Who Helps When the Tutor Is Asleep?
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Abstract. While many computer tutoring systems have long been delivered as
desktop applications, these systems have only recently begun to appear on mobile
devices. In this work we apply principles of mobile human computer interaction
and mobile learning to the design and development of an intelligent tutoring
system delivered on a personal digital assistant (PDA). More specifically, we
focus on the changes required of the interface, activity, and architecture of a
desktop intelligent tutoring system to facilitate and support mobile device delivery.
To illustrate, we developed a proof-of-concept mobile tutor for business math and
tested it in a course designed for first-year college students. Our experiences with
the tutor suggest that a tutor based on principles of both mobile learning and
mobile human computer interaction can provide a mobile tutoring system capable
of providing support to students consistent with mobile device usage patterns.
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Introduction

Intelligent tutoring systems (ITSs) have been shown to provide students with learning
gains greater than peers receiving standard instruction [1, 2]. Likewise, students using
ITSs for homework have outperformed peers using standard textbook support for
homework [3]. While the use of ITSs for learning support outside of typical instruction
hours has been effective, it is based upon the assumption that a student will have access
to a personal computer capable of executing the ITS software. In 2004 the National
Council of Educational Statistics reported that in families earning less than $15K per
year, only 17% reported having access to the internet from any location (e.g. work,
home, library) [4]. One approach to overcoming the dependence on personal computer
ownership in delivering personalized computer-aided instruction is to employ mobile
devices in lieu of personal computers. For example, Virvou and Alepis [5] created a
system that enables instructors to create ITSs which deliver content and exam questions
to students via short message service (SMS) messages or email. While such an
approach is effective for ascertaining student knowledge, it does not contain an
underlying model of student behavior nor does it seek to tutor in a particular domain.

In this project we describe how an ITS can be delivered on a mobile device. We
base our work on the Cognitive Tutor architecture [2, 6] to provide hints and feedback
that are dependent on the current state within the problem-solving domain. To design
the mobile ITS we apply mobile learning (m-learning) and mobile human computer
interaction (HCI) principles to intelligent tutoring systems. Our goal was to determine
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an effective method to simplify the complex tutoring interfaces for students and
provide them with adequate space to solve the problem. In addition, we set out to
determine a teaching strategy that best supports students in the absence of an instructor
without distracting from the user experience. To implement the tutor, we modified the
Cognitive Tutor Authoring Tools (CTAT) [7, 8], an authoring tool for desktop-sized
tutoring systems to support the smaller interface of mobile devices.

1. Previous Research on Mobile Intelligent Tutoring Systems

A review of the mobile learning and intelligent tutoring literature reveals that mobile
intelligent tutors can be primarily classified in one of two ways; systems based on
Short Message System (SMS) and systems representing scaled-down versions of the
full desktop interfaces. This section describes these types of systems. The use of SMS
communication, also known as text messages, has been used to facilitate personalized,
student-to-student instruction [9]. Systems have been designed to present students with
quiz or exam questions that are tailored to their current level of domain understanding
[5, 9]. In addition to presenting students with basic course material, authoring systems
have also been developed to support the personalization of materials [5, 9] by teachers.
Personalization is achieved when systems are designed to present, via text messaging,
students with questions to answer — typically multiple-choice questions that facilitate
a simple response of a number or letter choice. Upon receiving the user’s response to a
question, the system sends another question to the student while recording all responses.

In contrast, some systems start with a full-fledged desktop system and scale it
down — in terms of interface size and often functionality as well — to deal with the
limitations of the mobile platform. Kong et. al. [10] have developed a handheld
cognitive tutor to investigate the potential for collaboration between users. These
miniature desktop systems are created with the goal of duplicating the form and
function of desktop systems, such that users are presented with an interface whose
function is similar to an equivalent desktop ITS. While the selection of the mobile
platform does enable users to interact in a manner different than desktop systems, this
approach does not change the fundamental design of the desktop ITS.

Our approach to designing a mobile ITS involves the design of a user interface that
takes into account the differences between mobile devices and desktop computers as
they relate to ITSs, as shown in Table 1. We designed a mobile ITS that implements
tutoring strategy via problem design and focuses on a granularity of hints and feedback
messages that maximizes the affordances of mobile devices. In this sense, the system
described here aims to bring the power of intelligent tutoring systems into mobile
devices by taking advantage of their many benefits while offering some theory-based
adaptations to alleviate some of their limitations.

Table 1. Comparison between mobile devices and desktop usage.

