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SUMMARY

The BASIC Instructional Program (EIP) was developed to investigate

tuterizal modes of interaction.in computer-assisted instruction (CAI).
_BIPlis an interszctive problem—solviﬁg.laboratory that offers tutorial
assistance to students solving intrcductory programming problems in thé
BASIC language. The probleﬁs are presented in an indiﬁidﬁalizedlsequence
based on a representation of the structure of the curriculum and a model

of the student's state of knowledge.

After a brief review of the rationale and orlgins of the BIP instruc-
tional system, the design and implementation of Eﬂf's Curriculum Tnformation
Network (CIN) are described,‘ The CIN stores the relatiohshiés among
elements of the author-written course material. Each problem ('"task")
is linked in the network to the programming skills regquired in its
soluticn. The entire curriculum is represented in terms of these skills,
which are grouped into subgoals representing the fundamental programming
"technigues.” The task selection strategy uses the CIN and the technique
hierarchy to guide the student through the curriculum. The student's
history of success and failure on the skills involved in his previcus
problems is used to identify areas where more work is required. An
appropriate "next task" is then searched for in the CIN.

The environment for these instructional decisiocns is the tutorial
laboratory itself. The BIP system is described briefly, with emphasis
on recently developed features. The geal of the tutorial laboratory is

informative interaction with the student, which is provided by an in-

structicnal BASIC interpreter, information on BASIC syntax ecross-
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referenced with the student manual, and debugging aids. The system also
has access through the CIN to features that the student may use to help
him compléte his current task. These features include hints, easier

T

"subtasks,” a stored solﬁﬁiﬁn that‘éan itself be executed, and an inter-
active graphic representétion of the solution. The nature of the stﬁdéht-
EﬁP interaétion is capfured in an annotatea student dialogue illﬁstrating
a fypical seésion. |

| Finélly, the results of a controllied experiment are reported. FEIP's
task selection process was compared to'a fixed linear path fhrough the
rsémé.curriculum; though the total.amount of learning'appéared to be
unaffécted by the treatment groups, éhe nature of the learning experience
profidéd b& fhe tﬁo.prbblem selection schemes was quite diffefent'in

some interesting respects,




TEE COMPUTER AS A TUTORTAL TABORATORY : . |
TEE STANFORD BIP PROJECT*

Avron Barr, Marian Beard, and Richard C. Atkinson

T. Backgrouna

' Computers sre now used in o wide variety of applications in educa- -
ticn and tfaining, including information presentation ahd'dfill;
information retrie#él,'éﬁd simalation of complex systems. The research

veported here deals with an additional application: the use of the

Computer as a problem soiVing labofétbry;” In the computer-based laboratory
environment, the student attempts to solve problems on-lire with the
guidance of the instructional system. The sysfem'playS'thé role of
intéractivé.tufor, giving hints, correcting errors, and eveluating
progress. The full ?ower of the computer as calculator and simulator
is available to the student, providing the motivational effects of
1earning'b§ working on real problems with adequate supervision at the
student's conﬁenience and at hiz own pace. The main focus of cur work * -
in the Complex Instructional Strategies research group at the Institute
for Mathematical Studies in the Sogial Sciences st Stanford University
is the individualization of the sequence of instruction presented in
Ebmputefmaséisted'inStruCtion (CAT). An effective CAL program in a
given‘sﬁbject area can cfeate ajléarniﬁg énvifonment'adaptiVely suited

to each student at his own level of development.

*The authors thank Olivér‘Buckley, Richard Kahler, Jay Lindsay, and
William Swartout for their contributions to BIP.



The computef—based tutor design has been arrived at by several
research groups using different approaches to Artificial Intelligence
applications in CAI. Carbonell, Collins, and others (Carbonell & Collins,
1973; Collins, Passafiume, Gould, & Carbonell, 1973) developed the GEO-
SCHOLAR system to illustrate natural language inquiry of a large data
base. Hewever, the GEO-SCHOLAR system is really an elaborate tutor with
sophisticated decision algorithms directing "mixed-initiative" dialogues:
the instructional system can ask questions as well as answer them. Their
.recent work explores tutorial schemes for instruection in more procedural
. .subject domains (e.g., an on-line editing system) where simply asking and
answering questions is insufficient (Grignetti, Gould, Hausmann, Bell,
Harris, & Passafiume, 1974).

