  92 

(As in the  case of the  analysis  for the  preceding quest ion,  the  s tat is t ical  
analysis  presented  for this  quest ion is based on a somewha t  different pro- 
cedure.) 

*Correct  a n s w e r  

language testing. Basically, the questions are designed to 
give the examinee an oppor tuni ty  to show what  he can do 
with the knowledge and the skills he has acquired, thus 
testing this knowledge indirectly through its application to 
problems posed to him. 

Question 10 tests total comprehension of the passage. The  
question asked is, "For  what  purpose was Pro  Juventu te  
founded?" All of the five answer choices contain some ele- 
ments  derived from the text, but only the one correct an- 
swer is in complete agreement  with the information offered 
in the passage. Those who understood certain words or 
phrases but failed to comprehend the main point were led 
to choose one of the wrong answers. The  statistical analysis 
shows that  choice (A) a t t rac ted 13 candidates, most of 
whom performed ra ther  poorly on the test as a whole. They  
vaguely understood that  the teachers engaged in a business 
activity but inferred erroneously the teachers '  motives for 
doing so. Choice (B) a t t rac ted  a similarly poor group of 13 
candidates who based their  responses on their  recognition 
that  the mat ter  of legality was discussed (lines 5-9), but 
who failed to unders tand  its meaning in the context of the 
passage. Choice (C) is based on a knowledge of only a few 
scattered words or phrases:  "books," "market ,"  "no Swiss 
publishing house available." I t  a t t racted a few examinees 
who had only a piecemeal knowledge of vocabulary and a 
minimum of ability to comprehend meaning. A small group 
of examinees was led by the superficial connection through 
the word "flood" in the first line of the passage to pick (D).  
The  correct choice (E) was selected by only one examinee 
of the lowest group and all 65 examinees in the top group. 
The  percentage of those choosing (E) increases markedly  
with the ability of the sub-group. Hence the excellent cor- 
relation coefficient of .80. 

Question 11 deals with an important  detail. W h y  was it 
impossible to suppress the t rashy l i terature? Here  again, 
each answer choice contains an element of information 
from the passage; but as a response to the question implied, 
only choice (C) makes sense. This question, with its un- 
usual correlation coefficient of .92, represents  about the 
maximum discriminating power that  can be a t ta ined with 
a single question. I t  is a strikingly effective measure  of 
whether  an individual can operate  in German as effectively 
as in his native language. 

This  passage was included in a German  test for college 
graduates applying for government service. A number  of 
multiple-choice questions were based on this passage in 
order to ascertain whether  the applicant  comprehends with 
accuracy the factual information conveyed by this piece of 
s t ra ightforward newspaper  reporting and whether  he also 
unders tands  the implications of impor tant  details as well as 
the author 's  purpose in writing this news story. The  ability 
to unders tand such a highly idiomatic expository text was 
considered essential for the group for which the t es t  was 
intended. 

In  order to succeed on this kind of a test, the candidate 
needs a fair command of basic German  vocabulary and of 
word s t ructure  and sentence structure,  as well as some ex- 
perience in reading contemporary German prose. He is not 
expected to know every word in the text, but ra ther  to be 
able to infer the meaning of unfamil iar  expressions from 
the context. 

F rom the group of comprehension questions based on 
this passage, two have been selected for detailed discussion 
in order to demonstra te  the techniques used in good foreign- 

Q u e s t i o n  12 

D i r e c t i o n s :  M a i n t e n a n t ,  v o u s  a l lez  e n t e n d r e  u n e  c o n v e r s a -  
t i o n  e n t r e  d e u x  p e r s o n n e s .  A t t e n d e z  la d e u x i ~ m e  r ~ p l i q u e  
e t  e n s u i t e  c h o i s i s s e z  la r ~ p o n s e  q u i  c o n v i ~ n t  le m i e u x .  

" H e n r i e t t e ,  p a s s e - m o i  c e t t e  p e t i t e  robe  l~g~re  q u i  se  t r o u v e  
d a n s  m o n  a r m o i r e  ~ g l a c e . "  

" A t t e n d s  u n  m o m e n t ;  j ' a i  la b o u c h e  p l e i n e  de  p a t e  d e n t i -  
fr ice .  J ' a u r a i  f ini  m a  t o i l e t t e  d a n s  u n  i n s t a n t . "  

(A) Ne  t e  p r e s s e  pas .  Je  la c h e r c h e r a i  m o i - m e m e .  

(B)  Je  l 'ai  t r o u v d e  t o u t  ~ l ' h e u r e .  

(C) Q u a n d  t u  auras  f ini  de  t e  p e i g n e r .  

(D) Qui ,  je  r ai r e p a s s ~ e  h i er  soir .  

10 



Statistical Analysis Question 13 

R E S P O N S E S  

O m i t  

*A 

B 

C 

D 

T o t a l  

S t u d e n t s  C la s s i f i ed  b y  T o t a l  T e s t  S c o r e  

N E X T  N E X T  

L O W E S T  L O W E S T  M I D D L E  , H I G H E S T  

F I F T H  , F I F T  H F I F T  H F I F T  t t  

3 1 , 1 

21 29 45 57 

14 4 1 ' 2 .... 

19 23 13 

3 3 1 

60 60 60 60 

H I G H E S T  

F I F T H  

59 

1 

6 o -  

P e r  c e n t  o f  t o t a l  g r o u p  o f  300 s t u d e n t s  a n s w e r i n g  c o r r e c t l y  . . . . . . . . .  70 % 
C o r r e l a t i o n  b e t w e e n  success  on  t h i s  q u e s t i o n  a n d  t o t a l  s co re  on  t e s t . . .  65 

* C o r r e c t  a n s w e r  

The testing of a student 's  ability to unders tand a foreign 
language when spoken is a relatively recent development. 
Students  listen to the recorded voices of native speakers in 
statements,  short  conversations, and short narrations. Sug- 
gested answers to questions based on the spoken material  
are printed in the students '  test books. In listening com- 
prehension tests the foreign language is used throughout,  
not only in the test questions but also in the directions to 
students. The sample question given here was par t  of a test 
designed for teachers of French in secondary schools. Para- 
phrased in English it reads: 

D i r e c t i o n s :  N o w  y o u  wi l l  h e a r  a c o n v e r s a t i o n  b e t w e e n  t w o  
p e o p l e .  W a i t  for t h e  rep ly  o f  t h e  s e c o n d  s p e a k e r  a n d  t h e n  
s e l e c t  t h e  r e p l y  w h i c h  is m o s t  a p p r o p r i a t e .  

