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Abgtract Priming for new asociations, a s caled asociative priming, refers to the implicit memory
for newly formed asciations between different stimuli or thefeatures. By now , there are still many un-
lved issues on asociative priming. This dissertation used cognitive neuroscience gpproach that com-
bines the study of cognitive psychology , near-infrared ectroscopy (NIRS) and neuropsychology to in
vestigate asciative priming effects and its brain mechanisms systematically. The priming tasks used in
this dissertation were process disociation paradigm , perceptual identification task and gpeeded naming
task. The experimentson norma subjects showed both levd of processng and unitization afected asso-
ciative priming effects, which was different from other kindsof implicit memory (such asitem priming ,
supported by perceptua representation system) . However , when the asociative strength was strong e-
nough, subjects could manifest asociative priming effects even under shalow encoding conditions.
N IRS study showed the activation of both sdes of prefrontal lobe under deep encoding conditions was
stronger than under shallow condition when subjects encoded unrelated word pairs. It suggested pre-
fronta lobe participate in memory for new asmciations. Furthermore, media tempora lobe (M TL) and
fronta lobe ledoned patients were tested usng methods of perceptud identification task and gpeeded
naming task. Both brain regions participated in asociative priming. M TL mediated unitization between
unrelated items. Frontal lobe contributed to priming for new associations by eaborative processng, in-
hibiting irrdevant information and sdective attending to tasks. In addition, norma subjects needed to
be aware of the relationship between study and test to form asociative priming and densely memory
deficit patientsocould not form memory for new asciations. In concluson, this dissertation demonstrat-
ed that asciative priming needs the interaction between perceptua representation system and other
memory syssems. Both M TL and frontal lobe played important roles in priming for new asciations,
but with different mechanisms; and there were some relations between asociative priming and conscious
retrieval procesdng.
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processes“’z]. There are two mgor types of priming effects: item priming, and priming for new asocia
tions, a9 called asociative priming. Item priming is hypotheszed to reflect the operation of perceptua rep-
reentation syssems that are independent of episdic or declarative memory system. In contrast , asociative
priming should reflect the formation of a new asciation, which has no prior existence in the memory system
and is encountered for the first time during a study episode. To form new asciations, subjects must inte-
grate individua itemsor components, by procesing the co - occurrence and/ or relations between them. In
the test sesson, memory for the new asociation can facilitate the retrieval of other information. For exam-
ple, in the sem completion test , ater learning some unrelated word pairs (e. g. window - reason, apple -
kite, fish- nurse) , subjects are asked to complete the stem of the second word of old pairs ( window -
rea-) , recombined pairs (apple- nur--) and new pairs (bottle- stu--) with the first words that come to
mind. If the proportion of completionsof theold pairsis higher than that of the recombined ones, the differ-
ence of them is regarded as an efect of priming for new asciations. Superior performance for word comple-
tion within recombined pairs relative to new pairsis regarded as a sngle word , or item priming, effect. The
common paradigmsfor testing priming for new asociationsinclude ssem completion , speeded naming , lexical
decison and perceptual identification'? .

There are till many unolved issueson priming for new asociations!®' . The central debate issues are
whether perceptua representation systems can support priming for new asciations i ndependently ; whether
there is relation between asociative priming and conscious retrieval ; and what are the neura s of asociative
priming. For example, whether the media tempord lobe plays a role in asociative priming, and whether
other brain regions mediate in asociative priming. A seriesof experiments were done to explore the cognitive
mechanisms and the neura bass of priming for new asociations, usng the cognitive neuroscience gpproach
that combines the study of cognitive psychology , near-infrared ectroscopy and neuropsychology.

Part 1, which was aimed at the cognitive mechanisms of asociative priming, included three experi-
ments. These experiments explored whether perceptua representation systems could support priming for new
asociations independently , by studying the effectsof the level of process ng and unitization on forming memr
ory for new asciations; and explored whether there is ome relation between asociative priming and con-
gious retrieva , by applying process disciation paradigm and anal yzing the awareness questionnaires. In ex-
periment 1, subjects studied unrelated word pairsof Chinese character under deep or shallow conditions, and
then performed the incluson and excluson tasks. The process disociation procedure was applied to investi-
gate the contribution of automatic and conscioudy controlled processes to priming for new asociations. The
results showed that only under daborative condition, did subjects complete more correct stems of old pairs
than that of repaired ones, and both automatic and conscioudy controlled processes contributed to asciative
priming. Experiment 2 used perceptual identification task to make further exploration of effects of level of
procesdng on priming for new asociations. Efectsof unitization, or asociative strength were a 9 explored ,
with concrete and abstract word pairs as within subject variable. After subjects studied the word pairs under
deep or shallow encoding conditions, the different word pairs (old pairs, recombined pairs and new pairs)
were presented at brief exposure threshold duration. Subjects were asked to identify the word pairs asfast as
possble with no error. Finaly subjects performed the recognition test , the corregponding explicit memory -
test , and filled in the awareness questionnaire. Consstent with experiment 1, the results showed that only in
daborative level was there asociative priming efects, with old pairs more identified than the recombined
ones. Furthermore, unitization &fected asociative priming as well , for the concrete pairs could form priming
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for new asciations even under shalow encoding conditions, thus produced dissociation between implicit and
explicit memory. That is, subjects had normal asociative priming under shallow condition, but their explicit
recognition performance was lower than that under degp condition [*1. Experiment 3 used gpeeded naming
paradigm to further examine the effectsof level of procesing and unitization with colored abstract words as
materia , and to compare perceptual priming and asociative priming. The results showed level of procesdng
had no effectson asociative priming between color and abstract words, either using color naming (asociative
priming task) or word naming (perceptua priming task) . But the performance of recognition was better un-
der degp condition than shdlow condition (511t further showed when the degree of unitization was grong enough ,
asodative priming could be formed even under shdlow encoding condition, and inferred the dmilarities between per-
ceptud priming and asodative priming.