Danielson and Nievergelt's work at the University of Illinois PLATQ_
system concentrates on automated problem solving assistance (Danielson,
.1975; Danielson & Nievergelt, 1975). They use a top-down problem solution
graph to direct a tutorial dialcgue about how to solve z programming
problem. Although their system does not build s model of the student
from which future instructional decisions could be made, the problem
solution graph scheme leads directly to a useful representation of the
curriculum. The student model could be updated as the student traverses
the graph in his attempt to find a sclution; this is a ﬁrocedure we will
incoerporate in ocur work on BIP's REP subsystem (described:in Section IV)
in the coming year.

Perhaps the most impressive and "knowledgeable" computer-based tutor
yet devised is Brown's SOPHIE system (Brown, Burton, & Bell, 1974) which

grew out of research on modes of guerying a simulation-based khowledge
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representation. Although curriculum guidance decisiocns are mipimized

(the system teaches only one gkill, troubleshooting & complicated elec-
tronic .circuit), SOPHIE's knowledge of troubleshooting strategy and
logical deductions from known measurements fosters flearning by imitatioﬁ"
in . a naturgl and exciting enfironment, the essence of tutorial_stylef

Research at IMSSS has approached the computer tuter mpdel by succes-
sive refinement of more traditional approaches to CAT. in logic and_computer
programming. - The-logic and more. advanced set theory courses now running
in Fully tuterial mode were first concelved of as applications.of auto-
rated thecrem proving techmiques.for checking students! proofs (Goldberg,
- 1973). - Current work in the advanced set theory course that wefﬁffer at
Stanford involves informal, nstural language student—machine dialogues
to discuss, develop and refine complex,mathematical;proofs_(Smith, Graves,
Rlaire, & Marinov,. 1975).

In 1970 the Institute’s Complex Instructional Strategies group
developed a large CAL curriculum for a new course to teach the AID pro-
gramming langusge (1968) at the introductory undergraduate level. This
course has bean used in colleges and junier colleges as & successful
intrcductieon te computer programming {Friend, 1973; Beard, Lorton, Searle,
& Atkinson, 1973). However, it is a linear, "frame~oriented" CAT program
and cannot provide individualized instruction duxing the_problemgsolving
activity itself. After working through lesson segments on such topics
as syntax and expressions, the student is assigned a problem to solve in
ATD. -He must then leave the instructional. program, call up a separate
- AID interpreter,: pexrform.the required programming task, and return tq‘

the instructional program with an answer, . As he develops his program




directly with ATD, his only source of assistance is the minimally infor-
mative error messages provided by the interpreter.

Furthermore, the AID course was found to be an inadeguate vehicle
:for more precise investigations of individualization of instruction
beczuse of the linear organization of its curriculum. The course con-

sists of a large set of ordered lessous, reviews,. and tests, and a

.”'étudent's progress from one segment to the next was determined by his.

score on the. previous segment. A high score would lead to an “extra
credit” leSsoﬁ on the same concepts, while a low score would be followed
by a review lesgon. Tt became clear that this decision scheme, based

on total lesson scores, was reasonably effective in providing instruction
andnprogramming practice, but since it dealt with rather large segments

' of the curriculum, the individualization of the course of study was
minimal, All students covered more or less the same concepts in the same
order, with slight differences in the amcunt of review. We were inter-
-ested in developing a system whose decisions would be based on a more
gpecifically defined goal: the mastery of particular programming skills
rather than achievement of a criterion lesson score. For this reason,

- we undertock development of a course with a new and different instrue-
tional design, based in part on earlier work by Paul Loxrton (Lorton &
Slimick, 1969).

The BASIC Tnstructional Progrem (BIP) is a staﬁd-alone, fully
self-contained course in BASIC programming at the high school/college
level developed over the past two years with the assistance of over 300
undergraduates who have taken the course at DeAnza College, the University

of San Francisco, and Stanford. 'BIP's major features are:




A monitored BASIC interpreter, written in SAIL (Van Lehn, 1973)
by the IMSSS staff, which allows the instructional system
maximal knowledge abcout student errors.

- A curriculum congisting of approximately lOO well-written,
interesting programming problems at widely varylng levels
of difficulty.

- A HINT system, which gives both graphlc and textual aid in
problem solving. .

Individualized task selection bhased on a Curriculum Informaiion
Network, which describes the problems in terms of funda-
mental skills., Problems are selected using a medel of the
gtudent's ascquisition of the skills required by-his earlier
programming problems.

