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Abstract 

This study investigated the measurements of correct rate (CR) 

and reaction time (RT) under priming paradigm on language 

specified perception of similarity (termed “psycho distance”) 

across phonemes carried by syllables. Mandarin speakers 

participated in two experiments and take speeded same-different 

determination tasks and shadowing tasks in both experiments, to 

see the psycho measurements’ consistence with articulatory 

similarity (feature co-existence). Tasks and different feature 

co-existence conditions of stimuli pairs were manipulated to see 

their effect on CR and RT. It is proved that manipulating 

articulatory feature co-existence conditions would cause 

different correct rate as well as different reaction time for 

speeded same-different determination tasks. Sharing either an 

articulatory feature of place of articulation or aspiration would 

result in longer reaction time, and with both these features 

different the reaction time would be the shortest. Moreover, 

stimulus pairs different in place of articulation but only sharing 

the value of aspiration would result in significantly longer 

reaction time and lower correct rate than pairs in the other way.. 

1. INTRODUCTION 

Many linguistic theories and hypothesis involve the belief of 

“similarity” across phonetic or phonological units. How 

“similar” two units sound alike? As for phones or phonemes, 

researchers have explored two main approaches. One is feature 

theory[1] [2] [3], which attribute similarity to sharing same 

features. The other is acoustic[4] [5] [6], which “quantifies” 

similarity by acoustic parameters. The two approaches do 

integrate, as what Stevens find [5]. However, do we have other 

ways to measure human concept of similarity directly? Can we 

measure “similarity” following this approach? 

As for an objective and reliable measurement, psychological 

measurements of reaction time (RT) and correct rate (CR) of 

phonetic priming is worth trying. Perceptual identification of 

spoken words in noise is less accurate when the target are 

preceded by spoken phonetically related primes[7]. And the 

reaction times of shadowing tasks are also under the 

interference by similar priming [8]. These effects are attributed 

to competition between similar units. However, most the former 

studies were carried out based on similarity no lower than 

phonotactic level[9] [10],, and except Radeu’s work not much 

concern was put on the differences caused by different degrees 

of similarity. 

The overall goal in the present investigation is to test these 

measurements on the perceived “similarity” across Mandarin 

phonemes. It is reasonable to assume that perceived “similarity” 

is closely related to articulatory “similarity”. This makes a more 

specific goal to investigate if the differences of feature 

co-existence result in significantly difference in the variables of 

CR and RT. That is to test the difference of priming effect 

across pairs of phonemes (carried by syllables) with different 

conditions of feature co-existence. “Psycho distance” is used in 

present study to term the language specified perception of 

similarity across phonemes. The more similar two units in the 

perception by speakers in a language, the smaller the psycho 

distance between the two units are in that language. If the 

difference of priming effect exists in this experiment, the 

operational definition of “psycho distance” can be set to the 

correct rate or reaction time in phonetic priming. 

However, to use the priming paradigm and the two variables, 

some covariance factors should be considered. RT of phonetic 

priming is influenced by phonotactic probabilities of segments 

and sequences[11] [12].. Task and design also take their place 

[15] [16], auditory naming task may bias processing toward the 

sublexical level (facilitation), while the lexical decision task and 

naming task appear to bias processing toward the lexical level 

(interference). On the other way, using non-word stimuli or 

testing word stimuli in non-word environment increase the 

processing toward the sub-lexical level. As for Chinese, Zhou et 
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al. found Compound words sharing segmental templates but 

differing in lexical tone did not prime each other significantly in 

visual-visual lexical decision tasks but in auditory-visual 

priming lexical decision task[13]. Another variance comes from 

inter-stimulus interval (ISI). Shadowing latencies were 

significantly longer for target words preceded by phonetically 

related primes, but only when the prime–target inter-stimulus 

interval was short (50 vs. 500 msec) in another experiment by 

Luce et.al[10]. Zhou also found the influence of SOA. 

2. EXPERIMENT 1 

2.1. Method 

Subjects. Seventeen undergraduate or graduate students in 

Peking University participated in this experiment (6 Male, 11 

Female). All subjects are paid. 

Stimuli. Prime and targets were Mandarin syllables. Four groups 

of stimuli pairs were used. The prime and target shared the same 

rhyme (/a/ or /u/) in each pair of every group and the difference 

only lies in initials. (Table 1) Another 24 pairs for fillers and 12 

pairs for practice were produced. Stimuli and fillers were 

spoken by a female speaker in a format of 16 bit, 44100 Hz, 2ch, 

and then manipulated with PSOLA synthesizer in Praat program 

to a duration of 700ms and a level pitch of 290-285Hz.  

