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The ASTutE project provides a computer-based tutorial resource designed to work alongside tutors
to help meet the challenge of teaching increasing numbers of students with increasingly diverse
backgrounds. ASTutE is used to solve the majority of student difficulties, freeing the academic
tutors to deal with more complex misunderstandings to which they are currently unable to devote
sufficient time. Problems are broken down into key stages and then substages using question types,
including multiple choice/response, text, number-unit and maths entry, diagram creation, hot spot
and drag-and-drop. A key feature of ASTutE is the ease with which tutors can quickly write new, or
modify existing, problems by editing a simple template. Templates are edited in a way that demands
only the most basic knowledge of any spreadsheet package. Students use ASTutE interactively to
check answers or as a detailed help system, accessing only as many help stages as they require. A
fundamental objective of ASTutE is to provide feedback tailored according to the responses of an
individual student. As a result, the student takes one of many possible routes through a tutorial
problem, consistent with their understanding of the topic.

INTRODUCTION

In recent years, UK student numbers have grown
substantially, while, at the same time, the backgrounds
of these students have become increasingly diverse.
Academics are finding that traditional teaching meth-
ods alone are struggling to cope with these increased
demands and that they must develop new strategies.
One option is to incorporate new learning technolo-
gies such as Computer-Aided Learning (CAL) into
the curriculum to support and enhance existing teach-
ing methods. Engineering, which has a substantial
mathematical content, is particularly suited to a com-
puter-based teaching approach and this has led to the
development of a significant number of CAL pack-
ages in this subject area.

Tutorials are particularly affected by the pressures
described, yet experiential learning through tutorial

work is an essential component in the consolidation of
students’ understanding of lecture material. Tradition-
ally, sheets of problems are handed out and tutorials
on these problems are held in small groups with stu-
dents discussing and solving their difficulties with the
help of a tutor. But the small group is increasingly not
so small and discussing and solving difficulties on
an individual basis is becoming less feasible. The aim,
therefore, is to utilise CAL material as an additional
tutorial resource in a way that concentrates on mak-
ing tutorials more effective for all involved.

To this end, several key criteria were identified:

· The tutorial resource must be an integrated part of
the curriculum, available at all times for use both in
and outside time-tabled sessions.

· It should solve the majority of difficulties for the
majority of students, freeing tutors to deal with
more complex misunderstandings. Solving every
conceivable difficulty would not only be too am-
bitious, but also inefficient.

· The student interface must mirror the pencil-paper
approach as far as possible: defining the problem
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requirements, setting up diagrams, writing and solv-
ing equations.

· Students must find it easy to use and be able to
work at their own pace, taking the learning route
that suits them best.

· It should be possible to incorporate the resource
into existing courses without major modification,
retaining the use of existing problem sheets.

· Tutors should be able to write or modify problems,
which must be a quick and easy process, with no
requirement to install special software and a mini-
mal learning curve.

BACKGROUND

There are many excellent existing CAL products in
the mathematics and engineering disciplines. These
can be either commercial or non-commercial and in-
clude diagnostic testing products, teaching and learn-
ing materials and assessment environments. The most
relevant of these were considered for use in ASTutE
(Automated Student Tutorial Environment).

A non-subject specific product considered was
Question Mark, commercial software that allows crea-
tion, delivery and marking of questions on a computer
in a very simple and easy manner  [1]. Available ques-
tion types are multiple choice/response, hot spot, se-
lection, number/text entry. Questions are mainly pre-
sented sequentially with textual feedback available,
but simple jumps between questions can also be added.
Universities have used Question Mark for diagnostic
mathematics testing, but other products have been
developed specifically for this purpose [2][3]. One ex-
ample is DIAGNOSYS, a DOS-based system funded
by the Teaching and Learning Technology Programme
[4-6]. Single stage, multiple choice, numerical and sim-
ple algebraic questions can be written.