Mobile Device Desktop
Input Small keyboard, multiple chars/key Full size keyboard, 1 char/key
Display 2-4 inch display 14+ inch display
Connectivity Wi-Fi, Cellular Ethernet, Wi-Fi

Delivery Client only Standalone



2. Behavioral Model Description

In our mobile ITS we adopt a tutoring strategy focused on tutoring a specific portion of
the behavior graph underlying the tutor. Specifically, we used the Cognitive Tutor
Authoring Tools (CTAT) [7, 8] to develop behavior models for the tutor, as shown in
Figure 1. The behavior model is a representation of the problem space explored by the
student, and reifies the steps towards a solution through a sequence of nodes (states)
and edges (user actions). For example, for the long-addition example shown in Figure 2,
edges of the behavior model represent the entry of correct sums and nodes represent the
current stage in the addition process. Researchers have explored this reification of the
problem space as the basis for developing an understanding of how students solve
problems [11, 12]. We hypothesize that the majority of the errors made by students in
the chosen domain occur in the initial states of the problem space—e.g., selecting the
incorrect formula or misidentifying given information—rather in the final states
involving more basic mathematical calculations.
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Figure 1. Sample CTAT behavior model for long addition.
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Figure 2. Sample tutor interface.

Due to the constraints imposed by the mobile device (e.g. smaller screen real estate
and input keys) we chose to implement a teaching strategy that focuses tutoring on the
upper portions of the tree and provide students support on the initial states in the
problem solving space, as shown in Figure 3, to decrease the amount of time required
to solve each problem. We impose a cut in the tree and provide hints to support the



states below the cut. Consider an example based on Figure 3: The first level of hints
reminds students to read the problem again; for example, “How many different
numbers to you notice when you read the problem?”. The second level of hints
provides support for the state just below the cut; for example, “What is the decimal
equivalent of 6.5%?”. The third, and final, level provides students with the correct
answer and instructs them to ask the instructor for further clarification. This structure
enables students to use worked examples to see what correct answers should be and
supports a learning curve for difficult calculations. We believe that tutoring the initial
states, above the cut, enables the problems to be solved in shorter periods of time (e.g.
2 minutes vs. 20 minutes) which make them more conducive to the manner in which
users currently engage in mobile tasks [13].

Problem

Select correct
formula

Identify
Variable
values

Calculate
variables

Apply math
operations [r=39/100 |

Figure 3. Cut in tree of sample problem solving space.

3. Design of This Mobile Intelligent Tutoring System
3.1. Hardware Selection

For this project a personal digital assistant (PDA) was selected as the device to deliver
the mobile ITS. The use of cellular or smart phones would have required the purchase
of a cellular plan to enable the device to be used, in addition to monthly costs for the
data services; although not necessarily a research issue, the implementation of a mobile
ITS does require consideration of financial costs, and thus we favored the PDA as our
platform of choice. While it can be assumed that the majority of students may have
access to some type of mobile device, the lack of consistent platforms and operating
systems makes the development of a universally accessible application impractical.
(Also note that although laptop computers are portable and serve as another potential
platform, we do not include them in our definition of mobile devices because they are
closer to desktop computers in terms of their size and function.)



3.2. Interface Changes

In mobile HCI there are many approaches used to present information on the compact
screen, such as placing control buttons on top of information and using outline style
layout [14]. To support our hypothesis and design of problems suitable to mobile
device usage, we placed each step of a problem solution space on a different screen and
carried forward only information that was relevant for the next screen. This type of
hierarchical display was effective because it provided support to students comparable
to what they would receive from the instructor.

3.3. Activity Changes

To develop an ITS that is tailored for the mobile platform, we implemented problems
that can be solved in roughly 2 minutes as opposed to longer word problems requiring
30 minutes to solve. To support our hypothesis regarding errors introduced in the
initial solution states, we implemented two types of problems, long and short problems
as illustrated in Figure 4: long problems required students to calculate the final answer,
whereas short problems do not. The introduction of short problems enables students to
solve them in shorter periods of time while the use of long problems ensures students
receive practice and support in the mathematical calculations of the later states in the
problem solving process.

In addition to the design of the problems for the mobile ITS, the granularity of the
feedback and hints also supported the upper tree tutoring hypothesis. The tutor did not
aim to support student ability to perform of mathematical manipulations such as
addition and subtraction but reminded them to make them about which calculations to
perform. For example, if the next step involved entering 13.9% as a decimal, the first
level hint would read ‘read the problem statement again’. The second level hint might
read ‘the formula requires the percent to be written as a decimal’ as the students are not
instructed on how to perform the calculation for the conversion. The third and lowest
level of hints provided students with the answer and then referred students to the
instructor for clarification. The reference to the instructor was included because we felt
that the limitations of input capability and screen real estate made providing more
detailed support to students not feasible and would distract from the user experience.
Additionally, the role of this tutor in this capacity is to support students ‘on the go’ and
solve the problems within a few minutes.