R e c o r d e d  c o n v e r s a t i o n :  

" H e n r i e t t a ,  h a n d  m e  t h e  l i t t l e  s u m m e r  dress  w h i c h  is in  m y  
c l o s e t . "  

" W a i t  a m o m e n t ;  I h a v e  a m o u t h  f u l l  o f  t o o t h p a s t e .  I s h a l l  
be  t h r o u g h  in  a m i n u t e . "  

A n s w e r  c h o i c e s :  

(A) D o n ' t  h u r r y .  I s h a l l  ge t  it  m y s e l f .  

(B) I f o u n d  it  j u s t  a l i t t l e  w h i l e  ago.  

(C) W h e n  y o u  are t h r o u g h  d o i n g  y o u r  ha ir .  

(D) Yes ,  I i r o n e d  it  las t  n i g h t .  

To select the right answer to this question, the student  has 
to apply his knowledge of French grammar,  vocabulary, 
and idiomatic expression, and his unders tanding of the 
French sound system. The students who have grasped the 
meaning of what  they have heard will select (A) as the 
only choice that  makes sense in the context. The  literal use 
of the French word "trouver" (to find) in choice (B) mis- 
leads some who have not understood that  the idiomatic ex- 
pression "se trouver" in the conversation means simply 
"to be in a certain place." Choice (C) misleads those who 
have understood that  the second woman will soon be fin- 
ished with whatever she is doing but have not understood 
the nature  of her activity. Choice (D) was selected by some 
students who mistook "passer" (to hand) in the conversa- 
tion for "reptisser" (to iron). This question was answered 
correctly by 70 per cent of those who a t tempted  it. All but 
one of the top fifth selected the right answer, whereas only 
35 per cent of the lowest fifth did so. 

T h e  c o n c e p t  o f  t h e  p l a s m a  m e m b r a n e  as a s i m p l e  s i e v e - l i k e  
s t r u c t u r e  is i n a d e q u a t e  to  e x p l a i n  t h e  

(A) p a s s a g e  o f  gases  i n v o l v e d  in  r e s p i r a t i o n  i n t o  a n d  o u t  
o f  t h e  ce l l  

(B) p a s s a g e  o f  s i m p l e  o r g a n i c  m o l e c u l e s  s u c h  as g l u c o s e  
i n t o  t h e  ce l l  

(C) fa i lure  o f  p r o t e i n  m o l e c u l e s  t o  pas s  t h r o u g h  t h e  m e m -  
b r a n e  

(D) i n a b i l i t y  o f  t h e  ce l l  to  u s e  s t a r c h  w i t h o u t  pr ior  d i g e s t i o n  

(E) a b i l i t y  o f  t h e  ce l l  t o  a d m i t  s e l e c t i v e l y  s o m e  i n o r g a n i c  
i o n s  w h i l e  e x c l u d i n g  o t h e r s  

Statistical Analysis 

RESPONSES 

O m i t  

A 

B 

C 

D 

* E  

T o t a l  

S t u d e n t s  C l a s s i f i e d  b y  T o t a l  T e s t  S c o r e  

NEXT 
LOWEST L O W E S T  MIDDLE 

FIFTH FIFTH FIFTH 

4 4 2 

3 1 

2 4 

7 3 1 

1 1 1 

24 29 36 

41 41 41 

NEXT 
HIGHEST 

FIFTH 
HIGHEST 

FIFTH 

1 

3 1 

1 1 

36 39 

41 41 

P e r  c e n t  o f  t o t a l  g r o u p  o f  205 s t u d e n t s  a n s w e r i n g  c o r r e c t l y  . . . . . . . . .  80 % 
C o r r e l a t i o n  b e t w e e n  success  on  t h i s  q u e s t i o n  a n d  t o t a l  s co re  on  t e s t . . .  48 

* C o r r e c t  a n s w e r  

This question was asked of high school students who were 
completing a college-level course in general biology. The 
question was a relatively easy one for the group, as evi- 
denced by the fact that  80 per cent of the students selected 
the correct answer. The ability to handle this question suc- 
cessfully involves the knowledge that  the living plasma 
membrane  has properties in addition to those served by a 
piece of cellophane or similar mater ial  used in classical lab- 
oratory demonstrations of osmosis. A membrane  such as 
cellophane can indeed be thought  of as a porous structure.  
Only those molecules that  are smaller than the largest of 
the pores would be able to pass through, accounting fully 
for the fact that  both gases and glucose, whose molecules 
are relatively small, do pass through. The concept of the 
plasma membrane as a sieve also accounts adequately  for 
the fact that  protein molecules cannot pass through, since 
protein molecules are among the largest known. Choice (D) 
is a poor choice since it is well known that  starch molecules 
are very large; as one might  expect, only a few of the stu- 
dents in the sample selected this choice. Exper iments  have 
shown that  certain ions of inorganic salts, acids, and bases, 
even though these ions are small, penetra te  some plasma 
membranes  very slowly, but pass readily through other 
plasma membranes having pores of the same size. If only 
the "sieve" nature of the membrane  accounted for the selec- 
tive passage of materials  through it, one would expect these 
ions to pass through all membranes  rapidly. To account for 
the actual phenomenon, then, one must  have recourse to 
more elaborate interpretations,  notably that  electrical prop- 
erties of the living membrane  selectively at t ract  and repel 
certain ions and that  the chemical nature  of the membrane  
constituents selectively allows passage of materials  that  are 
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soluble in these constituents. The  statistical analysis shows 
that  better  students selected (E) as the only phenomenon 
not explainable by the conception of the plasma membrane 
as a simple sieve. 

Questions 14-15-16 

Q u e s t i o n s  14 -16  r e l a t e  t o  t h e  f o l l o w i n g  i n f o r m a t i o n  a n d  
g r a p h s ;  t h e y  c o n s i s t  o f  five l e t t e r e d  a n s w e r  c h o i c e s  f o l l o w e d  
b y  a l i s t  o f  n u m b e r e d  q u e s t i o n s .  F o r  e a c h  q u e s t i o n  s e l e c t  
t h e  o n e  l e t t e r e d  a n s w e r  w h i c h  is  m o s t  c l o s e l y  r e l a t e d  t o  i t .  
A n  a n s w e r  m a y  b e  u s e d  o n c e ,  m o r e  t h a n  o n c e ,  o r  n o t  a t  a l l .  