Much CAL software consists of teaching material
followed by sets of questions, and Mathwise and
CALMAT fall into this category [7][8]. CALMAT has
a sister product, TASMAT, a tutorial and assessment
system that enables tutors to construct customised tests
with random parameters [9]. Records of student re-
sults are maintained and these may be inspected and
printed out by the tutor. The logging on, reporting and
monitoring facilities of this software package are suit-
able for use in ASTutE. Other packages that consist
only of questions are AIM, from the CALM project
[10-12], and Maths Assessor, part of the Intermath
project [13][14]. Maths Assessor delivers sets of ques-
tions and collects student responses. Questions are
prepared in a conventional Windows word-processor
and can contain diagrams and mathematical notation.
The maths entry tool developed during this project has

been adopted by ASTutE.
It was always the intention to incorporate existing

code where possible. This was also the case for the
unit-number checking code developed by Dynamic
Teaching Solutions, a project that provides software and
hardware resources for teachers of engineering dynam-
ics, including a web-based tutorial system [15][16].

In summary, existing CAL materials tend to fall
into one of three broad categories:

· Pre-written questions with no facility for tutors to
write their own questions.

· A package allowing tutors to write problems easily
and quickly but limited to single stage, mainly mul-
tiple choice or text match question types.

· A package allowing tutors to write more complex
problems, but still mostly single stage and often re-
quiring special editing software with an associated
learning curve.

A key objective of ASTutE is to allow tutors to
write multiple stage, multiple route problems easily and
quickly, without the need to learn special software. To
avoid unnecessary duplication of effort, it was hoped
that an existing product would meet, or could be modi-
fied to meet, the desired criteria. While this was not
the case, the knowledge gained through consideration
of the existing material greatly influenced the devel-
opment of the ASTutE Tutorial Assistant and elements
of existing products have been incorporated where
appropriate.

THE ASTUTE TUTORIAL ASSISTANT

ASTutE is flexible and designed to be used in different
ways according to students’ needs and abilities, as
described below and shown in Figure 1.

Figure 1: Flow chart of basic ASTutE structure.
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The initial screen of ASTutE presents students with
an answer box in which to enter a final answer if ac-
cess to the help system is not required (this is demon-
strated in Case Study 1). Therefore, in the simplest
scenario, ASTutE is used as an answer checking sys-
tem. Strong students who have successfully completed
a problem on paper may log on simply to check an-
swers and perhaps look through the model solution.

If the help system is accessed, students choose
any key stage of help they require. The second sce-
nario is when students experience a difficulty at a
certain point in a problem or are uncertain about their
chosen method, for example, choosing equations. Here,
ASTutE provides specific help, solving the student’s
particular difficulty without going through the whole
problem. In the third scenario the help system is
accessed from start to finish. Weak students are led
interactively through a problem, stage-by-stage and in
a logical manner.

It would be too ambitious and inefficient to attempt
to solve every conceivable difficulty for every student
and so the tutor is available to address the more com-
plex or unusual misunderstandings.

Problem structure

ASTutE is designed to allow students to tackle a prob-
lem in much the same way as they would on paper.
This generally consists of setting up the problem data,
creating the diagram if applicable, choosing equations
to use, applying those equations and solving the equa-
tions. Each problem is broken down into five key stages
(shown in Case Study 1), each of which can have any

Figure 2: Example substage.

number of substages.
A student can work through as many of the five

key stages as are felt necessary and the key stages
can be accessed in any order. The response to any
substage within a key stage determines the substage
shown next. Feedback is tailored to the individual re-
sponses, resulting in a student taking one of many pos-
sible routes through a problem, depending on their
understanding of a topic. Students typically make one
of a limited number of possible mistakes at any stage
in a complex problem and so the necessary substages
can be identified relatively easily by a tutor. If an
unpredicted but common difficulty emerges, the tutor
modifies the existing template to incorporate it.

Figure 2 shows an example of the first substage
within a key stage asking students to differentiate an
expression. There are many possible routes through this
substage. For example, a student who differentiates the
expression correctly, moves directly onto the next sub-
stage, which is to solve the resulting quadratic equa-
tion, taking the most direct route through the key stage.
A second student, however, integrates instead of dif-
ferentiates and so receives appropriate feedback. On a
second attempt, the answer is still incorrect but this time
the error cannot be diagnosed. The differentiation is
now tackled term by term and when finally achieved,
the student moves onto the next substage.

