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Abstract 

 

The study examines the effects of using computer delivered Processing Instruction (PI) to teach 
English reflexives. Thirty intermediate ESL learners participated in the pretest-treatment-posttest 
study. Participants received the input-based PI activities. Gains were assessed by traditional 
offline tasks such as sentence interpretation and production tasks as well as a psycholinguistic 
online task, i.e., a self-paced reading task. Results showed that the input-based Processing 
Instruction was effective in improving participants' ability to both interpret and produce the 
target forms as measured by traditional offline tasks. More importantly, the results also suggest 
that PI was effective as measured by psycholinguistic self-paced online reading tasks. 
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Many studies (e.g., Benati, 2021; Naami & Sahragard, 2022; Shintani, Li & Ellis, 2013; 
VanPatten, 2004; VanPatten & Cadierno, 1993) have found that Processing Instruction (PI), an 
input-based pedagogical technique, is superior to traditional instruction. PI is one of the teaching 
methods that take learners’ psycholinguistic strategies into consideration for the purpose of 
instruction (Lee & Benati, 2009; VanPattern, 1996, 2004). For example, leaners have difficulties 
acquiring the simple past morpheme “-ed” and one reason is because they tend to use lexical 
information rather than grammatical information to process language input. When learners read 
“I cooked noodles at home yesterday”, learners tend to ignore what the grammatical morpheme 
“-ed” means and rely on the lexical word “yesterday” to understand the sentence. To help 
learners acquire the grammatical morpheme “-ed”, instruction needs to force learners to process 
the grammatical information in the morpheme “-ed” in the word “cooked”.  In a typical PI 
activity, learners could be asked to read a sentence such as “I cooked noodles at home” and then 
identify if the action is taking place now or in the past. Without the lexical word “yesterday”, 
learners now have to rely on the morpheme “-ed” to process the input and answer the question. 
PI is one of the teaching techniques that help learners build the form-meaning connections 
between grammatical information and meaning. However, it is still inconclusive whether 
processing instruction can lead to gains in the development of implicit knowledge (i.e., the skills 
learners can use or apply to process language input on a moment by moment basis) because most 
previous studies used only offline methods to measure the outcome, which may just capture the 
gains in explicit knowledge of grammar (i.e., grammatical rules or knowledge that learners can 
articulate). Ellis (1999) summarized the results of early PI studies and called for further research 
to clarify whether PI affects implicit knowledge or just raises noticing and understanding 
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because research has not demonstrated that PI leads to gains in spontaneous use of target 
structures. Most previous studies used offline measures (such as interpretation tests in which 
participants listen to sentences and choose the corresponding pictures to represent what they 
hear, and production tests in which participants complete sentences using given words) for the 
assessment of the learning effects.  

Doughty (2004) also pointed out that offline measurements may just capture 
metalinguistic or conscious knowledge of the grammar. Currently, the situation has not changed. 
According to Shintani (2015), out of 42 experiments in 33 published studies involving PI from 
1993 to 2013, no studies have incorporated online measures. Psycholinguistic methods are ideal 
candidates to measure implicit knowledge. The use of explicit knowledge by learners in 
psycholinguistic tasks such as self-paced reading is minimized (Jiang, 2004, 2007). VanPatten 
(2002) and Wong and Ito (2018) called for further study using reaction time measures to further 
test the effects of PI. The current study will employ both psycholinguistic online tasks and 
traditional offline methods such as interpretation tasks as assessment measures, aiming to capture 
both implicit knowledge and explicit knowledge gained due to the procedure. 

According to VanPatten (2004), PI aims to alter learners’ inappropriate processing 
strategies that lead them to misinterpret or ignore forms in the input (see VanPatten, 2002 for a 
detailed discussion). It is achieved by structured activities that make form-meaning connections 
salient to become intake, i.e., the part of input that is processed by learners. According to the 
Input Processing framework (VanPatten, 1996, 2004), learners derive only limited linguistic 
information from input and make certain form-meaning connections but not others.  

PI has been used to study structures mainly in Spanish (Morgan-Short & Bowden, 2006). 
For example, in a meta-analysis of PI studies by Shintani, Li and Ellis (2013), they included 16 
studies of Spanish, 9 studies of English, 2 studies of French, 8 studies of Japanese. Among the 9 
studies of English, there is no PI work targeting English reflexives. It is important to extend the 
research to different languages and different structures to test the technique. The current study 
will fill in the gap by examining the effects of PI on teaching English reflexives. 

Previous studies also yielded inconclusive findings about the role of feedback type in 
language teaching. Several studies (Ellis & Sheen, 2006; Long, 2007; Nicholas, Lightbown & 
Spada, 2001) found that recasts can be beneficial on acquisition, especially when they are more 
explicit. However, some studies found that explicit feedback did not benefit learners more than 
other types of feedback (e.g., Lyddon, 2007). In the context of PI, the role of explicit feedback 
was found to be inconsistent either. Although VanPatten and Borst (2012) found an advantage of 
explicit information in German case marking instruction, VanPatten and Collopy (2012) did not 
demonstrate any advantage of the explicit information in PI for Russian case marking. VanPatten 
et al. (2013) concluded that explicit information may not be essential in PI but may speed up the 
learning process depending on the nature of the target form. It is clear that the value of explicit 
feedback in PI needs to be reexamined. This study fills in the gap by examining the role of 
explicit feedback and implicit feedback in PI.  

Another criticism of previous PI studies is that most studies relied on instructors to 
deliver the intervention (e.g., Sanz, 2003; Shintani, 2015; Shntani, Li & Ellis, 2013). 
Experiments using traditional classroom instruction involves teachers, which may introduce 
confounding variables such as different instructors may teach differently on different days. Even 
the same instructor may teach differently with the same material. The computer program, 
instead, delivers the same stimuli to all participants in the same way. Additionally, in a 
classroom setting, “teacher talk” and “student talk” can both serve as input to learners, making it 
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difficult to control the amount of input each learner obtains in the classroom. With a computer 
program, each learner gets the same amount of input. In addition to accuracy data, the use of 
computer technology in the study permits response times to be recorded so that time on task may 
be analyzed. Studies have shown that, in general, time on task is positively correlated to learning 
(e.g., Bloom, 1974; Nikolova, 2002). The use of computers allows control of individual and 
environmental variables such as teacher differences, the timing of stimuli presentation and 
timing of feedback. Besides the above advantages as an experimental technique, it also has 
advantages for learners. Training is individualized since learners control the pace of the lesson. 
Stimuli may be a combination of audio, visual and text, which is potentially more interesting 
than in-class lessons. The current study will use a computer-delivered PI to exam the effects of 
PI using both time sensitive online measurements and traditional offline assessments.  

The major purpose of the current intervention study is to test the effectiveness of a 
computer-delivered PI to teach reflexives, i.e., whether the computer automated instruction leads 
to interlanguage development as measured by both offline tasks and online time-sensitive tasks. 
Specifically, research questions are:  

1. Are computer-delivered PI effective in teaching ESL learners reflexives?  
2. Does the measurement type (offline tasks vs. online tasks) matter in PI? 
3. Does the feedback type (implicit vs. explicit) make a difference?   

 
Method 

 
This experiment employed the pretest-treatment-posttest design. As indicated by the 

research questions, the independent variable is the computer delivered PI treatment in reflexives 
(with explicit feedback vs. with implicit feedback); the dependent variable, i.e., the effects of PI, 
is the improvement of learning on reflexives (measured by offline tasks and online tasks). During 
the pretest, subjects did a self-paced reading task to gauge their online processing strategies, 
completed traditional paper-and-pencil tests which included an interpretation test and a 
production test to measure their knowledge about reflexives. For the treatment, participants 
learned about the grammatical constraints on English pronouns and reflexives through a 
computer program developed by the researcher using a template designed by the supervisor. The 
program, using “Director”, popular software for CALL, recorded the responses and the length of 
the time that each subject spent on the tasks. Posttest assessment consisted of an interpretation 
test similar to the pretest, a sentence completion task (as the production test following most PI 
studies), and a self-paced reading task. Participants’ background information was collected 
through a questionnaire. All participants are bilinguals with L1 Chinese and L2 English.  
 

