
-- 

ever, is a serious disadvantage of this 
method. T h e  loss is aggravated by any 
drying method that tends to compress 
the plant parts or offers an absorptive 
surface, or-both. 

Our  present interpretation of this arti- 
fact is as follows. \.\'hen green plants are 
killed by quick-freezing or by other 
methods, all cells are killed and ren-
dercd permeable. The tracer, in solution 
in the original solvent or in the sap of 
cells that it has permeated, is free to 
move along any hydrostatic gradients 
tliat arc yet up during drying. When the 
tissue of quick-frozen plants is thawed, 
liquid moves freely but not uniformly 
toward drying surfaces, and the tracer is 
deposited in tissues en route and at the 
surfaces. Raaid movement most arob-
ably occurs principally in the xylem. 
The  phloem, which normally functions 
in the living state, presumably could not 
carry on rapid transport after the tissues 
have been killed. 

JAMES E. PALLAS,JR.  

A. S. CRAFTS 
Botany Department,  
Uniuersity of Cnl i fo~nia ,  Davis 
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Psychophysical Methods in the 
Study of Word Recognition 

Two psychophysical methods have 
been used in the measurement of rccog- 
nition thresholds for words: ( i )  a modi- 
fied method of limits (1) and ( i i )  the 
method of random series ( 2 ) .  A com-
parison of these methods will be useful 
for the evaluation of past studies and may 
throw some light on the process of word 
recognition. 

Twenty stimulus words, typed in capi- 
tal letters on white cards, were presented 
in a Harvard tachistoscope. In  the 
method of limits, a given word was ex- 
posed for increasing durations until it 
was recognized. Exposures were begun at 
20 msec and were increased in 10-msec 
steps on successive trials. The  order of 
the words was randomized. In  the 
method of random series, all the words 
were first presented in a random order 
at 20 msec, then at 30 msec, and so on 
at durations increasing in 10-msec steps 
until all the words had been recognized. 
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Table 1. Mean recognition threshold (msec) . 

- -- 

Method of limits 
-- - -- - -- 

Method of random series 

Frequency Length Row _ _ - _ 
Length 

-
Row 

5 7 9 11 mean 5 7 9 11 mean 

" Mean threshold for all words. 

Different random orders were used for 
each successive series. 

The  words varied with respect to 
length and frequency of usage. The 
words were five, seven, nine, and 11 let- 
ters in length. Five frequency classes were 
used-words occurring about 10, 100, 
200, 300, and 400 times in 4.5 million 
according to the Thorndike-Lorge word 
count (3) .Each of the 20 combinations 
of length and frequency was represented 
by one word. The  stimulus words and 
their frequencies of occurrence per 4.5 
million words were as follows. ( i )  Five- 
letter words: girth, 9; stain, 90; organ, 
196; agent, 319; and shape, 405. ( i i )  
seven-letter words: decorum, 11; tightly, 
106; inspire, 196; element, 305; and 
weather, 391. (iii) Nine-letter words: 
bethought, 6; publisher, 95; housrhold, 
222; forgotten, 305; and machinery, 393. 
( iv)  Eleven-letter words: counterpane, 
7 :  substantial, 98; im'lgination, 209; pos- 
sibility, 318; and association, 412. 

The  thresholds for the same words 
were measured by the method of limits 
in an earlier study by McGinnieq, Comer, 
and Lacey ( 4 ) .  I n  the present experi- 
ment, two groups of 20 subjects were 
used, one of which was tested by the 
methods of limits, and the other by the 
method of random series. Subjects were 
assigned to the two groups at random. 

The  duration of exposure required for 
correct recognition was used as a measure 
of the threshold. The  mean thresholds 
are shown in Table 1. An analysis of the 
variance of the threshold scorw (after 
logarithmic transformation to remove 
heterogeneity of variance) is summarized 
in Table 2. The  results obtained by the 
two methods are quite similar. T h e  
method of limits yields slightly lower 
thresholds than the method of random 
series. The  difference between methods 
is, however, not significant, nor does 
method interact significantly with the 
variables of frequency and length. As 
measured by both methods, the thresh- 
olds ( i )  decrease with frequency of usage 
and ( i i )  increase with word length. Both 
these effects are significant. 

There is also a significant interaction 
between frequency and length. Fre-

quency has inorc pronounced effects 
with long words than with short words, 
and increases in length have more ad-
verse effects on low-frequency words 
than on high-frequency words. These re- 
sults are in agreement with the findings 
of McGinnies, Comer, and 1,acey ( 4 ) .  
Thus, speed of recognition is a joint func- 
tion of frequency and length. The  more 
favorable one of these factors is to recog- 
nition, the more limited is the range of 
effectiveness of the other factor. These 
relationships between frequency, length, 
and thresholds are independent of psy-
chophysical method. 

