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Abstract 
 
In this experiment, we investigated the efficiency with which the iSTART program can be used in the 
classroom to teach high school students reading strategies. The main experimental goals were to assess 
the quality of self-explanations and science text comprehension as a function of iSTART v2.0 training 
both immediately following training and after a delay. Students in a control condition were taught to 
design web pages containing science-related information. The participants included 431 students in 10 
physical science classes (9th grade) and 10 biology classes (10th grade) from a suburban Tennessee 
high school. The results indicated that iSTART students’ self-explanations were better than control 
students’ self-explanations immediately after training and after an extended delay. Analyses of 
comprehension revealed little effect of iSTART on comprehension.  However, an analysis that focused 
solely on the low-knowledge students indicated that these students showed significant gains on text-
based questions as a function of training in comparison to the students in the control condition. This 
advantage did not appear on the bridging inference questions.   
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iSTART: A Classroom Study 

 
The impact of science literacy on our economy and society is significant, and has been widely 

documented (e.g. AAAS, 1993; NRC, 1996). The recent report by the National Academy of Sciences 
(NAS, 2005) describes how American leadership in the areas of science and technology has eroded, 
and lays out the serious economic problems that will result if this trend is not reversed. A primary 
mode of pre-collegiate science instruction involves the reading of expository science texts. Given that 
the intended purpose of such texts is the introduction of new and unfamiliar concepts, it is not 
surprising that many students have difficulty reading such materials (Bowden, 1999; Snow, 2002). 
This problem is made more difficult because students are often not equipped with the knowledge to 
succeed in their courses (Snow, 2002) and furthermore, students do not typically use good reading 
strategies (Cox, 1997; Garner, 1990). Therefore, one promising approach is to provide students with 
training in the use of more effective reading strategies, which they can employ when reading 
expository science texts. Indeed, empirical studies have demonstrated that interventions focused on 
teaching reading strategies have been successful in improving reading comprehension (e.g., Pressley et 
al., 1992; Rosenshine & Meister, 1994; Rosenshine, Meister, & Chapman, 1996). 

Recently, attention has been given to a reading intervention called Self-Explanation (Chi, De 
Leeuw, Chiu, & LaVancher, 1994). Self-explanation is a process in which a learner explains aloud the 
meaning of challenging material, such as science texts. Chi et al.’s research has demonstrated large 
gains in learning for students when they were prompted to self-explain. McNamara and colleagues 
have built upon this research by providing learners with scaffolded training in metacognitive reading 
strategies (McNamara, 2004). In the training program, called self-explanation reading training (SERT), 
students learn to use metacognitive reading strategies (e.g., comprehension monitoring, paraphrasing, 
elaboration, and bridging inferences). Empirical studies have indicated that SERT improves 
comprehension, particularly for low-knowledge readers (e.g., McNamara, 2004; O’Reilly, Best, & 
McNamara, 2004). 

While previous investigations of SERT were encouraging, there are also two limitations of its 
future implementation on a larger scale. First, the high cost of human tutors makes widespread 
adoption of the program problematic, particularly in economically distressed areas. Second, the 
structure of the SERT program does not allow for dynamic instruction that is tailored to the specific 
needs of the learner. Consequently, McNamara and colleagues developed an automatized version of 
SERT training called iSTART (Interactive Strategy Training for Active Reading and Thinking; see 
McNamara, Levinstein, & Boonthum, 2004). Training with iSTART occurs in three phases 
(Introduction, Demonstration, and Practice) and takes approximately 2 1/2 hours. The delivery of 
information and feedback to students is accomplished via animated pedagogical agents. The content of 
the feedback is determined based on the quality of the students’ self-explanations, as assessed via a set 
of linguistic algorithms (for details, see McNamara et al., 2004; McNamara, Boonthum, Levinstein, & 
Millis, in press).  