Target Form  
The target form in this study is reflexives such as himself, and herself. One relevant 

difference between English and Chinese is that English reflexives typically require a local 
antecedent whereas Chinese reflexives “ziji” can have either a long-distance antecedent or a 
local one. For example, in English “herself” only refers to “Flora” in “Mary thought that Flora 
blamed herself”. In the Chinese version of this sentence, “herself” can refer to either “Mary” or 
“Flora”. This means that a Chinese ESL learner must learn that long-distance binding is 
impossible in English. However, this feature is often not taught explicitly in the classroom or in 
standard textbooks (Thomas, 1993). Moreover, offline studies (Hirakawa, 1990) found that many 
ESL learners have not acquired the full properties of anaphora, especially the binding principles, 
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one of which states that an anaphor (reflexives such as “himself” and reciprocals such as “each 
other”) must be bound in its local domain (Binding Principle A in Chomsky, 1981).  In “The 
mother said that the daughter was preparing herself for the party”, English speakers know that 
“herself” must mean or “co-refer with” “daughter”, but in Chinese sentences with the same 
structure, “herself” can also mean “mother”. Therefore, it is difficult for Chinese learners of 
English, who is not sensitive to process the structural information (Binding Principle A) to 
correctly interpret such sentences. Chinese learners of English often rely on other semantic or 
pragmatic information to interpret pronouns and reflexives in sentences. For example, in 
sentences such as “Mary angrily told me that Susan has spilled a lot of paint on herself”, the 
pragmatic meaning favors “Mary” as the antecedent because she was angry. In Chinese, both 
“Mary” and “Susan” can be “herself”. But the pragmatic meaning will favor “Mary” as the 
antecedent of “herself”. In English, pragmatics does not play a role in the interpretation here and 
only “Susan” can be the antecedent. Furthermore, reflexives are ideal target forms for the study 
because previous studies have found that traditional intervention did not help much. For instance, 
White (1995), administering a 4-week long treatment with three 20-minute sessions each week to 
40 ESL learners, showed that the traditional explicit instruction did not improve students’ 
learning of the feature. Processing instruction (PI), which focuses on changing learners’ 
processing strategies, may help learners acquire the feature.  
  

Participants    
The participants in the present study were 30 paid volunteers who were adult ESL college 

students in the United States. The experiment excluded two who received perfect scores on the 
pretest, rendering the N size to 28. All participants’ first language was Chinese and they had not 
fully acquired the English structure that was going to be taught as controlled by a pretest. The 
survey data (see Table 1) showed they could be classified as intermediate ESL learners. 11 
participants who reported their TOEFL score had an average score of 589. All participants’ 
average self-ratings of English proficiency in the four skills (speaking, listening, reading and 
writing) were 2.7, 2.7, 3.3, 2.8, respectively on a scale of 1 to 5 with 5 the best. Participants’ age 
ranged from 19 to 40, with a mean of 28. Participants started to learn English at an average age 
of 12, ranging from 7 to 15. All participants were well educated, with a mean number of years of 
formal education of 18 years, ranging from 12 to 23. Based on the education system in mainland 
China, this means that on average they had learned English at school for at least 10 years. 
Participants’ mean number of months of residence in the U.S. was 27, ranging from 1 to 72. 
Their mean years of education in English-speaking countries was 1.5, ranging from 0 to 6. The 
following table summarizes participants’ background information.  
 
Table 1 

 

Participants’ Background  
  
    Mean  Minimum Maximum SD  N 
Age    28  19  40  5.2  28 
TOEFL scores   589  510  630  39.0  11 
Age starting English  11.9  7  15  1.6  28 
Years of formal education 17.8  12  23  3.0  28 
Months of residence  26.6  1  72  21.3  28 
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in the U.S. 
Years of education in   1.5  0  6  2.0  28 

English-speaking countries 
Self-rating of English proficiency  

Speaking  2.7  1  5  0.9  28 
 Listening  2.7  1  5  0.8  28 
 Reading  3.3  2  5  0.8  28 

Writing  2.8  2  4  0.8  28 
  
Instrumentation 

The instruments included offline written tests for the pretest and the posttest, a language 
profile, self-paced reading tasks for the pretest and the posttest, and computer-delivered 
processing instruction as the treatment.  
 

Offline Written Test: Pretest and Posttest 

The current study employed a multiple-choice comprehension test with biased sentences 
(see Demirci, 2000; Thomas, 1989, 1993; Yuan, 1998 for similar tests). Sample stimuli are:  

Subjects read: After the medical tests were completed, the doctor informed Bill about 
himself.  

Subjects answer: Can “himself” refer to the doctor? Yes/no  
Can “himself” refer to Bill? Yes/no  
Can “himself” refer to somebody else? Yes/no  

The interpretation test consisted of 12 sentences (see Appendix B for test stimuli). There were 9 
critical sentences testing participants’ knowledge of anaphora. The other three were distractors. 
A split-block design was used such that one version was used for one group as a pretest and the 
other was used as a posttest.  

The current experiment also had a component of production test, a sentence completion 
task in which participants read a story and, following the story, completed a sentence with a 
pronoun which is a natural continuation or response to the story. Some stories were adapted from 
White et al. (1997) by simplifying the stories and changing the task type from interpretation to 
production. Participants have to understand the story in order to answer the questions correctly. 
The following are the sample stories: 

 

Sample critical stimuli 

Once a week, Mike used to visit an old woman. On Mike’s last visit he saw the old woman point 
a gun at her head and shoot. The old woman died instantly.  
Mike knew that the old woman shot_________. 

 

Sample distractor 

Killer Harry was free again. Bill was very scared. Bill called a policeman so the policeman could 
guard him and make sure he was safe from Killer Harry. 
Bill asked the policeman to protect ________. 
 

Computer-Delivered Processing Instruction: Treatment 

The researcher created the materials according to the guidelines and principles of PI 
described in VanPatten (2004) with the aim to change learners’ processing strategies from 
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relying on semantic information and gender information to select the antecedent to the correct 
strategy used by native speakers, i.e., using structure. The current packet presented 41 instances 
of the target form in both referential and affective activities such as multiple choice tasks, 
listening and story reading. The drawings that were paired with the sentences were either 
modeled after other studies (e.g., White et al., 1997) or created by the researcher. The following 
are some sample items from the training activities (see Appendix C for the complete activities in 
the training packet). 

 

Sample referential activity 

Instruction: Listen and then select the picture that goes with the sentence. 
Voice stimulus: 1. Mr. Green said angrily that Mr. Blue hit himself. 
Visual stimuli: See Figure 1. 
 
 Figure 1  

 
Sample referential stimuli  
 

 
 

Sample affective activity 

Instruction: Select a female classmate or relative or friend of yours (mother, sister, aunt, niece, 
etc.) and keep her name in mind. Which of the following statements is likely true to her? 
1. She says that her father will buy himself a new car.  True____   Not True___ 
 All PI activities were delivered by a computer program called “Director”, in which 
learners followed the lesson by clicking a mouse. In the final training program, learners first 
logged in using their pseudo names and pseudo-IDs (see Figure 2).  
 
Figure 2 

 
Screen shot: Log in  
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Then learners clicked the arrow on the lower right screen to continue to the actual 
training. There were eight activities including matching pictures with recordings, reading 
sentences and then indicating who is performing the action, true or false affective activities, 
sentence completion, listening and then indicating the doer of the action, reading stories and then 
completing sentences, reading passages and answering questions. The following sample screen 
shots illustrate the program.  

First learners saw a screen as shown in Figure 3, and they were given instructions to click 
on the speaker icon to listen to the recordings. After learners clicked on the speaker, the program 
played the voice stimulus and then, as soon as it ended, two pictures were displayed on the 
screen along with instructions asking learners to choose one picture to match the recording. This 
is shown in Figure 4. When learners clicked on one picture, the program provided immediate 
feedback as shown in Figure 5. The type of feedback learners received depended on what group 
they were in, i.e., the explicit feedback group received an explicit explanation and the implicit 
feedback group was simply told “right” or “wrong” (see Figure 7 for the illustration). Time spent 
on each event was recorded from the moment when learners clicked on the speaker icon to the 
moment when they clicked on the arrow on the bottom of the screen. When one part was 
completed, a screen shot such as shown in Figure 6 appeared, and clicking on the arrow took 
learners to the next part. 

