
The finding of Todaro et al. that murine 
cells transformed by sarcoma viruses 
have a decrease in EGF receptors (20) 
further suggests that changes in the EGF 
effector system may play an important 
role not only in the carcinogenic process 
but also in maintenance of the trans- 
formed state. On the other hand, we 
must emphasize that it is not clear that 
all of the actions of TPA are shared by 
EGF. In addition, there are cell types 
that appear to lack EGF receptors yet 
are responsive to TPA (19, 21). It seems 
likely, therefore, that the diverse biolog- 
ic effects of TPA are not mediated entire- 
ly by the EGF receptor system. The abil- 
ity of TPA to produce EGF-like effects 
on cell function may reflect a more gen- 
eralized alteration in cell membrane 
structure and function induced by TPA. 
Nevertheless, even such secondary ef- 
fects of TPA could lead to alterations in 
growth control. 
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The primary mechanisms of visual at- 
tention are overt physical acts: turning 
the eyes, head, and body toward the ob- 
ject of attention. Nevertheless, within a 
single eye fixation, attention can deter- 
mine what parts of a complex stimulus 
will be remembered (1) and, in a simple 
reaction-time task, which reaction-stim- 
uli will elicit fast and which will elicit 
slow responses (2). In contrast to these 
results in memory and reaction-time 
tasks (which involve complex short-term 
memory and response processes), in vi- 
sual detection tasks (which primarily in- 
volve perceptual mechanisms) there is, 
as yet, no evidence that selective atten- 
tion can alter processing within a brief 
exposure. In fact, there are many experi- 
ments that have been interpreted to 
mean that attention does not play an im- 
portant role in detection (3, 4). 

To demonstrate the crucial role of at- 
tention in visual detection, we used a 
variant of the classical visual search 
technique. In classical visual search, the 
subject examines an array of stimuli 
(background objects) for a target object 
by moving his eyes over the array (5). 
While the pattern of eye movements is 
interesting in itself (6), it adds a compli- 
cation not under experimental control to 
the analysis of attention. Therefore, in 
our experiments eye movements are 
eliminated by having the subject keep his 
eyes fixated on the center of a display 
and presenting new stimuli to him every 
240 msec. This method allows precise 
control over the flow of visual stimuli 
while approximating the sequence the 
eyes produce for themselves in sponta- 
neous visual search. 
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We present a sequence of arrays of al- 
phanumeric characters, preceded by a 
fixation field, on a cathode-ray tube (7). 
The subject's task is to detect two nu- 
merals (the target characters) among up- 
percase letters of the alphabet (back- 
ground characters). The targets occur in 
only one array, the critical array. This is 
preceded by a random number (from 7 to 
12) of noncritical arrays and followed by 
at least 12 more noncritical arrays. The 
subject does not know which array will 
contain the target characters, nor which 
of the ten numerals will occur, nor where 
in the array they will be located. His task 
is to report the identity and location of 
each of the target characters and his de- 
gree of confidence in the correctness of 
each report (8, p. 209). 

In a previous study (3) using a similar 
paradigm, Sperling et al. observed that a 
subject can scan for an unknown one-of- 
ten numeral as effectively as for a partic- 
ular known numeral. They concluded 
that subjects scan for ten numerals in 
parallel. They further noted that subjects 
can scan 15 to 25 locations of an array in 
parallel. The purpose of the present ex- 
periment was to determine whether sub- 
jects could selectively attend to certain 
parts and kinds of targets in the array, 
even in a situation in which eye move- 
ments (should they occur) would be of 
no benefit. 

We used the experimental paradigm 
described above, in which the critical ar- 
ray contained two different target numer- 
als, chosen independently (9). The sub- 
ject's task was to report both numerals, 
both locations, and two confidence rat- 
ings. Sample arrays are shown at the top 
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of Fig. 1. In the first condition (small), 
each array consisted of four small inside 
characters surrounded by 16 larger out- 
side characters. Since targets nearer the 
fixation point are easier to detect, we ad- 
justed the sizes of the inside letters to ap- 
proximately equalize the difficulty of de- 
tecting the inside and outside targets. 

