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Abstract　Priming for new associations , also called associative priming , refers to the implicit memory

for newly formed associations between different stimuli or the features. By now , there are still many un2
solved issues on associative priming. This dissertation used cognitive neuroscience approach that com2
bines the study of cognitive psychology , near2inf rared spectroscopy (N IRS) and neuropsychology to in2
vestigate associative priming effects and its brain mechanisms systematically. The priming tasks used in

this dissertation were process dissociation paradigm , perceptual identification task and speeded naming

task. The experiments on normal subjects showed both level of processing and unitization affected asso2
ciative priming effects , which was different f rom other kinds of implicit memory (such as item priming ,

supported by perceptual representation system) . However , when the associative st rength was strong e2
nough , subjects could manifest associative priming effects even under shallow encoding conditions.

N IRS study showed the activation of both sides of pref rontal lobe under deep encoding conditions was

stronger than under shallow condition when subjects encoded unrelated word pairs. It suggested pre2
f rontal lobe participate in memory for new associations. Furthermore , medial temporal lobe (M TL) and

frontal lobe lesioned patients were tested using methods of perceptual identification task and speeded

naming task. Both brain regions participated in associative priming. M TL mediated unitization between

unrelated items. Frontal lobe contributed to priming for new associations by elaborative processing , in2
hibiting irrelevant information and selective attending to tasks. In addition , normal subjects needed to

be aware of the relationship between study and test to form associative priming and densely memory

deficit patients could not form memory for new associations. In conclusion , this dissertation demonstrat2
ed that associative priming needs the interaction between perceptual representation system and other

memory systems. Both M TL and frontal lobe played important roles in priming for new associations ,

but with different mechanisms ; and there were some relations between associative priming and conscious

ret rieval processing.
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　　Priming is an important technique for assessing implicit memory that does not require conscious ret rieval
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processes [1 ,2 ] . There are two major types of priming effects : item priming , and priming for new associa2
tions , also called associative priming. Item priming is hypothesized to reflect the operation of perceptual rep2
resentation systems that are independent of episodic or declarative memory system. In contrast , associative

priming should reflect the formation of a new association , which has no prior existence in the memory system

and is encountered for the first time during a study episode. To form new associations , subjects must inte2
grate individual items or components , by processing the co - occurrence and/ or relations between them. In

the test session , memory for the new association can facilitate the ret rieval of other information. For exam2
ple , in the stem completion test , after learning some unrelated word pairs (e. g. w i ndow - reason , apple -

kite , f ish - nurse) , subjects are asked to complete the stem of the second word of old pairs ( w i ndow -

rea-- ) , recombined pairs ( apple - nur-- ) and new pairs ( bottle - st u--) with the first words that come to

mind. If the proportion of completions of the old pairs is higher than that of the recombined ones , the differ2
ence of them is regarded as an effect of priming for new associations. Superior performance for word comple2
tion within recombined pairs relative to new pairs is regarded as a single word , or item priming , effect . The

common paradigms for testing priming for new associations include stem completion , speeded naming , lexical

decision and perceptual identification[2 ] .

There are still many unsolved issues on priming for new associations [3 \ 〗. The central debate issues are

whether perceptual representation systems can support priming for new associations independently ; whether

there is relation between associative priming and conscious ret rieval ; and what are the neurals of associative

priming. For example , whether the medial temporal lobe plays a role in associative priming , and whether

other brain regions mediate in associative priming. A series of experiments were done to explore the cognitive

mechanisms and the neural basis of priming for new associations , using the cognitive neuroscience approach

that combines the study of cognitive psychology , near2inf rared spectroscopy and neuropsychology.