Design. Two variables were examined by within group design: 

(1) feature co-existence of phonemes in primes and targets 

(same vs. different in PLA, identical in ASP vs. different in ASP 

identical in PLA vs. different in); (2) task (shadowing task vs. 

speeded same-different decision task). Reaction times of both 

tasks and correct of same-different decision tasks were 

examined. Word frequency type was also considered as a 

covariance measured but not manipulated. 

In shadowing task, items were assigned to 12 groups, each 

group with 4 pairs of stimuli and 1 filler. Across groups 

interaction of PLA of prime initials with condition of feature 

co-existence was balanced out by Latin square. Pseudorandom 

(n=4) was applied to balance out order effect. In speeded 

same-different decision tasks, similar balance was made, except 

that the fillers were pairs of identical syllables to balance the 

number of same pairs and different pairs in the experiment. 7 

subjects took shadowing task before same different task, 10 took 

same different task before shadowing task, eliminating the 

influence across tasks. In same-different decision tasks, 9 

subjects used right hands to response to same pairs, left hand to 

different pairs and 8 used left hands to response to same pairs, 

right hands to different pairs, eliminating the influence of 

dominant hand. 

 Same ASP Different ASP 

 Same 

PLA 

Differen

t PLA 

Same 

PLA 

Differen

t PLA 

I 11 21 12 22 

 pa-pa 

pha-pha 

ta-ta 

tha-tha 

ka-ka 

kha-kha 

pu-pu 

phu-phu 

tu-tu 

thu-thu 

ku-ku 

khu-khu 

pa-ta 

pha-kha 

ta-ka 

tha-pha 

ka-pa 

kha-tha 

pu-tu 

phu-khu 

tu-ku 

thu-phu 

ku-pu 

khu-thu 

pa-pha 

pha-pa 

ta-tha 

tha-ta 

ka-kha 

kha-ka 

pu-phu 

phu-pu 

tu-thu 

thu-tu 

ku-khu 

khu-ku 

pa-kha 

pha-ta 

ta-pha 

tha-ka 

ka-tha 

kha-pa 

pu-khu 

phu-tu 

tu-phu 

thu-ku 

ku-thu 

khu-pu 

Table 1 

 

Table 1: prime-target pairs. Each prime and target shared a same 

rhyme.  

Procedure 

The subjects were tested individually in a booth equipped with a 

voice response key interfaced to a minicomputer that controlled 

stimulus presentation and response collection. The experimental 

procedure was controlled by DMDX program [21]. 

The procedure of shadowing task is as follows. The subjects 

were instructed to repeat back the second word of the pair as 

quickly and as accurately as possible into a microphone attached 

to the headphones. RTs were recorded from the onset of the 

target word to the onset of the shadowing response. 

silence (500ms)-mark sound (500ms) -prime (700ms)- ISI 

(50ms)-RT clock on -target (700ms)  

The procedure of speeded same different task was the same as 

the shadowing task, except that the voice key was replaced by 

keyboard. The subjects were instructed to decide if the pairs are 

the same as quickly and as accurately as possible. RTs were 

recorded from the onset of the target word to the onset of the 

button press response. 

2.2. Results and discussion 

T

a

s

Same ASP Different ASP 

Same PLA Different 

PLA 

Same PLA Different 

PLA 
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Table2: Reaction Time (RT, in Milliseconds), Correct Rate (CR, 

in Percentage), and Standard Deviation for Determination Task 

(De-); Reaction Time (RT, in Milliseconds) and Standard 

Deviation for Shadowing Task (Sh-) in the 700ms 

Stimulus-Duration Condition 

(1) Correct Rate of Speeded Same-Different Task (700ms)  

One-way repeated ANOVA were conducted for correct rate and 

reaction time for decision tasks by participants with the two 

factors PLA (2 levels) and ASP (2 levels) integrated as four 

levels of one factor of feature co-existence. Effect of feature 

co-existence conditions on correct rate for decision tasks was 

significant by participants, F (3, 48)=16.805, p<0.05, LSD test 

showed significant difference between con11 and con21 

M=0.181, p<0.05, con12 and con21 M=0.206, p<0.05, con 21 

and con22 M=0.216, p<0.05, but no significant difference is 

between con11 and con12 M=-0.025, p>0.05, con11 and con22 

M=-0.034, p>0.05, con12 and con22 M=-0.010, p>0.05. These 

indicate that, with inter-participant difference controlled, pairs 

with different PLA but same ASP tended to have lowest correct 

rate, however differences between other conditions were not 

higher than opportunity-level. The results on correct rate were 

negatively consistent with results on reaction time. Effect of 

feature co-existence on reaction time for decision tasks was 

insignificant by participants, F (3, 48) = 1.766, p<.05, which 

indicates that in this experiment the measurements were still not 

strong enough to stand out from inter-participant difference.  

Two-way repeated ANOVA were conducted for correct rate and 

reaction time for determination tasks by participants.  