A s t a n d a r d  i m p u l s e  is g i v e n  a t  t i m e  to t o  e a c h  o f  t h e  s e v e r a l  
c l o s e d  b o x e s  h a v i n g  i d e n t i c a l  m a s s e s  a n d  i d e n t i c a l  a p -  
p e a r a n c e .  T h e  i m p u l s e  s t a r t s  t h e  b o x  i n t o  m o t i o n  o n  a 
h o r i z o n t a l  p l a n e .  T h e r e  m a y  o r  m a y  n o t  b e  f r i c t i o n  ( r e f e r r e d  
t o  as  " e x t e r n a l  f r i c t i o n " )  b e t w e e n  a n y  b o x  a n d  t h e  p l a n e .  
I t  is  k n o w n  t h a t  e a c h  b o x  c o n t a i n s  a d i s k  w h o s e  m a s s  is 
e q u a l  t o  t h a t  o f  t h e  b o x  a n d  w h i c h  is r e s t i n g  o n  t h e  b o t t o m  
o f  t h e  i n s i d e  o f  t h e  box .  T h e r e  m a y  o r  m a y  n o t  b e  f r i c t i o n  
( r e f e r r e d  t o  a s  " i n t e r n a l  f r i c t i o n " )  b e t w e e n  a n y  d i s k  a n d  
t h e  b o t t o m  o f  i t s  box .  T h e  d i s k s  m a y  r e b o u n d  i n  a p e r f e c t l y  
e l a s t i c  w a y  f r o m  t h e  w a l l s  o f  t h e  b o x  ( " e l a s t i c  w a l l s " ) ,  o r  
t h e y  m a y  s t i c k  t o  t h e  w a l l s  o n  c o l l i d i n g  ( " s t i c k y  w a l l s " ) .  

T h e  g r a p h s  b e l o w  s h o w  t h e  v e l o c i t i e s  o f  v a r i o u s  b o x e s  as  
a f u n c t i o n  o f  t i m e .  

(B) 

(c) 

(D) 

t 

0 

to Time - = 

t 

Time = 

1 
> 

t 
(A) 

Time 

(E) None of the above 

Time 

Question 14 

W h i c h  o f  t h e  g r a p h s  c o u l d  r e p r e s e n t  t h e  v e l o c i t y - t i m e  r e -  
l a t i o n s h i p  o f  a b o x  t h a t  h a s  n o  e x t e r n a l  f r i c t i o n  a n d  w h o s e  
d i s k  is f a s t e n e d  s o l i d l y  t o  i t ?  

Statistical Analysis 

R E S P O N S E S  

Omit 
*A 

B 
C 
D 
E 

Total 

Students Classified by Total Test Score 

NEXT NEXT 

L O W E  ST LO W E ST M IDDLE H IG HE ST 

F I F T H  F I F T H  F I F T  I I  F I F T H  

1 1 
55 69 72 73 
l l  1 
2 1 
3 I 1 1 

2 1 1 
74 74 74 74 

H I G H E S T  

F I F T H  

73 

1 
74 

Per cent of total group of 370 students answering correctly . . . . . . . .  92% 
Correlation between success on this question and total score on test . . 56 

*Correct answer 

This set of questions appears  in one of the achievement 
tests developed to accompany the high school physics 
course of the Physical Science Study Committee. 

Question 14 is the first of several questions based on the 
situation described. The  series of questions requires a 
knowledge of certain aspects of kinematics and dynamics: 
an understanding of Newton's  laws of motion and the con- 
cepts of velocity, acceleration, and momentum. The s tudent  
must  apply this knowledge to an unfamiliar  problem and 
answer the questions in terms of graphs, a frequently used 
tool of the physical scientist. 

The  situation described is an idealized one since the com- 
plications of friction are occasionally ignored. The study of 
phenomena as they would occur under  certain idealized 
conditions is a major  way to at tack complex scientific 
problems. 

Question 14 pertains to a box with no external  friction 
and with a disk fastened solidly to the box. When  a stand- 
ard impulse is given to the box with its a t tached disk at 
t ime to, the box would be set in motion. Since no friction 
or other force acts on the box after the initial impulse, the 
box would neither accelerate nor decelerate but would con- 
t inue in motion at constant velocity. Choice (A) il lustrates 
this motion. 

The question was extremely easy; 342 of the 370 students 
(92 percent) who a t tempted  it answered it correctly. None- 
theless, the correlation between performance on this ques- 
tion and the test as a whole is high (.56). 

The  most discriminating incorrect answer choice was 
(B). Several students in the lowest fifth on the test seemed 
to recognize that  in a frictionless situation, like that  of this 
question, the velocity would not change with time, but they 
failed to recognize the simplicity of this situation and chose 
(B), where the velocity pa t te rn  is constant with time but 
where the velocity regularly drops to zero for short 
intervals. 

12 



Question 15 Question 16 

W h i c h  o f  t h e  g r a p h s  c o u l d  r e p r e s e n t  t h e  v e l o c i t y - t i m e  re-  
l a t i o n s h i p  o f  t h e  s a m e  b o x  w i t h  e x t e r n a l  f r i c t i o n ?  

Statistical Analysis 

RESPONSES 

O m i t  

A 

B 

C 

D 
*E 

Total 

S t u d e n t s  C la s s i f i ed  b y  T o t a l  T e s t  S c o r e  

NEXT I NEXT 
LOWEST L O W E S T  M I D D L E  HIGHEST 

FIFTH FIFTH FIFTH FIFTH 

2 2 1 

9 5 2 4 

22 10 9 4 

28 27 29 15 

7 7 1 1 

6 23 33 49 

74 74 74 74 

HIGHEST 
FIFTH 

66 

74 

P e r  c e n t  o f  t o t a l  g r o u p  o f  370 s t u d e n t s  a n s w e r i n g  c o r r e c t l y  . . . . . . . . .  4 8 %  
C o r r e l a t i o n  b e t w e e n  s u c c e s s  o n  t h i s  q u e s t i o n  a n d  t o t a l  score  on  t e s t . . .  70 

* C o r r e c t  a n s w e r  

One condition is now added to the s i tuat ion described in 
the preceding question. The  s tudent  is asked to choose the 
graph which could represent  the motion of the box with 
external  friction. The  force of friction would act to 
decelerate the box and the a t tached  disk a t  a constant  
rate. Therefore ,  the velocity-t ime rela t ionship of the box 
would be: 

to Time 

Since none of the graphs given represents  this motion, 
the answer is (E) ,  None  of the above. 

This  quest ion was considerably more  difficult than  ques- 
t ion 14; only 48 p e r  cent of those who a t t empted  it an- 
swered it correctly. One must  de termine  what  the velocity- 
t ime rela t ionship would be and then recognize tha t  the 
correct graphical  relat ionship is not  offered as a choice. 

The  correlat ion between performance on the total  test 
and performance on this question is very high, .70. (B) and 
(C) were the most  common choices of s tudents  with low 
scores on the test. These  s tudents  appa ren t l y  failed to 
realize that ,  as long as the disk is fas tened to the box, the 
s i tuat ion is as simple as if the disk were not present.  The  
larger  number  of them chose (C), where the max imum ve- 
locity does drop with time, but  both (B) and (C) have the 
weakness tha t  they  are  appropr ia te  only for more  complex 
s i t u a t i o n s .  