The first phase of training is strategy Introduction. This phase includes definitions and examples of 
the process of self-explanation as well as five reading strategies (comprehension monitoring, 
paraphrasing, prediction, bridging inferences, and elaboration). After each strategy is presented, 
students are asked to answer four multiple-choice questions and are then provided with immediate 
feedback by the program. The second phase of training is strategy Demonstration. In this phase, 
pedagogical agents model the use of the reading strategies while they are self-explaining a science text. 
The student is asked to identify the strategies used by the pedagogical agent during self-explanation, 
and is provided with feedback. The third phase of training is strategy Practice. In this phase, students 
read two short science passages and are asked to apply the newly learned strategies while typing self-
explanations of the sentences in the texts. As they proceed through the text, several algorithms are 



employed to evaluate the quality (e.g., self-explanation length and the number and type of content 
words) of the generated self-explanations (McNamara et al., 2004). Based upon this analysis, 
scaffolded feedback is provided. For instance, a student who gives an “impoverished” self-explanation 
that does not go beyond the content of the text's sentence is prompted by the agent to provide more 
information.  

The intervention coaches students in five reading strategies: comprehension monitoring, 
paraphrasing, making bridging inferences, predictions, and elaborations. Comprehension monitoring, 
enables the reader to recognize a failure of understanding and it is this recognition that triggers the use 
of additional active reading strategies. The first such strategy, paraphrasing, essentially helps students 
remember the surface structure of the text by transforming it into more familiar ideas. However, 
iSTART encourages students to go beyond this basic sentence-focused processing by invoking 
knowledge-building strategies that link the content of the sentences to other information, either from 
the text or from the students’ prior knowledge. Making bridging inferences improves comprehension 
by linking the current sentence to the material previously covered in the text (e.g., Oakhill, 1984). Such 
inferences allow the reader to form a more cohesive global representation of the text content (e.g., 
Kintsch, 1998). Students may also use prediction to anticipate the content subsequent text, either by 
guessing what is coming next or by reminding themselves to watch out for some particular item that 
will aid comprehension (e.g., Hansen & Pearson, 1983).  

Finally, readers may associate the current sentence with their own related prior knowledge using a 
strategy called elaboration. Importantly, readers are encouraged to draw upon logic and common 
sense, or domain-general knowledge, particularly when they do not have sufficient knowledge about 
the topic of the text. Research has established that both domain knowledge and elaborations are 
associated with improved learning and comprehension (e.g., Pressley et al., 1992; Spilich, Vesonder, 
Chiesi, & Voss, 1979). Elaboration essentially ensures that the information in the text is linked to 
information that the reader already knows. These connections to prior knowledge result in a more 
coherent, and stable representation of the text content (e.g., Kintsch, 1998; McNamara, Kintsch, 
Songer, & Kintsch, 1996).  

Current Study 
In this experiment, we investigated the efficiency with which the iSTART program can be used in 

the classroom to teach high school students reading strategies. The primary technological challenges 
were ensuring that we had internet connections and somewhat unexpectedly having to use a variety of 
operating systems. The main experimental goals were to assess the quality of self-explanations and 
science text comprehension as a function of iSTART v2.0 training both immediately following training 
and after a delay. In order to provide a challenging comparison with iSTART, students in a control 
condition were taught to design web pages containing science-related information. The web design 
task was developed to engage students with a computerized activity, while at the same time being 
exposed to the same scientific content as the iSTART group. This kind of control condition accounts 
for effects of novelty pertaining to computer use as well as exposure to the scientific information 
involved in iSTART training. 

Method 
Participants 

The participants included 431 students in 10 physical science classes (9th grade) and 10 biology 
classes (10th grade) from a suburban Tennessee high school. All of the students were administered a 
pretest aptitudes assessment at the beginning of the year in September, and a posttest at the end of the 
year in the following April, 2004.  Half of the classes were trained in November, 2003, and the 
remaining were trained in January, 2004. Using matched-samples assignment (based reading skill and 
prior knowledge), half of the students in each class were assigned to the iSTART condition and half 



were assigned to a control condition.  There were 226 students in the control condition and 205 in the 
iSTART condition.   
Materials 

There were several key assessment measures used: a reading ability test, a prior science knowledge 
test, and pretest and posttest science passage comprehension tests. 

