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Three experiments investigated the role of NMDA receptor dependent systems in sequential learn
ing and memory. Rats tracked serial patterns after systemic administration of MK-801, an NMDA re
ceptor antagonist that blocks plasticity in the hippocampus and other structures. Experiments 1 and 2 
sought to describe the effects of MK-801 on acquisition and retention of serial patterns. Patterns were 
24 elements long and highly organized, with some groups receiving a "violation" element that did not 
fit the organization of the rest of the pattern. Experiment 3 evaluated MK-80 1 's effects on the integra
tion of new information that was either consistent or inconsistent with a previously learned pattern 
structure. The results of these experiments indicated that MK-801 interfered with serial pattern learn
ing and, to a lesser degree, retention. Learning about structure was relatively spared, whereas learning 
about interruptions or violations of pattern structure was impaired. The latter differential effects are 
consistent with the contention in earlier literature that serial pattern learning is subserved by at least 
two learning/memory systems. 

Many animals are able to generate elaborate sequences 
of behavior and can use sequential information about the 
order of past events to anticipate future events. How does 
the central nervous system organize and represent se
quential information? Initial evidence supports the idea 
that damage involving the hippocampal system can pro
duce selective deficits in sequential learning and memory 
(Cohen, 1984; Compton, 1993; Fountain, Schenk, & 
Annau, 1985; Kesner & Novak, 1982; Knopman & Nissen, 
1987; Olton, Shapiro, & Hulse, 1984). The extent and nature 
of the observed deficits may depend on the formal struc
tural properties ofthe sequence to be learned (e.g., Foun
tain, 1986). When sequences are composed of unrelated 
and unorganized items, the cognitive and neural processes 
recruited during learning may be different than when se
quences are built of items related in some meaningful way 
and presented in a structured, organized fashion-that is, 
in "serial patterns." The experiments to be described begin 
to examine potential neural correlates of serial pattern 
learning as a function of pattern structure. 

The idea that animals are sensitive to the structure of 
sequential patterns is well supported. When animals learn 
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to anticipate sequential patterns of different food quanti
ties (Fountain, Evensen, & Hulse, 1983; Fountain & Hulse, 
1981; Hulse & Dorsky, 1977, 1979; Phelps & Roberts, 
1991) or different responses in a horizontal array (Foun
tain & Rowan, 1995a, 1 995b) across trials, they show con
vincing evidence of being sensitive to the formal structure 
of the patterns. The formal structure of a serial pattern is 
the systematic relationship or set of relationships-that 
is, "rules"-relating pattern elements. In particular, pat
terns are often composed of sets of related elements called 
chunks. The rules relating individual pattern elements 
within chunks are called lower order rules, and the rules 
that relate chunks or sets of chunks are called higher order 
rules. Recent work has shown that rats are sensitive both 
to lower and higher order pattern structure (Fountain & 
Rowan, 1995a) and to manipulations that affect the chunk
ing process (Capaldi, Verry, Nawrocki, & Miller, 1984; 
Fountain, Henne, & Hulse, 1984; Fountain & Rowan, 
1995a; Phelps & Roberts, 1991; Stempowski, Carman, & 
Fountain, 1999; Terrace, 1987, 1991). 

Evidence indicates that more than one memory system 
is involved in serial pattern learning, at least one of which 
depends on the hippocampus (Fountain, 1986; Fountain 
et aI., 1985; Olton et aI., 1984). For example, one exper
iment showed that hippocampal lesions produce results 
predicted by the rule-learning view of serial pattern learn
ing if one views rule induction as a process potentially 
dissociable from discrimination learning processes in
volved in serial pattern learning. Fountain et ai. (1985) 
trained rats with long monotonically (rule-based) and 
nonmonotonically (unstructured) decreasing patterns 
created from quantities of brain-stimulation reward. Half 
the rats were exposed to trimethyltin (TMT), a neurotoxic 



organometal that produces damage in the limbic system, 
primarily in the hippocampus. TMT-exposed rats learned 
the rule-based monotonic pattern as fast as control rats but 
learned the unstructured nonmonotonic pattern slower than 
controls. The results fit with the notion that rule-induction 
processes used for learning the structure of the monoto
nic pattern were spared following TMT damage, whereas 
discrimination learning processes used in learning the un
structured nonmonotonic pattern were impaired by TMT 
damage. These and other data suggested that item asso
ciation formation is a hippocampal-dependent process, 
whereas rule induction is not. 

To further examine the nature of potential hippocam
pal involvement in serial pattern learning, in the experi
ments reported below, rats were administered a drug dur
ing either serial pattern acquisition or tests of serial 
pattern retention. The drug, MK-801 [(+)-lO,ll-dihydro-
5-methyl-5H-dibenzo( a-d)cycloheptand-5, 1 Oimine], is a 
noncompetitive N-methyl-D-aspartate (NMDA) receptor 
antagonist that blocks NMDA-mediated long-term poten
tiation (LTP) that occurs in hippocampus and other struc
tures. NMDA-mediated LTP is a candidate neurobiologi
cal mechanism for the storage of certain types of memory 
by the hippocampus (Hargreaves, Cote, & Shapiro, 1997; 
Teyler & DiScenna, 1987) and other structures, such as the 
amygdala (e.g., Lee & Kim, 1998; Stevens, Shapiro, & 
White, 1997). In the serial pattern learning procedure 
(Fountain & Rowan, 1995a, 1995b), rats were tested in 
an octagonal Plexiglas operant chamber equipped with a 
retractable lever on each wall. Each trial began with the 
presentation of all eight levers. The task for the rats was to 
learn to press the eight levers in a particular sequential 
pattern. Experiments 1 and 2 sought to describe the effects 
of MK -801 on acquisition and retention of serial patterns. 
Experiment 3 evaluated MK-801 's effects on the integra
tion of new information that was either consistent or in
consistent with a previously learned pattern structure. 

EXPERIMENT 1 

Earlier work has suggested that an intact hippocam
pus may be necessary for the formation of associations be
tween events in serial patterns (Olton et ai., 1984), whereas 
the hippocampus may not be important for rule learning 
in highly structured serial patterns (Fountain et ai., 1985). 
In Experiment 1, rats were trained on two patterns: one 
that was structurally "perfect," and a second virtually iden
tical to the first but containing a single element that vio
lated the otherwise simple structure. The perfect and vi
olation patterns were: 

Perfect: 123234345456567678 781 812 

Violation: 123 234 345 456 567 678 781 81~, 

where the digits indicate the clockwise position of the 
reinforced lever for successive trials. The last "8" item of 
the violation pattern (underlined) was. the violation ele
ment. Rats from one group for each pattern condition 
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were injected with MK-801 daily before training. The ra
tionale was that since the hippocampus has been shown to 
be an important structure for associative learning and 
memory in serial learning, then blocking the proposed 
mechanism of associative learning (viz., LTP) in this 
structure should produce an inability to learn elements 
or portions of patterns requiring this strategy. However, if 
MK -801 has little impact on rule-learning processes, then 
MK-801 should have little effect on learning to respond 
to rule-based items within chunks of the pattern. 

Method 
Subjects. The subjects were 24 naive male hooded rats (Rattus 

norvegicus) bred in-house. The rats weighed approximately 300 g 
at the time of surgical implantation of electrodes and were 80-100 
days old. The rats were housed in individual wire mesh cages and 
were provided free access to food and water in their home cages 
throughout the experiment. 

Apparatus. Two smaller shaping chambers (30 X 30 X 30 em), 
each equipped with a single response lever and a commutating device 
centrally located in the ceiling, were used for shaping the leverpress 
response for brain stimulation reward (BSR). Each was constructed 
of clear Plexiglas with a floor of stainless steel rods and enclosed 
in a sound-attenuating shell made of particle board. The shaping 
chambers were housed in a room different from that of the test 
chamber. 

The test chamber used was octagonal in shape (walls were 15 cm 
wide X 30 cm tall; the chamber measured approximately 40 cm be
tween parallel walls) and was composed of clear Plexiglas walls and 
a floor of hardware cloth. A retractable response lever was centered 
on each wall 5.0 cm above the floor. Each lever required approxi
mately 0.15 N of force for activation. The rats were connected to a 
stimulator by way of a flexible cord and a commutating device cen
tered in the ceiling of the chamber. The operant chamber was lo
cated in a testing room approximately 2 X 2.6 m. 

Procedure. Each rat was anesthetized by intraperitoneal (i.p.) in
jection of 36.5 mg/kg Ketamine and 3.65 mg/kg Xylazine injected 
in a constant volume of 2 mllkg bacteriostatic water. A twisted 
stainless steel bipolar electrode (Plastic Products MS30311) was 
then implanted unilaterally in the posterior lateral hypothalamus of 
each rat. With the skull level, the coordinates were 4.5 mm posterior 
to the bregma, 1.5 mm lateral to the midline, and 8.5 mm below the 
surface of the skull. 