Both students finally arrive at the same point but
have taken very different routes through the problem.
This exemplifies how ASTutE consists of multiple stage,
multiple route problems. The tailoring of feedback and
the multiple route approach encourage active engage-
ment and, therefore, a deeper approach to learning.
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Question types and diagnosis

ASTutE supports an extensive range of basic question
types, including multiple choice/response, text/number
entry, hot spot and drag-and-drop. Below are some of
the complex question types that are created from these
basic question types:

· Diagram creation: drag-and-drop is implemented,
allowing flow charts to be built up and diagrams la-
belled. An example of this question type being used
in chemical engineering is given in Case Study 2.

· Number-unit entry: students must provide a suit-
able unit for a numerical answer. This code was
developed by the Dynamic Teaching Solutions
project and is currently utilised in both mechanical
and chemical engineering [15][16].

· Maths entry: the simple number entry question type
has been complemented with the facility to enter
complex mathematical expressions in an easy and
familiar way, eg the answer to a differentiation [13].
The maths entry dialogue box used is shown in Fig-
ure 3.

· Multiple response: although this is a very straight-
forward question type, the diagnosis is complex.
ASTutE allows the tutor to give specific feedback
to any multiple response combination offered by
the student.

Writing problems

The ASTutE engine runs as an executable file, reading
in problem data from text files. Only these text files
need to be modified to write problems and this is done

using any spreadsheet package (Excel is used in Case
Study 2). The tutor opens up a problem template and
then follows the instructions in the file to write a prob-
lem. The completed file is then saved in text file for-
mat. Tutors need not learn to use any special software
to be able to write problems. This is very important in
encouraging the uptake of this new teaching tool.

The only requirement for someone wishing to write
their own problems is a basic spreadsheet knowledge.
Both the ASTutE engine and associated problem tem-
plates were developed in close collaboration with tu-
tors to ensure applicability and ease of use.

ASTUTE CASE STUDIES

The first case study illustrates the principal generic
features of the student interface: the initial screen and
help menu. The second case study gives an example
of a complex question type, including how this is cre-
ated by a tutor.

Case study 1: partial fractions

The Maths Learning Support Centre in the Depart-
ment of Mathematics provides a range of services
designed to support any student in the University in
their learning of mathematics. A range of facilities
are available to achieve this aim, including handouts,
textbooks, videos, computer-based materials, personal
guidance and one-to-one tuition. ASTutE is one of the
computer-based materials utilised.

One common problem area in mathematics is the
understanding of partial fractions and this can be tack-
led through ASTutE. Students are encouraged to at-
tempt problems on paper and then to use ASTutE for

Figure 3: Partial fractions: initial ASTutE screen.
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either answer checking or as a detailed help system.
After ASTutE has been launched and a partial frac-

tions problem selected, the student is presented with
the initial screen shown in Figure 3, which displays an
answer box encouraging the student to enter the final
answer. The answer to this problem is a complex math-
ematical expression and so clicking on the answer box
brings up a maths entry dialogue box that allows the
student to enter the answer in an easy and familiar way.

If the answer given is correct, as in this example,
then the student can move directly onto the next prob-
lem, checking a model answer first if desired. This is
the quickest route through ASTutE and allows it to be
used as an answer checking system.

If, however, the student is unable to complete the
problem, then they can enter the help system by click-

ing on the Help button in the bottom right hand corner
of the screen. The main help menu is then displayed,
as shown in Figure 4. The five key stages of this prob-
lem can be seen: Define Fraction Type, Factorise
Denominator, Choose Appropriate Form, Find Con-
stants, Solve Problem. Each of these key stages may
have one or more substages.

Such a structure is also important in encouraging
the student to develop a logical approach to problem
solving. When a student experiences a specific diffi-
culty in a problem or is uncertain about the chosen
method, eg choosing equations, ASTutE is able to pro-
vide specific help, solving the student’s particular dif-
ficulty. Students may choose any key stage of help
they require and they can, therefore, obtain specific
help on a given problem without going through the

Figure 4: Partial fractions: help menu.