Reading Ability. General reading skill was measured using a modified version of the standardized 
Gates-MacGinitie reading skill test for grades 7-9 that consisted of 48 multiple-choice questions which 
assess student comprehension on several short text passages. 

Prior Science Knowledge. Prior general science knowledge was measured with a 20-item, four-
alternative, multiple-choice test. The test covered several areas including biology, chemistry, earth 
science, research methods and mathematics. Questions were selected from high school science tests 
collected from several states (i.e., Colorado, Georgia, Kentucky, Tennessee, and Virginia). 

Pretest Science Passage Comprehension. Two passages were presented to the students to assess 
pre-training science text comprehension. The first pretest passage was a 449-word passage on 
petroleum that described the refining process of heating petroleum to different temperatures, thereby 
allowing for the separation and collection of methane versus diesel fuel and other similar products. The 
31-sentence passage had a Flesch Reading Ease of 39.7 and a Flesch-Kincaid Grade Level of 11.2. The 
second pretest passage was a 322-word passage on the carbon cycle that described how carbon passes 
through the food supply of the ecosystem. The 17-sentence passage had a Flesch Reading Ease of 50.5 
and a Flesch-Kincaid Grade Level of 10.6. There were eight open-ended questions presented for each 
passage. The answers to four of the questions could be found within a single sentence of the passage, 
and they are referred to as text-based questions. The answers to the remaining four questions required 
the reader to combine information contained in two or more sentences of the passage, and are referred 
to as bridging-inference questions. 

Posttest Science Passage Comprehension. Two passages were presented to the students to assess 
post-training science text comprehension. The first posttest passage was a 307-word passage on the 
most common types of medical problems involving the heart. The 21-sentence passage had a Flesch 
Reading Ease of 55.9 and a Flesch-Kincaid Grade Level of 9.0. The second posttest passage was a 
477-word passage on the origins of the universe, which described theories related to the Big Bang. The 
31-sentence passage had a Flesch Reading Ease of 39.1 and a Flesch-Kincaid Grade Level of 11.5. 
There were eight open-ended questions presented for each passage. As with the pretest passages, there 
were four text-based questions and four bridging inference questions. 
Training Conditions 

iSTART Strategy Training. iSTART training was facilitated by University of Memphis researchers 
and was completed over four consecutive days. Students worked through the iSTART modules in a 
sequential order – Introduction, Demonstration and Practice. Training required a total of 2.5 to 3 hours, 
and occurred over four class periods. During the introduction phase, students were provided with 
information on five reading strategies (i.e., comprehension monitoring, paraphrasing, prediction, 
bridging inferences, and elaboration). During the demonstration phase, pedagogical agents modeled the 
previously presented reading strategies. Lastly, during the practice phase, students typed their self-
explanations for a text on thunderstorms followed by a text on coal. Target sentences were self-
explained in a sequential order, on a sentence-by-sentence basis. Self-explanations appeared in part of 
the screen called the self-explanation box. After completing each self-explanation, the participant was 
required to submit their self-explanation to be evaluated by the pedagogical agent. The student was 
then given feedback (e.g., the agent requested more details to be added, or offered a hint that the 
student should add more details next time). Once the final protocol for a given target sentence had been 
accepted, the next sentence was displayed. 