A b o x  w i t h  e l a s t i c  wal l s  a n d  n o  i n t e r n a l  or e x t e r n a l  f r i c t i o n  
h a s  i t s  d i s k  i n i t i a l l y  r e s t i n g  in  t h e  m i d d l e  o f  t h e  box .  W h i c h  
o f  t h e  g r a p h s  c o u l d  r e p r e s e n t  t h e  v e l o c i t y - t i m e  r e l a t i o n s h i p  
o f  t h i s  c o m b i n a t i o n ?  

Statistical Analysis 

RESPONSES 

O m i t  

A 

::: B 
(4 

E 

T o t a l  

S t u d e n t s  C l a s s i f i e d  b y  T o t a l  T e s t  S c o r e  

NEXT NEXT 
LOWEST L O W E S T  M I D D L E  HIGHEST 

FIFTH FIFTH FIFTH FIFTH 

2 2 

17 10 5 4 

18 28 44 53 

15 10 6 4 

16 17 16 11 

6 7 3 2 

74 74 74 74 

HIGHEST 
FIFTH 

69 

1 

2 

2 

74 

P e r  c e n t  o f  t o t a l  g r o u p  o f  370 s t u d e n t s  a n s w e r i n g  c o r r e c t l y  . . . . . . . . .  57 % 
C o r r e l a t i o n  b e t w e e n  success  on  t h i s  q u e s t i o n  a n d  t o t a l  s c o r e  o n  t e s t . . .  61 

* C o r r e c t  a n s w e r  

W h e n  the s tandard  impulse is given to the box described in 
this passage, the box moves unt i l  the disk inside, free to slip 
along the bot tom since there  is no friction, hits the t ra i l ing 
end of the box. At this point,  there  is an elastic collision 
between the box and the disk, which have equal  masses. 
All the mo men t u m of the box is t rans fe r red  to the  disk, and  
as a result ,  the box stops and  the disk moves across the 
bot tom of the box. The  disk soon hits the forward end of 
the box in a second elastic collision. The  m o m e n t u m  is once 
more  t ransfer red  to the box, the  disk stops, and  the box 
once again moves a t  the same velocity as before. The  ve- 
locity of the box is undimin ished  since there  are  no fric- 
t ional  forces acting to slow the motions. Choice (B) repre-  
sents this situation. This  quest ion was answered correct ly 
by 57 per  cent of the examinees.  The  corre la t ion between 
per formance  on this quest ion and  performance  on the tota l  
test  in which it was used was high, .61. Only five of the 
s tudents  with the highest  fifth of the test  scores failed to 
ana lyze  the s i tuat ion correct ly and to select the correct  
answer. S tudents  with the lowest scores appa ren t l y  did not  
unde r s t and  the situation. Al though very few of them omit- 
ted the question, their  responses are dis t r ibuted among 
choices (A), (B),  (C), and (D) as if they  were answering 
at  random. Few of the s tudents  with the lowest scores chose 
the "None  of the above" response, indicat ing thei r  belief 
tha t  the correct graph was presented,  but  they  were, in 
general,  not able to decide which one it was. 

13 



Q u e s t i o n  17 

O n e  m e t h o d  o f  o b t a i n i n g  "art i f i c ia l  grav i ty"  in  a s p a c e  
s t a t i o n  is to  h a v e  t h e  s t a t i o n  r o t a t i n g  a b o u t  axis AA as it  
revo lves  a r o u n d  Ear th .  

Side View 

1 A 
I 

| 
2 . 

3 I 

T h e  i n h a b i t a n t s  o f  t h e  s p a c e  s t a t i o n  w o u l d  ca l l  w h i c h  d i -  
r e c t i o n  " d o w n "  ? 

(A) D i r e c t i o n  1 

(B) D i r e c t i o n  2 

(C) D i r e c t i o n  3 

(D) D i r e c t i o n  4 

(E) A n y  o n e  o f  t h e  four ,  d e p e n d i n g  o n  s p e e d  o f  r o t a t i o n  

Statistical Analysis 

R E S P O N S E S  

Omit 
A 

*B 
C 
D 
E 

Total 

L O W E S T  

F I F T H  

3 

12 
8 
7 
4 

34 

Students Classified by Total Test Score 
N E X T  N E X T  

L O W E S T  MIDDLE H I G H E S T  H I G H E S T  

F I F T H  F I F T  H F I F T  H F I F T H  

1 
17 19 
4 6 
9 6 
3 2 

34 34 

1 
29 28 

1 
3 6 

34 34 

Per cent of total group of 170 students answering correctly . . . . . . . . .  62 % 
Correlation between success on this question and total score on t es t . . .  44 

*Correct answer 

Thi s  was  p a r t  of a set  of ques t ions  a d m i n i s t e r e d  to h igh  
school  s t u d e n t s  who were  c o m p l e t i n g  a y e a r  of h igh  school  
phys ics .  T h e  ques t ion  i l l u s t r a t e s  t he  k i n d  of r e sponse  t h a t  
can  be e x p e c t e d  of w e l l - t r a i n e d  s t u d e n t s  of h igh  school  age 
w h e n  t h e y  a r e  p r e s e n t e d  wi th  a r e l a t i ve ly  novel  s i t ua t i on  
wh ich  is ba sed  on f u n d a m e n t a l  concep t s  f rom the  field of 
mechan ic s .  

Th i s  q u e s t i o n  r equ i r e s  t h a t  t he  s t u d e n t  cons ide r  the  na-  
t u r e  of a poss ib le  m e c h a n i s m  for  p rov id ing  a " d o w n "  di rec-  
t ion  in a space  s t a t i on  to s i m u l a t e  t he  g r a v i t a t i o n a l  " d o w n "  
so i m p o r t a n t  in our  n o r m a l  ac t iv i t ies  on E a r t h .  Choice  (C) 
is t h e  d i r ec t i on  n o r m a l l y  cons ide red  down  in d i ag rams .  
A l t h o u g h  this  d i r ec t ion  is no t  s igni f icant  in t he  space  s ta-  
t ion,  a s izeab le  n u m b e r  of t he  p o o r e r  phys ics  s t u d e n t s  
chose it. O t h e r  s t u d e n t s  a s s u m e d  t h a t  t he  " d o w n "  d i r ec t ion  
would  be t h a t  one  t o w a r d  the  c e n t e r  of r o t a t i o n  of the  s ta-  
t ion,  choice ( D ) .  However ,  objec ts  f ree  to move  in the  space  

14 

s t a t i on  b e h a v e  as do pa r t i c l e s  in a c e n t r i f u g e  a n d  " fa l l "  to 
the  o u t e r  edge. T h i s  d i rec t ion ,  (B) ,  t h e n  is t he  " d o w n "  
d i r ec t ion  in t he  r o t a t i n g  s ta t ion .  T h e  o t h e r  choices,  ( A) ,  
" u p "  as it  is u s u a l l y  r e p r e s e n t e d  in d i a g r a m s ,  a n d  ( E ) ,  a 
d i r ec t ion  wh ich  d e p e n d s  on the  speed  of ro t a t ion ,  we re  no t  
se lec ted  by  m a n y  s t u d e n t s .  