However, the method of measurement 
does have significant effects on the nature 
of subjects' responses prior to correct rec- 
ognition. These responses were classified 
as ( i )  nonsense--that is, responses with- 
c3;t dictionary meaning-and (ii)  mean- 
ingful. The  mean percentages per subject 
are shown in Table 3. The  percentages 
of meaningful responses are virtually 
identical for the two groups. T h e  method 
of limits results, however, in a higher 
percentage of nonsense responses than 
does the method of random series. T h e  
difference is significant at the 0.05-level 
by Wilcoxon's test for unpaired repli- 
cates (5) .  T h e  method of limits favors 
piecemeal reconstruction of the sti~nulus 
word to a greater extent than does the 
method of random series. Nevertheless, 

Table 2. Summary of analysis of variance 
of recoqnition scores. 

Mean 
Source df square F 

Between subjects 
Methods 1 0.0798 0.36 
Individuals 38 0.2226 

Wzth in  subjects 
Frequency 4 0.6983 46.24" 
Length 3 0.0489 3.24f 
M x F  4 0.0041 0.27 
M x L  3 0.0125 0.83 
F x L  12 0.0612 4.05* 
Pooled error$ 734 0.0151 

* Significant beyond the 0.01 level. Significant 
beyond the 0.05 level. $ The interaction M x F x L 
was not siqnificant and was pooled with the residual. 



Table  3. Mean percentages o f  trials per 
subject o n  which nonsense and meaning- 
ful prerecognition responses were given. 

Method 

Random
Responses Limits series 

Mean S.D.* Mean S.D. 

Nonsense 25.3 10.8 19.3 6.8 
Meaningful 10.1 6.7 10.2 4.1 

* S.D., standard deviation. 

t h e  frequency o f  meaningfu l  prerecogni- 
t ion  responses and t h e  speed o f  recogni- 
t ion  are similar for t h e  t w o  methods.  

Meaningful  responses, including incor- 
rect guesses and correct recognitions, de-  
pend o n  t h e  discrimination o f  stimulus 
fragments w h i c h  enable the  subject t o  
a t tempt  a reconstruction o f  t h e  st imulus 
word.  I t  appears that successive expo-
sures o f  the  same word d o  n o t  substan- 
tially accelerate the  discrimination o f  
min imal ly  e f fec t ive  stimulus fragments. 
A t  t h e  very least, the  inf luence o f  c u m u -  
lative presentations is masked b y  t h e  
e f fec t s  o f  exposure duration as such. 

LEO POSTMAN* 
G. ADIS-CASTRO 

Department of Ps)rcholog)r, 
University of California, Be? k ~ l e y  
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Mechanism of Freezing 
in (Plant or Animal?) 
Living Cells and Tissues 

T h e  recent paper b y  M e r y m a n  ( I )  in-
cludes a treatment o f  t h e  physical prin- 
ciples o f  ice-crystal growth that  fills a 
real need for all biologists. But  his treat- 
m e n t  o f  "Freezing i n  cellular biological 
systems" almost completely ignores t h e  
vast a m o u n t  o f  work  tha t  has been  done  
o n  plants ( 2 ) .  A s  a result, m u c h  o f  what  
h e  says certainly does no t  hold true for 
plant cells. T h e  following are a f e w  cases 
i n  point:  

1 )  " T h e  lethal factor . . . is the  cx-
ceedingly h igh  concentration o f  electro- 
lyte  resulting f r o m  t h e  removal o f  water. 
. . ." T h i s  theory was proposed 50  years 
ago t o  explain frost injury t o  plants. 
S o m e  6 years later i t  was completely dis- 
proved b y  h l a x i m o v ,  w h o  showed that  
cells that  are normally killed at -5OC 
survive - 20°C i f  they  are frozen i n  non-  
penetrating and nontoxic solutions. M a n y  
other lines o f  evidence oppose the  theory 
i n  t h e  case o f  plant cells ( 2 ) .  

2 )  " I f  t h e  specimen survives this far 
[-	 10°C],  further decrease i n  tempera- 
ture causes n o  further change i n  the  
degree o f  dehydration. . .."Direct meas- 
urements b y  Scholander and coworkers 
( 2 )  have  shown continuous and progres- 
sive increases i n  ice format ion  b o t h  i n  
animal and plant tissues d o w n  t o  about  
- 30°C.  

3 )  " W h e t h e r  this [intracellular freez- 
ing o f  dead cells] is s imply a reflection o f  
loss o f  viability and membrane  permea- 
bility . . . has no t  been  experimentally  
investigated." I t  has been  experimentally  
investigated b y  several workers, including 
Chambers and Hale,  w h o m  M e r y m a n  
cited. T h e  evidence indicates tha t  m e m -  
brane permeability is t h e  cause o f  t h e  
intracellular freezing. 