 
Figure 3 

 

Screen shot: Instructions for activity one 
 

 
 
Figure 4  
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Screen shot: After audio stimulus for activity one 
 

 
 

 
Figure 5 

 
Screen shot: Feedback 
  

 
 
Figure 6 

 
Screen shot: End of the section 
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Figure 7 shows a sample screen shot for the explicit feedback group. This is a referential 
activity in which learners first listen to a recording and then select a picture that matches the 
recording. The recording sentence was: “Mr. Green said angrily that Mr. Blue hit himself.” This 
sentence was used to train learners that even if the sentence meaning favors the interpretation 
that “himself” refers to Mr. Green, the correct response is that “himself” can only refer to the 
local noun phrase. The explicit feedback for a wrong response would be: “Wrong. Here ‘himself’ 
can only refer to Mr. Blue. The sentence meaning may make you choose the other picture, but 
grammar does not allow that interpretation. Keep in mind that English reflexives such as 
‘himself’ and ‘herself’ are strictly locally bound, i.e., they refer to the person within the same 
phrase.”  

 
Figure 7 

 
Screen shot: Explicit feedback 
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Self-Paced Reading Tasks: Pretest and Posttest 

Self-paced reading tasks, a task widely used by psycholinguists, were used to assess 
participants’ implicit knowledge of anaphora. Four counter-balanced lists were constructed with 
each list containing 12 sentences of each type as shown in the following sample stimuli, i.e., 
Type 1a-4a and Type 1b-4b. Two categories, i.e., pragmatically neutral sentences and 
pragmatically biased sentences were constructed. For the neutral sentences, the pragmatic 
meaning of the sentence does not bias toward the choice of the antecedent. For example, in “The 
son remembered that the father introduced himself at the meeting”, the pragmatic meaning of the 
sentence does not favor either of the two noun phrases “the son” or “the father”. Both are 
plausible. For the biased sentences, the sentence meaning makes the selection of the antecedent 
structurally incorrect in English. For example, in “The little girl was happy that the mother 
bought herself a nice toy last week”, the sentence meaning favors the interpretation that “herself” 
means “the little girl” since we know that mothers usually buy toys for their girls and thus the 
little girl felt happy. Of course, in English grammar, here “herself” corefers to the mother. The 
sentence construction was modeled after Demirci (2000). Some of the sentences were adapted 
from previous studies (e.g., Demirci, 2000; Osterhout & Mobley, 1995; Sturt, 2003) and the rest 
were constructed by the researcher.  One novice Chinese ESL learner, who was not a participant 
in this study, was consulted to see if the sentences rendered the intended effect or confusion, i.e., 
was asked to interpret the sentences and see if both antecedents were possible or if one was 
better than the other. One expert in psycholinguistics made necessary changes to make the 
sentences sound as smooth and natural as possible. 
  Within each category, there were four types of sentences based on whether the gender 
cue matches the gender of a potential antecedent and whether the noun phrase (NP) or the 
potential antecedent is accessible as an antecedent according to Binding Principle A. For 
example, in the following sample sentences, Type 1a is called a “both match” type because both 
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the noun phrase “the son” and “the father” are masculine and the gender matches the reflexive 
“himself”. Of course, according to the binding principle, only the second noun phrase “the 
father” is an accessible antecedent of the reflexive. Other types of sentences are: “only NP2 
match” as shown in Type 2a, “only NP1 match” as shown in Type 3a, and “no match” as shown 
in Type 4a.  The noun phrases were half gender specific terms such as father and mother and half 
common proper names such as Mary and David. Gender neutral terms, such as the chair, were 
avoided as much as possible. For each category, half sentences used male noun phrases to start 
the sentences and half used female noun phrases to begin the sentences. No subjects saw all 
variants of a sentence. Half of the sentences were followed by yes/no comprehension questions. 
Participants were not probed explicitly about the reflexives in the task so that they were not 
sensitized to the structure tested explicitly. It was decided that questions should follow some 
ungrammatical sentences so that participants would not develop a strategy to ignore all 
ungrammatical sentences. There were 32 filler sentences, serving as distractors (see Appendix A 
for the test stimuli). 

 

Sample stimuli 

Pragmatically neutral sentences: 
The son remembered that the father/mother introduced himself/herself at the meeting.  
-Was the son introduced at the meeting? 
Type 1a: accessible-match/inaccessible match (both match): The son remembered that the father 
introduced himself at the meeting. 
Type 2a: accessible-match/ inaccessible mismatch (only NP2 match): The son remembered that 
the mother introduced herself at the meeting. 
Type 3a: accessible mismatch/inaccessible match (only NP1 match): The son remembered that 
the mother introduced himself at the meeting. 
Type 4a: accessible mismatch/inaccessible mismatch (no match): The son remembered that the 
father introduced herself at the meeting.  
Pragmatically biased sentences:  
The little girl was happy that the father/mother bought herself/himself a nice toy last week.  
+Was the little girl happy? 
Type 1b: accessible-match/inaccessible match (both match): The little girl was happy that the 
mother bought herself a nice toy last week. 
Type 2b: accessible-match/inaccessible mismatch (only NP2 match): The little girl was happy 
that the father bought himself a nice toy last week.  
Type 3b: accessible mismatch/inaccessible match (only NP1 match): The little girl was happy 
that the father bought herself a nice toy last week. 
Type 4b: accessible mismatch/inaccessible mismatch (no match): The little girl was happy that 
the mother bought himself a nice toy last week. 
The same self-paced reading materials were used for the pretest and posttest. To minimize the 
potential problem of item familiarity between the two tests, posttests were conducted at least two 
weeks after the pretests. 
 

Procedures 

Participants were tested individually, following the following three steps. In Step 1, 
participants first did the self-paced reading task as a pretest, which took less than 35 minutes. 
After a 5- to 10-minute break, participants completed the paper-and-pencil test, which assesses 
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their explicit knowledge of anaphora and it took less than 20 minutes. Participants also filled in a 
5-minute language learning background questionnaire during the pretest.  

In Step 2, participants were trained through the interactive computer program, which was 
conducted at least one week after the pretests to minimize the potential sensitizing effect of the 
pretests. Participants were randomly assigned to two treatment groups, i.e., implicit vs. explicit, 
based on the order in which they arrived for the experiment. The training took less than 35 
minutes for all participants. 

Step 3 was the posttests. Posttests were completed within one week after the treatment. 
Posttests were not administered immediately after the treatment to minimize the potential item 
familiarity effect and to determine whether the training had “lasting effects”. During the posttest, 
participants did the self-paced reading task on the computer, which took less than 35 minutes and 
then took a short break and finished a written test which was a different version of the one they 
had for the pretest, i.e., if a participant took version A as a pretest, they got version B as a 
posttest or vice versa. The written test had no time limit but all participants took less than 20 
minutes. 
 

Data Analysis and Results 

 

 Before examining participants’ online reaction time (RT) data, their scores on the written 
pretest were calculated. There were two parts to the written test, i.e., an interpretation task and a 
production task. The interpretation task required participants to interpret anaphora by answering 
three yes/no questions for each item. Those who scored below 95% at the interpretation test were 
included in the experiment to leave room for participants’ improvement (see Sanz & Morgan-
short, 2004, for a similar practice). Two participants were excluded for this reason. The same 
scoring procedure was applied to the posttest. The following figures present the results of the 
pretest and the posttest for each individual. 
 
Figure 8  

 
Scores of the interpretation task in the pretest and posttest for each individual in the implicit 
feedback group  
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Note. The mean for pretest was 0.59 and the mean for posttest was 0.93. 
 
Figure 9 

 
Scores of the interpretation task in the pretest and posttest for each individual in the explicit 
feedback group  
 

 
Note. The mean for pretest was 0.56 and the mean for posttest was 0.90. 
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Figure 10 

 
Scores of the production task in the pretest and posttest for each individual in the implicit 
feedback group  
 

 
Note. The mean for pretest was 0.98 and the mean for posttest was 0.95. 
 
Figure 11 

 
Scores of the production task in the pretest and posttest for each individual in the explicit 
feedback group  
 

 
Note. The mean for pretest was 0.93 and the mean for posttest was 0.93. 
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The data were subjected to repeated measures ANOVA tests in SPSS. Tests of within-

subjects contrasts showed that the difference between pretest interpretation and posttest 
interpretation scores was significant, F(1, 26)=64.1, p<.05. The difference between pretest 
production scores and posttest production scores was not significant, F(1, 26)=1.0, p=.32. Tests 
of between-subjects effects showed that the difference between the implicit feedback group and 
the explicit feedback group in improvement in interpretation was not significant, F(1, 26)=.39, 
p=.54. The same was true of the production score improvement, F(1, 26)=2.0, p=.17. 