Web Design Training. In order to provide a fair comparison between conditions, students in the 
web design condition covered the same science content as those in the iSTART condition. Across four 



days, control students were trained in the creation of web pages, which was facilitated by University of 
Memphis researchers. The first day was spent learning and practicing the tags needed for web page 
creation. Template pages were provided as a starting point for each lesson. Led by an instructor, 
students opened the templates and saved them under a new name as the foundation for their web page. 
Using their new web pages, students were instructed in the proper use of the hypertext markup tags 
(e.g., <p></p>, <a></a>, and <br>). Each student was instructed to follow along and use the tags in 
their own page. After all the tags were demonstrated, the students were given tasks to practice the tags’ 
proper use. 

On the second day students were instructed to create a web page to answer science questions using 
the tags they learned the previous day. Study sheets containing all the tags and examples of their use 
were provided along with the questions the students were to answer. The instructor answered a sample 
question first by again showing students how to create a web page from the template. This question 
was then used as a title for the web page. Answers to the questions could be found on various text-
based science web pages created by the experimenters linked to a main page saved on each computer. 
The instructor opened a science web page that answered the question and copied the content to the 
body of the web page. The name of the page from which the content was taken was also copied and 
placed beneath the answer. After each student completed the example, they were told to answer the 
remaining questions in the same way. 

Day three and day four followed the same procedure. However, instructors no longer provided a 
demonstration to begin each lesson. Instead, instructors provided support and helped troubleshoot 
students’ problems as needed. The students were provided with study sheets along with a list of 
science questions they were to answer that day, as well as a selection of science web pages from which 
they were to answer each question. 
 
Table 1: Training schedule 
Day Experimental group Control group 
1 iSTART introduction Instruction on web design 
2 iSTART demonstration Web design demonstration 
3 iSTART practice (thunderstorm text) Web design practice 
4 iSTART practice (coal text) Web design practice 
5 Immediate posttest assessments Immediate posttest assessments 
6 Delayed posttest assessments Delayed posttest assessments 
 
Procedure 

The training schedule is presented in Table 1. The experiment used a pretest, intervention, posttest 
design with a between-subjects manipulation comparing iSTART strategy training (experimental 
condition) with web design training (control condition). Using matched-samples assignment (based on 
reading skill and prior knowledge), half of the students in each classroom were assigned to the 
iSTART condition, and half were assigned to the control condition. 

The experiment consisted of three phases: pretest, training, and posttest, with the pretest and 
posttest phases being identical for both the iSTART and control conditions. During the pretest, 
students in the iSTART and control group were administered the pretest measures in the following 
order and time frame: prior science knowledge (10 min), Gates-MacGinitie reading measure (Form K, 
15 min), and two science passages on petroleum and the carbon cycle, along with the sets of 
comprehension questions (15 min). 

Based on pretest scores on reading skill and prior knowledge, the experimenters used a matched-
samples assignment to randomly assign half the students to the iSTART condition and the other half to 
the control condition. The training phase (described in detail below) lasted for four days.  



In order to better measure the robustness of any potential effects of training, there was a planned 
“delay” between the training phase and the posttest phase. Logistical classroom constraints required 
that for approximately half of the participants in both conditions, the training phase occurred two 
months before the posttest phase, while for the remaining students, the training phase occurred five 
months before the posttest phase. 

During the posttest, students in both groups were administered the posttest measures in the 
following order and time frame: two science passages on heart disease and the universe, along with 
corresponding sets of comprehension questions (15 min). 
 

Results 
 
Pretest Equivalence: Reading Comprehension and Prior Science Knowledge. To examine the potential 
pre-training differences in student ability scores, we performed analyses on the students’ pretest 
reading ability and prior science knowledge as a function of condition. An analysis of the reading skills 
scores indicated that there was no effect of condition, F(1,422)<1. Similarly, an analysis of the prior 
knowledge scores indicated that there was also no effect of condition, F(1,422)<1.  
 
Self-Explanation Quality 

The quality of students’ SE’s was evaluated by the iSTART algorithm which rates the quality of 
SE’s on a 0-3 point scale, with 3 being the best score. For each passage, an overall SE quality (SEQ) 
score was generated by averaging across the 6 target sentences.  