Taken together , theresults of part 1 showed that there wasinteraction between level of processng and
unitization. Semantic encoding was one of the conditions for priming for new asociations, but unitization
played a crucia roleinit. When the degree of unitization was stronger , deep processng was not necessary.
Therefore, athough perceptua representation system ocould support the perceptua priming aone, it could
not support asxociative priming independently. Asciative priming may need the interaction of perceptua
representation system and other memory systems. In addition, the awareness questionnaires used in experi-
ment 2 and 3 were analyzed, and showed that when doing perceptua identification and gpeeded naming
tasks, most of subjects were aware of the relations between study and test , but they did not conscioudy rec
ollect the studied items. The result of experiment 1 a0 showed the automatic controlled process mediated in
asciative priming , thus suggested the involuntary conscious awareness is one of the features of asciative
priming and there exist some relations between asociative priming and conscious awareness.

The aim of part 2 and part 3 was to explore the brain mechanismsof priming for new asciations. Part
2 explored the role of the prefrontal cortex during memory encoding process. Forty-eight subjects studied un-
related pairsof Chinese characters that were visualy presented under both shalow and deep encoding condi-
tions. The regiona blood volume changes related to performance of the cognitive tasks were measured usng
functional NIRS equipment that was a continuous optical imager (81 The results showed that the activation
of bilatera prefronta regionswas stronger under degp condition than shallow condition and that areas compa-
rable to the dorolatera prefrontal cortex showed greater blood volume changes, particularly in the left hemi-
phere [7-101 " Thisis the first sudy usng NIRS imaging to investigate the role of the prefronta cortex in
deep encoding compared with shallow encoding. It suggested that the prefrontal cortex participatesin the e-
laborative processng of unrelated word pairs and is the neural bassof memory for new asciations.

In Part 3, the MTL ledoned patients and frontal lobe lesoned patients were examined to explore the
brain mechanismsof asociative priming. There were 18 M TL patients, 25 fronta lobe patients, and 18 age,
gender , and education- matched control subjects. Each subject did the neuropsychologica tasks to assesstheir
cognitive deficits, including Mini Menta State Examination, Wechder Memory Scde-Revised, Wisconsn
Card Sorting Test and word fluency task. The assessments demonstrated that M TL patients had lower per-
formance in memory scae, and the main deficits of fronta lobe lesoned patients ware the abstract thinking
and inhibiting irrelevant information (111 Both patient groups had lower word fluency scores.

The patients werefurther divided into mild or severe memory deficit subgroups, with their memory quo-
tient was 80 as the cut-off. Each patient did the perceptual identification task , color naming and word namr-
ing tasksin counterbalanced order. In contrast to the control subjects, the M TL ledoned patients failed to
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show superior identification of the old pairs relative to the recombined pairs, and failed to show priming for
recently experienced new associations between words and colors. Recognition memory by these patients was
severely impaired, but their item priming was normal. The results recorded an absence of priming for new
asciations, in which the nature of the stimuli was considerably diffe-rent [**2!. The resultsindicate a criti-
ca rolefor MTL informing asociations between unrelated items, whether the asociation concerns two seper
rate itemsor two agpectsof a angle stimulus.

Asfor the fronta lesoned patients, their asociative priming effect was lower than that of the control
subjects with unrelated word pairs and colored words as material too. The recognition performance of the pa
tients with mild memory deficit was dmilar to that of the control subjects, but their asociative priming was

lower than that of the norma controls [*3

. The phenomenon of intact recognition but impaired asociative
priming manifested the disociation between implicit memory and explicit memory. The correation between
asciative priming and preservative reponse, preservative errors, conceptual level reponses and word fluen-
cy test was sgnificant in patient group. It indicated the mechanismsof thefrontal lobe participating in aso-
ciative priming were ssmantic procesing, orting, inhibition and word fluency. The results < showed the
sverely memory deficit patients could not form memory for new asociations, which inferred the relation be-
tween asociative priming and conscious retrieval .

Both MTL and frontal lobe mediated priming for new asociations, but there was osme difference in
their mechanisms. Medial tempora lobe played a criticd role in forming asociations between unrelated items
or gimuli. Maybe it isthe neural badsof unitization. Experiment 3 in part 3 explored this hypothess with
11 M TL ledoned patients as subjects. When the test did not require retrieving the relations between items to
beformed, priming &fectsin MTL ledoned patients had no difference with the control group, but ther
recognition performance was ill lower. With regard to the fronta lobe, the mechanisms were more ab-
sract. Fronta lobe participated in elaborative procesing , which is necessary for asociative priming between
the word pairs. In addition, the correlation anadyss indicated that fronta lobe contributed to asociative
priming by inhibiting the irrdlevant information, attending to the tasks, and establishing some effective
strategies.

In concluson, this study explored the centra issueson priming for new asciations and the neural bass
on which the asxciative priming depends. The results demonstrated that perceptua representation system
could not support priming for new asociations alone. Asciative priming may need the interaction of percep-
tua representation system and other memory system. There existed some relations between asociative prim-
ing and conscious awareness; the awareness of the relation between study and test may be one of the features
of asociative priming that different from perceptual priming. M TL played critical rolein priming for new as
ciations. Frontal lobe contributed to asociative priming as well , by different mechanismsfrom M TL , such

as semantic encoding , inhibition, attention and strategy usng.
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