Time on task is a potential variable for the training effect, i.e., the longer participants 
spend on the task, the better improvement they obtain. The “Director” program was designed to 
record the time participants spent on each item. For some unknown reasons, data for some 
participants for some items were not recorded in the output file. Instead of using the total time on 
the training task to compare the two treatment groups, it was decided to calculate average time 
spent on each item for each participant. The average time for the implicit group and the explicit 
group (N=14) was 23 seconds (SD=8) and 21 seconds (SD=6), respectively. Independent 
Samples T-test showed that the two groups did not differ in the average time they spent on each 
item, t=0.6, df=26, p=0.53. 
 The average comprehension error rate in the pretest was 26%, ranging from 15% to 40% 
(SD=0.07). The mean error rate in the posttest was 21%, ranging from 8% to 40% (SD=0.09). 
This suggested that, overall, participants understood most of the sentences. Data for the self-
paced reading tasks were also analyzed using the SPSS program. Participants’ RTs were trimmed 
before the actual statistical analysis per standard psycholinguistic studies. Those RTs that were 
two SDs longer or shorter than the same participant’s mean, or higher or lower than the high and 
low cutoffs set at 2,000 and 200 ms, respectively, were excluded. These procedures, along with 
missing data and display errors, accounted for 10% of the data. Thirty-two mean RTs were 
computed for each participant, one for each test position (four test positions: positions 1 to 4) in 
each condition (four conditions: both match, only NP2 match, only NP1 match and no match) for 
each sentence category (the neutral sentences and the pragmatically biased sentences). The 
prediction was that any anomaly (in structure or meaning) would produce a slowdown. 
Therefore, the statistical test was deemed one-tailed. For the item analysis, sixteen means were 
calculated, one for each of the four test positions in each of the four conditions. The participants’ 
RTs for each test position, each condition, and each sentence category are presented in the 
following tables. Data for the pretest and the posttest are: 
 
Table 2 

 
Participants’ mean RTs (ms) at four test positions for neutral sentences and pragmatically 
biased sentences involving the structural cue for conditions “both match” and “no match” in the 
pretest 
 
 Neutral Biased toward NP1 
Test position 1 

introduced 
2 
self 

3 
at 

4 
the 

1 
bought 

2 
self 

3 
a 

4 
nice 

Both match 647 661 536 516 626 624 521 542 



Journal of Second Language Acquisition and Teaching (JSLAT)  Volume 28, 2022 
 
 

20 
 

No match 
656 678 573 540 598 636 553 540 

Difference 
 -9 -17 -39** -24 28* -12 -32** 2 

*significant at .05 in subject analysis. 
**significant at .05 in both subject and item analyses. 
 
Table 3 

 
Participants’ mean RTs (ms) at four test positions for neutral sentences and pragmatically 
biased sentences involving the structural cue for conditions “only NP1 match” and “only NP2 
match” in the pretest 
 
 Neutral Biased toward NP1 
Test position 1 

introduced 
2 
self 

3 
at 

4 
the 

1 
bought 

2 
self 

3 
a 

4 
nice 

Only NP1 match 666 663 556 518 618 629 526 520 

Only NP2 match 
665 657 528 525 605 640 539 524 

Difference 
 1 6 28 -7 13 -11 -13 -4 

 
Table 4  

 
Participants’ mean RTs (ms) at four test positions for neutral sentences and pragmatically 
biased sentences involving the structural cue for conditions “both match” and “no match” in the 
posttest 
 
 Neutral Biased toward NP1 
Test position 1 

introduced 
2 
self 

3 
at 

4 
the 

1 
bought 

2 
self 

3 
a 

4 
nice 

Both match 559 601 482 456 548 599 458 437 

No match 
556 614 521 461 545 625 510 495 

Difference 
 3 -12 -39** -5 3 -26 -52** -58** 

**significant at .05 in both subject and item analyses. 
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Table 5 

 
Participants’ mean RTs (ms) at four test positions for neutral sentences and pragmatically 
biased sentences involving the structural cue for conditions “only NP1 match” and “only NP2 
match” in the posttest 
 
 Neutral Biased toward NP1 
Test position 1 

introduced 
2 
self 

3 
at 

4 
the 

1 
bought 

2 
self 

3 
a 

4 
nice 

Only NP1 match 580 607 500 472 538 595 479 470 

Only NP2 match 
555 622 465 451 536 601 469 439 

Difference 
 25 -15 35** 21 2 -6 10 31* 

*significant at .05 in subject analysis. 
**significant at .05 in both subject and item analyses.  
 

Paired-Samples T-Tests were used to compare participants’ mean RTs for four conditions 
at four different positions and for two sentence categories. For each group, sixteen pairs were 
compared for subject analysis and item analysis, respectively. The details of the data can be 
found in Appendix D. 
 As can be seen from the above tables, in the pretest stage, the participants’ RTs at the 
first two positions showed no reliable differences for nonnative speakers (NNSs) for both neutral 
and pragmatically biased sentences with the exception of the first position for the biased 
sentences. However, the difference was only significant by subject analysis but not significant by 
item analysis. This was expected because participants read essentially the same words in the 
sentences until they reached the word in the second position. In position 2, according to previous 
studies, RTs were expected to be the same due to the spill-over effect in self-paced reading tasks. 
The results at the first two positions again confirmed the no-difference predictions.   
 RTs at the third and fourth positions showed different patterns for different conditions 
tested. RTs between the “both match” and “no match” sentences for position 3 for both the 
neutral sentences and the biased sentences were statistically significant both in subject analysis, 
t1(27)=-2.0, p<.05 for the neutral sentences, t1(27)=-2.2, p<.05 for the biases sentences, and in 
item analysis, t2(47)=-2.0, p<.05 for the neutral sentences and t2(47)=-1.6, p<.05 for the biases 
sentences. For the fourth position, the difference was not significant either in subject analysis, 
t1(27)=-1.6, p=.06 for the neutral sentences, t1(27)=-.13, p=.45 for the biases sentences or in item 
analysis, t2(47)=-1.1, p=.14 for the neutral sentences and t2(47)=-.15, p=.44 for the biases 
sentences. 

The comparison between “only NP1” and “only NP2” sentences yielded no significant 
results for both neutral and biased sentences in both positions. For neutral sentences, in position 
3, the 28 ms difference was found nonsignificant for subject analysis, t1(27)=1.6, p=.06 and for 
item analysis, t2(47)=1.2, p=.13. The same was true for the fourth position, in subject analysis, 
t1(27)=-.44, p=.33, and in item analysis, t2(47)=-.24, p=.41. And for biased sentences, it was 
found that in position 3, the 13 ms difference was not significant in subject analysis, t1(27)=-.78, 
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p=.22, and in item analysis, t2(47)=-.65, p=.26. In position 4, it was also found that the 11-ms 
difference was nonsignificant in both subject analysis, t1(27)=-.22, p=.42, and in item analysis, 
t2(47)=-.14, p=.45. 

The results for the posttest stage showed a different pattern. As expected, RTs at the first 
two positions for both neutral and pragmatically biased sentences showed no reliable differences. 
RTs at the third and fourth positions showed different patterns for the planned comparisons. As 
in the pretest stage, RTs between the “both match” and “no match” sentences for position 3 for 
both the neutral sentences and the biased sentences were statistically significant both in subject 
analysis, t1(27)=-2.5, p<.05 for the neutral sentences, t1(27)=-3.4, p<.05 for the biases sentences, 
and in item analysis, t2(47)=-1.9, p<.05 for the neutral sentences, and t2(47)=-3.0, p<.05 for the 
biases sentences. For the fourth position, the difference for the neutral sentences was not 
significant either in subject analysis, t1(27)=-.39, p=.35, or in item analysis, t2(47)=-.16, p=.44. 
However, the difference for the biased sentences was found significant in both subject analysis, 
t1(27)=-3.4, p<.05, and in item analysis, t2(47)=-3.3, p<.05. 

