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Abstract. iSTART is an intelligent tutoring system designed to provide
self-explanation instruction and practice to improve students’ comprehension of
complex, challenging text. This study examined the effects of extended
game-based practice within the system as well as the effects of two metacog-
nitive supports implemented within this practice. High school students
(n = 234) were either assigned to an iSTART treatment condition or a control
condition. Within the iSTART condition, students were assigned to a 2 � 2
design in which students provided self-assessments of their performance or were
transferred to Coached Practice if their performance did not reach a certain
performance threshold. Those receiving iSTART training produced higher
self-explanation and inference-based comprehension scores. However, there
were no direct effects of either metacognitive support on these learning
outcomes.

Keywords: Intelligent tutoring systems � Reading comprehension �
Strategy-based learning � Metacognition � Game-based practice

1 Introduction

Though reading is an everyday aspect of the classroom, students often struggle to
successfully comprehend the kinds of informational texts they encounter in school [1].
Self-explaining, or explaining the meaning of a text to one’s self, and self-explanation
training have been shown to help students better comprehend these types of text [2].
The current work explores the effects of a self-explanation training system, iSTART,
on two learning outcomes: self-explanation score and reading comprehension test
performance. More specifically, it investigates the benefits of extended game-based
practice and the effect of implementing two metacognitive supports within this practice.
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1.1 iSTART

Interactive Strategy Training for Active Reading and Thinking (iSTART) is an intel-
ligent tutoring system (ITS) designed to improve students’ reading comprehension
abilities through self-explanation training [3]. iSTART teaches five self-explanation
strategies (comprehension monitoring, paraphrasing, prediction, elaboration, and
bridging) through video lessons, demonstration, and game-based practice [4]. During
practice, iSTART uses a natural language processing algorithm to provide students
with feedback on the quality of their self-explanations [5].

iSTART training encourages the generation of both bridging inferences that con-
nect information from different parts of the text and elaborative inferences that connect
information from the text to prior knowledge. The construction of these inferences
supports the development of a more elaborate and coherent mental representation that
is necessary for successful reading comprehension [6]. As such, iSTART has been
shown to increase the quality of inferences during self-explanation [7] and increase
comprehension for both high school and college students [8, 9].

1.2 Game-Based Practice

A common shortcoming of ITSs is that students may lose interest or motivation during
the extended training and practice necessary to yield benefits. One way in which this
issue has been addressed is through the addition of game-like components to increase

Fig. 1. Balloon bust
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engagement and motivation [10]. With this in mind, iSTART has been adapted to
include game-based practice activities [11]. Practice includes both identification and
generative games. In the identification practice games, students are presented with a
self-explanation and must determine which strategy was used. For example, in the
game Balloon Bust, the different strategies are presented on balloons that float around
the screen. To earn points, the student must not only identify the correct strategy, but
also “throw” the dart at the balloon that represents this strategy (Fig. 1).

More pertinent to the current study are the generative practice games. In these two
games, Map Conquest and Showdown, students construct their own self-explanations.
In Showdown, for example, the student competes against a computer opponent to
construct the best self-explanation (Fig. 2).

The game-based version of iSTART enhances enjoyment and motivation relative to
a non-game-based version [12], and performance within game-based generative prac-
tice is correlated with posttest and transfer comprehension scores [13]. The current
study furthers the investigation by examining learning outcomes (self-explanation score
and comprehension question performance) for students receiving extended game-based
practice as compared to students in a non-training control condition.

1.3 Metacognitive Features

Students generally have poor metacognition [14]. Metacognition refers to a person’s
ability to reflect upon their own knowledge as well as their understanding of a task or
task goals. Metacognition can support successful comprehension as it regulates a
learner’s strategies and efforts [14]. Prompting metacognition has been shown to
improve comprehension. Consequently, researchers have encouraged the inclusion of
metacognitive supports to increase the efficacy of intelligent tutoring systems [15–17].
These metacognitive supports occur at the global level by prompting self-reflection
after the task is completed, but they are also assumed to be beneficial at the local level

Fig. 2. Showdown
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such as when students are prompted to reflect on their performance during the task [18].
Instructional lessons within iSTART provide instruction on comprehension monitoring,
encouraging students to recognize when they do or do not understand the text or parts
of the texts; however, there is currently no explicit prompting within the system to
encourage students to monitor their performance during self-explanation practice. With
this in mind, we developed two interventions designed to support metacognition at both
the local and global levels during extended game-based practice.