Within 2 weeks following implantation of electrodes, the rats 
were placed in the shaping chamber and were shaped to press a re
sponse lever for BSR. A 60-Hz sinusoidal pulse train of250-msec 
duration from a constant current source of30-1 00 pA was delivered 
for shaping and for each leverpress. The rats that failed to lever
press more than 1,000 times in one of two 30-min sessions were ex
cluded from the experiment. 

Throughout the experiment, the pattern training procedure re
mained constant. At the beginning of each trial, all eight levers were 
inserted into the chamber. When the rat produced a response on the 
correct lever, all levers were retracted from the chamber and a pulse 
of BSR was administered. When the rat produced an incorrect re
sponse, all levers except the correct one were retracted and no re
ward was administered until the rat pressed the correct lever. This 
correction procedure ensured that the rats received feedback re
garding the correct lever on each trial. An intertrial interval (IT!) of 
I sec was imposed except where "phrasing" conditions called for 
longer intervals. The rats typically required shaping in this proce
dure for 1-2 days. Those that failed to acquire the task in 2 days 
were excluded from the experiment. 

The rats performed 50 repetitions of their patterns each day. The 
patterns that the rats were required to produce were: 
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Figure 1. Acquisition for the saline and MK-801 groups for 
perfect and violation patterns over the 7 days of Experiment 1. 
Percentages of daily mean errors were averaged across items of 
the patterns. 

Perfect runs: 123234345456567678781812 

Violation runs: 123234345456567678 781 81~, 

where the integers refer to the clockwise positions of the eight levers 
and the spaces indicate 3-sec pauses that separate three-element 
chunks. Note that the last element of the violation pattern is incon
sistent with the structure of the rest of the pattern. Injections of either 
MK-801 (0.0625 mg/kg body weight in a solution of 0.0625 MK-
80 I mglml bacteriostatic H20) or an equivalent volume of saline 
were made i.p. 30 min prior to training on each of the 7 days of the 
experiment. Earlier work has shown that MK-801 at this dose con
tinues to produce profound learning deficits in rats even after more 
than 2 months of daily administration (Shapiro & Caramanos, 1990), 
indicating that tolerance should not be a factor in this experiment. 

Results 
In all reported analyses, main effects and interactions 

were considered significant ifp < .05. An analysis ofvari
ance (ANOVA) was conducted on the rats' mean error 
rates for the entire pattern collapsed across all elements of 
the pattern for Days 1-7 of testing (Figure I). The ANOVA 
revealed a significant main effect for drug [F(l,20) = 
25.79], indicating that MK -SO I increased errors for both 
the perfect pattern and the violation pattern across the 7 
days of the experiment. No other significant main effects 
or interactions were observed (p > .05). 

An additional ANOVA was conducted on the rats' 
mean error rates for the last element of each pattern for 
Days 1-7 of Experiment 1 (Figure 2) in order to evaluate 
acquisition of the terminal element of each pattern under 
a drug or nondrug state. It revealed main effects for pattern 
[F(l,20) = 279.01] and drug [F(l,20) = 25.77]. A signif
icant interaction for pattern X drug X days [F(6,120) = 
15.61] was also indicated. Planned comparisons to evalu
ate the error rates on a day-by-day basis were computed 
on the basis of the appropriate error terms from the fore
going ANOVA using Fisher's least significant difference 
(LSD) procedure (Kirk, 1965). Results from the planned 
comparisons of the pattern X drug X days factor for the 

last element of the pattern revealed that, for Days 1, 2, and 
5, the MK-SO I perfect group made significantly more er
rors than the saline perfect group (Figure 2, top panel). 
However, on Days 1,4,5,6, and 7, the MK-SOI violation 
group made significantly more errors than the saline vi
olation group, and the differences between the two groups 
increased during the course of the experiment (Figure 2, 
bottom panel). In fact, on Day 7 (the last day of the ex
periment), the MK-SO I violation group made four times 
as many errors as the saline violation group, and the 
MK-SOI violation group was still performing worse than 
chance (S9.7%) on Day 7. The saline violation group, 
however, showed significant improvement on the last ele
ment beginning on Day 4 and was performing at 22% er
rors for this element on Day 7. In addition, planned com
parisons on daily means within each of the groups 
revealed that only the MK-SOI violation group failed to 
show any significant improvement over the 7 days of the 
experiment. 

Figure 3 shows the rats' mean error rates for each el
ement of the 24-element pattern for Day 7. An ANOVA 
conducted on the rats' error rates for each element of the 
24-element pattern for Day 7 revealed significant main 
effects for drug [F(I,20) = IS.92], chunk [F(7,140) = 
10.23], and element of chunks [F(2,40) = 25.25]. Inter
actions were found for pattern X chunk [F(7,140) = 
11.74], drug X chunk [F(7,140) = 5.76], drug X element 
[F(2,40) = 7.31], chunk X trial [F(l4,2S0) = 11.09], pat
tern X drug X chunk [F(7,140) = 9.S5], pattern X chunk 
X element [F(14,2S0) = 10.27], drug X chunk X trail 
[F(14,2S0) = 6.72], and pattern X drug X chunk X 
element [F(l4,2S0) = 5.70]. All other main effects and 
interactions were not significant (p > .05). Planned 
comparisons to evaluate the error rates on an element-by
element basis were computed on the basis of the appro
priate error terms from the foregoing ANOVA using the 
Fisher's LSD procedure. 

The rats in the MK-SOI perfect group were not signif
icantly impaired on the terminal element ("2") on Day 7, 
relative to the rats in the saline perfect group. However, 
the MK-SOI violation group was significantly impaired 
on the last element ("S"), relative to the saline violation 
group. The rats in both MK-SOI groups also showed im
pairments in the ability to anticipate Element I of each 
three-element chunk, which appears as elevated errors for 
MK -SO 1 groups on the first element after the break in each 
line in Figure 3. 

The rats' response latency data were also analyzed. An 
AN OVA was calculated for the rats' response latency data 
on an element-by-element basis for Day 7. The ANOVA 
indicated significant main effects for pattern [F(7, 140) = 
2.04] and element [F(2,40) = 6.72]. Significant interac
tions were found for drug X chunk [F(7,140) = 3.13] and 
drug X chunk X element [F(14,2S0) = 1.93]. No other 
main effects or interactions were significant. Planned 
comparisons revealed that, on Element I of Chunk I of 
both the perfect pattern and the violation pattern, the MK
SO 1 rats responded significantly faster than the saline rats. 
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Figure 2. Acquisition of the last element of the perfect pattern 
(top panel) and violation pattern (bottom panel) over the 7 days 
of Experiment I for the saline and MK-801 groups. The last ele
ment was structurally consistent in the perfect pattern, and it was 
the violation element in the violation pattern. Daily mean errors 
are shown for the last element of the pattern only. 

This indicated that the MK-801 significantly decreased 
the rats' latency to respond at the beginning of the pattern. 
These results did not parallel the error rate data. Under 
MK -801, error rates increased at the chunk boundaries and 
at the violation. 

We also examined the rates of different types of re
sponses that the rats made on pattern elements that were 
most difficult to learn-namely, Element 1 of chunks 
and the violation element-on the last day of acquisition 
(Day 7). Responses were classified as correct responses, 
responses that were overextensions of the lower order rule 
(e.g., a "4" response following the 123 series of Chunk I), 
"accuracy" errors (responses one to the left and right of the 
correct lever), or "other" errors. All groups rarely com
mitted overextension errors at chunk boundaries imme
diately following phrasing cues (less than 3% of the time 
in all groups). The most common errors at chunk bound
aries were accuracy errors. However, for the violation el
ement, on Day 7, the MK-801 violation group committed 
many more overextension errors at the violation-"2" 
after the 81 series (63% of responses on this element)-
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than did the saline violation group (6% of responses). 
Thus, MK -801 impaired learning for both chunk bound
aries and the violation element, and it caused a dramatic 
increase in the rate of overextension errors on the viola
tion element, relative to controls. 

Discussion 
The saline perfect group and the saline violation group 

were trained with the same patterns as and under condi
tions virtually identical to those ofthe "perfect runs" and 
"violation runs" groups, respectively, reported by Foun
tain and Rowan (l995b). The only difference in Experi
ment 1 was that the rats received saline injections daily 
30 min before testing. The results for the saline perfect 
rats and the saline violation rats paralleled those reported 
by Fountain and Rowan (l995b). Specifically, the rats in 
both the saline perfect condition and the saline violation 
condition found elements within chunks easier to learn 
than elements immediately after chunk boundaries-that 
is, Elements 2 and 3 of chunks were easier than Ele
ment 1 of chunks. Finally, the violation element was the 
most difficult to learn, and errors on the violation trial were 
mostly errors of overextension of the within-chunk rule 
(e.g., a "2" response after the 81 series of Chunk 8). 

