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Fig.1l Schematic illustration of the temporal sequence

of a color discrimination task with GO and NO-GO
responses in the monkey and a stimulus panel
(right bottom). NO~GO trials are shown in the
upper part and GO trials in the lower part.

After the end of an inter-trial-interval (ITI),
yellow LEDs are turned on (Start Lamp; S.L.), and
the monkey presses a lever. After a fixed period,
a red or green LED is turned on (Cue Lamp; C.L.).
If the monkey keeps pressing the lever, the Cue
Lamp is turned off and yellow LEDs are turned on
(Response Lamp; R.L.). The monkey keeps pressing
the lever (NO-GO) or releases the lever (GO), is
rewarded, and a new ITI starts. Open circle indi-

cates an LED not illuminated and filled circle
indicates an LED illuminated.
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Table I

Lever press task with ITIX

the records of each dav during training

No. of trials with lever press

day during ITI in 100 trials sessions
1 56, 40, 26
2 48, 50, 33, 19, 29
3 27, 29, 19
4 26, 31, 23, 28, 24, 19, 19
5 11, 7, 12
6 6, 4, 6, 8, 3, 14, 5

12
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60 60—
50— 50—
40— lever press ; 40— lever release
30— 30—
20— 20 |
10— 10— _”J_~1“““
T
05 161702703764705/0670.770870.871.0! 0 0537701103104105 o.67o.770.87a.¢71.0!
oa o; &3 J4 ds &e &7 Js Js ﬂo ! sec &1 a; 83 J4 ds &6 J7 &8 &9 ”0 | sec

reaction time

Fig.2 The reaction time of the lever press after S.L.
onset and that of the lever release after R.L.

onset in GO trials.



Table II

Lever hold task

the records of each day during training

" No. of correct trials

day TH (sec) No. of tofal trials percent correct
1 0.6 386/400 96.5

2 2 483/504 95.8

3 2.2 597/649 92.0

4 3 700/728 96.2
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Table III

Discrimination task

the records of each dav during training

No. of correct trials

day No. of total trials percent correct
1 286/537 53.3
2 808/1023 79.0
3 728/1048 69.5
4 700/859 81.5
5 532/692 ‘ 76.9
6 546/635 86.0
7 256,/307 83.4
8 565/692 81.6
9 866,992 87.3
10 884/1020 86.7
11 672/760 88.4
12 669/726 92.1
13 575/637 90.3

14 954/1043 91.5
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Reconstruction of 88 electrode penetrations from
which records of single unit activity were obtained.

surface of the left hemisphere of one monkey.
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CUE LEVER
ON RELEASE
100
spikes/sec
1 sec

Peri-event~time-histograms (PETHs) of a unit
activity. The activity was sorted according to
the kind of the response (GO and NO-GO). Four
PETHs in the left hand side were aligned at the
C.L. onset. The same unit activity was aligned
at the Reward onset (JUICE ON) in the PETHs at
the upper part of the right hand side, and was
aligned at the lever release in the PETHs at the
lower part of the right hand side. These and
subsequent PETHs in the section I are in 10 msec
bins. 11 trials were averaged in each histograms.
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Fig.5

event i event 2

Schema of three basic types of the activity change
in association with event onset. Type A represents
a phasic activity increase after an event onset,
Type B a gradual incrase of activity preceding
event onset followed by decrease after event onset.
In Type C, continucus increased activity was seen
between two different event onsets.
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Fig.6 Peri-stimulus-time-histograms (PSTHs) of units .
with Type A and B changes resulting from different
events ; 85.L., C.L., R.L. and Reward. Each histo-
gram represents a different unit. PSTHs were
aligned according to event onset as indicated by
a short vertical bar below each PSTH. The activity
is displayed 1 sec before and after event onset
respectively. They were obtained by averaging
the activity during 18-33 trials.
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A : Activity changes after S.L, and/or R.L. PSTHs
were aligned according to stimulus onset.

B : Raster display of the activity of the unit
illustrated in A3, aligned according to S.L. onset
as indicated by the central vertical line. The
filled triangle in each trial indicates the time
of lever press. Note that the activity is related
to the S.L. onset and not to the lever press. In
each PSTH, 20-40 trials are averaged.
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PSTHs of units with Type B change with respect to
at least one of the S.L., C.L. or R.L. onset.
Each low of three PSTHs at the numbers 1 to 5
represent the same unit. :



35

24N F (si. cl E/_) Iz =2 « T %lj’\%""’bg
-~ 7 —JLT:KI; ﬂ}iﬁm 4N >)' ii?'«FL’g /7’7{7'/-5 %