Q u e s t i o n  18 

I n t e n s i t y  o f  c o l o r  m a y  b e  u s e d  as a m e a s u r e  o f  c o n c e n t r a -  
t i o n .  T h e  p e r m a n g a n a t e  i o n  M n O ~  is i n t e n s e l y  p u r p l e .  I f  
t h e  f o l l o w i n g  s a l t s  w e r e  s e p a r a t e l y  d i s s o l v e d  in  w a t e r  to  
m a k e  0 . 0 0 1 - m o l a r  s o l u t i o n s ,  t h e  s o l u t i o n  h a v i n g  t h e  m o s t  
i n t e n s e  co lor  w o u l d  b e  

(A) KMnO4 

(B) N a M n O ,  

(C) NaMnO4 . 3H20 

(D) Ca (MnOD2 

(E) AgMnO4 

Statistical Analysis 

R E S P O N S E S  

Omit 
A 
B 
C 

* D 
E 

Total 

Students Classified by Total Test Score 
N E X T  N E X T  

L O W E S T  L O W E S T  MIDDLE H I G H E S T  H I G H E S T  

F I F T H  F I F T  H F I F T  H F I F T  H F I F T H  

26 18 15 7 8 
13 16 14 16 14 
6 5 8 4 3 
2 1 5 6 3 
8 13 11 22 31 
5 7 7 5 1 

60 60 60 60 60 

Per cent of total group of 300 students answering correctly . . . . . . . . .  28 % 
Correlation between success on this question and total score on t e s t . . .  38 

*Correct answer 

T h i s  ques t ion ,  wh ich  was  a sked  of h igh  school  c h e m i s t r y  
s t uden t s ,  involves  a r a t h e r  s imp le  concep t  w i t h  wh ich  all  
s t u d e n t s  a t  this  level  wou ld  be e x p e c t e d  to be fami l i a r .  T h e  
concep t  m i g h t  be s t a t e d  as  fol lows: E v e n  t h o u g h  the  n u m -  
ber  of moles  in  a l i t e r  of so lu t ion  of e ach  of s eve ra l  sa l ts  is 
t he  same,  the  c o n c e n t r a t i o n s  of t he  ions of t he se  sa l t s  ne e d  
no t  be the  same.  A m o l e  of C a ( M n O 4 )  2 p rov ides  two moles  
of MnO~ ions whi le  a m o l e  of each  of t h e  o t h e r  sa l t s  l i s ted  
p rov ides  on ly  one  mo le  of MnO~ ions. As a resu l t ,  w h e n  the  
n u m b e r s  of moles  of t h e  sa l ts  p r e s e n t  in so lu t ion  a r e  t he  
same,  a so lu t ion  of C a ( M n O 4 )  2 con t a in s  m o r e  mo le s  of 
M n O 7  ions t h a n  a n y  of t he  o t h e r  solut ions ,  a n d  is t h e r e f o r e  
m o r e  i n t e n s e l y  colored.  

T h e  se t t ing  of t he  q u e s t i o n  is s o m e w h a t  u n u s u a l ,  a n d  t he  
ques t ion  is, t he re fo re ,  u se fu l  in d i s c r i m i n a t i n g  b e t w e e n  
s t u d e n t s  who a re  ab le  to see t he  a p p l i c a t i o n  of a f a m i l i a r  
concep t  in a n  u n u s u a l  s i t u a t i o n  a n d  those  who  a r e  not.  
A b o u t  30 pe r  cen t  of t he  s t u d e n t s  se lec ted  the  co r r ec t  re- 
sponse  (D) .  Of t he  o t h e r  c o m p o u n d s  l is ted,  the  m o s t  fami l -  
i a r  one  is K M n O  4, choice  (A) .  A n u m b e r  of s t u d e n t s  ap-  
p a r e n t l y  were  u n a b l e  to see the  a p p l i c a t i o n  of a n y  concep t  
in th is  s i t ua t i on  a n d  so se l ec ted  the  s u b s t a n c e  whose  form-  
u l a  was mos t  f ami l i a r ,  a s s u m i n g  t h a t  a f a m i l i a r  c o m p o u n d  
is mos t  l ike ly  to be r ight .  N e a r l y  ha l f  of t he  lowes t  fifth of 



the students omitted the question, apparent ly  because they 
did not realize tha t  a familiar concept would lead to the 
answer. Students  who chose (B), (C), and (E) demon: 
s trated that  they did not unders tand the meaning of 
"mole": (B) and (C) list the same salt, first in anhydrous 
form and then hydrated;  (E) lists a salt of a heavy metal  
with a resulting high molecular weight. These differences 
among the salts do not affect the number  of MnO~" ions 
introduced into the solution by a mole of each salt and 
thus choices (B), (C), and (E) are incorrect. 

Question 19 

T h i s  q u e s t i o n  is b a s e d  o n  t h e  f o l l o w i n g  s i t u a t i o n :  

A p i e c e  o f  m i n e r a l  is p l a c e d  i n  a b o t t l e  h a l f - f i l l e d  w i t h  a 
c o l o r l e s s  l i q u i d .  A t w o - h o l e d  r u b b e r  s t o p p e r  is  t h e n  p l a c e d  
in  t h e  b o t t l e .  T h e  s y s t e m  is t h e n  s e a l e d  b y  i n s e r t i n g  a 
t h e r m o m e t e r  a n d  c o n n e c t i n g  a g las s  t u b e  t o  t h e  s t o p p e r e d  
b o t t l e  a n d  a b e a k e r  o f  l i m e w a t e r  as s h o w n  i n  t h e  a c c o m p a n y -  
i n g  d i a g r a m :  

thermometer 

colorless 
liquid 
mineral 

- - l imewater  

T h e  f o l l o w i n g  s e r i e s  o f  o b s e r v a t i o n s  is r e c o r d e d :  

I .  O b s e r v a t i o n s  d u r i n g  t h e  f i r s t  fe w m i n u t e s :  
1. B u b b l e s  o f  a c o l o r l e s s  gas  r i s e  t o  t h e  t o p  o f  t h e  s t o p p e r e d  

b o t t l e  f r o m  t h e  m i n e r a l .  
2. B u b b l e s  o f  c o l o r l e s s  gas  b e g i n  to  c o m e  o u t  o f  t h e  g la s s  

t u b e  a n d  rise  t o  t h e  s u r f a c e  o f  t h e  l i m e w a t e r .  
3. T h e  l i m e w a t e r  r e m a i n s  c o l o r l e s s  t h r o u g h o u t  t h i s  p e r i o d  

o f  t i m e .  
4. T h e  t h e r m o m e t e r  r e a d s  20°C. 