Fountain and Rowan (1995b) interpreted this pattern 
of results as indicating that rats first induced a structural 
representation of the pattern and then later learned the 
"exception-to-the-rule" represented by the violation ele
ment (cf. Fountain & Rowan, 1995a). The saline-injected 
rats in Experiment 1 mastered all elements of perfect and 
violation patterns by Day 7, including the difficult vio
lation element (see Figure 3). In contrast, the rats in the 
MK-801 groups showed deficits in acquisition on both 
perfect and violation patterns, but the effects ofMK-80 1 
were not evenly distributed throughout the patterns. Al
though there may have been some slowing of acquisition 
for elements within pattern chunks (Elements 2 and 3 of 
chunks), the MK-801 rats in both pattern conditions even
tually learned within-chunk elements to well above chance 
levels (to approximately 10% errors). However, severe 
and persistent impairments were observed for chunk 
boundary elements (Element 1 ofthree-element chunks) 
for both the perfect pattern and the violation pattern. In 
the violation pattern, performance on the violation ele
ment was also severely impaired. 

Temporal phrasing cues have been shown to over
shadow other cues that may control anticipation at chunk 
boundaries (Capaldi et aI., 1984; Stempowski et aI., 1999). 
Earlier studies have shown that the temporal phrasing cues 
used in Experiment 1 practically eliminate overextension 
errors that would otherwise have occurred at high rates 
on Element 1 in unphrased patterns (Stempowski et aI., 
1999). However, this effect is independent of the ability 
oftemporal phrasing cues to signal the next response (cf. 
Fountain, Krauchunas, & Rowan, 1999). Because the 
pattern of Experiment 1 was "phrased" by temporal pauses 
at chunk boundaries, temporal cues came to control the 
saline-injected rats' responses on Element 1 of chunks, 
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Figure 3. Mean pattern tracking errors for the perfect pattern 
(top panel) and violation pattern (bottom panel) for the saline and 
MK-801 groups in Experiment 1. Errors were averaged across 
pattern presentations of Day 7, the last day of the experiment. 

the element immediately after the cue in each chunk. In 
addition, because of the presence of temporal cues, the 
rats produced very few overextension errors on Element I 
of three-element chunks, such as "4" after the 123 chunk. 
MK-801 impaired acquisition of temporal cue control 
over responding on Element 1 of chunks. In other words, 
MK-801 impaired the discrimination learning processes 
that mediated rats' performance at chunk boundaries. 
MK -801 did not effect how the presence of temporal cues 
reduced overextension error rates on Element 1 of chunks. 

In the violation pattern, in addition to a deficit in ac
quisition of Element 1 of chunks, performance on the vi
olation element was also severely impaired: The MK-801 
rats never performed above chance on the violation ele
ment during the 7 days of the experiment. Performance 
on the violation element had to be controlled entirely by 
discriminative stimuli since the location of the violation 
element could not be predicted by pattern structure alone. 
In this task, cues supporting anticipation of the violation 
element could have included combinations of sequential 
elements (at least three would be required), temporal or 
sequential position cues, or "lever" cues that might have 

been proximal ( apparatus) or distal (spatial) cues. MK -801 
clearly interfered with the discrimination learning pro
cesses that mediated the saline control rats' ability to pro
duce the correct response on precisely the correct trial
that is, on the violation trial. 

Perhaps the most interesting finding in Experiment 1 
was that the MK -801 violation rats persisted in producing 
high rates of the overextension error on the terminal vi
olation trial, with no signs oflearning. That is, instead of 
learning to produce the required "8" response after the 
81 sequence of the violation chunk, they persistently 
produced a "2" response. As indicated earlier, the "2" re
sponse was structurally consistent with responses that 
the rats were required to learn in all other chunks of the 
pattern. It should be noted that, in the perfect pattern, 
where the terminal element was the structurally consis
tent "2" response, the MK-801 rats performed as well as 
the saline control animals by Day 3 of the experiment. This 
finding supports the idea that MK -80 I had somewhat se
lective effects on the learning processes used to encode 
the structurally inconsistent violation element ofthe vio
lation pattern. The fact that rule-consistent overextension 
errors predominated on the violation element is strong ev
idence that rule learning processes were spared by MK-
801 at the same time that discrimination learning processes 
were impaired. 

The focus on discrimination learning processes as the 
target ofMK-801 effects may raise the question of why 
Element I of chunks (chunk boundaries) in Experiment I 
were not learned more rapidly and were not better antic
ipated by the MK -801 rats. Chunk boundaries are not pre
dicted by lower order structure (the "+ I " rule of within
chunk elements), but they can be encoded as higher order 
transitions in pattern structure that, in Experiment I, 
were quite well organized and repetitive throughout the 
pattern. According to the view that rule induction pro
cesses were spared by MK -80 I, learning should have been 
spared for higher order structural features, such as chunk 
boundaries. It should be noted that learning was in fact 
observed for chunk boundaries: The rats in both MK -801 
pattern groups improved from approximately 70% errors 
to approximately 40% errors on Element 1 of chunks over 
the course of the experiment. However, learning was 
poorer in the MK-801 groups relative to the correspond
ing saline controls, presumably because the MK -801 rats 
did not have the advantages afforded by being able to use 
phrasing cues (Fountain et aI., 1984; Stempowski et aI., 
1999). 

The results of Experiment 1 are consistent with a dual
process perspective that posits the existence of indepen
dent discrimination learning and rule learning processes 
in rat serial pattern learning, as proposed earlier (Foun
tain, 1986, 1990; Fountain & Rowan, 1995a; Fountain 
et aI., 1985). From the dual-process perspective, when 
MK -801 blocked cue-item association formation, the rats 
could not acquire responses that depended on specific 
temporal, spatial, or other cues in the environment. Such 
responses were required at chunk boundaries and on the 



-:.e 
~ 
en a:: 
0 a:: 
a:: 
w 
z « 
w 
::::!: 

~ 
~ 
en a:: 
0 a:: a:: 
w 
z « 
w 
::::!: 

100 

80 0 Saline Perfect 

• MK-801 Perfect 

60 

40 

20 

1 2 3 2 3 4 3 4 5 4 5 6 567 6 7 878 1 812 
100,----------------------------------, 

80 

60 

40 

20 

l;, Saline Violation 
... MK-801 Violation 

1 2 3 2 3 4 3 4 5 4 5 6 5 6 7 6 7 878 1 818 

PATTERN 

Figure 4. Mean pattern tracking errors for the perfect pattern 
(top panel) and violation pattern (bottom panel) for the saline 
and MK-801 groups in Experiment 2. Errors were averaged 
across the 50 patterns of the injection day of the experiment. 

violation element, both locations in the pattern where 
lower order pattern structure failed to direct the proper re
sponse. However, according to this view, learning for el
ements within chunks was relatively unimpaired because 
MK-SO I spared rule induction processes. 

EXPERIMENT 2 

Another prediction that follows from the hypothesis 
that MK -so I impairs the associative processes mediating 
discrimination learning is that MK-SOI should have ef
fects only during the acquisition of the task. MK-SOI, as 
mentioned earlier, impairs induction of LTP in the hip
pocampus by blocking activity-dependent NMDA recep
tors. Once a rat has learned a serial pattern, for example, 
the synaptic changes that are thought to be the basis of 
NMDA-mediated learning will already have taken place, 
and MK-SO I should have minimal impact on performance 
of already-learned behavior. Thus, ifthe deficits observed 
in acquisition of chunk boundaries and the violation el
ement in Experiment I were due to the drug's effects on 
hippocampal LTP induction, then MK-SOI should have 
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little or no effect on performance of an already-learned 
pattern. This idea was tested in Experiment 2, in which 
rats were trained to a strict criterion on the perfect and vi
olation patterns of Experiment 1 and were then tested on 
performance of the training patterns under MK-SO I. 

Method 
Subjects. The subjects were 24 naive male hooded rats (6 were 

randomly assigned to each of the four experimental conditions). 
The rats were prepared and maintained as in Experiment I. 

Apparatus. The apparatus was the same as that used in Experi
ment I. 

Procedure. All procedures for electrode implantation and lever
press shaping prior to the experiment proper were identical to those 
used in Experiment I. The rats were trained to a criterion of no more 
than 10% errors on any single element of either the perfect pattern 
or the violation pattern of Experiment 1. On the next day after meet
ing criterion, half the rats received an i.p. injection of 0.0625 mg/kg 
body weight MK-801 (the same dose used in Experiment I) .or a 
saline control injection 30 min prior to testing on the training pat
tern. Each rat performed 50 repetitions of its pattern each day of 
the training and transfer phases. 