The first is a performance threshold that encourages self-reflection at the global level.
Within each generative game, students write between 4 and 10 self-explanations. On each
self-explanation, the participant receives a score (0–3). At the end of each game, the
student’s average self-explanation score is compared to an experimenter-set threshold
(2). If this threshold is not met, the student is notified that the score is too low and is then
transitioned to Coached Practice, in which a pedagogical agent provides explicit feedback
to improve self-explanations. This threshold performance feature has been shown to
increase average self-explanation score on the subsequent generative game [19].

The second feature, self-assessment, supports local metacognition as it asks the
student to reflect on performance on each trial during the task. The self-assessment asks
students to rate the quality of each of their self-explanations before receiving feedback
from the system. Prior work with this feature indicates that students tend to overesti-
mate their performance on self-explanations, though students with high prior knowl-
edge tend to be more accurate [20].

This study is the first study to examine the effect of both metacognitive supports on
posttest performance following extended practice in iSTART. Prior investigations with
the performance threshold and self-assessment features have been limited to single
sessions in which training was too brief to observe measurable posttest gains. There-
fore, the focus of this study is on post-training learning outcomes.

1.4 Current Study

The current study investigated potential comprehension benefits from extended practice
in iSTART self-explanation training. It also follows up on previous work exploring the
implementation of two metacognitive support features: a performance threshold and a
self-assessment rating during practice.

High school students were assigned to either a control condition with no training
(n = 116) or an iSTART training condition (n = 118). Within the iSTART condition,
we employed a 2 (performance threshold: off, on) � 2 (self-assessment: off, on)
between-subjects design.

We compared the quality of participants’ self-explanations at pretest and posttest
and as well as their comprehension test question performance at pretest, posttest, and on
a transfer task. We had two sets of predictions. The first set regarded the use of iSTART
compared to the no training condition. We predicted that the extended practice in
iSTART’s game-based environment would yield improved self-explanation scores from
pretest to posttest. We also predicted this practice would yield increased comprehension
test performance on both the posttest and transfer test and that this benefit would be most
evident for inference-based comprehension questions that assess deeper comprehension.
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The second set of predictions pertained to the effects of the performance threshold
and self-assessment features embedded within the iSTART training condition. Theories
of metacognition generally state that as students gain more information concerning their
performance during learning, they are better situated to adapt or change their future
learning behaviors and strategies [21]. Accordingly, it might be hypothesized that stu-
dents exposed to both metacognitive supports would be best situated to adapt or change
their behaviors and strategies, and subsequently show superior performance on the
posttests. A second competing hypothesis might suggest that the two metacognitive
prompts would be redundant. As such, when combined they would not provide unique
insights for the student relative to having only one [22]. A third (null) hypothesis comes
from skill acquisition theories [23, 24] which place a greater emphasis on the devel-
opment of the skills necessary to complete the task, rather than on explicit metacognitive
interventions. Based on this hypothesis, there were be an overall effect of iSTART in
comparison to the control condition, but no effects of metacognitive support conditions.

2 Method

2.1 Participants

Participants were 234 current high school students and recent high school graduates
(147 female, 87 male) from the southwestern United States who were financially
compensated for their participation in the study. They were, on average 15.90 years old
(range 13–20). The sample was 48.7% Caucasian, 23.1% Hispanic, 10.7%
African-American, 8.5% Asian, and 9.0% identified as other ethnicities.

2.2 Design and Materials

The study employed a 2(threshold: off, on) � 2(self-assessment: off, on)
between-subjects design within those participants who received iSTART as well as a
no training control, resulting in five treatment conditions: (1) threshold only (n = 28),
(2) self-assessment only (n = 29), (3) threshold and self-assessment (n = 30), (4) nei-
ther threshold nor self-assessment (iSTART control, n = 31), and (5) no iSTART
training (no training control, n = 116).

Performance Threshold. The performance threshold was designed to support global
metacognition. After each self-explanation, participants receive a score of poor, fair,
good, or great, which reflects a numeric score from 0 to 3. Lower scores (zero or one)
indicate that the learner has produced an self-explanation that is too short to be of
substance or is a restating or paraphrasing of the target sentence. Scores of two or
higher reflect that the reader has demonstrated integration of prior knowledge into their
response [11]. Given that inferencing and integrating is critical for successful com-
prehension, the performance threshold was set at 2. This threshold score is consistent
with the previous implementation of this feature in iSTART. If the participant’s
average self-explanation score fell below this threshold at the end of a generative game,
a pop-up message would appear (Fig. 3) and they were directed back to Coached
Practice for remediation.
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Self-assessment. The self-assessment feature was designed to encourage local
metacognition. After each self-explanation, the participant was prompted to predict the
quality of the self-explanation as poor, fair, good, or great (again reflected numerically
as 0–3) and to rate their confidence in this prediction on the same scale. After making
this selection, participants were given the actual self-explanation score.