For correct rate, main effect of both PLA co-existence, F (1, 16) 

= 10.206, p<0.05, ASP co-existence, F (1, 16) = 29.829, p<0.05, 

and their interaction, F (1, 16) = 14.318, p<0.05, was significant. 

For reaction time, main effect of neither PLA co-existence, F (1, 

16) = 0.577, p>.05, nor ASP co-existence, F (1, 16) = 3.678, 

p>.05, was significant, nor was the interaction between the two 

factors, F (1,16) = 1.631, p>.05. This indicates that sharing ASP 

value in a pair caused significantly lower correct rate; with 

different ASP value, sharing PLA value also caused lower 

correct rate. In spite of the existence of interaction in statistics, 

the fact that identical pairs required a different button-press 

reaction from the other three conditions could explain the high 

correct rate under this condition. 

(2) Shadowing Task (700ms) 

One-way repeated ANOVA were conducted for reaction time 

for shadowing tasks by participants with the two factors PLA 

and ASP integrated as four levels of feature co-existence. Effect 

of feature co-existence on reaction time for shadowing tasks 

was insignificant by participants. F (3, 48) = 1.292, p<.05, 

which indicates that in this experiment by this measurement 

feature co-existence conditions didn’t cause significant enough 

effect. 

Two-way repeated ANOVA were conducted for reaction time 

for shadowing tasks by participants. Main effect of either PLA 

co-existence, F (1, 16) = 1.673, p>.05, and ASP co-existence, F 

(1, 16) = 1.289, p>.05, was insignificant, nor was the interaction 

between the two factors, F (1,16) = 0.017, p>.05. 

The results of Experiment 1 proved the existence of effects from 

feature co-existence. However, more concrete effects across 

conditions seemed to be submerged by effects of some extra 

factors, and some participants suggested that the tasks were too 

easy that they hardly made any hesitation or mistake. This 

ceiling effect was proved by the lack of significance of 

difference across other feature co-existence conditions - only 

different PLA-same ASP condition was significantly different 

from other feature co-existence conditions. To access significant 

differences across all conditions, we designed Experiment 2. 

3. Experiment 2 

3.1. Method 

Subjects: Thirty-two undergraduate or graduate students 

participated in this experiment (14 Male, 18 Female). All 

subjects are paid. 

Stimuli: Stimuli were similar in Experiment1 except that the 

duration of each prime or target was adjusted to 400ms instead 

of 700ms. 

Design: Like Experiment1, two variables were examined by 

within group design: (1) feature co-existence of 

phonemes,(2)task. Reaction times of both tasks and correct rates 

of same-different decision tasks were examined. 
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Procedure: The procedure was close to Experiment1, except that 

the duration of each stimulus was 400ms. 

3.2. Results and Discussion 
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Table 3: Reaction Time (RT, in Milliseconds), Correct Rate (CR, 

in Percentage), and Standard Deviation for Determination Task 

(De-); Reaction Time (RT, in Milliseconds) and Standard 

Deviation for Shadowing Task (Sh-) in the 400ms 

Stimulus-Duration Condition 

  

Figure 1 Reaction time (left) and correct rate (middle) under 

different feature co-existence conditions (identical condition 

excluded) for determination tasks and reaction time (right) for 

shadowing tasks in the 400ms stimulus-duration condition. 

(1) Speeded Same-Different Task (400ms)  

One-way repeated ANOVA were conducted for correct rate and 

reaction time by participants with the two factors PLA (2 levels) 

and ASP (2 levels) integrated as four levels of one factor of 

feature co-existence. Effect of feature co-existence conditions 

on correct rate for decision tasks was significant by participants, 

F (3, 93)=51.303, p<0.05, LSD test showed significant 

difference between con11 and con21 M=0.219, p<0.05, con11 

and con22 M=-0.34, p<0.05, con12 and con21 M=0.224, p<0.05, 

con12 and con22 M=-0.29,and p<0.05, con 21 and con22 

M=-0.253, p<0.05, but no significant difference is between 

con11 and con12 M=-0.05, p>0.05. These indicate that, with 

inter-participant difference controlled, pairs with different PLA 

but same ASP tended to have lowest correct rate, followed by 

pairs with different ASP but same PLA and pairs with different 

PLA and same ASP had the highest correct rate (Fig. 1) Effect 

of feature co-existence on reaction time for decision tasks was 

significant by participants, F (3, 93)=12.62, p<.05, LSD test 

showed significant difference between con11 and con21, 

M=-46.969, p<.05, con11 and con22, M=25.906, p<.05, con12 

and con21, M=-57.656, p<.05, con 21 and con22, M=72.875, 

p<.05, but no significant difference is between con11 and con12 

M=10.688, p=>.05, nor between con12 and con22, M=15.219, 

p=>.05. Two-way repeated ANOVA were conducted for correct 

rate and reaction time for determination tasks by participants. 