Results 
The rats in the perfect group took an average of 7.74 

days to reach the criterion of no more than 10% errors on 
any single element of the pattern. The rats in the viola
tion group reached the criterion in an average 12.09 days. 
On the day after reaching criterion, the rats were injected 
with MK -so I and were tested using the same procedures 
30 min later. On the injection day, the rats produced the 
data shown in Figure 4. The ANOVA performed on the 
element-by-element error rate data revealed significant 
main effects for drug [F(I,20) =4.61], chunk [F(7,140) = 
3.57], and element [F(2,40) = 11.39,p < .05]. Interactions 
were found for pattern X chunk [F(7,140) =4.49], drug X 
element [F(2,40) = 6.07], chunk X element [F(l4,2S0) = 
1.99], and pattern X drug X element [F(14,2S0) = 3.07]. 
All other main effects and interactions did not prove to 
be significant (p > .05). Planned comparisons revealed 
differential effects of MK-SOI on the three elements of 
chunks: MK-SOI significantly increased errors on Ele
ments I and 3 of chunks in the violation pattern and on 
Element I of the perfect pattern relative to corresponding 
elements of the violation and perfect patterns, respec
tively, for the rats in the saline groups. 

The ANOVA performed on the latency data revealed 
only one significant interaction: the chunk X element 
interaction [F(l4,2S0) = 3.44]. The fact that there were no 
significant main effects or interactions involving drug as 
a factor indicated that MK-SO I did not produce an effect 
on the rats' ability to simply perform the leverpress re
sponse. 

The rats' responses for the most difficult elements of 
the pattern were examined (viz., at chunk boundaries-
Element I of chunks--and the violation element). Re
sponses were classified into four categories as in Experi
ment I: correct responses, overextension errors, accuracy 
errors, and "other" errors. As in Experiment I, the most 
common errors at chunk boundaries were accuracy errors 
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(responses one to the left and right of the correct lever), 
and overextension errors were rare (less than 1 % of re
sponses) even under MK-801. In contrast to Experi
ment 1, the most common errors on the violation element 
were not overextension errors. Instead, in Experiment 2, 
the most common errors on the violation element, as at 
chunk boundaries, were accuracy errors, and overexten
sion errors were rare even under MK -801, accounting for 
only 4% of responses. 

Discussion 
In Experiment 2, MK-801 produced small but reliable 

effects on the rats' retention performance of serial pat
terns. For the MK-801 perfect group, the drug selectively 
disrupted performance on the first element of chunks 
(i.e., at chunk boundaries). However, performance on the 
second and third elements of chunks was not affected. Per
formance of the MK-801 violation group was similar to 
that ofthe MK-801 perfect group at chunk boundaries, 
but MK-801 also increased errors on Element 3 of three
element chunks. The response latency data indicated that 
even though the rats' performance on the pattern was not 
as accurate for specific elements, the MK -801 rats did not 
take significantly more or less time to make responses rel
ative to the saline controls. 

Examination of the types of responses that the rats made 
during testing revealed results similar to those found in 
Experiment 1. MK-801 did not affect the number of 
overextension errors observed at the chunk boundaries. 
However, in Experiment 2, MK-801 also did not increase 
the number of overextension errors for the violation ele
ment, as it did in acquisition in Experiment 1. Thus, ex
amination of the rats' responses at the chunk boundaries 
adds some support to the hypothesis that MK-80 1 may not 
affect rats' retention of the pattern but instead affects their 
accuracy at chunk boundaries and the violation element. 

Even though performance deficits were observed, it 
should be noted that, even in the worst cases, the rats 
under MK-80 1 performed well above chance throughout 
their patterns. The rats' errors under MK-801 can gener
ally be described as accuracy errors, and these errors sim
ply occurred at a higher rate in MK -801 conditions relative 
to saline conditions. That is, MK-801 appeared to produce 
a small quantitative effect on performance rather than qual
itative changes in the kind or distribution of errors that the 
rats produced. The results suggest that MK-801 affected 
pattern tracking performance rather than the rats' access 
to the cognitive structures mediating tracking of the well
learned patterns at the end of training. 

EXPERIMENT 3 

Experiment 3 examined the role of NMDA receptor 
mediated plasticity when new serial pattern information 
is added to old. Rats were first trained to a high criterion 
on a pattern consisting of the first seven chunks of the 
perfect pattern used in Experiments 1 and 2: 123234345 
456 567 678 781. After rats leamed the pattern, they were 

transferred to one of two new patterns that contained all 
elements of the first pattern and an additional chunk of 
three additional elements. The three added elements were 
structurally consistent with the first pattern (viz., 812), 
making it structurally perfect, or they contained a violation 
of the pattern structure learned in training (viz., 818). 
The resulting perfect and violation patterns in transfer 
were the same as those used in Experiments I and 2. On 
the day of transfer , half the rats in each transfer pattern con
dition were injected with MK-801, in order to determine 
the effects ofNMDA receptor dysfunction on rats' ability 
to integrate structurally consistent or inconsistent new in
formation with an already-leamed pattern. 

Method 
Subjects. The subjects were 24 naive male hooded rats (6 were 

randomly assigned to each of the four transfer conditions). The rats 
were prepared and maintained as in Experiments I and 2. 

Apparatus. The apparatus was the same as that used in Experi
ments I and 2. 

Procedure. All procedures for electrode implantation and lever
press shaping prior to the experiment proper were identical to those 
used in Experiments I and 2. The rats were trained to a criterion of 
no more than 10% errors on any single element of the first seven 
chunks (i.e., the first 21 elements) of the patterns used in Experi
ments I and 2: 123234345456567678781, where, as before, in
tegers refer to the clockwise positions of the eight levers and spaces 
indicate 3-sec pauses that separate three-element chunks. However, 
in Experiment 3, the interval between patterns was 10 sec rather 
than 3 sec. All other ITIs were I sec. 

On the next day after meeting criterion, half the rats were trans
ferred to the perfect pattern, and the other half were transferred to 
the violation pattern. That is, one three-element chunk was added to 
each rat's pattern, with a 3-sec phrasing cue before the added chunk. 
For halfthe rats, the three added elements were structurally consis
tent with the training pattern (viz., 812), making it structurally per
fect. For the other half, the added chunk contained a violation of 
the pattern structure learned in training (viz., 818). On the day of 

. pattern transfer, half of each pattern group received an i.p. injection 
of 0.0625 mg/kg body weight MK-801 (the same dose used in Ex
periments I and 2) or a saline control injection 30 min prior to test
ing on the training pattern. Each rat performed 50 repetitions of its 
pattern each day of the training and transfer phases. 

Results 
The rats in Experiment 3 reached criterion of no more 

than 10% errors on any element of the training pattern in 
an average of 11.84 days. The data obtained on the pattern 
transfer and injection day of the experiment were ana
lyzed to assess MK-801 effects on element-by-element 
error rates or effects on the rats' latency to respond on an 
element-by-element basis. 

The ANOVA performed on the element-by-element 
error rate data for the transfer day (see Figure 5) showed 
significant main effects for pattern [F{l ,20) = 6.41], drug 
[F{l,20) = 12.97], chunk [F(7, 140) = 39.78], and element 
[F(2,40) = 11.22]. The ANOVA demonstrated significant 
interactions for pattern X chunk [F(7,140) = 24.65], 
chunk X element [F(14,280) = 12.79], pattern X drug X 
element [F(2,40) = 3.22], and pattern X chunk X element 
[F(14,280) = 17.43]. All other main effects and interac
tions were not significant (p > .05). Planned compar-
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Figure 5. Mean pattern tracking errors for saline and MK-801 
perfect groups (top panel) and saline and MK-801 violation 
groups (bottom panel) for the transfer and injection day of Ex
periment 3. Errors were averaged across the 50 patterns of the 
transfer and injection days. 

isons indicated differential effects ofMK -80 I for perfect 
and violation patterns. For the perfect pattern, MK-801 
significantly increased errors on Element I of all chunks 
relative to saline controls, but not on Elements 2 and 3 of 
three-element chunks. It is interesting to note that this 
pattern of effects was true both for old chunks and for 
the new structurally consistent chunk added on the day 
of injection. For the violation pattern, MK-801 signifi
cantly increased errors on all three elements of all chunks 
relative to saline controls. That is, MK-801 produced a 
consistent deficit on every element of the violation pattern 
for both the old chunks and the newly added violation 
chunk of the pattern. The violation element was the site 
of high error rates as expected in the saline condition, but 
MK-80 I produced approximately the same deficit on the 
violation element as it did elsewhere throughout the pat
tern. Comparisons between perfect and violation MK -80 I 
groups showed that MK-801 increased errors on Ele
ments 2 and 3 of chunks to a greater degree in the viola
tion pattern group than in the perfect pattern group, but 
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performance on Element I was not significantly different 
between pattern groups. 