I I .  O b s e r v a t i o n s  a t  t h e  e n d  o f  t h i r t y  m i n u t e s :  
1. B u b b l e s  o f  c o l o r l e s s  gas  c o n t i n u e  t o  r i s e  i n  t h e  s t o p p e r e d  

b o t t l e .  
2. T h e  p i e c e  o f  m i n e r a l  h a s  b e c o m e  n o t i c e a b l y  s m a l l e r .  
3. T h e r e  is n o  a p p a r e n t  c h a n g e  in  t h e  l eve l  o f  t h e  c o l o r l e s s  

l i q u i d  i n  t h e  b o t t l e .  
4. T h e  c o l o r l e s s  l i q u i d  in  t h e  b o t t l e  r e m a i n s  c o l o r l e s s .  
5. T h e  t h e r m o m e t e r  r e a d s  24°C. 
6. T h e  l i m e w a t e r  is  c l o u d y .  

W h i c h  o n e  o f  t h e  f o l l o w i n g  is t h e  b e s t  e x p l a n a t i o n  for  t h e  
a p p e a r a n c e  o f  g a s  b u b b l e s  a t  t h e  e n d  o f  t h e  t u b e  in  t h e  
b e a k e r  o f  l i m e w a t e r ?  

(A) T h e  p r e s s u r e  e x e r t e d  b y  t h e  c o l o r l e s s  l i q u i d  is g r e a t e r  
t h a n  t h a t  e x e r t e d  b y  t h e  l i m e w a t e r .  

(B) T h e  b u b b l e s  c o m i n g  f r o m  t h e  m i n e r a l  c a u s e  a n  i n -  
c r e a s e d  gas  p r e s s u r e  in  t h e  s t o p p e r e d  b o t t l e .  

(C) T h e  t e m p e r a t u r e  i n c r e a s e  a t  t h e  e n d  o f  t h i r t y  m i n u t e s  
c a u s e s  a n  e x p a n s i o n  o f  gas  in  t h e  s t o p p e r e d  b o t t l e .  

(D)  T h e  d e c r e a s e  in  t h e  s i ze  o f  t h e  p i e c e  o f  m i n e r a l  c a u s e s  
r e d u c e d  p r e s s u r e  in  t h e  s t o p p e r e d  b o t t l e .  

(E) T h e  g l a s s  t u b e  serves  as  a s i p h o n  for t h e  f low o f  gas  
f r o m  t h e  b o t t l e  t o  t h e  b e a k e r .  

Statistical Analysis 

RESPONSES 

Omit 
A 

*B 
C 
D 
E 

Total 

Students Classified by Total Test Score 

N E X T  

LOWEST L O W E S T  MIDDLE 

F I F T H  F I F T H  F I F T H  

2 
10 4 3 
13 28 34 
11 13 4 
5 1 

21 13 18 
60 ' 60 60 

NEXT 

HIGHEST 

F I F T H  

5 
43 

5 

H I G H E S T  

F I F T H  

1 
52 

1 

7 6 
60 60 

Per cent of total group of 300 students answering correctly . . . . . . . . .  57 % 
Correlation between success on this question and total score on t e s t . . .  55 

*Correct answer 

This question is taken from a test designed to be used with 
a new curriculum in high school chemistry. The  question 
is only one of a series based on the experimental  si tuation 
described. Questions in the series are grouped in sequence 
relating to the situation in order to permi t  the s tudent  to 
think intensively in one setting for an extended period of 
time. The  student  is asked to deal with a realistic labora- 
tory s i tuat ionmone he has not yet encountered in the 
course at  the time the test was g iven--and to employ scien- 
tific problem-solving ability in using the data given to an- 
swer the questions. 

Choice (A) is both vague and irrelevant. I t  is unspecific 
about where the pressure is exerted and has nothing to do 
with the cause of the bubbles. 

Choice (C) sounds plausible. In itself, the s ta tement  is 
not incorrect, since the tempera ture  increase will cause an 
increase in gas pressure in the stoppered bottle. However, 
s tudents who are in command of the subject will realize 
that  the increase in gas pressure due to the rise in temper-  
a ture  is insignificant compared with that  caused by the 
bubbles coming from the mineral.  

Choice (D) embodies an incorrect statement.  Some stu- 
dents may not realize this, but  even if the s ta tement  were 
correct, it would offer an incorrect explanation for the ap- 
pearance of the bubbles in the beaker. 

Most of the good students rejected choice (E),  but many  
less able students chose it, probably because the arrange- 
ment  looks somewhat like a siphon and they had heard of 
the use of siphons in transferring fluids. 

Students  who unders tand the forces at work in the situa- 
tion described will know that  bubbles would appear  at  the 
end of the tube in the beaker when the pressure exerted 
by the gas from the stoppered bottle exceeded the pressure 
exerted by the l imewater at  the end of the tube. They  will 
also realize that  the l imewater  pressure would remain 
essentially constant. Choice (B), therefore, sets forth the 
condition that  would account best for the appearance  of 
gas bubbles at the end of the tube in the beaker. 
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Q u e s t i o n  20 

8i 

L 
V 

In  t h e  f igure above ,  three  squares  w i t h  areas  o f  100, 16, a n d  
81 lie s ide  by  s ide  as s h o w n .  By h o w  m u c h  m u s t  t h e  area o f  
t h e  m i d d l e  s q u a r e  be r e d u c e d  in  order t h a t  the  t o t a l  l e n g t h  
PQ o f  t h e  r e s u l t i n g  three  squares  be 21? 

(A) ~ (B) 2 (C) 4 (D) 8 (E) 1 2 

Statistical Analysis 

R E S P O N S E S  

Omit  

A 

B 

C 

D 
*E 

Total 

Students  Classified by  To ta l  Tes t  Score 

N E X T  N E X T  

L O W E S T  , L O W E S T  MIDDLE H I G H E S T  H I G H E S T  

F I F T H  F I F T  H F I F T  H F I F T  H F I F T H  

30 12 12 4 1 

8 9 8 2 1 

11 18 8 10 3 

4 3 4 3 4 

2 3 3 1 

5 15 25 .... 40 51 

60 60 60 60 60 

Pe r  cent  of t o t a l  group of 300 s tuden t s  answering correct ly  . . . . . . . . .  45 7o 
Corre la t ion  b e t w e e n  succes s  on this quest ion and to ta l  score on t e s t . . .  66 

*Correc t  answer  

This question is similar to those included in tests of mathe- 
matical apt i tude for high school students. One of the prob- 
lems surrounding such apt i tude questions is the need to 
avoid familiar textbook material  while at the same time 
restricting the content level to that  which was mastered 
earlier in the junior high school--geometry and simple 
algebra. If this need is met, then the focus of the apti tude 
test is where it should be, namely on ingenuity in the solv- 
ing of novel problems, ra ther  than on the recall of memo- 
rized procedures. This ingenuity, or what  some like to call 
"mathematical  matur i ty ,"  probably improves with taking 
good mathematics  courses throughout  high school but is 
not much affected by short-range cramming. 