Pretest and Posttest. The pretest and posttest consisted of two science texts: Red
Blood Cells and Heart Disease. The presentation order of the texts as pretest or posttest
was counterbalanced across participants. These texts were approximately 300 words
and were matched for linguistic difficulty. In each text, participants were prompted to
self-explain nine target sentences. After reading, they took a constructed response
comprehension test that included four text-based and four bridging inference com-
prehension questions. Designed to assess more shallow comprehension, text-based
questions have answers that can be found in a single sentence in the text. In contrast,
bridging inference questions require the reader to connect information across two or
more sentences in the text to derive the answer, indicative of deeper comprehension.

Transfer Test. The transfer test was designed to assess the extent to which students
could apply the strategies they had learned to a new context. The transfer text, Plant
Growth, was longer and more difficult than the Red Blood Cells and Heart Disease
texts from the pretest and posttest. Importantly, participants were not prompted to
self-explain while they read the transfer text. After reading, participants took another
comprehension test that consisted of 10 text-based and 8 bridging inference compre-
hension questions about this text.

Fig. 3. Performance threshold pop-up notification
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2.3 Procedure

Participants in the iSTART training conditions came into the lab for five sessions. In the
first pretest session, participants completed the pretest, including the self-explanations and
comprehension questions. Participants were also asked to give basic demographic infor-
mation and to answer a battery of questions that included prior science knowledge. During
the three days of training (three two-hour sessions), participants watched the iSTART
video lessons that introduced them to the purpose of self-explanation and thefive strategies.
After the lessons, participants were transitioned to Coached Practice, a non-game-based
activity inwhich students practicewriting self-explanations and receive detailed, formative
feedback. After one round of Coached Practice, the participants were allowed to move
freely throughout the system to interact with videos, Coached Practice, and the generative
and identification games for the remainder of the training sessions. It was during these three
training sessions that participants in the performance threshold conditions were transi-
tioned back to Coached Practice if they did not meet the performance threshold and
participants in the self-assessment conditions were prompted to rate their self-explanation
quality. In the final session, participants completed the posttests and transfer test.

Those in the no training control condition came into the lab for the pretest session
and then returned to the lab after a few days (M = 3.64, SD = .95) to take the posttest.

2.4 Scoring

Using the same scoring algorithm employed within iSTART, each self-explanation in
the pretest and posttest (nine in each) was automatically scored from 0–3. We then
calculated an average self-explanation score for the entire text.

Three raters scored a subset of 20% of the constructed response comprehension
questions for each text achieving high intra-class correlations for all three texts, (Red
Blood Cells = .90, Heart Disease = .93, Plant Growth = .94). These raters then scored
the remainder of the questions.

3 Results

Analyses of the posttest data indicated no effects of the threshold or self-assessment
features on self-explanation scores, posttest comprehension scores, or transfer test
comprehension scores (all Fs < 1.00, ns). Consequently, the following analyses com-
pare all those who were provided iSTART training to those in the no training control.

3.1 Self-explanations

We first compared pretest average self-explanation scores for those in the iSTART
training condition to those in the control condition. Though the difference between the
two conditions was not significant, t(232) = 1.67, ns, we conducted a two-level anal-
ysis of covariance (ANCOVA) which controlled for average self-explanation score at
pretest. As shown in Table 1, this analysis indicated that those who received iSTART
training received higher average self-explanation scores than those in the no training
control condition, F(1, 231) = 29.78, p < .001, g2P ¼ :11.
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3.2 Comprehension Tests

Though students were randomly assigned to condition, there was a significant differ-
ence in overall pretest comprehension score between the two conditions, t(232) = 2.17,
p < .05. Consequently, we conducted a 2(treatment: iSTART, control) � 2(question
type: text-based, bridging inference) ANCOVA that controlled for overall pretest
comprehension score. This analysis indicated no main effect of treatment on posttest
comprehension score, F < 1.00, ns. There was no main effect of question type,
F < 1.00, nor was there a significant interaction, F < 1.00 (Table 2). Essentially, when
the participants were instructed to self-explain, there was no effect of training on the
immediate posttest.