Unlike the pretest, the comparison between “only NP1” and “only NP2” sentences in the 
posttest yielded a different pattern.  No reliable differences were found for positions 1 and 2 for 
both types of sentences. For neutral sentences, in position 3, the 35 ms difference was found 
significant for both subject analysis, t1(27)=2.4, p<.05, and for item analysis, t2(47)=2.0, p<.05. 
In the fourth position, the 21 ms difference approached significance in subject analysis, 
t1(27)=1.6, p=.07, and was nonsignificant in item analysis, t2(47)=1.3, p=.10. And for biased 
sentences, it was found that in position 3, the 10 ms difference was not significant in subject 
analysis, t1(27)=.55, p=.29, and in item analysis, t2(47)=.32, p=.38. In position 4, it was found 
that the 31 ms difference was significant in subject analysis, t1(27)=1.9, p<.05 and approached 
significance in item analysis, t2(47)=1.5, p=.07. 

To summarize, as expected, it was found that there were no RT differences in positions 1 
and 2 for both the pretest and the posttest stages. In the pretest stage, the only significant RT 
differences were in positions 3 for both neutral and biased sentences in the comparison between 
the “both match” and “no match” conditions.  No other RT differences were found significant. In 
the posttest stage, besides the significant RT differences in position 3 for both types of sentences 
in those conditions, the RT difference in position 3 for the comparison between the “only NP1 
match” and the “only NP2 match” conditions for the neutral sentences was significant. And the 
RT difference in position 4 for the comparison between the “only NP1 match” and the “only NP2 
match” conditions for the biased sentences was significant in subject analysis and approached 
significance in item analysis. 
 

Summary of Findings 

 

 The study aimed to answer the following research questions: Are computer-delivered 
processing instruction effective in teaching English reflexives to ESL learners? Does the 
measurement type (offline tasks vs. online tasks) matter in PI? Does the feedback type (implicit 
vs. explicit) make a difference?    

The study found that in the pretest participants were not using the appropriate strategies 
when selecting antecedents. They did slow down when there was no match at all in the sentences 
for the antecedent as shown in the comparison between the “both match” and “no match” 
conditions, which was true for both neutral sentences and biased sentences. This suggested that 
participants have acquired some properties of anaphora. For example, this could mean that they 
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used the gender information to single out one antecedent and when this failed, they encountered 
reading difficulties and slowed down their reading process, which is typical when readers have 
problems making sense of what they are reading. However, they have not acquired the full 
properties of anaphora, i.e., the pattern of the reading time differences between the “only NP1 
match” and the “only NP2 match” conditions showed that they were not utilizing the structural 
information in the sentences. Sentences in the former condition are ungrammatical and sentences 
in the latter condition are grammatical. Participants should spend more time reading the 
ungrammatical version per literature in psycholinguistic reading studies (e.g., Liu & Nicol, 
2010). This is not the case in this study. Participants showed no RT differences in all positions 
tested, which suggested that they treated both types of sentences equally. Those sentences in 
which the only noun phrase that matched the gender of the anaphora was the inaccessible one 
were treated as acceptable. This could be attributed to the fact that in their L1 Chinese, such 
sentences are legitimate.  
 After the computer-delivered processing instruction, results showed that participants 
improved their performances significantly as measured by the offline written tests. Most of them 
disallowed long-distance antecedents and allowed only local binding even under the pressure of 
pragmatic content favoring the alternatives. Although the production tests did not show evidence 
of improvement, it may be due to the ceiling effect. Participants had already scored high in the 
pretest, with an average of 96%. Another possibility as pointed by an anonymous reviewer is that 
maybe the production test was less challenging compared to the interpretation test since they 
provided more contextual clues, therefore, the participants might not have shown any 
improvements. For the interpretation test, participants improved significantly. This is a 
significant finding since previous intervention studies (e.g., White, 1995) failed to show 
improvement. Most importantly, the online findings showed that ESL learners, to a certain 
extent, altered their processing strategies after the treatment. In the posttest, the RT differences 
were significantly different between the “only NP1 match” condition and the “only NP2 match” 
condition, which is a critical improvement in comparison to the pretest results. This means that 
participants have changed their language processing behavior from treating the two conditions as 
the same to treating them differently. Although there were differences between neutral sentences 
and biased sentences, i.e., results were more robust for the neutral sentences and less so for the 
biased sentences. For the biased sentences, the effect appeared rather late, i.e., only in position 4, 
and was significant in subject analysis but only approached significant in item analysis. This 
suggests that biased sentences were harder to process for participants. This is understandable 
because participants have to overcome the pressure of the semantic meaning of the sentences 
which favors the wrong interpretation, and meanwhile they need to resist the temptation to allow 
long-distance binding. This finding is significant because it indicates that PI is effective not only 
as measured by traditional offline tests, but also effective as measured by online psycholinguistic 
methods.  
 Results also showed no significant difference in improvement between the group who 
received explicit feedback and the group who received implicit feedback. Both groups improved 
in the interpretation task and also improved in the online self-paced reading task. This finding 
was in line with previous studies (e.g., Lyddon, 2007; Sanz & Morgan-short, 2004).  
 To summarize, the experiment examined whether a computer-delivered PI could be 
effective in teaching English reflexives to Chinese-English ESL learners. Findings showed that 
computer-delivered PI did alter L2 learners’ processing strategies and also it improved 
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participants’ performances in the offline tasks. Therefore, the automated computer-delivered 
instruction was successful.  
 

Discussion 

 

 The experiment trained learners with a computer-delivered instruction in the binding 
principle to see if they can acquire the online processing strategies after the specially designed 
structured activities. Findings showed that learners improved their performances on the target 
structure significantly as measured by the offline written tests. Most of them disallowed long-
distance antecedents and allowed only local binding. Furthermore, results showed that learners 
developed the appropriate processing strategies to a certain extent after the treatment. It showed 
that computer-delivered instruction is an effective pedagogical tool that can be used to teach ESL 
learners reflexives.   
   The study adds to the growing literature attesting to the effectiveness of PI.  It shows 
that PI was not only effective as measured by traditional offline tests, but also effective as 
measured by online tasks. It confirmed previous studies’ claims that PI was effective (e.g., 
Marsden, 2006; Salaberry, 1997; Sanz & Morgan-Short, 2004; Soruc, Qin & Kim, 2017; 
Takimoto, 2006; Toth, 2006; VanPatten & Sanz, 1995; VanPatten, 2002, 2005). 

Although many PI studies demonstrated positive results in teaching grammar, one gap 
that has not still been filled is whether PI can facilitate the learning of binding principles, which 
many studies have reported difficult to teach in L2 contexts. For example, White (1995) found 
that teaching the binding principle was not successful. In her study, the two treatment groups did 
not improve at all after a four-week-long treatment. Although the failure may be due to the fact 
that they did not directly teach the rule, i.e., long-distance binding was not allowed, it is still 
puzzling given that learners had the chance to induce the rule because they were exposed to large 
numbers of exemplary sentences. Another study by White et al. (1996) taught the long-distance 
binding directly to a group of Japanese learners. This time they were told that in Japanese the 
antecedent of “zibun” can be outside of the clause, but they were not taught that the antecedent 
must be a subject. Results showed that out of twelve participants, two French, one English, two 
Chinese and two Koreans knew the rule after the treatment. In the current experiment, the 
implicit group only received yes/no feedback; they improved significantly, as shown by both the 
offline tests and the online tasks. This group is similar to the reading group in White (1995). The 
explicit group in the experiment is similar to the other treatment groups in White (1995) and 
White et al. (1996). Therefore, the success of the current experiment is significant and warrants 
an explanation. 
 The difference in instruction may explain the different outcomes. The current experiment 
used PI, a psycholinguistically based pedagogy, to teach the participants, while the other studies 
used traditional instruction. As discussed in the literature review, many studies have shown that 
PI is effective for various target structures. Many studies attested that it was more effective than 
traditional instruction (TI) (e.g., Benati, 2021). The treatment in studies conducted by White 
(1995) and White et al. (1996) could be classified as traditional instruction given that they 
provided learners regular oral and written exercises ranging from mechanical to communicative. 
The tasks were not structured activities as in the current study. They did not push learners away 
from inappropriate processing strategies. Learners need to establish form-meaning connections 
when acquiring a target structure. PI helps learners form new connections and avoid old ones 
from their L1 that are not appropriate for the new language. One key difference between PI and 
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TI is that PI aims to help learners get intake from input using design activities that make form-
meaning connections between non-salient forms and function salient forms. PI activities also 
force learners to alter their inappropriate processing strategies for the target language. It 
emphasizes the important role of input in language acquisition while traditional instruction 
emphasizes the role of output-based exercises. TI activities do not force learners to change their 
processing strategies although they do sometimes inform learners about the difference between 
L1 and L2. 

