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Abstract. This paper introduces StairStepper, a new addition to Interactive
Strategy Training for Active Reading and Thinking (iSTART), an intelligent tu-
toring system (ITS) that provides adaptive self-explanation training and prac-
tice. Whereas iSTART focuses on improving comprehension at levels geared
toward answering challenging questions associated with complex texts,
StairStepper focuses on improving learners’ performance when reading grade-
level expository texts. StairStepper is designed as a scaffolded practice activity
wherein text difficulty level and task are adapted according to learners’ perfor-
mance. This offers a unique module that provides reading comprehension tutor-
ing through a combination of self-explanation practice and answering of multi-
ple-choice questions representative of those found in standardized tests.

Keywords: Intelligent tutoring systems e Game-based learning ¢ Reading com-
prehension e Strategy based learning e Reading assessment e System adaptivity

1 Introduction

Reading comprehension is a difficult skill to master, yet it is an essential skill for
success in school, careers, and daily life [1, 2]. Unfortunately, most students are not
proficiently literate, with only 37% of 12th grade students at or above proficiency [3].
Literacy rates continue to be problematic in adulthood: recent data revealed that 40%
of adults in the United States scored below functional literacy levels.1

A common way of assessing literacy is through standardized tests that rely on stu-
dents reading passages and answering multiple-choice questions [4]. Extended prac-
tice is necessary to achieve success on these tests. Intelligent tutoring systems (ITS)
provide extended practice with individualized automated, adaptive instruction and
feedback that can supplement classroom instruction [5].

One example of such a program is Interactive Strategy Training for Active Reading
and Thinking (iISTART), an ITS that provides reading comprehension strategy train-
ing and practice geared toward complex texts. Within iSTART learners self-explain
texts and receive automated feedback on the quality of their self-explanation (SE).
This training increases inferencing skills, which supports deeper text comprehension
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[6, 7]. iISTART includes instructional scaffolds such as animated lesson videos, guid-
ed practice, and game-based practice [8]. Additionally, the system utilizes natural
language processing (NLP) algorithms to assess the quality of the learners’ SEs and to
drive feedback.

StairStepper is a recent addition to iSTART, developed to provide an additional
source of instruction for less-skilled readers. In particular, Stairstepper targets adult
literacy learners whose reading proficiency is comparable to students at the 3" to 8t
grade levels. By contrast, iISTART involves reading texts that are appropriate for high
school and college students. Hence, one objective was to include reading practice for
these less-skilled readers. A second objective was to include practice with short pas-
sages and corresponding multiple-choice questions that mimic the types of reading
tasks in standardized tests. While multiple-choice questions tend not to reveal deep
text comprehension, they are tasks that students are expected to perform well, and are
often used in high-stakes testing to estimate reading ability. StairStepper is not in-
tended to be used in isolation, but rather to supplement the existing SE and compre-
hension strategy instruction already found in iSTART, such that students receive
training and practice to develop both test-taking skills and deeper text comprehension.

2 StairStepper

StairStepper is a game-based practice module in which learners ascend a staircase of
increasingly difficult texts. Students climb up the stairs when they answer questions
about the text successfully, and go down the stairs when they do not. Students are also
asked to self-explain texts when their performance drops. The goal is to reach the top
step by successfully answering comprehension questions for the most difficult texts.
StairStepper adapts to learners’ performance through scaffolded SE practice and by
adjusting text difficulty depending on comprehension question scores. SE prompts are
scaffolded (no prompt, prompt without feedback, prompt with feedback) based on
students’ multiple-choice comprehension question performance. This approach is
intended to help learners increase their awareness of when self-explanation may bene-
fit comprehension, and in turn, train learners to self-explain without being prompted.
The module comprises 162 expository texts, varying in difficulty (appropriate for
grades 1-12), length (ranging from 7-80 sentences), and topic matter (history, sports,
science, and life-relevant). This library was extracted from public websites:2 to afford
extended practice using a diverse set of texts found in typical reading assessments.
Four raters ranked the texts into levels, iteratively sorting subsets of the texts accord-
ing to their relative difficulty. Raters repeated this procedure until they agreed on the
texts’ rankings. This process yielded 13 levels with at least five texts per level. Texts
in the first level were discarded because they were too short to support comprehension
questions, yielding a final set of 12 levels. These difficulty rankings correlated with
Flesch-Kincaid Grade Level (r =.79) and with Dale-Chall readability (r = .77).