4. Experimental Study

The mobile tutor was developed for the Business Math 101 undergraduate course at
Drexel University. The topics covered were Simple Interest, Compound Interest,
Annuities, and Amortization. Participating students were solicited from sections taught
by one instructor. Thirty undergraduate freshmen consented to participate and were
randomly placed into either the control or experimental group. The tutor was
implemented as a homework tutor enabling students to replace traditional textbook-
based homework with mobile ITS-based homework.

The control group was required to complete the course homework as they normally
would and record their answers on paper. The experimental group was asked to
complete the same homework assignments using the mobile intelligent tutoring system



accessed by a personal digital assistant (PDA). Students in both groups answered the
same questions, from the textbook, for the homework assignments.
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Figure 4. Depiction of long and short answer questions.

Prior to the study, students in the experimental group were given training on the
use of the PDA and the tutor. To make accessing the tutors easy for the students, each
PDA was set up with a direct link to the tutor through the PDA’s web browser.
Students in the control group were provided with packets containing 1 page per
homework problem. The Cognitive Tutor tutoring service logged all student inputs to
each tutor question. The collection of the control group’s paper homework allowed for
comparison of answers between groups.

Student knowledge was assessed four times during the study using two pretest and
two posttest exams. The first pretest covered the topics of Simple Interest and
Compound Interest, and the second pretest covered the topics of Annuities and
Amortization. As part of the existing course structure students took weekly quizzes.
The quizzes for the four tutored topics were used as the posttest for this experiment.

4.1. Study Results

In this study we aimed to address the following questions: (1) Can an ITS based on the
Cognitive Tutor architecture be designed to support mobile platform delivery? (2) Can
students receive tutoring support outside of formal classroom and instructional times?

We analyzed the pretests and posttests to determine whether errors were committed in
the initial or later states. For example, selecting the incorrect formula would be an
initial state error whereas mathematical mistakes committed while solving a correct
equation were considered later state error. Analysis of the posttests revealed that for the
Simple Interest and Compound Interest topics, 94% of the student errors were due to
mistakes made in the initial states of problem solution (e.g., selecting the wrong
formula or solving for the incorrect variable) as opposed to performing the initial
problem solving steps correctly and incorrectly solving the final equation. This result
supports the decision to tutor the students on the earlier states of the behavior model.



The pretest-to-posttest comparison indicated that students who used the tutor
performed better than those in the control group. While these results are promising,
they were not statistically significant due to the low number of participants.

In total 66 questions were answered by students in the experimental group. The
most surprising result was evident during the analysis of the time of day in which
students answered questions: As shown in Figure 5, more than half (56%) of the
questions were answered when human tutors would not have been available (i.e.,
outside the Drexel Math Department tutoring office’s normal hours of operation, 10am
to 6pm). Also, Figure 6 shows that students used the mobile ITS in a fairly wide variety
of locations. Additionally, students reported that the tutor was helpful when they were
completing homework. One student was particularly pleased with the elimination of
the need to carry the textbook that contains 1060 pages and weighs 4.2 pounds.

20
15

IR I R R R R R U IR
PP ITITIT T R R3IRNKRSK
$ »&QQ 690 S S S w@ S $

IS
> SRR DR R SRS

N

<

Figure S. Distribution of times during which students used the mobile ITS.
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Figure 6. Distribution of locations in which students used the mobile ITS.

5. Conclusions and Future Work

This paper discusses the design and implementation of a mobile intelligent tutoring
system based upon the Cognitive Tutor architecture and the outcomes of a field study
testing the tutor. The tutor design represents a shift in traditional tutor design and
implementation to support mobile device delivery. The field evaluation of the mobile
ITS revealed that students did indeed tend to make errors in the initial stages of
problem solution—that is, in the upper part of the behavior graph. The evaluation also
found that the tutor could provide instructional support to students outside of the
classroom instruction time and when a human tutor would not normally be available.



Our results raise some issues that will require future investigations for mobile ITS
research. Although 56% of the questions were answered on campus in either the library
or campus housing, students reported difficulty in either establishing or maintaining a
Wi-Fi connection to the Internet and tutor, despite the presence of a campus-wide
wireless network. These connectivity problems required students to make multiple
attempts to complete questions and prolonged the amount time spent completing
homework assignments, thus sabotaging the goal of completing questions in 2 or 3
minutes. When integrated fully into courses, instructors and ITS developers must factor
in connectivity issues that may arise and determine who—the student or instructor—is
ultimately responsible for overcoming the issues and how these issues may affect
student performance. We are now planning additional field studies from a larger pool
of students in hopes of gaining further understanding of such limitations that will in
turn benefit the design and deployment of mobile tutoring systems.
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