Two other conditions were investi- 
gated, noise and reversal. In the noise 
condition, the inside consisted of large 
characters (the same size as the outside), 
but detection of the target numeral was 
made more difficult by superimposing a 
randomly chosen squiggly line ("noise") 
on each inside character. In the reversal 
condition, background characters in the 
inside were numbers, and the target was 
a letter; that is, the types of targets and 
of background characters in the inside 
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were reversed compared to all other con- 
ditions. 

In all conditions, the outside was the 
same. The background characters were 
all the letters of the English alphabet ex- 
cept B, S, Z, Q, 0, and I. In the reversal 
condition the numerals 0 and 1 were also 
omitted. 

In some blocks of trials the subject 
was instructed to give most of his atten- 
tion to the inside characters, in other 
blocks to the outside characters, and in 
still others he was told to pay equal at- 
tention to both. Control sessions were al- 
so run, in which the subject was told to 
report only inside targets or only outside 
targets. 

Data from two subjects are shown in 
Fig. 1. Each point represents the mean 
performance for one block, consisting of 
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30 to 60 trials. In each graph, the ordi- 
nate indicates the probability of cor- 
rectly identifying the inside target, and 
the abscissa indicates the probability of 
correctly identifying the outside target. 
(Both kinds of targets always occurred in 
each array.) 

Figure 1 indicates that the subjects 
were able to follow the attention instruc- 
tions. The data show that it is possible to 
"trade off"' performance on one class of 
targets for performance on the other. 
The range of performances produced, as 
attention varies from being focused en- 
tirely on the inside targets to being fo- 
cused entirely on the outside targets, de- 
fines a subject's attention operating char- 
acteristic (AOC) for this task (10). In this 
task, the AOC is approximately a 
straight line with slope of - 1, indicating 
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Probability of correct item detection (outside) 
Fig. 1. The three displays at the top show typical stimuli from the small, noise, and reversal conditions; data from two subjects for each condition 
are shown beneath. Open circles represent sessions of 30 to 60 trials in which both targets were reported; the direction of the "tail" indicates the 
attention instructions; tail down, "give 90 percent of your attention to the outside"; tail left, "90 percent to the inside"; tail diagonal, "equal 
attention to both inside and outside targets." Closed circles on the axes represent control sessions in which only one previously specified type of 
target was to be reported; the vertical and horizontal lines represent the means of these control data. The heavy lines connect the average 
performance in each attention condition; they represent the empirically estimated attention operating characteristics. The light diagonal lines are 
the best staight-line fits to the data. 
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that the subject can exchange a certain 
amount of probability of correctness on 
one task for an equal amount on the oth- 
er. 

The data from the control sessions, in 
which the subject reported just one kind 
of target (for example, the outside tar- 
get), are graphed directly on the axes of 
Fig. 1. A vertical line is drawn through 
the mean of the outside control data, and 
a horizontal line through the inside 
mean. The intersection of these two lines 
defines the "independence point," the 
point at which the subject would operate 
if he could perform both search tasks si- 
multaneously without any interference- 
that is, independently of each other. In- 
sofar as the AOC lies inside the inde- 
pendence point, it represents some de- 
gree of interference between the two 
tasks (11). 

Interference between two search tasks 
does not occur because of any difficulty 
in remembering the targets long enough 
to report them. To prove this the display 
was altered so that the targets remained 
the same but each background character 
was replaced with just a single dot. In 
this case, subjects gave errorless reports 
of both targets. Thus, the subject's in- 
ability to report both targets in the exper- 
imental condition is due to the difficulty 
of executing the two complex search 
tasks simultaneously, and not merely to 
difficulty in reporting two targets. 

When we compare performance in the 
small condition (Fig. 1, left) with that in 
the noise condition (Fig. 1, center), we 
note that the outside search task was the 
same in both conditions; the inside 
search task was matched to be of equal 
difficulty. Nonetheless, we see that for 
subject MJM the AOC curve is much 
closer to the independence point in the 
noise than in the small condition. This 
subject can carry out these two search 
tasks with targets of equal size with 
much less mutual interference than when 
the targets are of different sizes. 