There were three, non-counterbalanced texts used to assess self-explanation quality, which were 
read at three different phases: pretest (text: ‘Killer Whales’), immediate posttest (text: ‘Algae’) and 
delayed posttest (text: ‘Oceans of Air’).  
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Figure 1.  Self-explanation scores as a function of test and condition. 

 
A 3 (test) x 2 (condition) ANOVA was conducted to examine differences as a function of 

condition. This analysis is somewhat suspect because the texts were not counterbalanced.  Also, we 
used the automated iSTART algorithm to score the self-explanations. The reliability of this algorithm 
for texts during iSTART training is high, but we have not examined the reliability (i.e., correspondence 
to human scores) for these texts. Hence, we also do not know if the scores are comparable across tests.  



There were main effects of test, F(2,858)=120.78, p<.001, with significant differences between all 
three tests.  There was an effect of condition, F(1,429)= 7.12, p=.008, and an interaction of test and 
condition, F(2,858)=4.01. p=.019. As expected, there was no effect of condition at pretest, F(1,429)<1, 
comparing the iSTART condition (M = 1.68, SD = .67) and the control condition (M = 1.68, SD = .65). 
In contrast, the advantage for the iSTART condition was reliable for both posttests. At immediate 
posttest, there was a significant difference between conditions, F(1,429) = 9.70, p = .002, comparing 
the iSTART condition (M = 1.17, SD = .61) and the control condition (M = 0.98, SD = .66). Lastly, at 
delayed posttest, there was a significant difference between conditions, F(1,429) < 1, comparing the 
iSTART condition (M = 1.30, SD = .84) and the control condition (M = 1.09, SD = .90). 

Notably, these results show an unexpected decrease from pretest to posttest. This could be due to a 
number of factors, including differences between the texts and the scoring algorithm. Most likely the 
students know more about the topic of killer whales, the text at pretest, and thus were able to make 
more knowledge-based inferences. Nonetheless, the important observations are that there were no 
differences between the conditions at pretest, whereas there were when text and algorithm are constant, 
that is, at both posttests.  Thus, these results indicate that iSTART helped students to improve the 
quality of their explanations. The level of scores on the posttests indicates that the students were 
primarily generating paraphrases and that the iSTART group tended to make more inferences, but not a 
lot. Scoring these at a more detailed level in the future will reveal more precisely the nature of the 
differences between the two groups.   

Previous research has shown that iSTART was more effective for students with low prior 
knowledge and low reading ability. Therefore, in order to examine these results more closely, analyses 
were done based upon median splits for prior knowledge and reading skill. At pretest, there were no 
significant interactions with the individual difference measures. Similarly, at immediate posttest and 
delayed posttest, there were no significant interactions with the individual difference measures.  
 
Comprehension 

There were four, non-counterbalanced texts used to assess comprehension, which were read at 
three different phases: pretest (texts: ‘Petroleum’ and ‘Carbon’), immediate posttest (text: ‘Virus’), and 
delayed posttest (text: ‘Universe’) (see Table 1). These analyses are restricted to students who 
completed all of the comprehension tests and thus include only 244 participants.  

At pretest, as expected, there was no significant difference between conditions, F(1, 243)  = .10, p 
= .749, comparing the iSTART condition (M = .24, SD = .14) and the control condition (M = .24, SD = 
.13). There was a significant effect of question type, F(1, 243) = 388.70, p < .001. The proportion 
correct for text-based questions (M = .35, SD =.21) was significantly higher than those for the bridging 
questions (M = .13, SD = .10). There was no significant interaction between question type and 
condition, F(1, 243) = .144, p = .704, comparing the iSTART condition (MText-based = .36, SD = .21; 
MBridging = .13, SD = .10) and the control condition (MText-based = .35, SD = .21; MBridging = .13, SD = 
.10). 