This question involves procedures which the student  is 
extremely unlikely to have encountered in high school text- 
books; the content knowledge required is certainly not be- 
yond what is taught in the junior high school. The solution 
proceeds as follows: 

The lengths of the three sides of the squares are 10, 4, 
and 9, reading from left to right. Therefore, initially PQ 
equals 23. If the final length of PQ is to be 21, the amount  
of reduction of the side of the middle square must  be 2. The 
middle square must  consequently be reduced from an area 
of 16 to an area of 4; that  is, it must  be reduced by 12 
square units. 

16 

Of the 59 college-bound high school s tudents  in this sam- 
ple who o m i t t e d  the  question, 54 were in the lowest three-  
fifths. The 50 who chose (B) w e r e  s t u d e n t s  w h o  s tar ted  
toward a correct solution but who stopped with the length 
of the new side of the  m i d d l e  square. The  18 choosing (C) 
seem to have proceeded as far in their solution as finding 
the new area of the  m i d d l e  sq u a re  and, on the average, this 
was the most able of the groups missing the question. 
Choices (A) and (D) result  from taking wrong directions 
in the solution of the problem and, as e x p e c t e d ,  t h e s e  were  
selected by the least able groups. 

Q u e s t i o n  21 

W h a t  are t h e  roots  o f  x 2 -  ( (a  ~ - ) x  ~ 1  -- 0? 
- a -  

1 2 1 
(A) a , - -  (B) 2 a , - -  ( C ) - - - a , - - -  

a a a 

1 1 
(D) 1 , - -  (E) a 2, - -  

a a 

Statistical Analysis 

RESPONSES 

Omit 

*A 

B 

C 

D 

E 

Total 

Studen t s  Classified by  To ta l  T e s t  Score 

N E X T  N E X T  

L O W E S T  L O W E S T  MIDDLE H I G H E S T  H I G H E S T  

F I F T H  F I F T H  F I F T  H F I F T  H F I F T H  

31 36 25 24 14 

8 4 10 23 37 . . . . . . . .  

4 3 3 1 2 

10 10 13 9 5 i 

4 6 8 1 

3 1 I 1 2 2 
60 60 .... ] 60 60 60 

Per  cent  of to ta l  group of  300 s tuden t s  answering correc t ly  . . . . . . . . .  27 70 
Correlat ion be tween success on this  quest ion and t o t a l  score  on  t e s t . . .  53 

*Correct  answer 

Good mathematics  achievement questions like this one re- 
semble apt i tude test questions in requiring mathemat ical  
ingenuity and matur i ty  for their solution. They  also require 
specific content knowledge appropriate  to the level of the 
test, in this case the In termedia te  Mathemat ics  Achieve- 
ment  Test  offered by the College Ent rance  Examinat ion  
Board. 

This question is designed to exhibit the general relations 
between roots and coefficients in the quadrat ic  equation. 
Able students with clear understandings of these relations 
will be able to solve this problem by inspection, thus saving 
time for other parts of the examination. Less able students 
may be able to solve it by more laborious methods. Students 
without any knowledge will usually miss or omit it. 

The solution depends on the important  knowledge that  
in quadra t ic  equations of the form x 2 + B x +  C =  0, C 
equals the product of the roots and B equals the negative 
of the sum of the roots. By inspection, one can see that  B 
is writ ten as the negative of the sum of two quantities. The 

1 
fact that  they must  be the roots, a and m ,  is confirmed by 

a 



t he  fac t  t h a t  t h e i r  p r o d u c t  is C, or  1. A m o r e  l abor ious  
m e t h o d  involves  t he  use  of the  q u a d r a t i c  f o rmu la ,  

- B .¢_ ~/B 2 - 4AC 
, w h e r e  A is t he  coefficient of x 2 a n d  is 

2A 1 
equa l  to 1, B is equa l  t o -  (a  + -~ ), a n d  C is equa l  to 1. 

A t h i r d  a n d  also l abor ious  m e t h o d  involves  f ac to r ing  the  
lef t  m e m b e r  of t he  e q u a t i o n  a n d  se t t ing  each  fac to r  equa l  
to zero. 

T h e  d i s c r i m i n a t i o n  p o w e r  of t he  ques t i on  can  be observed  
by  no t ing  the  ab i l i ty  level  of the  s t u d e n t s  se lec t ing  the  cor- 
rec t  answer .  A p rog res s ion  of s t u d e n t s  choos ing  (A) ,  t he  
r igh t  answer ,  c an  be seen  f r o m  8 in the  lowest  ab i l i ty  g roup  
to 37 in t he  h ighes t  ab i l i ty  group.  Choice  (C) a t t r a c t e d  47 
s tuden t s ,  p r o b a b l y  because  of a m i x u p  in s ign in se lec t ing  
the  s u m  of t he  roots.  T h e r e  is some  r e a s o n  to bel ieve  t h a t  
s t u d e n t s  who chose  (B)  u sed  the  q u a d r a t i c  f o r m u l a  above 
a n d  fa i led  to d iv ide  by  2 a t  t he  end.  

Statistical Analysis 

RESPONSES 
Omit 

A 
B 
C 

*D 
E 

Total 

Students Classified by Total Test Score 
NEXT 

LO~'EST LO~VEST MmDLE 
FIFTH ~FTH FIFTH 

11 6 
9 4 7 
4 8 9 
2 7 3 

11 19 30 
21 15 11 
58 59 60 

NEXT 
HIGHEST 
FIFTH 

1 
2 I 

13 
7 

24 
13 
6O 

HIGHEST 
FIFTH 

1 
14 
1 

37 
6 

59 

Per cent of total group of 296 students answering correctly . . . . . . . . .  41% 
Correlation between success on this question and total score on tes t . . .  38 

(Discrepancies in total numbers in each fifth are caused by drop-out of 
students not completing the test.) 

