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Abstract
Stroop task has been widely used to examine the within and between language effect among bilinguals. This research aims to investigate the influence of exposure to an article before the Stroop task on the performance of bilinguals. Chinese-English bilingual undergraduates were recruited for this experiment. Both the articles and Stroop tasks are provided in two languages, Chinese and English. A programed Stroop task was used to record the reaction times in different conditions. There was only one main effect found between the article and the reaction time, regardless of the language used in the article and during the Stroop test. However, there might still be confounding variables which could be eliminated. Therefore, further research could be conducted to reassess the theory.















Effect of Language Priming on Chinese-English Bilinguals’ Performance on Stroop Task
Language acquisition is a functional mechanism that has remained mysterious for centuries. Within the area of language, bilingualism is also an interesting facet to investigate. Everyone starts from the position of being monolingual, yet, some of them may later start to acquire another language and becomes bilingual, and can speak two languages fluently (Kemp, 2009). 
One of the most popular tests for bilingualism is the Stroop Task. The basic concept of the Stroop task was created by John Ridley Stroop (1935). He has suggested that it takes more time for a person to recognize a color than a word. Based on this finding, the Stroop task was developed. Dalrymple-Alford and Budayr (1996) included the concept of congruency effect in the Stroop task, which leads to the current test version that is widely used. In a Stroop task, different words of colors are presented in two ways. One condition happens when the color of the letters and the meaning of the words are matched, which is called congruence. In contrast, in the incongruent condition, the color of the words and their meanings are different. Participants are required to name the color of the letters, while the meaning of the word acts as noise for the recognition process (Stroop, 1935). 
By using the Stroop task, many research studies have been done. According to Dyer (1971), within-language interference, which is the condition of a bilingual being tested in their native language, has a larger effect on color-naming than between-language interference, which means that a bilingual is taking the Stroop task in the foreign language. The reasoning behind it could be explained through the inhibition theory. Neill (1977) has conducted research on inhibition ability by using the Stroop test and showed that distractors were actively inhibited. When a bilingualism needs to switch between two languages, they have to inhibit the other that is not used. The native language, having a lower threshold to reach, is usually more difficult to inhibit when compared to the second language (Costa, Santesteban, & Ivanova, 2006). So, familiarity of the language affect their performance on Stroop task. Moreover, Preston and Lambert (1969) claimed that the similarity between the two languages spoken by bilinguals is also influential. When the similarity is high, the within and between language interferences are also high on an average. 
However, the performance on Stroop task of one individual is not fixed, and it could still be shaped, since proficiency of a language can alter the ability of inhibition. The research done by Bialystok, Poarch, Luo, and Craik (2014) has shown that, in fact, less inference effect in the Stroop task accompanies an increase in the age among bilinguals. When bilinguals spend more time using it, their performance on the Stroop task becomes better. It has also been found that the Germans, who used to have within language effect stronger in German, performed worse in Swedish after living for 10 years in Sweden (Mägiste, 1984). 
Therefore, the current research is conducted to investigate if language priming, either in Chinese (Native language) or English (Second language), would influence bilinguals’ performance. It is hypothesized that Chinese-English Bilinguals should perform worse in the Chinese Stroop task according to Dyer (1971), because Chinese is their native language. In addition, when the priming and the Stroop task are in the same language, participants should perform worse, because priming leads to more familiarity of the target language. When the priming and Stroop task are in different languages, the participants should see the words in the Stroop task more as a simple pattern. Therefore, they should react faster based on the color of the words. The reaction times are recorded and compared to investigate the effect.
Method
Participants
Sixty Chinese-English Bilinguals were recruited as participants. Their age ranged from 18 to 22 years old, with a mean of 19.48 (SD = 1.31). Half of them were male, and the other half were female. All of them learned English at a very young age (mean = 5.75, SD = 2.70). Also, all of them passed different English Language Tests, such as TOEFl, SAT, and AP, since these are entrance tests for American universities. The participants came from the College of William and Mary, Boston University, Colby College, and Rhode Island School of Design. Forty five participants were recruited in Swem Library after school. Ten participants were recruited in Landrum Hall, Japanese House, and Chinese house, residence halls in College of William and Mary. The last five participants, from Boston University, Colby College, and Rhode Island School of Design, were friends of the researcher. 