For correct rate, main effect of both PLA co-existence, F (1, 31) 

= 32.577, p<0.05, ASP co-existence, F (1, 31) = 59.827, p<0.05, 

and their interaction, F (1, 31) = 62.926, p<0.05, was significant. 

For reaction time, main effect of either PLA co-existence, F (1, 

31) = 4.473, p<.05, and ASP co-existence, F (1, 31) = 20.223, 

p<.05, was significant, so was the interaction between the two 

factors, F (1,31) = 10.486, p<.05. This indicates that sharing 

ASP value in a pair caused significantly lower correct rate and 

longer reaction time; with different ASP value, sharing PLA 

value also caused lower correct rate and longer reaction time. In 

spite of the existence of interaction in statistics, the fact that 

identical pairs required a different button-press reaction from 

the other three conditions could explain the high correct rate 

under this condition. 

(2) Shadowing Task (400ms) 

Two-way repeated ANOVA were conducted for reaction time 

for shadowing tasks by participants with PLA and ASP as two 

factors. Main effect of either PLA co-existence, F (1, 31) = 

0.803, p>.05, and ASP co-existence, F (1, 31) = 1.286, p>.05, 

was insignificant, nor was the interaction between the two 

factors, F (1, 31) = 0.003, p>.05. 

For shadowing tasks, effect of feature co-existence on reaction 

time was insignificant by participants, F (3, 93) = 0.691, p>. 05, 

which indicated that in this experiment by this measurement 

feature co-existence conditions didn’t cause significant enough 

effect. 

By adding difficulty to the tasks (stimulus-duration shorten), 

Experiment2 successfully elicited more difference across 

different feature co-existence conditions. Sharing either feature 

in pairs would cause lower correct rates and longer reaction time. 

Nevertheless, effect of sharing place of articulation (PLA) 

seemed to have larger effect. Pairs sharing aspiration (ASP) 
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value but by different place of articulation (PLA) (e.g. pa-ta), 

with lowest correct rate and longest reaction time, were most 

difficult to discriminate and caused largest priming interference 

effect, thus had smallest psycho-distance; pairs sharing place of 

articulation but by different aspiration value (e.g. pa-pha) were 

the second difficult to discriminate, thus had the second small 

psycho-distance; pairs with different place of articulation and 

aspiration value (e.g. pa-tha) were most easy to discriminate, 

thus had the largest psycho-distance. Identical syllables 

(repetition condition), like what Radeau [8] noted, were 

exceptions, and showed facilitation effects in his experiment. 

According to our results, no difference in articulatory feature 

didn’t mean most difficult to “discriminate” or largest priming 

interference effect.  

However, data of shadowing task still failed to be significant in 

this experiment. According to former studies, shadowing tasks 

tended to have smaller effects than determination tasks [16]. 

Perhaps differences of similarity on feature level were too subtle 

to elicit significant difference for this task.    

4. Conclusion and General Discussion 

Back to our goal of present experiments, the hypothesis that 

priming effects across pairs of phonemes (carried by syllables) 

vary under different feature co-existence conditions was proved 

by the experiment results. The results supported the existence of 

measurable psycho distances across phonemes in Mandarin, and 

proved their correlation with feature co-existence conditions – 

phoneme pairs with more features shared had smaller psycho 

distances than pairs with less features shared, and different 

values of aspiration contribute more to increase psycho 

distances than different places of articulation in Mandarin.  

However, besides the effect of feature co-existence conditions, 

the measured psycho distances varied by tasks and 

measurements too. The effects on reaction time were 

significantly larger and more stable for speeded same-different 

tasks than shadowing tasks, in consistent with Vitevitch and 

Luce’s reports[15] [16]. Effects of correct rates were significant, 

and more stable. However, the problem of correct rate lies on 

the ceiling effect – when tasks were easy, the subjects just 

barely made any error, and then the correct rates tended to be 

near 1.00. Though word frequency factors were mentioned a lot 

in literatures, they were not so significant in the present two 

experiments and only significant in interaction effect of 

Experiment2. Main effect of feature co-existence tended to be 

smaller primed by low frequency syllables.  

In addition, we found besides the ISI and pronouncing problems 

by longer word in literature[16], duration of stimuli also 

mattered. The paradigm was based on hesitation and errors. 

When stimulus duration was 700ms, participants didn’t make 

lots hesitation or errors. Only the most similar pairs were 

significantly different and the ceiling effect on correct rate was 

strong, since some participants just barely made any error. With 

durations of stimuli adjusted to 400ms in Experiment2, more 

subtle effects appeared - differences between other conditions 

turned significant, and even those best started making some 

error, eliminating the ceiling effect. 
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