Similarly, at immediate posttest there was no significant difference between conditions, F(1, 239) < 
1, comparing the iSTART condition (M = .51, SD = .22) and the control condition (M = .52, SD = .18). 
There was a significant effect of question type, F(1, 239) = 20.21, p < .001. Contrary to expectations, 
the proportion correct for the bridging questions (M = .55, SD = .21) was significantly higher than 
those for the text-based questions (M = .49, SD = .23). There was a marginally significant interaction 
between question type and condition, F(1, 239) = 3.18, p = .076, comparing the iSTART condition 
(MText-based = .48, SD = .25; MBridging = .55, SD = .22) and the control condition (MText-based = .50, SD = 
.20; MBridging = .54, SD = .20). 

Separate analyses were conducted to better understand this interaction. First, we examined 
performance separately by question type. However, this was not illuminating. In terms of text-based 
questions, analyses revealed no significant difference between the iSTART condition (M = .48, SD = 



.25) and the control condition (M = .50, SD = .20), F(1, 239) =.79, p = .376 Similarly, in terms of 
bridging inference questions, analyses revealed no significant difference between the iSTART 
condition (M = .55, SD = .22) and the control condition (M = .54, SD = .20), F(1, 239) = .44, p = .510. 
We further examined performance separately by condition.  The effect of question type was significant 
for the iSTART condition, F(1,127) = 21.16, p < .001, but only marginal for the control condition, 
F(1,112) = 3.46, p = .066.  These results are clearly not in the predicted directions.   

Lastly, at delayed posttest, there was also no significant difference between conditions, F(1, 242) = 
2.30, p = .131, comparing the iSTART condition (M = .50, SD = .22) and the control condition (M = 
.46, SD = .23). There was a significant effect of question type, F(1, 242) = 219.07, p < .001. The 
proportion correct for the text-based questions (M = .59, SD = .28) was significantly higher than those 
for the bridging questions (M = .37, SD = .24). There was no significant interaction between question 
type and condition, F(1, 242) = .23, p = .635, comparing the iSTART condition (MText-based = .61, SD = 
.27; MBridging = .39, SD = .24) and the control condition (MText-based = .57, SD = .28; MBridging = .34, SD = 
.23). A closer examination was performed looking independently at the text-based and bridging 
inference comprehension questions during delayed posttest. In terms of text-based questions, analyses 
revealed no significant difference between the iSTART condition (M = .61, SD = .27) and the control 
condition (M = .57, SD = .28), F(1, 242) = 1.10, p =.295. However, in terms of bridging inference 
questions, analyses revealed that a marginally significant effect of the iSTART condition (M = .39, SD 
= .24) outperforming the control condition (M = .34, SD = .23), F(1, 242) = 2.87, p = .092. 

As stated earlier, previous research has shown that iSTART was more effective for students with 
low prior knowledge and low reading ability. Therefore, in order to examine these results more closely, 
analyses were done based upon median splits for prior knowledge and reading skill. At pretest, there 
were no significant interactions with the individual difference measures. Similarly, at immediate 
posttest and delayed posttest there were no significant interactions with the individual difference 
measures. 
 
Table 2. Proportion correct on the pretest, immediate posttest, and delayed posttest for 
comprehension. 

Test Question 
Type 

Condition Mean SD N 

iSTART .36 .21 128 
Control .35 .21 113 

 
Text-based 

Total .35 .21 241 
iSTART .13 .10 128 
Control .13 .10 113 

 
 
 

Pretest  
Bridging 

Total .13 .10 241 
iSTART .48 .25 128 
Control .50 .20 113 

 
Text-based 

Total .49 .23 241 
iSTART .55 .22 128 
Control .54 .20 113 

 
 

Immediate  
Posttest  

Bridging 
Total .55 .21 241 

iSTART .61 .27 130 
Control .57 .28 114 

 
Text-based 

Total .59 .28 244 
iSTART .39 .24 130 
Control .34 .23 114 

 
 