Apparatus and Materials
[image: Stimulus.jpg]Psychopy (Peirce, 2009) was used to program the two versions of Stroop Tasks, Chinese and English. Both versions were identical in design, except the language of the instructions and the stimuli used. Each version contained an instruction page at the beginning. The stimuli were three color words ‘Red, Green, Blue’ presented in red, green, and blue ink. The Chinese version used a simplified version of Chinese Characters (Graph 1). Graph 1 illustrates the sample Chinese and English stimuli used in Psychopy.


In the Stroop tasks, the participants needed to choose the color of the words by pressing the keys ‘j’, ‘k’, and ‘space’. Each key represented a color (‘j’ for red, ‘k’ for green, and ‘space’ for blue). In each trail, there were 48 stimuli, divided into two types, congruent and incongruent. Congruent stimuli were presented in the same color as the meaning of the word, while the incongruent ones were not. The number of both types were equal for each trial. Moreover, the order of the stimuli was randomly generated by Psychopy. The reaction time in seconds and the correct answers were recorded through Psychopy.
To make sure the participants would not skim through the text because of familiarity, the article was chosen from the Bible ‘Genesis’, which was not familiar to many of the Chinese participants (Appendix A). The contents were identical in both languages.
Experimental Design
The Stroop task and article included two factors. Within the factor of the Stroop task, there were two levels, while three levels existed for the article factor. So, it was a 2 X 3 factorial design. The between subject design was used in the experiment, which meant that each participant was randomly assigned to only one condition. However, in each condition, the number of people of each gender was equal. 
Procedure
Before the experiment, participants were required to provide basic information on psychopy about themselves, including their age, time since started learning English, gender, and graduation year. For the experimental group, the participants were instructed to read an article, either in English or Chinese, carefully, and then start the Stroop task. For the control conditions, the participants directly started the Stroop task. Before starting the Stroop task, the researcher made sure that all the participants knew that they had to choose the color of the letters instead of the meaning of the words. The whole experiment took approximately five minutes in total. 
Results
[bookmark: _GoBack]In the control groups, with no article, the participants performed better in the congruent condition, where the color and word meanings match, more so than the incongruent ones, where the color and word meanings did not match. In the Chinese Stroop task, the mean reaction time for the congruent condition was 1.07s (SD=0.420), while the one for the incongruent condition was 1.18s (SD=0.437). A similar pattern was also observed in the English Stroop task. The mean reaction times were 0.90s (SD=0.211s) and 0.915s (SD=0.402) for congruent and incongruent conditions respectively. However, the results from the independent sample T-Test didn't show any significant finding between the congruent and incongruent conditions ( (Figure 1).

Figure 1 shows the difference of mean reaction in congruent and incongruent conditions with the standard error bar.
To investigate the interaction and main effects of the conditions, the Reaction Time Difference (RTD) was computed. RTD equaled to the mean reaction time for incongruent condition, which was less the one from the congruent condition. Univariate Test was run to test the significance. Graph 2 showed that in general, the participants performed worse on the Chinese Stroop task. However, the main effect of the Stroop task version was not statistically significant, F (1,24) = 0.032, p = 0.859. In contrast, article as an exposure had a significant main effect on the performance of Stroop task, F (1,24) = 5.010, p = 0.015. No significant interaction was found between the versions of Stroop task and article, F (2, 24) = 1.348, p = 0.279.
[image: ]
Figure 2 illustrates the main effect and the interaction of two independent variables, article and version of Stroop task, through ANOVA.
Discussion
The results have shown that, in general, it takes longer for the participants to complete the incongruent condition, because it is more difficult to suppress the meaning of the color words, ignoring the interference, and choosing the color of the words. 
However, the difference was not significant. There can be several reasons why the results are non-significant. First of all, the sample size was too small. In each condition, only 10 participants were recruited. Thus, the sample size was not representative enough for the whole population. For further research, more participants should be recruited as participants, in order to increase the test’s external validity.