The current study showed that language learners’ development in automatic competence 
and processing routines is selective (Liu & Nicol, 2010) and they are not equivalent to their 
linguistic competence. Using only offline measurement cannot capture the whole picture of 
learners’ language proficiency. Developing appropriate processing routines or automatic 
competence is important for learners in order to use or comprehend a second language as 
efficiently as L1 speakers do.  
 The findings of the study have some pedagogical implications.  Language instruction is 
more beneficial if instructors focus on the processes that lead learners to turn input to intake, and 
push learners away from the wrong processing strategies. When instructors keep learners’ 
processing strategies in mind and design activities that are structured to help learners avoid the 
wrong strategies, language teaching is successful. In the experiment, learning activities were 
designed according to PI and those structured activities (see VanPatten, 1996 for details) forced 
learners to focus on processing the input. This change of focus helped learners make new form-
meaning connections and made a difference in learners’ interlanguage development. According 
to VanPatten (2004), learners tend to use content words and other lexical items, rather than 
grammatical forms, to get meaning. Activities should be designed to encourage learners to 
process grammatical forms in order to correctly understand sentences. This will help learners 
acquire the correct processing strategies for the target language that can be deployed for 
automatic processing in spontaneous speech. For example, when teaching reflexives, it is 
necessary to create sentences that push learners to use the grammatical forms or structures, not 
lexical items to process the sentences to get correct answers. One such example question “The 
hungry boy Jack was happy that John brought himself some cakes. Whom did John bring cakes 
for?” illustrates the strategy employed by PI.  Learners usually rely on content words such as 
hungry and happy to conclude that himself refers to Jack. This strategy used by L2 learners is 
referred as the Primacy of Meaning Principle (see VanPatten, 1996). However, the strategy turns 
out to be wrong. To understand the sentence correctly, learners must only rely on the 
grammatical structure, i.e., local binding only in reflexives and ignore the signal from lexical 
items, even when the meaning of the words favors the other entity Jack.   
 

Conclusion 

 

This study used computer delivered PI to teach English reflexives with both offline and 
online assessments. The results are encouraging for the field of Second Language Acquisition 
(SLA). Findings showed that computerized instruction, which eliminates many confounding 
factors in research, can be effective in teaching ESL grammar such as reflexives. The study also 
showed that the moving-window self-paced reading technique is a valid tool for SLA, especially 
to investigate the status of knowledge representation, whether explicit or implicit. Results 
revealed PI is an effective pedagogical technique that can alter learners’ inappropriate processing 
strategies, and lead to gains in interlanguage developing system, not just explicit knowledge. 
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Although the study showed that PI is effective, it only tested one target structure, i.e., reflexives, 
in English. Future studies will need to test more structures and more groups of learners with 
different L1s at different proficiency levels to establish the extent to which the findings can be 
generalized (see Shintani, 2015 for a meta-analysis of PI studies). Another limitation of the study 
is the small sample size which might make it difficult to generalize the findings. Although the 
number of participants was 30, due to the between-subject variable, feedback type, the number of 
participants in each condition was only 15. Future studies should have more participants. The 
more use of psycholinguistic methods such as eye-tracking (e.g., Benati, 2021; Laval & Lowe, 
2020) to examine the effects of PI intervention on real-time language processing will also shed 
light on SLA.  
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Appendix A: Online Test Stimuli 

 

1. The son remembered that the father/mother introduced himself/herself at the meeting.  
-Was the son introduced at the meeting? 
2. The man said that the mother/grandson bought herself/himself a small gift from the shop.  
3. John thought that Bill/Mary owed himself/herself another chance to solve the problem. 
4. The cleaning lady knew that the old woman/man shot herself/himself in the hotel. 
-Did the old woman/man shoot the cleaning lady in the hotel? 
5. The nurse said that the soldier/policeman felt sorry for himself/herself because of the 
serious wound. 
+/-Did the soldier/policeman feel happy? 
6. The father thought that the daughter/son hated himself/herself because of the incident. 
7. Rose said that Mike/Jill wrote about herself/himself in the letter. 
8. Mary thought that Tom/ Mike blamed herself/himself for being late for the train. 
-Was the train late? 
9. Mike believes that Helen/Tom trusts himself/herself to be able to get around New York. 
10. Susan heard that Mary/John had bought herself/himself a new 10-speed bicycle. 
+/-Did Mary/John buy a new bicycle? 
11. David could see that Bill/Sue was looking at himself/herself in the mirror. 
12. Sam thinks that Jane/Tom dislikes herself/himself for being so impatient.  
-Does Sam dislike Jane/Tom for being so impatient? 
13. Alice knew that John/Mary understood herself/himself pretty well. 
14. Bob said that Paul/Helen hit herself/himself with a long stick. 
15. The waitress said the man/lady criticized himself/herself for being rude at the restaurant. 
+/-Was the man/lady rude at the restaurant? 
16. The woman remembered that the daughter/son brought herself/himself a beautiful 
bouquet of flowers. 
+/-Did the daughter/son buy some beautiful flowers? 
17. The little girl was happy that the father/mother bought herself/himself a nice toy last 
week. 
18. Mary angrily told me that the boy/girl had spilled a lot of paint on herself/himself the 
other day. 
+Did the boy/girl spill some paint the other day? 
19. The little boy was angry that the father/mother hit himself/herself last week at home. 
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20. The famous actress heard that the popular host/hostess talked about himself/herself on 
TV last night. 
-Did the famous actress watch the show on TV last night? 
21. The lady said unhappily that the brother/sister often does not trust herself/himself because 
of the nasty gossip. 
22. The cashier was worried that Mrs. Smith/Mr. Smith wrote herself/himself a bad check. 
23. The student was angry that Rose/Jack gave himself/herself so much homework. 
+/-Did Rose/Jack have so much homework? 
24. The boy was excited that the mother/father bought himself/herself a birthday gift. 
25. George felt embarrassed that the woman/man found himself/herself staring at an 
attractive nurse. 
-Was George embarrassed about staring at an attractive nurse? 
26. The talkative uncle was sad that the father/mother kept himself/herself from talking to 
friends. 
27. The nun was mad that the priest/priestess kept looking at himself/herself after the sermon. 
-Was the nun happy with the priest/priestess? 
28. The husband was embarrassed that the lady/guy talked himself/herself into believing the 
bizarre story. 
29. The hungry boy was very happy that the grandfather/grandmother brought himself/herself 
a chocolate cake. 
30. The little girl with a bad cold was told that the man/woman would take care of 
himself/herself during the journey. 
+Would the man/woman look after the little girl during the journey? 
31. The grandson was disappointed that the father/mother didn’t buy himself/herself a new 
toy car from the shop. 
+Did the grandson feel disappointed about the new toy car? 
32.  The new chairwoman was frustrated that the new actor/actress didn’t trust 
himself/herself to finish the big project.  
-Did the new actor/actress distrust the new chairwoman? 
 