Delayed 
Posttest  

Bridging 
Total .37 .24 244 



 
Low knowledge participants 

Prior investigations of SERT have shown that it most effective for low-knowledge students (e.g., 
McNamara, 2004). Hence, we conducted further analyses on the comprehension data to examine 
whether the effect of iSTART was more apparent for the low-knowledge students.  Of the participants, 
153 completed all of the training, pretest, and posttest assessments (including the prior knowledge 
test). A median split was performed on prior science domain knowledge and the resulting 82 low-
knowledge students were included as the participants for this analysis. We focused on the differences 
between the pretest and the delayed posttest and conducted separate analyses on the text-based and 
bridging inference questions. 

 
Text-Based Questions. The proportion of correctly answered text-based questions (n = 8) is 

depicted in Table 3. Analyses were performed to ensure that there were no significant differences 
between the two levels of delay (i.e., two month vs. five month gap between the training and posttest 
phases). Since no significant effects were found in this analysis, the two levels of the delay were 
collapsed across the remaining analyses.  

 
Table 3. iSTART and control condition values for text-based (TB) and bridging inference 
questions (Br). 

Condition Pretest Posttest 
p 

value 
Cohen's 

d 
iSTART 

(TB) 
 

.306 
(.174) 

  

.522 
(.206) 

 

< 
.001 1.13 

Control 
(TB) 

 

.329 
(.184) 

 

.448 
(.233) 

 
.014 0.57 

iSTART 
(Br) 

 

.091 
(.075) 

 

.278 
(.171) 

 

< 
.001 1.42 

Control 
(Br) 

.127 
(.094) 

.258 
(.194) .001 0.86 

 
Performance gains for students were examined via a 2 (iSTART, Control) X 2 (Pretest, Posttest) 

Mixed Model ANOVA. There were significant gains in performance from pretest to posttest for all 
participants, F(1, 80) =35.12, p < .001. The main effect of Condition was not significant, F(1, 80) = 
0.54, p = .463. However, the Test by Condition interaction was marginally significant, F(1,80) = 2.92, 
p = .091 (see Figure 1). Further analyses were conducted to determine whether the magnitude of the 
learning gains were different as a function of condition. As predicted, an independent sample t-test 
revealed that the students in the iSTART condition had a significantly higher gain in learning in 
comparison to those in the control condition, t(80) = 1.71, p = .046 (one-tailed), Cohen’s d = 0.38 (see 
Table 3). These results demonstrate how, in comparison to the control condition, the iSTART strategy 
training leads to significantly greater performance on text-based reading comprehension questions.  

 



0.2

0.3

0.4

0.5

0.6

Pre Post

Pr
op

or
tio

n 
C

or
re

ct

Control
iSTART

 
Figure 2. Proportion of correct text-based questions as a function of training condition (iSTART 
vs. Control). 

 
Additional analyses (i.e., paired samples t-tests) were performed to examine pretest/posttest 

changes for both conditions. As predicted, there was a significant increase in performance for students 
in the iSTART condition, t(48) = 6.21, p < .001, Cohen’s d = 1.13. Similarly, there was a significant 
increase in performance for students in the control condition, t(32) = 2.61, p = .014, Cohen’s d = 0.57 
(see Table 3). Thus, both conditions significantly improved from pretest to posttest – with a moderate 
increase for the control condition (d = 0.57) and a large increase (d = 1.13) for the iSTART condition. 

 
Bridging Inference Questions. The proportion of correctly answered bridging inference questions 

(n = 8) was used to assess performance on the bridging inference questions. Analyses were performed 
to ensure that there were no significant differences between the two levels of delay (i.e., two month vs. 
five month gap between the training and posttest phases). Since no significant effects were found in 
this analysis, the two levels of the delay were collapsed across the remaining analyses. 