Another reason of the non-significant results could come from the design of the Stroop task. To reduce the effect of English on the Chinese Stroop task, no relationship existed between the keys used as well as in the pronunciation or spelling of the colored words. Random keys, like k, j, and space, were used. However, many participants have mentioned after the experiment that it was very difficult for them to memorize the keys and the color represented accordingly. This could make the participants perform worse.  Furthermore, the majority of the participants spent much longer time on the first trial of the Stroop task due to unfamiliarity. So, in the next experiment, a practice trial could be conducted for the participants to get familiar with the Stroop task and feel more comfortable with it. However, the number of practice trials should also not be too many, since it might also lead to obtaining the same effect seen in practice.
Apart from the non-significant results found in congruent and incongruent conditions, there was no interaction found between the article and Stroop task version. Only a main effect of the article was found. This result suggests that the language priming does affect bilinguals’ performance on Stroop Task, and yet, the type of language and Stroop Task versions does not matter. This is different from what was hypothesized. A couple of explanations could be suggested.
First of all, the setting of the experiment could be improved by increasing controls. Since the experiment was not carried out in a special experiment room, different levels of noise in the background existed. Since participants were recruited in different locations, such as different floors in Swem Library, restaurant, and residence hall, the noise was different. In addition, since the experiment was carried out in the US, the background noise was usually people talking in English. These extraneous variables could affect the participants’ behavior and may make English feel more ‘native’ to the bilinguals. Therefore, to carry out a better experiment, all participants should take part in the whole experiment in a separate experiment room.
Another suggested reason for inversed results can be caused by the location where the participants were recruited. Most of the participants were found in the Swem Library, at the College of William and Mary. Before the participation of the experiment, all the Chinese students were doing homework or reading in English. This long-time exposure could have a leftover effect, so that, even though the participants were primed by the Chinese articles, they still could not step out of the English environment completely. Therefore, in future studies, the researchers should make sure that before the experiment, the participants are not exposed to a specific language condition. The experiment time, for instance, could be set in the morning, in order to minimize the influence.
Furthermore, the length of the article could also be a problem. To keep the content of the articles same, the lengths are to be kept different. The English article is much longer than the Chinese one, because of the nature of the language. Therefore, the participants might be better primed by the English article than the Chinese one. The Chinese article might not be long enough to be influential on the participants’ performance. Thus, for further research, the articles should be matched, both on the content and the length. If possible, a longer paragraph could be used to enhance the effect of priming.
Another problem with the article is that skimming and skipping could happen while reading it. It is difficult to identify if the participants pay attention and read the article carefully. Sometimes, participants read fast to finish the test quicker. Therefore, for the replication of this study, some questions related to the article could be made to test whether the participants have read through the article carefully. Other than questions, payment could be provided to make participants more conscientious about the study. 
An alternative explanation for worse performance on English Stroop task could be the same as the one provided by Mägiste’s research (1984). Since all the participants started learning English when they were very young (mean = 5.75, SD = 2.70), and have already spent at least one semester studying in an American university, they may feel more comfortable using English than Chinese. Especially in the universities, students acquire difficult academic knowledge. Therefore, the English ability of the Chinese-English Bilinguals develops quickly. English becomes more ‘native’ to the bilinguals than Chinese. Thus, English priming becomes a stronger interference on the performance. Instead of seeing English as a pattern, the Chinese-English bilinguals see Chinese characters more as a pattern. To investigate the cause further, Chinese-English Bilinguals of different ages and years exposed to English could be taken into consideration and compared with to see if any difference exists. Moreover, the results from freshmen and seniors could be used to make a comparison and see if such influence does exist.
	In conclusion, one main effect of the article has been found, but no interaction has been found between article and Stroop task. Therefore, future experiments should be conducted with every improvement to investigate the theory.
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Mean Reaction Time of Congruent and Incongruent Conditions

English	Congruent	Incongruent	0.897796274	0.915236856	Chinese	Congruent	Incongruent	1.06570215	1.183051129	Match of Color and Meaning of the Words
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