To investigate the effect of iSTART treatment on the transfer comprehension test,
we conducted a similar 2(treatment: iSTART, control) � 2(question type: text-based,
bridging inference) ANCOVA that controlled for overall pretest comprehension score.
This analysis revealed no main effect of treatment condition, F < 1.00, ns, but a sig-
nificant main effect of question type, F(1, 231) = 11.85, p < .01, g2P ¼ :05, such that
students had higher average comprehension scores for the text-based questions than for
the inference questions. This was qualified by a significant treatment by question type
interaction, F(1, 231) = 6.65, p < .01, g2P ¼ :03. As shown in Table 2, there was no
effect of iSTART training on text-based comprehension question performance, but
those who received iSTART training had a significantly higher average score on the
inference comprehension questions than those who received no iSTART training.

Comparing iSTART training to a no-training control, iSTART increased the quality
of participants’ self-explanations at posttest, but had no effect on comprehension test
performance. However, in a transfer task in which participants were not explicitly
prompted to self-explain, those who had iSTART training yielded deeper compre-
hension as indicated by higher scores on bridging inference questions.

Table 1. Means and standard deviations of self-explanation scores at pretest and posttest

Self-explanation
scores
Pretest Posttest

iSTART (N = 116) 2.30(.55) 2.43(.47)
Control (N = 118) 2.18(.56) 2.02(.63)

Table 2. Means and standard deviations of comprehension test scores from pretest, posttest, and
transfer test as a function of question type

Comprehension scores

Pretest Posttest Transfer Test
Text-based Inference Text-based Inference Text-based Inference

iSTART (N = 116) .55(.27) .58(.26) .58(.38) .58(.27) .35(.20) .27(.20)
Control (N = 118) .49(.31) .50(.24) .51(.31) .55(.28) .33(.19) .21(.18)
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Consistent with the null hypothesis predicted by a skill acquisition account, there
was no effect of either metacognitive support, in isolation or in tandem, on
self-explanation score, posttest comprehension, or transfer test comprehension scores.

4 Conclusions

This study explored the benefits of extended game-based practice in iSTART on two
posttest learning measures: self-explanation and comprehension. Additionally, it
examined the effects of two metacognitive supports implemented within this extended
practice.

Consistent with previous research, iSTART training improved high school stu-
dents’ self-explanation quality. Comprehension test scores indicated no effect of
iSTART training on a comparable posttest text that prompted for self-explanations.
This is a bit surprising, given previous demonstrations of comprehension gains using
iSTART [25, 26]. Nonetheless, and perhaps more importantly, there were significant
benefits of iSTART training on a more difficult transfer text in which participants were
not prompted to self-explain. More specifically, iSTART training enhanced deep
comprehension, as indicated by higher scores on bridging inference questions.

The implementation of the metacognitive supports in a 2 � 2 design allowed for the
testing of three potential outcomes: an additive effect of having both supports prompting
metacognition, an interactive effect in which having both supports would be no more
beneficial than having only one support, and a null effect in which the metacognitive
supports would show no benefits above and beyond the regular iSTART training. The
findings of this study support this final hypothesis, as there were no effects of either
the performance threshold or self-assessment. This suggests that the gains in
self-explanation quality and comprehension performance are related to consistent
practice, rather that the metacognitive interventions that we implemented in this study.

Given that the implementation of these metacognitive supports did not harm per-
formance and have previously showed in-system benefits [19], it is worth continuing to
implement their use and to conduct further investigations into how they affect training.
One possibility is that the metacognitive supports have an indirect effect such that the
performance threshold and self-assessment affect the way the readers interact with the
system. Thus, we are investigating how these supports affected in-system performance
and how these differences may in turn relate to posttest learning outcomes. For
example, these features may increase motivation or enjoyment, which can encourage
students to persevere and engage in the long-term practice needed to master complex
reading comprehension skills [11, 12, 27]. We are currently analyzing the log data
collected during training to explore how these supports affected interactions with the
system, such as which games were played or time spent in off-task behaviors, and how
differences in these interactions relate to self-explanation and comprehension gains.
Importantly however, the manipulation of the metacognitive supports did not affect
post-training performance, regardless of students’ abilities or reported motivation.
Hence, this study provides important information regarding the potential impact of
these types of scaffolds, particularly in the context of intelligent tutoring systems that
provide adaptive tutoring grounded in skill acquisition theories [28].
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