Performance gains for students were examined via a 2 (iSTART, Control) X 2 (Pretest, Posttest) 
Mixed Model ANOVA. There were significant gains in performance from pretest to posttest for all 
participants, F(1, 80) = 61.92, p < .001. The main effect of Condition was not significant, F(1, 80) = 
0.11, p = .740. The Test by Condition interaction was not significant, F(1,80) = 1.97, p = .165. 

Further analyses were conducted to determine whether the magnitude of the learning gains was 
different as a function of conditions. As predicted, an independent sample t-test revealed that the 
students in the iSTART condition had a marginally higher gain in learning in comparison to those in 
the control condition, t(80) = 1.40, p = .083 (one-tailed), Cohen’s d = 0.30 (see Table 3). These results 
provide support, albeit somewhat weak, that the iSTART strategy training can lead to better 
performance on bridging inference questions in comparison to the control condition. 

Additional analyses (i.e., paired samples t-tests) were performed to examine pretest/posttest 
changes for both conditions. There was a significant increase in performance for students in the 
iSTART condition, t(48) = 8.55, p < .001, Cohen’s d = 1.42. Similarly, there was a significant increase 
in performance for students in the control condition, t(32) = 3.53, p = .001, Cohen’s d = 0.86 (see 
Table 3). In sum, in addition to the statistical significance, in terms of effect size, both the control 
condition (d = 0.86) and the iSTART condition (d = 1.42) had large increases from pretest to posttest. 

 



Conclusion 
 

The principal aim of this study was to examine the impact of an adaptive computer-based reading 
strategy tutoring system (iSTART) on high school students’ comprehension of expository science 
texts. The results of the study revealed that iSTART had a significant benefit for students in terms of 
their ability to self-explain texts. The students who were provided with iSTART training generated 
better self-explanations on the two posttests as compared to the control students.   

The results also indicated that there were benefits of iSTART, but the benefits only emerged for 
low-knowledge students, and only on the questions that tap textbase level understanding. These results 
echo earlier findings that have shown that iSTART can improve comprehension (O'Reilly et al., 
2004a), and that SERT based training improves comprehension for low-knowledge readers 
(McNamara, 2004), primarily on text-based questions. We are certainly not surprised to see a larger 
effect on text-based questions. Enhanced effects of reading strategy training (using SERT or iSTART) 
for low-knowledge (or less-skilled readers) on text-based questions have been observed in five 
previous studies (Magliano, et al., 2005; McNamara, 2004; O'Reilly, Sinclair, & McNamara, 2004a,b; 
McNamara, O’Reilly, Best, & Ozuru, 2006). This result indicates that reading strategy training allows 
low ability readers to better understand the basic ideas in the text – certainly a worthwhile goal. We’re 
hopeful that additional, extended training for low ability readers will help them to go beyond textbase 
level comprehension and learn to understand text more deeply. 

The control condition in this study was quite stringent in that it controlled for time on task, the 
engagement level of the task, the task being computer based, and the scientific information read by the 
students during the task. Given that this experiment occurred over a period of several months, the 
improvement in student reading ability and knowledge levels may have resulted from their normal 
academic experiences. However, we observed significantly higher gains for students in the iSTART 
condition than those in the control condition, which indicates that iSTART effectively improved 
students’ ability to understand science text over and above their normal academic experiences.   

This report provides only a partial analysis of the data collected in this study.  Future analyses may 
reveal more fully what drove performance on the comprehension tests.  In addition, we would like to 
hand score the self-explanations such that we can better understand the nature of the self-explanations 
across tests. Unfortunately, however, this will be quite an undertaking because it will comprise 
approximately 10,000 self-explanations to be scored.   

In conclusion, the growing recognition of the national importance of science literacy highlights the 
need to provide students with the ability to learn from expository science texts. The results presented 
here demonstrate how the use of powerful educational tools such as the iSTART instructional system 
can help make this possible. 
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