Tigure 1 is a schematic representaticn of the tutbrial programming
laboratory environmeht supported by BﬁP, described full& by Barr, Beard,
and Atkinson (1975); SectionlIV presents a brief description of the
system inecluding some new featufes not described in the earlier report.
Section V is an annotated dialogue illustrating the system's features
and the situdent-BIP interaction.

| The new work reported here is primarily cbncerned:with BIP's

optimized problem sélecfion by means of an internal representation of
thé curriculum structure, the Cﬁrriculum Information Network (CIN). The
use of network medels to describe curriculum structure is an important
development in tuterial CAT. The CIN enables the instructiocnal program
to "know" the subject matter it purports to teach, and to meaningfully
mcdel the student's progress along the lines of his déveloping skills,
ingtead of the curriculum eleméhts (ﬁroblems) themseives._ The next
sectlon discusses the current state of curriculum design for CAT course-

ware, the sources and context from which the CIN concepf emérged, and

our implementation of EIP's CIN. ©Section III discusses our use of the
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‘Figure 1. A schematic representation of the tutorial programming laboratory..




network to optimize task selection, and describes the algorithms cur-
rently in-use. Section VI describes an experiment comparing these
algorithms with a fixed curriculum path for their effects on student

performance.




IT. * Curriculum Representation.in CAT

In much of the current research in tutorial CAL, generative CAI,.
and mixed-initiative natural'language dialogues, the central problem is
the "representation” of the subject domain, which is also a fundamental

-concern of research in cognitive psychology and artificial intelligence.
The goal is to provide a representation of the subject matter that is
sufficient for individualized tutoring and also has a realistic and
manageable computer implementation. A consideration of the different
“"representaticnal poles" in vogue in CAT will give a perspective on the
capabilities of the Curriculum Infcormsticn Network representatiocn.

The most common style of CAT courseware now being written consists
of an automated presentation of a curriculum written by a human author.
The author, knowledgesble in the subject matter, has in mind a clear
organization of the interrelations among the specific "facts" of that
gubject, an implieit understanding of the dependency of one concep;—on
another, and a plan for the development of new skills. His personal
organization of the discrete elements results in a structured curriculumn,
consisting of lessons or problems presented in a sequence he cconsiders
to be optimal in some sense for his model of his studentg. This structure
is 1like that of a textbook, established in advance of interasction with
the student, but superior to a textbook in that the author builds
branching deeisions into the program, providing some degree of individ-
uzlization, His subdivisions of the curriculum and the branching criteria
he.specifies constitute the author's representation of the subject matter

-in this traditional CAT style.
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At the opposite peole of explicit structural information are
'"generativé" CAT programs, which do not use an author-written curriculum
at all. This fype of course generates problem statements.and.solutiops
by retrievirg information from é complete, internal representation.of

the facts in the subject domain, usually stored in a semantic network.

Questibn—andéan5wer construction algorithms are used to present the.
material in the data base to the student. These algorithms alsc embody
heuristics for what to teach when, depending on some model of the

student's state of knowledge. All the "facts," dependencies, and logicail

interrelaticng that form the author's knowledge of the subject must be
‘embodied within the generative program. Thus, Carbonell’s well-known
SCHOLAR program {Carbonell,. 1970) "knows" the names and populations. of
the major cities of Brazil, and is clever encugh to answer "What is the
largest city in Brazil?" without "knowing" that fact explicitly.

The advantages for individualization of generative CAT over fixed-
brancliing courseware are considerable: the generative program.is .
specifically designed to provide instruction and/or information in
-precisely the areas needed by the student. All decisiong about what 

material .to present can be made dynamically, based on the student's

progress rather than on a predetermined sequence of material. Ideally,
the program has access to the same infermetion thal makeg the Imman
author a subject matter-expert, and this information can be made avail-
able to thé student much more flexibly than is possible in suthor-
generated CAI. Tn particular, the model of the student's state of
knowledge is based on the structure of the subject itself (e.g., the

student heas covered the material on rivers in Brazil) rather than on
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the structure of the author's curriculum design as reflected in his
branching specifications, which are typleally triggered by correct/wrong
respohéé counters.

: In & very simply structured gquestion-and-answer curriculum, a counter-
based decision policy can adequately reflect student progress. TFor
‘instance, 1f the program asks guestions asbout rivers in Brazil until the
student snswers two correctly in & row, then there is indeed some con-
-fidence about the student's knowledge of that subject. However, this
is exactly the type of course material that can be program-generated by
current methods; unfortunately, both the simple guestion-and-answer angd
the prbgrém~generated approaches yleld interactions.that tend to be guite
dry and unmotivating. The principal advantage of author-generated courses
is ‘that they can be well written. The author's organization of the
material and style of writing can be powerful motivating factors.