Figure 5: Partial fractions: help menu with four out of five of the summary stages completed.
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whole problem.
The weakest students, those who are in need of

detailed help, will access the help system from start to
finish and will be led interactively through the prob-
lem, stage-by-stage. This allows the students to build
up a knowledge of how to tackle a problem in a logi-
cal manner and will help them with future problems.
This can be seen in Figure 5 where a student working
through the help system has completed four out of the
five stages, as indicated by the summary information
shown on the stage buttons. By comparison, Figure 4
shows a screen shot in which none of the five key
stages have yet been accessed.

A student’s progress through the problem is intended
to mirror the pencil-paper approach as far as possible,
with many different question types being utilised to
achieve this. For example, in the first substage of each
key stage, multiple choice was used to define the frac-
tion type, the maths entry tool was used to factorise
the denominator, drag-and-drop created the appropri-
ate form, and simple number entry specified the con-
stants. Tailored feedback is offered to incorrect re-
sponses at each help stage of the problem, with each
student taking a different route to gain a full under-
standing of the problem.

Case study 2: recycles

The Department of Chemical Engineering uses ASTutE
to provide additional tutorial assistance for their Ma-
terial Balance module. Tutorial problem sheets are
handed out in the traditional way, but students attend
tutorials in a computer lab where they have access to
ASTutE to solve the majority of their problems, while
a tutor circulates the room to solve the more complex
problems. A particular difficulty encountered by stu-
dents across all engineering and science disciplines is
to create the relevant diagram from information given
in the problem text. ASTutE allows the student to cre-
ate the problem diagram using individual components
from a library and gives detailed feedback throughout
the process. This builds up students’ confidence in
conceptually difficult areas as they develop their own
models of understanding.

The first crucial step in the Material Balance prob-
lems is to create a flowsheet from the given problem
information. This flowsheet is then used as the basis
for solving the rest of the problem. The screen-shot
of Figure 6 shows a student setting up the flowsheet
for a chemical process that consists of reacting a given
substance, removing the product and recycling any
unused substance. The student chooses a component
from the library in the bottom half of the screen and
places it anywhere on the grid in the top right hand

corner. Another component is then selected and gradu-
ally the flowsheet is created. Components can be re-
positioned or removed at any stage and the student
receives instant feedback as components are placed,
prompting, for example, if flow is discontinuous.

When the student is satisfied with the flowsheet
drawn, the Check button is pushed and more detailed
feedback is then given if the answer is incorrect. The
tutor is able to customise these feedback messages
easily to give specific feedback for specific errors. As
students can place components anywhere on the grid,
there are usually many possible correct configurations
and ASTutE is flexible enough to allow this. However,
the tutor does not need to have to think of all of these!

Tutors create or modify problems through the
ASTutE template file, which can be edited in any
spreadsheet package. An excerpt from a tutor’s prob-
lem template file is shown in Figure 7. Tutors are
prompted by questions and comments within the tem-
plate to supply the required information. In this case,
there are only two compulsory boxes to complete: Does
the answer contain a recycle? (yes) and What is
the correct answer? The second question simply re-
quires the tutor to specify the correct order of the
main components; all other ancillary components are
dealt with by the ASTutE engine and this process is
totally transparent to the tutor. There are also other
optional boxes where a tutor can specify common
wrong errors and supply appropriate feedback. A simi-
lar approach applies to other subjects and has been
used, for example, to create free-body diagrams in
engineering mechanics.

Once the problem has been created or modified,
the tutor saves the file and then launches ASTutE to
check that it reflects their intentions.

CONCLUSION

ASTutE provides tutors with an additional teaching re-
source that supports and enhances traditional teaching
methods by making tutorial assistance more effective.
Tutors can quickly and easily write problems and make
them available for student use. Students have access
to an additional source of help, 24 hours a day. ASTutE
is interactive and helps students to gain confidence in
their work. Feedback is tailored to an individual stu-
dent’s difficulties and students take one of many routes
through a tutorial problem according to their ability, un-
derstanding and learning style. The ASTutE Tutorial
Assistant is an efficient, accessible and interactive tool
of benefit to both tutors and students.

SPECIFICATION

ASTutE Tutorial Assistant runs on Windows 3.1 and
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Figure 6: Recycles: creating a diagram.

Figure 7: Recycles: example problem template.

95 networked or stand-alone machines. The ASTutE
engine is written in the multimedia authoring language
Authorware.
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