Analysis of response latency data on an element-by
element basis showed main effects for chunk [F(7, 140) = 

2.34] and element [F(2,40) = 14.13]. All other main ef
fects and interactions were not significant, indicating 
that the drug did not produce a consistent effect on the 
rats' latency to respond. 

The rats' responses for the most difficult elements of 
the pattern were examined (viz., at chunk boundaries
Element I of chunks-and the violation element). Re
sponses were classified into four categories, as in Exper
iments I and 2: correct responses, overextension errors, 
accuracy errors, and "other" errors. As in Experiments I 
and 2, the most common errors at chunk boundaries, even 
for the added chunks in both the perfect pattern and the 
violation pattern, were accuracy errors (responses one to 
the left and right of the correct lever). Overextension er
rors were rare (less than I % of responses) for both pattern 
conditions even under MK-801. In contrast to Experi
ment 2, however, the most common errors on the viola
tion element in both MK-801 and saline conditions were 
overextension errors. In this regard, MK -80 I produced ef
fects on the added chunk that paralleled its effects on ac
quisition in Experiment I. 

Discussion 
In Experiment 3, the rats were challenged to incorpo

rate a new pattern chunk into a well-learned pattern at 
the same time that they experienced an MK-801 drug 
challenge. In the perfect group, when the added chunk of 
information was structurally consistent with the well
learned pattern, the effects ofMK-801 were very similar 
to the effects of the drug on retention in Experiment 2. 
MK-801 produced a selective decrease in the rats' accu
racy on Element I of each three-element chunk but pro
duced virtually no change in accuracy on the remaining 
two elements. As in Experiment 2, the drug did not pro
duce a consistent effect on the rats' latency to respond, 
which indicates that the rats' deficits in performance can
not easily be attributed to changes in the their physical 
ability to respond (e.g., due to fatigue, hypoactivity, hy
peractivity, changes in coordination, etc.). 

The most interesting result was observed in the groups 
that received an added violation chunk in transfer. The 
saline violation group had difficulty learning the new in
formation. Error rates were high on the first element of 
the new chunk, as in the perfect group, and on the viola
tion element on the last element ofthe new chunk. How
ever, errors were low in the rest of the pattern. The effect 
of adding a violation chunk under saline was essentially 
limited to the elements ofthe newly added chunk. In con
trast, the MK-801 violation group showed not only a large 
disruption for elements in the new chunk but also a defi
cit in performance for every element of the portion ofthe 
pattern that was well learned before transfer. The latter 
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effect was not observed when a perfect chunk was added, 
which had the first two elements in common with the vi
olation chunk; hence, this effect can be accounted for only 
by the addition ofthe violation element. This effect was 
not observed in Experiments 1 and 2. 

The results of Experiment 3 suggest that MK-801 
impaired a memory system that normally mediates inte
gration of structurally inconsistent information with rule
based representations of serial patterns. The saline viola
tion group did not show any deficits on the performance 
ofthe old material, whereas the MK-801 violation group 
did. The memory system remaining under MK-801 ap
pears able to accommodate new structural information if 
it is consistent with the existing representation of the se
quence, but not if the new information is inconsistent with 
that representation. In fact, Experiment 3 showed that 
structurally inconsistent information can disrupt perfor
mance based on earlier learning when NMDA-mediated 
learning is impaired. This suggests that, in normally 
functioning rats, two behavioral systems interact so that 
integration of new inconsistent information does not dis
rupt the representation of old information and that NMDA
mediated plasticity plays an important role in this process. 

GENERAL DISCUSSION 

In three experiments, MK-801 was shown to have sig
nificant effects on acquisition of serial pattern information 
but little effect on serial pattern retention. Furthermore, 
MK-801 disrupted acquisition of the sort characterized 
as associative discrimination learning-that is, learning 
to use stimuli to cue specific responses at chunk bound
aries and at the violation element. In contrast, MK-801 
did not disrupt acquisition of the sort characterized as 
rule learning (cf. Fountain et aI., 1985)-that is, learning 
about the consistent "+ I" or "right-turn" rule that charac
terized elements within chunks. In Experiment 1, the rats 
were trained on two patterns: one that was structurally per
fect, and a second virtually identical to the first but con
taining a single element at the end of the pattern that vi
olated the otherwise simple structure. The rats from one 
group for each pattern condition were injected with MK-
801 daily before training. MK-801 had little effect on 
learning to respond to rule-based items within chunks. 
However, it did impair responding at points where lower 
order rules were violated (viz., on the first trial of each 
new chunk and, most dramatically, for the violation ele
ment). Although the rats showed no signs oflearning to 
respond to the violation element, throughout the experi
ment they produced rule-based errors on the violation trial 
at the end of the sequence. The results are strong evi
dence that when NMDA receptor mediated plasticity is 
impaired by MK-801, perhaps in hippocampus, the dis
crimination learning processes necessary to track viola
tions of pattern structure are impaired. However, MK -801 
spared the rule-learning processes necessary to induce 

pattern structure and extrapolate the sequence on the vi
olation trial. 

Experiment 2 showed that MK-801 produced selective 
effects on the retention of the same patterns that were used 
in Experiment 1. For the perfect group, the drug selectively 
disrupted performance on the first, or boundary, element 
of each three-element chunk. However, the performance 
on the second and third elements of each chunk was not 
affected. Even though performance deficits were ob
served, the rats under MK-801 performed well above 
chance throughout their patterns. The results indicate 
that MK-801 affected pattern tracking performance
specifically, the rats' ability to direct responses accurately, 
not the cognitive structures used to track their patterns. 

Experiment 3 examined the role of NMDA receptor 
mediated plasticity when new serial pattern information 
is added to old. The rats were first trained to a high cri
terion on a pattern consisting ofthe first seven chunks of 
the perfect pattern used in Experiments 1 and 2 and then 
were transferred to one of two new patterns that contained 
all elements of the first pattern and a new eighth chunk 
of three additional elements. The three added elements 
either were structurally consistent with the first pattern, 
making it structurally perfect, or contained a violation of 
the pattern structure learned earlier. On the day of transfer, 
half the rats were injected with MK-801. When a struc
turally consistent chunk was added, the effects ofMK -801 
were very similar to the effects of the drug on retention in 
Experiment 2. That is, MK-801 produced a selective de
crease in the rats' accuracy on the first elements of each 
chunk but produced virtually no change in performance on 
the remaining two elements of the three-element chunks. 
The most interesting result occurred when a structurally 
inconsistent chunk was added in transfer. Although saline 
controls showed difficulty in learning the new violation 
chunk, there was little effect on the rest of the pattern. 
However, MK-801 dramatically disrupted performance 
for elements both in the new violation chunk and through
out the rest of the pattern. When this effect is compared 
with the effects ofMK-80 1 in the perfect chunk transfer, 
the effect can be accounted for only by the addition of the 
terminal violation element. 

MK-801 and Possible 
Performance (Nonmnemonic) Effects 

The disruption in learning and performance of these 
patterns cannot be easily explained by other nonspecific 
mechanisms, such as changes in motivation or changes 
in activity level, which might affect performance. It has 
been previously reported that MK-80 1 does not decrease 
rats' sensitivity to BSR; in fact, it increases the reward
ing quality ofBSR (Carlezon & Wise, 1993; Herberg & 
Rose, 1989; Olds, 1996). Similarly, in a study using the 
same stimulators and other equipment used for reinforc
ing electrical stimulation in the experiments reported here, 
it was found that the dose ofMK-80 1 used in Experiments 



1-3 above increased rats' sensitivity to BSR (Rowan, 
Toner, & Fountain, 1992). Rats should then be more will
ing to work for BSR under the influence ofMK-801 than 
before it is administered or under saline injections. There
fore, a decrease in motivation to accurately perform the 
task does not seem to be a likely interpretation of the re
sults. Also, a change in rats' overall motivation to perform 
the task would not be expected to result in a specific im
pairment of their ability to learn or retain the patterns but 
should instead result in an overall general deficit in re
sponding. Changes in rats' ability to respond, resulting 
from a decrease in coordination, hyperactivity, hypoactiv
ity, and so forth, cannot be easily supported either. Fi
nally, MK -80 I did not significantly change rats' speed in 
responding consistently in any of the experiments, but it 
did impair accuracy consistently in all of the experiments, 
and change in activity level or a change in coordination 
would be expected to change the rats' response latencies. 
Like a change in motivation, these factors would also be 
expected to produce a general effect, not specific to par
ticular pattern elements. This type of effect was not ob
served in these experiments. 