Appendix B: Offline Test Stimuli 

 

I. Answer each of the questions below (Version A; Subject ID________)  

1. Rose said that Mary voted for herself. 
Can “herself” refer to Rose? Yes   No 
Can “herself” refer to Mary? Yes    No 
Can “herself” refer to somebody else? Yes  No 
2. The little boy was angry that the father always hit himself. 
Can “himself” refer to the little boy? Yes   No 
Can “himself” refer to the father? Yes   No 
Can “himself” refer to somebody else? Yes  No 
3. Mary heard that the famous actress talked about herself on TV. 
Can “herself” refer to Mary? Yes   No 
Can “herself” refer to the famous actress? Yes   No 
Can “herself” refer to somebody else? Yes  No 
4. The man next to the little boy bought himself a new toy from the store. 
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Can “himself” refer to the man? Yes   No 
Can “himself” refer to the little boy? Yes   No 
Can “himself” refer to somebody else? Yes  No 
5. Jane said that the little girl was dressing herself upstairs. 
Can “herself” refer to Jane? Yes   No 
Can “herself” refer to the little girl? Yes   No 
Can “herself” refer to somebody else? Yes  No 
6. Jordon remembered that the popular singer wrote about himself in the autography. 
Can “himself” refer to Jordon? Yes   No 
Can “himself” refer to the popular singer? Yes   No 
Can “himself” refer to somebody else? Yes  No 
7. The hungry girl was happy that the mother bought herself an ice cream. 
Can “herself” refer to the hungry girl? Yes   No 
Can “herself” refer to the mother? Yes   No 
Can “herself” refer to somebody else? Yes  No 
8. The lady next to Kate introduced herself at the meeting. 
Can “herself” refer to the lady? Yes   No 
Can “herself” refer to Kate? Yes   No 
Can “herself” refer to somebody else? Yes  No 
9. Jack says that Peter talked about himself. 
Can “himself” refer to Jack? Yes   No 
Can “himself” refer to Peter? Yes   No 
Can “himself” refer to somebody else? Yes  No 
10. The customer was upset that the waiter spilled some soup on himself.  
Can “himself” refer to the customer? Yes   No 
Can “himself” refer to the waiter? Yes   No 
Can “himself” refer to somebody else? Yes  No 
11. The patient beside the doctor can look after himself next week. 
Can “himself” refer to the patient? Yes   No 
Can “himself” refer to the doctor? Yes   No 
Can “himself” refer to somebody else? Yes   No 
12. The lady said that the old woman blamed herself for being late for the train. 
Can “herself” refer to the lady? Yes   No 
Can “herself” refer to the old woman? Yes   No 
Can “herself” refer to somebody else? Yes   No 
 
II. Read the story and then complete the last sentence with a pronoun or reflexive. 

1. Once a week, Mike used to visit an old woman. On Mike’s last visit he saw the old woman 
point a gun at her head and shoot. The old woman died instantly.  
Mike knew that the old woman shot_________.  
A. him        B. himself  C. her  D. herself 
2. Johnny and a little boy were playing with matches. Johnny lit a match and then dropped it on 
the little boy’s leg. The little boy went screaming to his father and told him what had happened. 
The little boy said that Johnny had burned_______. 
A. him        B. himself  C. her  D. herself 
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3. Bill was going to a party. A very famous male actor was going to attend the party. Bill was too 
shy to speak to the actor, so he hoped the actor would speak to him instead. 
Bill hoped that the famous actor would introduce_______. 
A. him        B. himself  C. her  D. herself 
4. Killer Harry was free again. Bill was very scared. Bill called a policeman so the policeman 
could guard him and make sure he was safe from Killer Harry. 
Bill asked the policeman to protect ________.  
A. him        B. himself  C. her  D. herself 
I. Answer each of the questions below (Version B; Subject ID________) 

1. Bill said that Peter criticized himself for being rude at the restaurant. 
Can “himself” refer to Bill? Yes   No 
Can “himself” refer to Peter? Yes   No 
Can “himself” refer to somebody else? Yes  No 
2. The patient was worried that the nurse would spill some medicine on herself. 
Can “herself” refer to the patient? Yes   No 
Can “herself” refer to the nurse? Yes   No 
Can “herself” refer to somebody else? Yes  No 
3. Mary believed that the famous actress talked about herself on TV. 
Can “herself” refer to Mary? Yes   No 
Can “herself” refer to the famous actress? Yes   No 
Can “herself” refer to somebody else? Yes  No  
4. The son remembered that the father introduced himself at the party. 
Can “himself” refer to the son? Yes   No 
Can “himself” refer to the father? Yes   No 
Can “himself” refer to somebody else? Yes  No 
5. The nurse next to Helen can wake up herself the next morning. 
Can “herself” refer to the nurse? Yes   No 
Can “herself” refer to Helen? Yes   No 
Can “herself” refer to somebody else? Yes  No 
6. Bill said that the actor was preparing himself upstairs for the performance. 
Can “himself” refer to Bill? Yes   No 
Can “himself” refer to the actor? Yes   No 
Can “himself” refer to somebody else? Yes  No 
7. The mother said that the daughter would buy herself a new toy. 
Can “herself” refer to the mother? Yes   No 
Can “herself” refer to the daughter? Yes   No 
Can “herself” refer to somebody else? Yes  No 
8. The tourist was angry that the tour guide laughed at himself.  
Can “himself” refer to the tourist? Yes   No 
Can “himself” refer to the tour guide? Yes   No 
Can “himself” refer to somebody else? Yes  No 
9. The thirsty boy behind the father bought himself a bottle of water. 
Can “himself” refer to the thirsty boy? Yes   No 
Can “himself” refer to the father? Yes   No 
Can “himself” refer to somebody else? Yes  No 
10. Mike was upset that the son made fun of himself in the classroom. 
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Can “himself” refer to Mike? Yes   No 
Can “himself” refer to the son? Yes   No 
Can “himself” refer to somebody else? Yes  No 
11. The lady beside Mary made herself some new clothes.  
Can “herself” refer to the lady? Yes   No 
Can “herself” refer to Mary? Yes   No 
Can “herself” refer to somebody else? Yes  No 
12. The mother said that Susan prepared herself a meal. 
Can “herself” refer to the mother? Yes   No 
Can “herself” refer to Susan? Yes   No 
Can “herself” refer to somebody else? Yes  No 
 

II. Read the story and then complete the last sentence with a pronoun or reflexive. 

1. After three years in the war, the soldier finally went crazy and jumped out of a window. He 
died instantly. The doctor had to tell the soldier’s family the sad news. 

The doctor said that the soldier killed______.  
A. him        B. himself  C. her  D. herself 
2. Susan and her friend were sewing. They were careless and left some pins on the floor. Susan 

was not wearing shoes and she stepped on a pin. Susan started to shout and cry. Susan’s 
friend could see the blood on Susan’s foot.  

The friend realized that Susan hurt______. 
A. him        B. himself  C. her  D. herself 
3. Mary used to have a problem. Every time she met someone she got nervous and forgot her 

own name. Mary was going to a party at a friend’s house. Mary hoped her friend would help 
Mary meet people by telling them Mary’s name. 

Mary hoped that her friend would introduce______.  
A. him        B. himself  C. her  D. herself 
4. Johnny and his father were going for a walk. It started to rain. Johnny had a cold, so his 

father gave him a jacket and told him to put it over his head. Johnny felt warm under the 
jacket. 

His father told Johnny to cover_______ with a jacket. 
A. him        B. himself  C. her  D. herself 
 

Appendix C: Computer-delivered Processing Instruction 

 

A. Select the picture that goes with the sentence. 

 1. Mr. Green explained that Mr. Blue cut himself.  
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2 Mr. Green said that Mr. Blue cut him. (Same pictures as above) 
3. Mr. Green said angrily that Mr. Blue hit himself. 

 
4. The man next to Mr. Green looked at himself in the mirror.  
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5. Mr. Blue said that Mr. Red painted himself.  

 
B.  Read each sentence, and then indicate who is performing the action by answering each 

question.  

1. Lee remembered that Andrew introduced himself at the meeting. 
Whom did Andrew introduce?   
a. Lee  b. Andrew  c. somebody else  d. either Lee or Andrew 
2. Mary said that Jill understands herself. 
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Whom did Jack understand? 
a. Mary  b. Jill   c. either Mary or Jill  d. somebody else 
3. The hungry boy Jack was happy that John brought himself some cakes. 
Whom did John bring cakes for? 
a. Jack b. John  c. either Jack or John  d. somebody else 
4. Mrs. Brown was angry that Mrs. Black blamed her for the wrong decision. 
Whom did Mrs. Black blame? 
a. Mrs. Brown b. Mrs. Black  c. either Mrs. Brown or Mrs. Black  d. somebody else 
5. The lady beside June hit herself.  
Whom did the lady hit? 
a. the lady  b. June  c. Either the lady or June  d. somebody else 
6. Bill, who helped Tom, blamed himself. 
Whom did Bill blame? 
a. Bill b. Tom  c. either Bill or Tom  d. somebody else 
7. The depressed woman said that the mother should leave her alone.  
Who should be left alone?  
a. the woman b. the mother  c. either the woman or the mother  d. somebody else. 
 
C. Select a female classmate or relative or friend of yours (mother, sister, aunt, niece, etc.) 

and write her name below. Which of the following statements is likely true to her? 