FLE 530 a2=vk-415] 2 FF. [2 2=
SL. Cl. Rionvwd o gttt 477°B% F (=
w3, 201 =7k SL % CL < T 3 &
R LT3 ﬁ?\bi‘{c 7B 5k 7 . 2= fr+ S

XMk sL ¢l RL Tosr 447°5 € FLE
J_;V}‘f‘?é’l

F-nanzlc 7978 F LEto- MEKs.
5Lﬁ 5. 0L 2/ RL 7" ) Feward 27 /0 B3,
== U r o, /,,/\“}Ff“ 717°B % jF LE £t 5 }Z]%\JQ".
SLe CL < 3 4197 FsLlrtaz" 7. clx Keud
A3 sLx kLA 2 cl e LG 2z SL v Pewssd
£ sL.CL. kL oo vT ket s e LR 0
A3 1V$77Ev 2l NS S ST [T g =h
vt 447 B¢ Fle 2=v |- FL 5. CL B /F
sL 4 /5. RL 4 T Peward 77 £ z Tf;‘y :1}'\51
it cnr 4178 ¢ Ul =7 fEL - L%
3¢ SL F Feoss , cip Fers LB

/- 2F /Ciwakc/ 4 7{-0 =2-5 "'?y 77’70,)4‘¢

WJ//JI?{’ k. Sl e 417 B € Flre =7ty o
4 AT F S B fewsrd i 957 BF

. Reward izoat ﬁzj B 5] » ﬁﬁx

CLic 997 BF Foltz 2= o 4<47 15— 2.1
FAST<. Ineb e & §TF5 B L FE R - 1B T e TLE.
Afic 729 %7< Xo827 15| 2 7. o 229-10
I5- % L = L = %ﬁ\\l/iffo CLJtrfk< A3ZFE ;’2’3‘57
< B35 Coth Fhd fLA-wrle ¥ L FE T2



erroneous
trial

-
. U ST G
.
- o oo ot — P
.

.
* RO @ W Sewa e &

-
o e v @emm  Smcomemmm .

.
s o @ ——— O=e
.

.
. P @ AP @ i SmEOEED W -
.

o v o Wt am—m— ¢ O o 00 Se0om
v

1 trial
after

o 8 Wes s ov o e
.

.
teme @0 090 OF Bemm— ¢ B
o W20 o wmoe s e e
.
s o s moevw & - . * e e »
.
- ve o ¢ sam e - e o
.
.
oo o 0 % sve o mowm . ew
-

36

2 trials
after

Fig.9 Raster displays of a unit with Type B change at
the C.L. onset which is shown by the dotted lines.
Each low of the discharges in three rasters
represents consective three trials.
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PSTHs and raster displays of a unit with Type B
change in relation to reward onset. The upper
PSTH and raster was obtained from rewarded trials

The lower PSTH and raster were obtained from
unrewarded trials.
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° 0
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PSTHs of five units with Type C changes between two
of four different event combinations. Each row with
two histograms represents onset and termination of
activity during 1.5 sec. The activity during inter-
vening events is not shown. Averaged for 19-37
trials. In the PSTH of unit 4, only NO-GO trials are

sampled.
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Fig.13 Activity induced by additional, unexpected events.
Such events (juice delivery or its ommission, green
or yellow LEDs presentation) are illustrated by
triangles. Nos. 1 to 5 and Nos. 6 to 9 are conti-
nuous records aligned in relation to S.L. onset
during each trial. The rectangles above the units
show the task sequence. Hatched areas indicate the
moment of reward delivery.
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Fig.13"

Neuronal connection related to the
prefrontal cortex. A : auditoryv cortex
MD : mediodorsal nucleus of thalamus

S : somatosensory cortex

Vi : wvisual cortex

IT : inferotemporal cortex
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Table IV

The reversal of the discrimination task

the records of each day during training

SDL percent correct of each 100 trials session

2 61.6, 67.7, 66.8, 76.6, 89,1, 89.3, 93.4
1 47.6, 72.4, 78.6, 87.4, 92.8, 91.1

2 42.8, 51.6, 81.1, 80.3, 86.6

1 38.1, 58.3, 88.2

2 67.6, 87.6
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Table V

Discrimination reversal task

the records of each day during training
early sessions (criterion is 18 correct trials
in 20 consective trials)

day No. of 20 trials sessions before reaching criterion
1 1s6, 7

2 14, 13

3 3, 13

4 13, 6

5 5, 3, 4, 4, 5

6 7, 4, 5, 5, 3, 4, 4

7 7, 4, 3, 3, 4, 3, 5

8 3, 3, 12X

9 4, 5, 4, 2, 1, 3

10 6, 4, 4, 11, 3, 3, 3, 6, 2, 5, 2
11 2, 4, 4, 3, 3, 4, 3, 6

12 12, 2, 1, 6, 2, 2, 3, 2, 4, 3, 1,

4X
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Table VI

Discrimination reversal task

the records of each day during training
late sessions (criterion is that 11 trials have passed
after reversal and that 6 correct trials have continued)

day mean No. of trials per reversal No. of reversals
1 14.2 54
2 14.4 52
3 19.6 62
4 17.4 44
5 20.7 29
6 15.6 * 73
7 17.9 49
8 20.6 55
9 19.6 39
10 14.4 _ 45
11 16.1 18