The right-hand portion of Fig. 1 illus- 
trates performance in the reversal condi- 
tion, where the subject searches for a let- 
ter target among numerals on the inside, 
and for a numeral target among letters on 
the outside. The data show that the mu- 
tual incompatibility of these two search 
tasks is nearly total. 

In order to examine the mechanism by 
which the subject moves along the AOC 
curve-that is, the mechanism by which 
attention is shifted from one search task 
to the other-we examine the 2 x 2 con- 
tingency table (Table 1) which gives the 
joint occurrences of correct reports on 
the two tasks. This table has three de- 
grees of freedom: two of these, the mar- 
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Table 1. Contingency table for the joint distri- 
bution of responses in tasks 1 and 2 of a di- 
vided-attention experiment. The marginal 
probabilities P, and P2 reflect overall perform- 
ance on each of the two tasks; the contin- 
gency parameter K reflects the degree of at- 
tention switching between tasks from trial to 
trial. 

Task 1 
I Wrong Right 

r- 

%X (1-P )(P1l (P- P P2 P2 

X( -P1.r . P P + P 

-K +K 

1- P1 P1 

ginals P, and P2, are used to define the 
AOC. The third degree of freedom (con- 
tingency, K) provides information about 
the mechanism of attention. We consider 
here two (of many) possible mecha- 
nisms: sharing and switching. The mech- 
anisms are outlined below without for- 
mal derivations. 

In attention sharing, attention is as- 
sumed to be divided between the two 
tasks in some fixed proportion that does 
not vary from trial to trial. Insofar as 
there is less attention devoted to each 
task than in a control condition, perform- 
ance suffers relative to the control. In a 
pure sharing state (no trial-to-trial varia- 
tions in attention), the 2 x 2 contingency 
table is assumed to show statistical inde- 
pendence-the probability of a correct 
response on one task is not influenced by 
whether the response on the other task 
was right or wrong. 

In attention switching, one of two dif- 
ferent attention states (A1 or A2) is as- 
sumed to occur randomly on any given 
trial. (A, and A2 themselves may be pure 
states or mixtures.) To move along the 
AOC curve, the subject varies the pro- 
portion of times he is in A1. Two inter- 
esting properties of attention switching 
are (i) mixtures of A, and A2 produce a 
straight-line AOC curve connecting A1 
and A2, and (ii) the contingency table for 
a mixed state is the mixture of the two 
separate contingency tables (A1 and A2). 
From property (ii) it can be shown that, 
under the conditions of the experiment, 
any contingency table produced by 
switching between states with purely in- 
dependent tables has a negative correla- 
tion (corresponding to K < 0) and, given 
enough data, would show nonindepen- 
dence by the chi-square test. In other 

words, on trials where the subject re- 
sponds correctly on one task, he is less 
likely to respond correctly on the other. 

When this analysis is applied to the 
data described above, we discover that 
the major mechanism of altering atten- 
tion is switching, that is, altering the pro- 
portion of times the subject is in state A1 
or A2. On the other hand, we can reject 
the hypothesis, at least for some of the 
data, that there are only two attentional 
states (that is, the states determined by 
the intersections of the AOC curves with 
the control-condition lines). The subject 
moves along an AOC by switching be- 
tween different attentional states, but the 
particular states between which he 
switches are themselves states of shared 
attention influenced by the desired net 
performance. 

We investigated how long it takes a 
subject to switch from one attention 
state to another. In a separate series of 
tests in the reversal condition, we placed 
the numeral and letter targets in different 
arrays of the sequence. When the letter 
target followed the numeral target by at 
least two arrays (480 msec) we observed 
greater independence (in the contin- 
gency analysis) and an increase in letter- 
detection accuracy. The results imply 
that after detection of an outside target, 
the subject switched attention from the 
outside to the inside in 240 and 480 msec, 
an estimate which is consistent with esti- 
mates from another technique (12) of 
measuring the reaction time of an atten- 
tion switch. 