1 http://www.ereadingworksheets.com/e-reading-worksheets/online-reading-tests/
2 http://mrnusshaum.com/readingpassageindex/



Each text is followed by multiple-choice comprehension questions (4 — 20 per text)
retrieved from the same sites as the texts. Questions that were ambiguous or not relat-
ed to text material were removed. The questions were manually categorized as text-
based (N=677; i.e., answers found within one sentence), bridging (N=160; inferences
made across two or more sentences), or elaboration (N=144; inferences made between
text information and prior knowledge). The proportion of each type of question was
35-45% text-based, 45-55% bridging, 8-10% elaboration for texts (n = 78) at level 8
and up. The lower levels were dominated by text-based questions (70-100%) and
fewer bridging and elaboration questions (around 15% each). Therfore, only the more
difficult texts (levels 8 and up), were piloted via Mechanical Turk. Participants (n =
259) read and answered the multiple-choice questions for a randomized subset of 20
texts. These data were used to further revise the question set. Questions with 0% ac-
curacy (N = 6 of 818) were removed. Experimenters then correlated text performance
with participants’ average scores. Three of the 78 texts were removed that did not
correlate with individuals’ average score due to ceiling effects. Note that each diffi-
culty level reflected text difficulty, not the difficulty of any given question. However,
there were more deep comprehension questions (bridging and elaboration) for higher
level texts.

There are four parameters that can be set by the experimenter: initial text difficulty
level (default value = 5); threshold for question accuracy (default value = 0.75), use of
SE score in determining scaffolding/difficulty level (default is off), and threshold for
SE score (default value = 2.0). Each learner begins StairStepper by reading a text at
the pre-set initial difficulty level (e.g., level 5), and then answers multiple-choice
comprehension questions for that text. In order to ascend a stair, learners must receive
a comprehension score at or above the question accuracy threshold; in our described
scenario, the learner would next read a text at difficulty level six. If the comprehen-
sion score is below this threshold, the learner would be prompted to self-explain the
subsequent text and then answer corresponding questions. If on this text, the learner
still does not meet the comprehension threshold, the text difficulty level would de-
crease and the learner would self-explain the next text with feedback. Using an NLP
algorithm, the system scores SEs from 0 to 3. Learners receive 3 points for SEs that
successfully bridge information across multiple sentences in the text and with prior
knowledge. The score is intended to offer feedback to students about their SEs so that
they might improve as they moved forward through the module. This provides addi-
tional support for deeper text comprehension, thus facilitating question answering.
Regardless of whether the learner is at the scaffolding level that provides feedback,
they always see their score for each SE. This process allows learners to receive sus-
tained remedial SE practice tailored to their specific needs.

3 Conclusion

The StairStepper module was developed to help improve reading comprehension
skills of adult literacy learners and prepare learners for standardized assessments.
Because standardized testing is commonly used to determine graduation from and



admittance to education programs, performance on the tests is crucial to success in
school, careers, and daily life. Hence, StairStepper was developed to provide learners
with practice using SE to support comprehension (when needed) and practice answer-
ing reading comprehension questions similar to those observed in standardized tests.
We have begun testing the benefits of using StairStepper as a form of extended and
remedial practice. Next steps include development of an NLP algorithm to reliably
estimate the difficulty of new texts using the StairStepper rating system, allowing
researchers and educators to add texts and have them automatically assigned to the
appropriate (relative) difficulty level. Such an algorithm is necessary because texts
and question difficulty in various tests are each leveled according to different stand-
ards and methods, and thus one algorithm is necessary for this particular module.
Future work will examine the relations between SE skills and comprehension accu-
racy for adult literacy learners. This project contributes a necessary technology to
address the dearth of computer-based literacy education for adult literacy learners.
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