12 17.8 25
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Table VII

Discrimination reversal task

the records of some days during unit recording

date mean No. of trials per reversal No. of reversals
7/1IV 14.9 76
12/1Iv 29.0 29
22/V 13.7 61
9/VI 14,6 41
7/VII | 13.9 46
5/VIII 12.5 40
25/1X 12.8 64
6/X 14.7 56
29/X 13.0 74

12/XI 14.2 26
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Fig.14 The record of each trial within a schedule in a day

during the recording session. The records of one to
11 trials after reversal are displayed.
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Fig.1l5

PSTHs of a Type I unit. The left hand side is a
PSTH of schedule A (SDL A). The right hand side

is a PSTH of schedule B (SDL B). Histograms are
aligned according to C.L. onset. These and sub-
sequent histograms are in 0.1 sec bins. Statistical
significance between red and green trials are shown
by 4 (p<0.05) or ¥ (p<0.01). :

69



GocNoGo< ZrAshE 4 A H) FRY A 1R

(’7’)"_7'9 B) s CL j-ﬁ.7F % Ay B -
oy - Z_ o LBy BT < ~
ANCE O U | XY e 22

70



2.

71

75771

20 91770 = = =} 15| % ﬁ 1= 5% F,
AadErgva FI5 e Bl $s.
Cal:‘/l“? spL A B 7’/}'\% cL 7)7’@‘/’~

\/'} 200 ) FF HE)DS ,ff £ 2 yo( 73,
spiA=nH CL fzxs}- £ ﬁﬁuum A 4T <
éﬁﬁf) 25?%7771; (z\ﬁmlf;lfiﬂ- f?ﬁ'éﬂélmgﬁf‘f

I gy B ok T SRRY A 4E3). Ao kD
GL Azttt Joo— 40 s ) FY ﬂﬁﬁfj < T
o R 47 - /’ff_ LBy 0 2 A ([T o 3.
~Fspl B CL FArew| 5% Ao cl oo
24T < £ Fp a FBU0 b spL ) f) J-T < FFeo
CL »BR§TFcd 6 B0 #Borl cv3 Fo i
A 1Te Ao 3R T BV » 215 AL = BE
- 3 t 29 anﬁfﬁf} SPLA =t N7 )3 <
/- w3,

L9 F e - as Pl TR cl f=tv~} 7%
s Fow B < AE ATV Fr 2o F v FRA WE A BT
’7\547617//*9/\‘:7?“ '/"@(}"y ﬁ%/ﬁc 7 /:Aéﬁﬂ@fcﬁ“-/tf
é‘“ﬁﬁ?/}é 757" T = A 2R | & 2917
hna=vliy H1E S -FE (797° 4 4« 1B 477°6 FIE
717°C 278) |

947 Loz =rle RIfo Z0ls 1 F 52
spL< [ KETe Alr & fo LI » FEER

3

£ 2=}k o Z 21 | %=, # i=—uT & 3¢
ﬁ Tt rha;——rl " xdﬂeﬂ’”é,mfﬁiﬁz"
)ige R Fles) Z4 7] Kz <A T3

6073// NOGo # 3= waﬁ\ﬁ?‘ié’tw Z bie
///[-_[TE a =7 Lm 7}7\ T < /ﬁ‘“}l’) 7 - T,



spikes/0.1sec

SDL A o %
6o ——— red
-~=2--QJreen
4—
2._
O.—

SDL B

Fig.16

PSTHs of a Type II unit. Designations are same as
in Fig.15.
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Fig.l7

PSTHs of a unit aligned at C.L. onset. Before

C.L. onset, the mean firing rate of red and green
trials is displayed with respect to each SDL.

After C.L. onset, the firing rates of red and
green trials are displayed separatedly. Statistical
significance between SDL A and SDL B are shown by

x (p<0.05) or ¥ (p<0.01). ‘
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Fig.l8 PSTHs of a unit aligned at C.L. onset (left) and

R.L. onset {(right). Designations .are same as in
Fig.l5.

Note that scales of firin
between left PSTHs and r

g rate are different
ight PS5STHs.
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