4)  " I t  is nevertheless a fact  tha t  crvs- 
tallization is wholly or predominantly ex-
tracellular until rather rapid rates o f  
freezing are obtained. . . . " T h e  speed o f  
freezing tha t  results i n  t h e  formation o f  
intracellular ice varies markedly  among 
plants, particularly w h e n  hardy and non-  
hardy plants are compared.  T o  define 
rapid and slow freezing o n  the  basis o f  
t h e  rate needed t o  induce intra- or extra- 
cellular freezing ( a s  M e r y m a n  does)  
would i m p l y  that  rapid freezing i n  some 
plants is slower t h a n  slow freezing i n  
others. 

5 )  " I n  addit ion t o  the lethal potential 
o f  intracellular crystal growth, rapid 
freezing also creates a dehydration w i t h  
the  same potential for denaturation. .. ." 
Injury f r o m  intracellular freezing occurs 
at m u c h  higher temperatures ( a n d  there- 
fore milder dehydrations)  i n  hardy 
plants t h a n  does injury f r o m  extracellu- 
lar freezing. Furthermore, i n  nearly all 
cases among t h e  vast n u m b e r  tha t  h a v e  
bern  reported, intracellular freezing in- 
jury has occurred practically instan-
taneously. Extracellular freezing injury,  
o n  t h e  othcr h a n d ,  as well as other kinds 
o f  dehydration injury ( f o r  example.  plas- 
molysis i n j u r y )  increases w i t h  t h e  t i m e  
o f  exposure t o  it ( 2 ) .  Finally, n o  plant 
cells have  yet been  discovered tha t  are 
able t o  survive intraprotoplasmic freez- 
ing a t  moderate temperatures, al though 
some are able t o  survive m u c h  greater 
dehydration t h a n  others. Consequently,  
dehydration can  play n o  part i n  t h e  in-  
jury produced. 

6 )  " T h e  rapidity w i t h  which  destruc- 

t ive ice crystals can grow i n  t h e  solid 
state renders t h e  thawing procedure 
equally, i f  n o t  more ,  demanding  t h a n  the  
freezing procedure." T h i s  m a y  b e  true o f  
t h e  extremely rapid and intense freezing 
tha t  occurs w h e n  small pieces o f  tissue 
are plunged in to  liquid air, bu t  i t  does 
n o t  apply  t o  m o r e  moderate freezing ( f o r  
example ,  at - 1 0 ° C )  tha t  is still rapid 
enough t o  produce intracellular ice for- 
m a t i o n  i n  plant cells. I n  such cases ( see  
previous paragraphs) t h e  cells are al-
ways ki l led,  regardless o f  t h e  speed or 
nature o f  the  thawing process. 

7 )  " T h e  addit ion o f  glycerine . . . 
l imits  t h e  degree o f  dehydration pio-
duced." I t  is very easy t o  show that  this 
is no t  true i n  t h e  case o f  plant cells ( 2 ) .  
W h e n  glycerine is allowed t o  penetrate 
the  cells, t h e  best that  can  b e  obtained 
is a n  ability t o  withstand temperatures 2 
or 	3 degrees lower. W h e n  t h e  cells are 
frozen immedia te ly  i n  t h e  glycerine solu- 
t ion  be fore  appreciable penetration has 
occurred ( o r  i n  other solutions that  d o  
not  penetrate)  they  can b e  m a d e  t o  i l i l -

vive a temperature 15'C lower. Y e t  the  
dehydration i n  t h e  latter case is m u c h  
greater. 

T h e r e  are perhaps three m a i n  reasons 
for expecting di f ferences i n  the  freezing 
behavior o f  plant cells and o f  the  kind o f  
animal cells tha t  M e r y m a n  is mostly  con- 
cerned w i t h :  ( i )  t h e  ( m a i n l y  cellulose 
cell wall surrounding plant cells, ( i i )  the  
bathing fluid around the  animal cells, and 
( i i i )  the  large vacuole i n  each mature  
cell, at least o f  higher plants. W h e t h e r  
or no t  there are really major  di f ference? 
be tween  t h e  mechanisms o f  freezing i t i  

plant and animal cells, I d o  no t  know.  
But  i t  seems obvious tha t  a better under-  
standing o f  the  latter would b e  sure t o  
result f r o m  better acquaintance ~ ' i t h  the  
work  o n  plants ( a n d  vice versa) .  I ~ l o u l d  
therefore l ike t o  suggest a greater ex-
change o f  reprints be tween  the  animal 
and plant scientists i n  this field as I\-ell 
as i n  others. 

J .  LEYITT 
Department of Botany, 
University of Missouri, Columbia 
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Levitt 's observation tha t  the  article, 
"Mechanics o f  freezing i n  living cells and 
tissues," is primarily concerned w i t h  ani- 
mal  material is qu i te  correct, and pos- 
sibly t h e  title should h a v e  so indicated. 
However,  al though i t  would ,  i n  retro-
spect, h a v e  b e e n  advisable t o  include 
m o r e  allusions t o  plant material ,  detailed 
discussions o f  freezing i n  specific tissues 
was, as stated in t h e  introduction,  no t  t h e  
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