Name_______ 

1. She says that her father will buy himself a new car.  True____   Not True___ 
2. She hopes that her father would buy himself a house in Hawaii. True___   Not True___ 
3. She once said that her grandmother could take care of herself. True____   Not True___ 
4. Her grandmother once asked her to bring herself cookies to school. True____   Not True___ 
5. She says that if she can speak English well her mother will be proud of herself.  True____   
Not True___ 
 
Select a male classmate or relative or friend and do the same.  
Name________________ 
1 He says that his father will buy himself a new car.  True____   Not True___ 
2. He hopes that his mother would buy herself a house in Hawaii. True___   Not True___ 
3. He once said that his grandmother could take care of herself. True____   Not True___ 
4. His grandmother once asked him to bring himself cookies to school. True____   Not True___ 
5. He says that if he can speak English well his father will be proud of himself. True____   Not 
True___ 
D. Select the best way to complete each sentence.  
1. The little girl was happy that her father bought ________a nice toy. 
a. herself  b. himself  c. either a or b 
2. The cashier was angry that the woman wrote _______ a fake check.  
a. himself  b. herself  c. either a or b 
3. The waitress behind the man calmed ____ with a glass of wine. 
a. himself   b. herself  c. either a or b 
4. The little girl in front of the policeman protected ____ from the poisonous plant. 
a. himself b. herself  c. either a or b 
5. The famous actor heard that the popular hostess talked about ______ on TV last week. 
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a. himself b. herself  c. either a or b 
E. Listen to each sentence, and then indicate who is performing the action by answering 

each question.  

1. The hungry housewife was grateful that the husband cooked himself during the weekend.  
Who is “himself” in the statement?  
a. the housewife  b. the husband  c. either the housewife or the husband  d. somebody else 
2. Mr. Brown said that Mr. Green sprayed himself with insect repellent. 
Who is “himself” in the statement?  
    a. Mr. Brown  b. Mr. Green  c. either Mr. Brown or Mr. Green  d. somebody else 
3. Mr. Black was angry that Mr. Green did not trust him. 
Who is “him”?  
    a. Mr. Black  b. Mr. Green  c. either Mr. Black or Mr. Green  d. somebody else 
4. Mr. Black knew that Mr. Brown killed himself. 
Who is “himself”?  
   a. Mr. Black  b. Mr. Green  c. either Mr. Black or Mr. Green  d. somebody else 
5. Mrs. Black was outraged that Mrs. Green locked herself in the car. 
Who is “herself”?  
a. Mrs. Black  b. Mrs. Green  c. either Mrs. Black or Mrs. Green  d. somebody else 
6. Mr. Brown dreamed that Mr. Green shot himself.  
Who is “himself”? 
a. Mr. Brown  b. Mr. Green  c. either Mr. Brown or Mr. Green   d. somebody else 
F. Read the story and then complete the sentence according to the content of the story.  

1. Bill is a student. There was a new teacher in his class today. During class, the teacher asked 
Bill’s name and Bill’s hometown. Bill told the teacher that he was born in New York. 

The teacher said that Bill introduced ______. 
2. Susan wanted a job in the hospital. A nurse interviewed Susan for the job. The nurse asked 

Susan about her experience, her education and whether she got on well with people. The 
nurse told the director about the interview. 

The nurse said that Susan talked about ______ in the interview. 
3. A young boy was looking at one of Mr. Robins’s guns. The young boy accidentally pulled 

the trigger and the gun fired. Unfortunately, the bullet hit Mr. Robins in the arm. 
Mr. Robins realized that the boy shot ______ accidentally. 
4. Annie wanted to get her friend into trouble. Annie went to the closet and suggested that her 

friend lock the door from the outside. When her friend followed her advice, Annie started to 
cry. When Annie got out finally, she told her mother about it. 

Annie said that her friend locked ______ in the closet. 
G . Read the passage. Then answer the questions that follow.  

Parent: Can my son drive (1) himself to games, Director? 

Director: The university provides transportation to all games and students are expected to travel 
together as a team. Under special circumstances, the team director may allow a student to drive 
(2) himself only after a parent has made those arrangements with the director in advance.  
Student: The team director says that a student cannot drive (3) himself to games except under 
special circumstances.  
1. Who does the underlined (1) himself refer to? 
a. director  b. son  c. either a or b  d. somebody else. 
2. Who does the underlined (2) himself refer to? 
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a. the team director  b. a student  c. either a or b  d. somebody else. 
3. Who does the underlined (3) himself refer to? 
a. the team director  b. a student  c. either a or b  d. somebody else. 
4. In the underlined (3) himself, can we replace himself with herself?  
Yes __   No___ 

 

Appendix D: Results of Reaction Times 

_____________________________________________________________________ 
   Pretest         Posttest   

_________________   ________________ 
    t    df    Sig.    t   df  Sig. 

_____________________________________________________________________ 
Subject analysis 
Neutral sentences: 

Both match vs. no match: 
 Position 1 BU1–NU1 -.44  27  .332            .16  27 .438 
 Position 2 BU2–NU2 -.75  27  .229            -.58  27 .284 
 Position 3 BU3–NU3 -2.0  27  .030*          -2.5  27 .011* 
 Position 4 BU4–NU4 -1.6  27  .062            -.39  27 .351 
Only NP1 match vs. only NP2 match: 
 Position 1 OU1– TU1 .05  27  .481            1.3  27 .104 
 Position 2 OU2– TU2 .31  27  .379            -.82  27 .212 
 Position 3 OU3–TU3 1.6  27  .057            2.4  27 .011* 
 Position 4 OU4–TU4 -.44  27  .332            1.6  27 .065 
Biased sentences: 

Both match vs. no match: 
 Position 1 BG1–NG1 1.7  27  .051*           .19  27 .425 
 Position 2 BG2–NG2 -.67  27  .254            -1.2  27 .124 
 Position 3 BG3–NG3 -2.2  27  .018*           -3.4  27 .001* 
 Position 4 BG4– NG4 .13  27  .451            -3.4  27 .001* 
Only NP1 match vs. only NP2 match: 
 Position 1 OG1– TG1 .79  27  .220            .11  27 .459 
 Position 2 OG2–TG2 -.51  27  .309            -.21  27 .417 
 Position 3 OG3– TG3 -.78  27  .222            .55  27 .293 
 Position 4 OG4–TG4 -.22  27  .414            1.9  27 .032* 

 
Item analysis 
Neutral sentences: 

Both match vs. No match: 
 Position 1 BU1–NU1 -.20  47  .421            .08  47 .468 
 Position 2 BU2–NU2 -.34  47  .368            .36  47 .360 
 Position 3 BU3–NU3 -2.0  47  .028 *          -1.9  47 .031* 
 Position 4 BU4–NU4 -1.1  47  .138            -.16  47 .438 
Only NP1 match vs. only NP2 match: 
 Position 1 OU1– TU1 .02  47  .491            .84  47 .203 
 Position 2 OU2– TU2 .83  47  .207            -.73  47 .235 
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 Position 3 OU3–TU3 1.2  47  .127            2.0  47 .025* 
 Position 4 OU4–TU4 -.24  47  .406            1.3  47 .104 
Biased sentences: 

Both match vs. No match: 
 Position 1 BG1–NG1 1.4  47  .083            -.12  47 .451 
 Position 2 BG2–NG2 .06  47  .475            .14  47 .443 
 Position 3 BG3–NG3 -1.6  47  .054*     -3.0  47 .003* 
 Position 4 BG4– NG4 -.15  47  .441            -3.3  47 .001* 
Only NP1 match vs. only NP2 match: 
 Position 1 OG1– TG1 .54  47  .298            .53  47 .301 
 Position 2 OG2–TG2 -.23  47  .409            -.54  47 .297 
 Position 3 OG3– TG3 -.65  47  .261            .32  47 .375 
 Position 4 OG4–TG4 -.14  47  .446            1.5  47 .067 
_____________________________________________________________________ 
Note. The first letter indicates type of conditions (B = both match; N = no match; O=only NP1 
match; T=only NP2 match); the second letter indicates sentence categories (U = neutral; G = 
biased); the number indicates the test position. Thus, BU1−NU1 means the comparison of RT 
means on the “both match” and “no match” sentences involving the structural cue at the first 
position. 