In conclusion, we see that instructions 
to attend to one part of an array or anoth- 
er are enormously potent in determining 
from which part of the array signals will 
be detected. The instruction to give 
equal attention to the search for two dif- 
ferent-sized targets caused our subjects 
to switch their attention from trial to tri- 
al, sometimes searching primarily for 
large targets, sometimes searching pri- 
marily for small. This result stands in re- 
markable contrast to our earlier finding 
(3) that a subject can search for ten dif- 
ferent numerals in parallel when they are 
all the same size. 

In a more general vein, we suggest that 
the AOC is a useful way of character- 
izing attention and particularly of de- 
scribing the compatibility of two tasks. 
The compatibility of a pair of tasks to be 
performed simultaneously determines 
their AOC. To compare two pairs of 
tasks, one cannot use just one condition 
of attention for each pair, as this would 
be comparing one point from each of two 
curves and not comparing two curves 
(13). The mechanism by which a subject 
varies his performance along an AOC in 
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the tasks we studied was primarily by 
switching attention between extreme 
states, but some sharing of attention also 
occurred. 
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When cultured cell lines derived from 
human blood are infected with Epstein- 
Barr virus (EBV) and contain Epstein- 
Barr viral nuclear antigen (EBNA), they 
are thought to represent a proliferation 
of lymphoblastoid cells (1). Usually the 
EBNA-positive cells are also surface 
membrane immunoglobulin (SmIg) posi- 
tive, and are considered B cells. 

We have previously shown that some 
EBNA-positive, SmIg-positive cell lines 
established from patients with acute 

Table 1. Characteristics of cell lines derived 
from AML (line 120) and ALL (line 117). Ab- 
breviations: EBNA, Epstein-Barr viral nucle- 
ar antigen; SmIg, surface membrane immuno- 
globulin; Fc, the Fc portion of immunoglobu- 
lin; and C3, third component of complement. 

Per- 
centage Alka- 

Presence with line 

Cell of recep- phos- 
line tors phatase 

for 

EBNA SmIg Fc C3 Mye- Lym- loid phoid 

120 + - 0 50 + 
117 + - 10 18 - + 
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myeloid leukemia (AML) possess sever- 
al characteristics usually associated with 
myeloid cells but not lymphoid cells. 
Those properties include production of 
lysozymes, cytochemically demonstra- 
ble myeloid esterase and alkaline phos- 
phatase, and phagocytic activity (2). It is 
unclear whether these cell lines are lym- 
phoblastoid in origin but have acquired 
myeloid enzymatic and functional char- 
acteristics or, alternatively, whether 
they are of myeloid origin but producing 
SmIg and susceptible to EBV. 

We now report the type of alkaline 
phosphatase present in two cell lines, 
both characterized EBNA-positive and 
SmIg-negative. We also provide addi- 
tional evidence that myeloid-specific en- 
zymes may occur in EBNA-positive cell 
lines. 

Although cytochemical detection of al- 
kaline phosphatase is usually reported 
for granulocytes and macrophages, and 
has only rarely been reported in lym- 
phoid cells (3), two biochemically dif- 
ferent forms of alkaline phosphatase 
have been distinguished; one is confined 
to granulocytes and the other is found in 
certain lymphoid cells, including some 
lymphoblastoid cell lines (4). The dis- 
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Alkaline Phosphatase in Epstein-Barr Viral 

Nuclear Antigen-Positive Cell Lines 

Abstract. The production and nature of alkaline phosphatase were studied in Ep- 
stein-Barr viral nuclear antigen-positive, surface membrane immunoglobulin-neg- 
ative cell lines established from two patients, one with acute myeloid leukemia and 
one with acute lymphoblastic leukemia. The acute myeloid leukemia-derived cells 
contained myeloid alkaline phosphatase, while the acute lymphoblastic leukemia- 
derived cells contained lymphoid alkaline phosphatase. The presence of the myeloid- 
specific enzyme in a surface membrane immunoglobin-negative cell line suggests 
that the line is composed of myeloid precursor cells and that such cells may be 
susceptible to infection with Epstein-Barr virus. 
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