Part 1 , which was aimed at the cognitive mechanisms of associative priming , included three experi2
ment s. These experiments explored whether perceptual representation systems could support priming for new

associations independently , by studying the effects of the level of processing and unitization on forming mem2
ory for new associations ; and explored whether there is some relation between associative priming and con2
scious ret rieval , by applying process dissociation paradigm and analyzing the awareness questionnaires. In ex2
periment 1 , subjects studied unrelated word pairs of Chinese character under deep or shallow conditions , and

then performed the inclusion and exclusion tasks. The process dissociation procedure was applied to investi2
gate the contribution of automatic and consciously controlled processes to priming for new associations. The

results showed that only under elaborative condition , did subjects complete more correct stems of old pairs

than that of repaired ones , and both automatic and consciously controlled processes contributed to associative

priming. Experiment 2 used perceptual identification task to make further exploration of effects of level of

processing on priming for new associations. Effects of unitization , or associative st rength were also 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 as fast as

possible with no error. Finally subjects performed the recognition test , the corresponding explicit memory 2
test , and filled in the awareness questionnaire. Consistent with experiment 1 , the results showed that only in

elaborative level was there associative priming effects , with old pairs more identified than the recombined

ones. Furthermore , unitization affected associative priming as well , for the concrete pairs could form priming
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for new associations even under shallow encoding conditions , thus produced dissociation between implicit and

explicit memory. That is , subjects had normal associative priming under shallow condition , but their explicit

recognition performance was lower than that under deep condition [4 ] . Experiment 3 used speeded naming

paradigm to further examine the effects of level of processing and unitization with colored abstract words as

material , and to compare perceptual priming and associative priming. The results showed level of processing

had no effects on associative priming between color and abstract words , either using color naming (associative

priming task) or word naming (perceptual priming task) . But the performance of recognition was better un2
der deep condition than shallow condition [5 ] . It further showed when the degree of unitization was strong enough ,

associative priming could be formed even under shallow encoding condition , and inferred the similarities between per2
ceptual priming and associative priming.

Taken together , the results of part 1 showed that there was interaction between level of processing and

unitization. Semantic encoding was one of the conditions for priming for new associations , but unitization

played a crucial role in it . When the degree of unitization was stronger , deep processing was not necessary.

Therefore , although perceptual representation system could support the perceptual priming alone , it could

not support associative priming independently. Associative priming may need the interaction of perceptual

representation system and other memory systems. In addition , the awareness questionnaires used in experi2
ment 2 and 3 were analyzed , and showed that when doing perceptual identification and speeded naming

tasks , most of subjects were aware of the relations between study and test , but they did not consciously rec2
ollect the studied items. The result of experiment 1 also showed the automatic controlled process mediated in

associative priming , thus suggested the involuntary conscious awareness is one of the features of associative

priming and there exist some relations between associative priming and conscious awareness.

The aim of part 2 and part 3 was to explore the brain mechanisms of priming for new associations. Part

2 explored the role of the pref rontal cortex during memory encoding process. Forty2eight subjects studied un2
related pairs of Chinese characters that were visually presented under both shallow and deep encoding condi2
tions. The regional blood volume changes related to performance of the cognitive tasks were measured using

functional N IRS equipment that was a continuous optical imager [6 ] . The results showed that the activation

of bilateral pref rontal regions was stronger under deep condition than shallow condition and that areas compa2
rable to the dorsolateral pref rontal cortex showed greater blood volume changes , particularly in the left hemi2
sphere [7 - 10 ] . This is the first study using N IRS imaging to investigate the role of the pref rontal cortex in

deep encoding compared with shallow encoding. It suggested that the pref rontal cortex participates in the e2
laborative processing of unrelated word pairs and is the neural basis of memory for new associations.

In Part 3 , the M TL lesioned patients and frontal lobe lesioned patients were examined to explore the

brain mechanisms of associative priming. There were 18 M TL patients , 25 frontal lobe patients , and 18 age ,

gender , and education2matched control subjects. Each subject did the neuropsychological tasks to assess their

cognitive deficits , including Mini Mental State Examination , Wechsler Memory Scale22Revised , Wisconsin

Card Sorting Test and word fluency task. The assessments demonstrated that M TL patients had lower per2
formance in memory scale , and the main deficits of f rontal lobe lesioned patients ware the abstract thinking

and inhibiting irrelevant information [11 ] . Both patient groups had lower word fluency scores.