The lack of nonspecific nonmnemonic effects on be
havior for the dose of MK -80 I used in Experiments 1-3 
is consistent with the results of other experiments that 
have used the same dose and found no motor impairment 
(cf. Caramanos & Shapiro, 1994). This is important be
cause MK-801 effects on "working" memory have been 
observed only for relatively high doses that produce motor 
impairments (Caramanos & Shapiro, 1994; Shapiro & 
Caramanos, 1990; Shapiro & O'Connor, 1992; White & 
Best, 1998), none of which were expected or observed in 
these experiments. 

MK-801 Effects and Discrimination 
Learning Views of Sequential Learning 

One of the most successful of current models of se
quential learning is Capaldi's discrimination learning 
view (e.g., Capaldi, 1985, 1994), which proposes that 
pattern tracking in sequential tasks is mediated by rats' 
memories of past events and their capacity to signal suc
ceeding events through interitem associations. According 
to this view, sequential elements and phrasing cues are best 
thought of as discriminative stimuli that come to signal 
forthcoming events. This model has been used to describe 
a variety of sequential behavior, including acquisition of 
serial patterns composed of items varying in discrim
inability, pattern "generalization," pattern "extrapolation," 
and the effects of phrasing cues, by appealing to mecha
nisms of discrimination learning (Capaldi & Molina, 1979; 
Capaldi et aI., 1984; Haggbloom, 1985; Haggbloom & 
Brooks, 1985). 

The idea that serial learning is mediated by discrimina
tion learning alone cannot readily account for two effects 
ofMK-801 on serial pattern learning. First, the fact that 
MK-801 produced selective deficits in performance that 
were correlated with pattern structure is not easily ex
plained by the discrimination learning view. This view 
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posits that the sequence is learned by the formation of 
stimulus-response associations formed between the ele
ments of the sequence or between extrasequence cues, 
such as phrasing cues, and sequence elements. Since 
learning throughout the pattern depends on a common 
process, MK-801 should not differentially impair and 
spare learning for different elements within a pattern. 
Rather, the prediction would be that learning for all ele
ments within the pattern should be affected or, alterna
tively, none should. In Experiment 1, MK-801 produced 
little effect on learning for elements within chunks, but it 
produced profound impairment for a violation element
that is, a pattern element that violated pattern structure. 
Second, in Experiment 3, MK-801 disrupted the integra
tion of new pattern information with old pattern infor
mation only when the new information was inconsistent 
with earlier pattern structure. This result is not easily ex
plained by the discrimination learning view alone because 
no distinctive stimulus attributes identify added elements 
as structurally consistent "perfect" or structurally incon
sistent "violation" elements; distinguishing between per
fect and violation elements depends entirely on recogniz
ing the formal relationship of the added element to rest 
of the pattern (cf. Fountain & Rowan, 1995b). These two 
apparent dissociations of rule and discrimination learning 
observed in initial acquisition (Experiment 1) and in inte
grating new pattern information with old (Experiment 3) 
would seem to contradict the unitary process view that dis
crimination learning processes alone can account for rat 
serial pattern learning phenomena. Instead, they favor a 
dual-process view that posits both discrimination learning 
and rule learning mechanisms in serial pattern learning 
(Fountain, 1986; Fountain et aI., 1985). 

Other theories of hippocampal function also have an 
associative flavor not dissimilar to that of the discrimina
tion learning view of Capaldi et al. (1984). Recent neu
robehavioral and computational evidence has been pre
sented in support of the hypothesis that the hippocampus 
mediates associations between discontiguous events (Raw
lins, 1985; Wallenstein, Eichenbaum, & Hasselmo, 1998). 
Wallenstein et al. (1998) suggest that associations between 
events that are either temporally discontiguous (greater 
than 100 msec apart) or spatially discontiguous may de
pend on the formation of "context fields" that can bridge 
temporal or spatial discontiguities and that hippocampus 
and some cortical areas should have the capacity to de
velop context fields. One concern for the present paper is 
that the Wallenstein et al. computational model is based 
on hippocampal area CA3 cytoarchitectural details, and 
area CA3 LTP is not mediated by NMDA receptors (Har
ris & Cotman, 1986). Thus, MK-801 should not affect 
CA3 plasticity or related processes. However, even if con
text fields can develop in areas where LTP is mediated by 
NMDA receptors, this notion does not provide an ade
quate description of the MK-801 induced impairments 
reported in Experiments 1-3. First, all pattern elements 
were separated by at least 1 sec, so a general impairment 
due to hippocampal dysfunction would be expected in ac-
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quisition, and this was not observed. Second, this hypoth
esis might suggest that impairments should be correlated 
with the degree of discontiguity, so that, under conditions 
of hippocampal dysfunction, longer intervals should be 
more difficult to bridge associatively than shorter inter
vals. In fact, in Experiments 1 and 3, acquisition of the 
violation element that followed a I-sec ITI was much more 
difficult than acquisition of chunk boundary elements that 
followed 3-sec ITIs, a pattern incompatible with this view. 
This is not to say that hippocampus does not serve the 
function of creating "associations across time" (Rawlins, 
1985), only that this associative view alone cannot ade
quately account for the results reported in Experiments 1 
and 3. 

Taken together, the foregoing phenomena indicate the 
limitations of the view that discrimination learning is the 
sole mechanism mediating serial pattern learning. The 
results seem to fit better with the notion that serial pattern 
learning is mediated by both discrimination learning and 
rule-learning processes that are differentially impaired by 
MK-801, as suggested in earlier work (Fountain, 1986; 
Fountain et aI., 1985). According to this view, MK-801 
impaired discrimination learning processes important 
for learning events that depended on stimulus-response 
relations-chunk boundary elements and violation 
elements-but MK-801 had little effect on rule learning. 
Whether or not the stimulus-response relations that were 
not learned under MK-801 could be characterized as 
necessarily "discontiguous" was not directly assessed in 
these experiments, but learning for some events cued only 
by discontiguous events (viz., within chunk elements) was 
spared under some circumstances-namely, when they 
could also be described as highly structured. 

If rule learning is spared by MK-801, what processes 
are impaired by suppression ofNMDA receptor mediated 
plasticity that can account for the discrimination learn
ing deficits described in Experiments 1 and 3? Learning 
for simple spatial or nonspatial discrimination problems 
is rarely found to be impaired by hippocampal lesions or 
NMDA receptor antagonists (Alvarado & Rudy, 1995c; 
Rawlins, Lyford, Seferiades, Deacon, & Cassaday, 1993), 
yet we report discrimination learning deficits for chunk 
boundaries and the violation element of serial patterns. 
One possible explanation for our results is that anticipat
ing chunk boundaries and the violation element required 
the kind of nonlinear "configural" discriminations that 
are often impaired by hippocampal lesions (Alvarado & 
Rudy, 1995a, 1995b, 1995c; Rudy & Sutherland, 1995). 
Nonlinear discriminations are "conditional" in the sense 
that they require conditional relations among multiple cues 
to guide responding. In other studies, rats learning the se
rial patterns used in the present experiments have shown 
that they depended heavily on phrasing cues to guide the 
response immediately following the cue, but cue removal 
also revealed that pattern elements also contributed to 
guiding the response (cf. Stempowski et aI., 1999). Recent 
work in our lab indicates that when rats learn sequences 
comparable to those used by Stempowski et aI., after train-

ing with phrasing cues, they are sensitive to changes in 
chunk length when responding to phrasing cues (Fountain, 
Muller, & Wallace, 1999), suggesting that a compound 
of the temporal phrasing cue and chunk length cues are 
responsible for guiding responses at cued chunk bound
aries. Similarly, to anticipate the violation element, rats 
may have used multiple cues, such as serial position or tim
ing, phrasing cues, and spatial or apparatus cues, to guide 
responses, because no one cue was sufficient to solve their 
"branching" sequential problem adequately. The basis of 
hippocampal-lesioned rats' difficulties with configural 
discriminations is still an open question (Alvarado & 
Rudy, 1995b; Astur & Sutherland, 1998; Rudy & Suther
land, 1995). Nonetheless, it is worth noting that the par
allels between configural discrimination learning defi
cits induced by hippocampal lesions and the deficits 
reported here for MK -801 are consistent with the idea that 
MK-801 impaired serial learning by suppressing plastic
ity in the hippocampus. 