*Correct answer 

Q u e s t i o n  22 

T h e  q u e s t i o n  be low is fol lowed by  two s t a t e m e n t s ,  l abe led  
(1) a n d  (2), in  w h i c h  c e r t a i n  d a t a  are  given.  I n  th i s  q u e s t i o n  
you  do n o t  a c t u a l l y  h a v e  to  c o m p u t e  an  answer ,  b u t  r a t h e r  
you  have  to  d e c i d e  w h e t h e r  t h e  d a t a  g i v e n  in  t h e  s t a t e -  
m e n t s  are suf f ic ien t  for a n s w e r i n g  t h e  q u e s t i o n .  U s i n g  t h e  
d a t a  g i v e n  in  t h e  s t a t e m e n t s  p lus  y o u r  k n o w l e d g e  of  m a t h e -  
m a t i c s  a n d  e v e r y d a y  fac ts  ( such  as t h e  n u m b e r  of  days  in  
Ju ly ) ,  you  are  to  se lec t  a n s w e r  

(A) if  s t a t e m e n t  (1) ALONE is suf f ic ien t  b u t  s t a t e m e n t  (2) 
a l o n e  is n o t  suf f ic ien t  to  a n s w e r  t h e  q u e s t i o n  asked,  

(B) if  s t a t e m e n t  (2) ALONE is suf f ic ien t  b u t  s t a t e m e n t  (1) 
a l o n e  is n o t  suf f ic ien t  to  a n s w e r  t h e  q u e s t i o n  asked ,  

(C) if  b o t h  s t a t e m e n t s  ( 1 ) a n d  (2) T O G E T H E R  are  suffi~ 
c i e n t  to  a n s w e r  t h e  q u e s t i o n  asked ,  b u t  N E I T H E R  
s t a t e m e n t  ALONE is suf f ic ient ,  

(D) if  EACH s t a t e m e n t  is  suf f ic ien t  by  i t se l f  to  a n s w e r  t h e  
q u e s t i o n  asked ,  

(E) if  s t a t e m e n t  (1) a n d  (2) T O G E T H E R  are  NOT suf f ic ien t  
to  a n s w e r  t h e  q u e s t i o n  asked  a n d  a d d i t i o n a l  d a t a  spe-  
cific to  t h e  p r o b l e m  are n e e d e d .  

I f  x is a who le  n u m b e r ,  is i t  a t w o - d i g i t  n u m b e r ?  

(1) xz is a t h r e e - d i g i t  n u m b e r .  

(2) 10x is a t h r e e - d i g i t  n u m b e r .  

One  of the  abi l i t ies  wh ich  has  been  rece iv ing  i nc r ea s i ng  em- 
phas i s  f r om the  e l e m e n t a r y  school  t h r o u g h  col lege is t h a t  
of j udg ing  the  r e l e v a n c y  of d a t a  in  the  so lu t ion  of p r o b l e m s  
in m a t h e m a t i c s ,  science,  a n d  social  s tudies .  M e a s u r e m e n t  
of t he  e x t e n t  to wh ich  a s t u d e n t  has  deve loped  th is  ab i l i ty  
n e a r  t he  end  of the  h igh  school  y e a r s  is be l ieved  to be im- 
p o r t a n t  in p r ed i c t i ng  scho las t i c  success  in college. T o  ac- 
compl i sh  such  m e a s u r e m e n t  t he  t y p e  of t es t  q u e s t i o n  p re -  
s e n t e d  he re  has  been  des igned ,  v a l i d a t e d  by  r e sea r c h ,  a n d  
is now in use  in the  Col lege E n t r a n c e  E x a m i n a t i o n  B o a r d ' s  
Scho las t i c  A p t i t u d e  Tes t .  T h i s  t y p e  of ques t i on  is u se d  in 
a r i t h m e t i c ,  a lgebra ,  a n d  g e o m e t r y .  I t  shif ts  t he  e m p h a s i s  
f r om rote,  m a n i p u l a t i v e  skil ls  to h i g h e r  level j u d g m e n t s  a n d  
reason ing .  

T h i s  ques t ion  shows t he  v e r y  g r ea t  v e r s a t i l i t y  of th ls  
type ,  for  it  r equ i r e s  l i t t le  f a c t u a l  knowledge  a n d  the  sim- 
p les t  a spec t s  of e l e m e n t a r y  a lgebra ,  bu t  does r e q u i r e  a con- 
s ide rab l e  deg ree  of n u m e r i c a l  j u d g m e n t .  

F a c t  1 a lone  is suff icient  because  the  s q u a r e  root  of a n y  
th ree -d ig i t  squa re  is a two-d ig i t  n u m b e r .  F a c t  2 a lone  is 
sufficient because ,  w h e n e v e r  a t h r ee -d ig i t  m u l t i p l e  of 10 
is d iv ided  by  10, the  r e su l t  is a two-d ig i t  n u m b e r .  T h e  cor- 
rec t  a n s w e r  is t h e r e f o r e  ( D ) .  

T h i s  ques t ion  a n d  its a n a l y s i s  p rov ide  a n  i n t e r e s t i n g  in- 
s ight  into the  func t i on ing  of th is  t y p e  of ques t ion .  W h e n  
t he  co r rec t  a n s w e r  is ( D ) ,  t h e r e  is a sense  in wh i c h  t he  
q u e s t i o n  becomes  two ques t ions ,  s ince two s e p a r a t e  suffi- 
c iencies  m u s t  be d e t e r m i n e d .  I n  th is  case, w h e n  the  suffi- 
c i ency  of F a c t  1 is c o n s i d e r a b l y  m o r e  difficult to d e t e r m i n e  
t h a n  the  sufficiency of F a c t  2, a c e r t a i n  n u m b e r  of m o d e r -  
a t e l y  able  peop le  can  be e x p e c t e d  to choose  (B)  as t he  
answer .  One  of the  r ea sons  t h a t  m a y  have  m a d e  the  suffi- 

, c i ency  of F a c t  1 difficult for  t h e m  to see is t h a t  a l t h o u g h  
the  s q u a r e  root  of a n y  t h r e e - d i g i t  n u m b e r  is a l w a y s  a two- 
digi t  n u m b e r ,  the  s q u a r e  of a two-d ig i t  n u m b e r  is no t  nec-  
e s sa r i ly  a t h ree -d ig i t  n u m b e r .  T h e  l a t t e r  p o i n t  m a y  ha ve  
led  some  to conc lude  e r r o n e o u s l y  t h a t  F a c t  1 was  n o t  suffi- 
cient .  F a c t  2, on the  o t h e r  h a n d ,  can  m o r e  eas i ly  be seen  as  
sufficient because  on ly  a two-d ig i t  n u m b e r  can  be m u l t i p l i e d  
by  10 to p r o d u c e  a t h r e e - d i g i t  n u m b e r .  T h e  h i g h e r  ab i l i ty  
of t he  121 se lec t ing  (D)  is sufficient  to give t he  q u e s t i o n  a 
good index  of d i sc r imina t ion .  T h e  20 choos ing  (C) a p p a r -  
e n t l y  fa i led  to rea l ize  t h a t  each  of t he  two facts  is inde-  
p e n d e n t l y  sufficient. 
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