The patients were further divided into mild or severe memory deficit subgroups , with their memory quo2
tient was 80 as the cut2off . Each patient did the perceptual identification task , color naming and word nam2
ing tasks in counterbalanced order. In contrast to the control subjects , the M TL lesioned 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

associations , in which the nature of the stimuli was considerably diffe2rent [1 ,12 ] . The results indicate a criti2
cal role for M TL in forming associations between unrelated items , whether the association concerns two sepa2
rate items or two aspects of a single stimulus.

As for the frontal lesioned patients , their associative 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 pa2
tients with mild memory deficit was similar to that of the control subjects , but their associative priming was

lower than that of the normal controls [13 ] . The phenomenon of intact recognition but impaired associative

priming manifested the dissociation between implicit memory and explicit memory. The correlation between

associative priming and preservative response , preservative errors , conceptual level responses and word fluen2
cy test was significant in patient group . It indicated the mechanisms of the frontal lobe participating in asso2
ciative priming were semantic processing , sorting , inhibition and word fluency. The results also showed the

severely memory deficit patients could not form memory for new associations , which inferred the relation be2
tween associative priming and conscious ret rieval.

Both M TL and frontal lobe mediated priming for new associations , but there was some difference in

their mechanisms. Medial temporal lobe played a critical role in forming associations between unrelated items

or stimuli. Maybe it is the neural basis of unitization. Experiment 3 in part 3 explored this hypothesis with

11 M TL lesioned patients as subjects. When the test did not require ret rieving the relations between items to

be formed , priming effects in M TL lesioned patients had no difference with the control group , but their

recognition performance was still lower. With regard to the frontal lobe , the mechanisms were more ab2
st ract . Frontal lobe participated in elaborative processing , which is necessary for associative priming between

the word pairs. In addition , the correlation analysis indicated that f rontal lobe contributed to associative

priming by inhibiting the irrelevant information , attending to the tasks , and establishing some effective

st rategies.

In conclusion , this study explored the central issues on priming for new associations and the neural basis

on which the associative priming depends. The results demonstrated that perceptual representation system

could not support priming for new associations alone. Associative priming may need the interaction of percep2
tual representation system and other memory system. There existed some relations between associative prim2
ing and conscious awareness ; the awareness of the relation between study and test may be one of the features

of associative priming that different f rom perceptual priming. M TL played critical role in priming for new as2
sociations. Frontal lobe contributed to associative priming as well , by different mechanisms from M TL , such

as semantic encoding , inhibition , attention and strategy using.
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联想启动效应及其脑机制研究
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摘　要　联想启动效应 ,又称作对新异联系的启动效应 ,是指对新近形成的联系的内隐记忆。目前关于联

想启动效应的研究争论颇多。研究中采用认知实验、脑成像技术和多种神经心理学测验方法相结合的认

知神经科学途径 ,对联想启动的认知机制和脑机制进行了探讨。测定联想启动的方法包括过程分离、知觉

辨认和快速命名等。对正常大学生的研究结果表明 ,加工水平和联结共同作用影响联想启动 ,这与知觉表

征系统所支持的项目启动等其他内隐记忆有所不同。当项目间的联系足够强时 ,被试可以在浅加工条件

下形成联想启动。这提示 ,知觉表征系统单独并不能支持联想启动 ,还需要其他记忆系统的参与。采用近

红外光学成像的研究显示 ,左右前额叶均参与非相关词对的语义编码过程 ,与新异联系的形成密切相关。

对内侧颞叶和额叶损伤病人的知觉辨认和快速命名测查发现 ,这两个脑区均参与了联想启动。其中 ,内侧

颞叶参与了联想启动所必需的联结过程 ,额叶则与语义加工、抑制无关信息和选择性注意等有关。另外 ,

正常被试形成联想启动需要意识到学习和测验的关系 ,重度记忆障碍的被试不能形成联想启动 ,提示联

想启动需要有意识回忆的参与。总之 ,研究表明 ,联想启动需要知觉表征系统和其他记忆系统的共同作

用 ,内侧颞叶和额叶均在联想启动中起重要作用 ,但它们的作用有所不同。在联想启动和有意识回忆之间

存在一定关系。

关键词　启动效应 ,新异联系 ,记忆 ,内侧颞叶 ,额叶
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