Discrimination Learning, Rule 
Learning, and Hippocampal-Mediated 
"Representational Flexibility" 

Fountain (Fountain, 1986; Fountain et aI., 1985) pro
posed a dual-process model that was developed specifi
cally to describe the processes rats use in serial pattern 
learning. Fountain et aI. (1985) proposed, as we have in 
this paper, that both rote learning (discrimination learning) 
and rule learning may play important roles in serial learn
ing, depending on the nature of the pattern to be learned. 
Furthermore, Fountain et aI. (1985) proposed that the hip
pocampal formation plays an important role in at least 
some forms of discrimination learning, but not in rule 
learning processes. This discrimination learning versus 
rule learning hypothesis has been used to explain a vari
ety of behavioral serial pattern learning phenomena 
(Fountain, 1990; Fountain & Rowan, 1995a, 1995b). It has 
also been used to explain why in earlier work learning for 
formally simple (highly structured) serial patterns was 
unimpaired, whereas learning for formally complex (un
structured) patterns was impaired following hippocam
pal damage (Fountain, 1986; Fountain et aI., 1985). 

Because MK -801 was administered systemically in the 
experiments described above, the effects of the drug can
not be conclusively attributed to a disruption of function 
of anyone brain structure nor to any simple pharmaco
logical effect (i.e., affecting only NMDA receptors with
out interactions or effects on other receptor systems). 
Thus, in Experiments 1-3, MK-801 may have affected 
brain areas other than hippocampus and processes other 
than NMDA-mediated plasticity in hippocampus to in
fluence the results obtained in the three experiments. 
However, the similarity between the learning deficits re
ported here and those produced by other manipulations 
that affect hippocampal function (Fountain et aI., 1985) 
strongly suggests that the deficits observed in Experi
ments 1-3 were produced in large measure by MK-801 
antagonism of the NMDA receptors found in the hip-



pocampus and related memory systems. In particular, in 
Experiments 1 and 3, acquisition for structured elements 
of patterns (mediated by rule learning) was unimpaired by 
MK-801, whereas acquisition for elements that violated 
simple structure (mediated by discrimination learning) was 
impaired, a pattern of results observed by Fountain et aI. 
(1985) in hippocampal-damaged rats. 

Of particular interest is the result from Experiment 3 
showing that new information disrupts performance on 
previously learned material if it is inconsistent with the 
structure of the previously learned pattern. One interpre
tation of these results is that adding new information to a 
pattern representation is possible under MK -80 I, but only 
ifthe information is consistent with pattern structure that 
has already been encoded. In fact, this initial evidence in
dicates that, for rats with MK-801 induced NMDA re
ceptor blockade, new information that is structurally in
consistent can disrupt previously well learned response 
patterns. This suggests that, in intact rats, non-NMDA 
systems mediate rule induction but that these systems are 
not entirely independent of NMDA receptor mediated 
learning processes. Specifically, Experiment 3 showed 
that NMDA-mediated processes, perhaps involving hip
pocampus, may playa role in the successful integration of 
new rule-inconsistent serial pattern information with al
ready-encoded information about pattern structure. These 
ideas are reminiscent of the distinction between flexible 
and inflexible memory processes proposed by Eichen
baum, Otto, and Cohen (1992), but our MK-80 I results 
suggest that what constitutes "representational flexibility" 
is far from resolved. Under MK-80 I, rats were able to add 
a rule-consistent chunk to their already-learned pattern 
with relatively little difficulty, but not a rule-inconsistent 
chunk. 

A closer look at the results of Experiments 1 and 3 
suggests some novel notions of representational flexibil
ity. In Experiment I, MK-801 produced deficits in pat
tern acquisition for chunk boundaries and, most acutely, 
for an element that violated pattern structure. This im
pairment was observed despite the fact that neither the 
sequential pattern nor the spatial and temporal cues as
sociated with the pattern ever changed from day to day. 
These conditions would seem to favor encoding of all pat
tern elements by memory systems variously termed ref
erence memory (Olton et aI., 1984), procedural memory 
(Cohen & Squire, 1980), and, more recently, nondeclar
ative memory-the latter characterized as a memory sys
tem biased toward "inflexible" rather than "flexible" rep
resentations (Eichenbaum et aI., 1992). Yet, under these 
conditions of highly repetitive presentation of sequences 
of events, MK -80 I produced clear deficits in learning for 
some pattern elements but not others. Similarly, in the 
transfer phase of Experiment 3, a chunk added to a well
learned pattern under MK-801 had little impact on per
formance of the well-learned portion of the pattern, and 
performance was well above chance for the newly added 
information as long as the information was consistent 
with the structure ofthe well-learned pattern. In the trans-
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fer, the rats were required to make new responses at a time 
and place not previously trained, yet they showed no ill 
effects of this challenge to representational flexibility un
less the required response violated pattern structure. 
These results do not argue against the notion of represen
tational flexibility; they argue that the content of the 
memorial representation is, in this case, nonassociative, 
structural information describing serial patterns (cf. 
Fountain, 1990; Fountain & Annau, 1984; Fountain & 
Hulse, 1981; Fountain & Rowan, 1995a, 1995b; Fountain 
et aI., 1985; Hulse, 1978). 

The rule learning versus discrimination learning dual
process view is novel in the literature on animal models of 
memory function and dysfunction in that it predicts which 
learning/memory system will be used to store informa
tion on the basis of the structural characteristics of the 
information to be encoded. This model assumes that rats, 
like humans, are sensitive to structural relationships that 
describe patterns of stimuli and that processes for encod
ing such information are dissociable from discrimination 
learning processes, particularly those mediated by NMDA 
receptor dependent systems of plasticity. This dual-process 
view of serial learning should not be construed as at
tempting to supplant current notions of hippocampal in
volvement in representational flexibility (Eichenbaum 
et aI., 1992) and association formation for discontiguous 
events (Rawlins, 1985; Wallenstein et aI., 1998). Instead, 
the evidence from these experiments and others demon
strating similar dissociations of rule-based versus nonrule
based learning and memory (e.g., Cohen, 1984) should 
not be overlooked in formulating more general models 
seeking to characterize the fundamental nature oflearning 
and memory systems mediated by different brain systems. 

REFERENCES 

ALVARADO, M. C., & RUDY, J. W. (1995a). A comparison of "config
ural" discrimination problems: Implications for understanding the role 
of the hippocampal formation in learning and memory. Psychobiol
ogy, 23, 178-184. 

ALVARADO, M. C., & RUDY, J. W. (1995b). A comparison ofkainic acid 
plus colchicine and ibotenic acid-induced hippocampal formation 
damage on four configural tasks in rats. Behavioral Neuroscience, 109, 
1052-1062. 

ALVARADO, M. c., & RUDY, J. W. (l995c). Rats with damage to the 
hippocampal-formation are impaired on the transverse-patterning 
problem but not on elemental discriminations. Behavioral Neuro
science, 109,204-211. 

ASTUR, R. S., & SUTHERLAND, R. J. (1998). Configurallearning in hu
mans: The transverse patterning problem. Psychobiology, 26, 176-182. 

CAPALDI, E. J. (1985). Anticipation and remote associations: A config
ural approach. Journal o{Experimental Psychology: Learning, Mem
ory, & Cognition, II, 444-449. 

CAPALDI, E. J. (1994). The sequential view: From rapidly fading stim
ulus traces to the organization of memory and the abstract concept of 
number. Psychonomic Bulletin & Rel'iew, I, 156-181. 

CAPALDI, E. J., & MOLINA, P. (1979). Element discriminability as a de
terminant of serial-pattern learning. Animal Learning & Behavior, 7, 
318-322. 

CAPALDI, E.J.. VERRY. D. R .. NAWROCKI, T. M .. & MILLER, D. J. (1984). 
Serial learning, interitem associations, phrasing cues, interference, 
overshadowing, chunking, memory, and extinction. Animal Learning 
& Behavior, 12,7-20. 



44 FOUNTAIN AND ROWAN 

CARAMANOS. Z .• & SHAPIRO. M. L. (1994). Spatial memory and N
methyl-D-aspartate receptor antagonists APV and MK-801: Memory 
impairments depend on familiarity with the environment, drug dose. 
and training duration. Behavioral Neuroscience. 108. 30-43. 

CARLEZON. W. A .• & WISE. R A. (1993). Morphine-induced potentiation 
of brain stimulation reward is enhanced by MK-801. Brain Research. 
620. 339-342. 

COHEN. N. J. (1984). Preserved learning capacity in amnesia: Evidence 
for multiple memory systems. In N. Butters & L. R Squire (Eds.). 
The neuropsychology of memory (pp. 83-103). New York: Guilford. 

COHEN. N. J .• & SQUIRE. L. R. (1980). Preserved learning and retention 
of pattern-analyzing skill in amnesia: Dissociation of knowing how 
and knowing that. Science. 210, 207-210. 

COMPTON. D. M. (1993). Encoding of a nonmonotonic serial pattern: 
Role of the dorsal hippocampus and amygdala. Physiology & Behav
ior. 53, 657-665. 

EICHENBAUM. H.. OTTO, T., & COHEN. N. J. (1992). The hippocampus
What does it do? Behavioral & Neural Biology, 57, 2-36. 

FOUNTAIN, S. B. (1986). Serial-pattern learning: A unitary process? 
Physiological Psychology, 14, 67-70. 

FOUNTAIN, S. B. (1990). Rule abstraction, item memory. and chunking 
in rat serial-pattern tracking. Journal of Experimental Psychology: 
Animal Behavior Processes, 16,96-105. 

FOUNTAIN, S. B., & ANNAU. Z. (1984). Chunking, sorting, and rule
learning from serial patterns of brain-stimulation reward by rats. An
imal Learning & Behavior, 12, 265-274. 

FOUNTAIN, S. 8.. EVENSEN, J. C .• & HULSE. S. H. (1983). Formal struc
ture and pattern length in serial pattern learning by rats. Animal 
Learning & Behavior, 11,186-192. 

FOUNTAIN, S. B .• HENNE. D. R, & HULSE. S. H. (1984). Phrasing cues 
and hierarchical organization in serial pattern learning by rats. Jour
nal of Experimental Psychology: Animal Behavior Processes, 10. 30-
45. 

FOUNTAIN, S. 8., & HULSE, S. H. (1981). Extrapolation of serial stim
ulus patterns by rats. Animal Learning & Behavior, 9, 381-384. 

FOUNTAIN, S. 8., KRAUCHUNAS, S. M., & ROWAN. J. D. (1999). Serial
pattern learning in mice: Pattern structure and phrasing. Psycholog
ical Record, 49,173-192. 

FOUNTAIN, S. B .. MULLER. M. S., & WALLACE. D. G. (1999). Determi
nants of pattern tracking in rats. Manuscript in preparation. 

FOUNTAIN, S. 8., & ROWAN. J. D. (1995a). Coding of hierarchical versus 
linear pattern structure in rats and humans. Journal of Experimental 
Psychology: Animal Behavior Processes, 21. 187-202. 

FOUNTAIN. S. B .• & ROWAN. J. D. (l995b). Sensitivity to violations of 
"run" and "trill" structures in rat serial-pattern learning. Journal of 
Experimental Psychology: Animal Behavior Processes. 21, 78-81. 

FOUNTAIN, S. B., SCHENK, D. E., & ANN AU, Z. (1985). Serial-pattern
learning processes dissociated by trimethyltin exposure in rats. Phys
iological Psychology, 13, 53-62. 

HAGGBLOOM, S. J. (1985). Serial learning and transfer in rats: Effects of 
changes in stimulus-stimulus associations. pattern structure, and se
rial position information. Animal Learning & Behavior, 13,370-374. 

HAGGBLOOM. S. J .• & BROOKS, D. M. (1985). Serial anticipation and pat
tern extrapolation in rats as a function of element discriminability. An
imal Learning & Behavior, 13.303-308. 

HARGREAVES, E. L.. COTE, D .• & SHAPIRO, M. L. (1997). A dose of 
MK801 previously shown to impair spatial learning in the radial 
maze attenuates primed burst potentiation in the dentate gyrus of 
freely moving rats. Behavioral Neuroscience, 111,35-48. 

HARRIS, E. w.. & COTMAN, C. W. (1986). Long-term potentiation of guinea 
pig mossy fiber responses is not blocked by N-methyl-D-aspartate 
antagonists. Neuroscience Letters, 70,132-137. 

HERBERG. L. J .. & ROSE, I. C. (1989). The effect ofMK-801 and other 
antagonists ofNMDA-type glutamate receptors on brain-stimulation 
reward. Psychopharmacology. 99, 87-90. 

HULSE. S. H. (1978). Cognitive structure and serial pattern learning by 
animals. In S. H. Hulse. H. Fowler, & W. K. Honig (Eds.), Cognitive 
processes in animal behavior (pp. 311-340). Hillsdale, NJ: Erlbaum. 

HULSE, S. H., & DORSKY. N. P. (1977). Structural complexity as a deter
minant of serial pattern learning. Learning & Motivation. 8, 488-506. 

HULSE, S. H .• & DORSKY, N. P. (1979). Serial pattern learning by rats: 
Transfer of a formally defined stimulus relationship and the signifi
cance of nonreinforcement. Animal Learning & Behavior. 7, 211-220. 

KESNER, R. P .• & NOVAK. J. M. (1982). Serial position curve in rats: 
Role of the dorsal hippocampus. Science. 218, 173-175. 

KIRK. R E. (1968). Experimental design: Procedures for the behavioral 
sciences. Belmont, CA: Brooks/Cole. 

KNOPMAN, D. S .• & NISSEN, M. J. (1987). Implicit learning in patients 
with probable Alzheimer's disease. Neurology, 37, 784-788. 

LEE, H .• & KIM. J. J. (1998). Amygdalar NMDA receptors are critical 
for new fear learning in previously fear-conditioned rats. Journal of 
Neuroscience, 18, 8444-8454. 

OLDS. M. E. (1996). Dopaminergic basis for the facilitation of brain 
stimulation reward by the NMDA receptor antagonist, MK-801. Eu
ropean Journal of Pharmacology. 306. 23-32. 

OLTON. D. S .• SHAPIRO. M. L., & HULSE, S. H. (1984). Working mem
ory and serial patterns. In H. L. Roitblat, T. G. Bever, & H. S. Terrace 
(Eds.). Animal cognition (pp. 171-182). Hillsdale. NJ: Erlbaum. 

PHELPS. M. T., & ROBERTS. W. A. (1991). Pattern tracking on the radial 
maze: Tracking multiple patterns at different spatial locations. Jour
nal of Experimental Psychology: Animal Behavior Processes, 17, 
411-422. 

RAWLINS, J. N. P. (1985). Associations across time: The hippocampus 
as a temporary memory store. Behavioral & Brain Sciences, 8.479-
496. 

RAWLINS, J. N. P .• LYFORD. G. L., SEFERIADES. A .• DEACON, R M. J .• & 
CASSADAY. H. J. (1993). Critical determinants of nonspatial working 
memory deficits in rats with conventional lesions of the hippocam
pus or fornix. Behavioral Neuroscience, 107,420-433. 

ROWAN. J. D .• TONER, 8. S .• & FOUNTAIN. S. 8. (1992). MK-801 en
hances brain-stimulation reward and impairs serial pattern learning in 
rats. Toxicologist, 12.273. 

RUDY, J. w.. & SUTHERLAND. R. J. (1995). Configural association the
ory and the hippocampal formation: An appraisal and reconfigura
tion. Hippocampus, 5, 375-389. 

SHAPIRO. M. L., & CARAMANOS, Z. (1990). NMDA antagonist MK-80 I 
impairs acquisition but not performance of spatial working and ref
erence memory. Psychobiology, 18. 231-243. 

SHAPIRO, M. L., & O'CONNOR, C. (1992). N-methyl-D-aspartate recep
tor antagonist MK-801 and spatial memory representation: Working 
memory is impaired in an unfamiliar but not in a familiar environ
ment. Behavioral Neuroscience, 106, 604-612. 

STEMPOWSKI, N. K., CARMAN. H. M., & FOUNTAIN, S. 8. (1999). Tem
poral phrasing and overshadowing in rat serial-pattern learning. 
Learning & Motivation. 30. 74-100. 

STEVENS, L.. SHAPIRO, M. [L.], & WHITE, N. M. (1997). Effects of 
NMDA receptor blockade on behaviors differentially affected by 
fimbria/fornix and amygdala lesions. Psychobiology, 25, 109-117. 

TERRACE, H. S. (1987). Chunking by a pigeon in a serial learning task. 
Nature, 325,149-151. 

TERRACE. H. S. (1991). Chunking during serial learning by a pigeon: I. 
Basic evidence. Journal of Experimental Psychology: Animal Be
havior Processes, 17, 81-93. 

TEYLER. T. J .• & DISCENNA, P. (1987). Long-term potentiation. Annual 
Review of Neuroscience, 10,131-161. 

WALLENSTEIN, G. v.. EICHENBAUM, H., & HASSELMO, M. E. (1998). 
The hippocampus as an associator of discontiguous events. Trends in 
Neurosciences, 21, 317-323. 

WHITE. A. M., & BEST, P. J. (1998). The effects ofMK-801 on spatial 
working memory and within-session spatial learning. Pharmacology, 
Biochemistry & Behavior, 59, 613-617. 

(Manuscript received November 19. 1998; 
revision accepted for publication July 21, 1999.) 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200039002000280039002e0034002e00350032003600330029002e000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003100200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