- e Curriculum Information Network

In technical subjects, development of skills requires the intégra-
tion of facts, not just their memcrization, andé the organization of
instructional material is crucial for effective instruction in these
areas. As the curriculum becomes more complex, involving the inter-.
relations of many facts, the suthor's ability to present it in a format
that fécilitates-assimilation and integration becomes more important.

At the same time, however, using counters to keep track of the student’s
brogress through the curriculum provides =z less adeguate model of his
acquisition of knowledge.

" The Curriculum Information Netwerk is intended to provide the in-

structional program with an explicit knowledge of the structure of an

12




author-written curriculum. It contains the interrelations between the
problems which the author would have used implicitly in deiermining his
"brenching” schemes. It allows meaningful modelling of the student's
progress along the lines cof his developing skills; not Just his history

of right and wrong responses, without sacrificing the motivational

advantages of human organization of the ecurriculum material. For example,
in the BIP course, the CIN consists of a complete descripticn of each of
100 well-written, interesting programming problems in terms of the gkills
developed in solving the problems. Thus, the instructioﬁal program. can

monitor the student’s progress on these skills, and chocse the next task

with an appropriate group of new skills. An intermediate step 1Is intro-
duced between recording the student's history and selecting his next

problem: the network becomes a model of the student's state of knowledge,
gince it has an estimate of his ability in the relevant skills, not just

his performance on the problems he has completed, Branching decisions

are basged on this mcdel instead of being determined simply by. the student’s
success/failure history con the problems he has completed.

In this way, & problem can be presented for different purposes to
students with different histories. The flexibility of the curriculum
is of course mulitiplied as a result. More imporiantly, the individual
problems. in the curriculum can be more natural and meaningful; they do
not necessarily invelve only one skill or technique. In frame-iype
curriculums this one-dimensionality of the problems has a constricting
effect. In essence, the network as implemented in EIP is a-method of
describing a "real" curriculum in terms of the specific skills that can

be identified as a student's problem areas.

13



‘The next section describes EIP's implementation of the Curriculum
Information Wetwork and the algorithms which use it to select.problems.

for students in an individualized manner.
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IIT., TIndividualized Task Selection Using the Network

Computer-assisted instruction has long promised to present an
individualized sequence of curriculum material, but in many cases this
has meant only that "fast" students are allowed to detour around blocks
of curriculum, or that "slow" students are given sets of remedial exer-
cises. By describing the curriculum in terms of the skills on.which the
student should demonstrate competence, and by selecting tasks on the
basis of individual achievement and/or difficulties, we intend to provide
each student with programming tasks that are both challenging and in-
structive. Furthermore, the sgtructure used in BIP can be applied to
meny other subject areas (such as statisties, algebra, or reading) that
invelve identifiable skills and that reguire the student te apply those
skills.in different contexis and combinations.

We describe the curriculum as a set of grals, ordered by a tree
hiersrchy. In a subject that deals primarily with the formulation and
solution of problems, as opposed to the absorption of factual information,
a curriculum goal is to be interpreted. as the masiery of a particular
problem-solving techaique specific to the subject matter. The desired
end result, then; is the achievement of one or more top-level geals,
each of which depends on cne or more prerequisite goals, Each goal will
be described in the program in terms of the scguisition of a set-of
skills, and the problems, or curriculum elements, are described in terms
of the skills that must be applied tc sclve them, A skill may be
developed in more than one geal, and will meost. certainly be used in

".several problems. -
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In BIP, then, curriculum goals invelve the magtery of certain pro-
gramming technigues. The techniques we have chosen.ineclude: simple
output, using hand-made loops, using subroutines, ete.- We have chosen-
for the purposes of our current research a very simple case of the full -
tree structure for gozls. The technigues are linked in a linear order,
each having but -one "prerequisite,"” based on dependence and increasing
program complexity. Other structures are atiractive, but our current
reseérch deals primarily with individualizing the sequence of presenta-
tion of problems, once the curriculum structure has been specified in-
the CIN. |

" - The technigues are interpreted as sets -of skills, which are very
specific curriculum elements like "printing a literal string” or Musing
a counter variable in & Joop." The gkllls are not themselves hier-.
archically ordered, Appendix A is a.list of the techniques and the
skills they contain, The programming problems, or "tasks" are described
‘in terms of the skills they use, and are selected on the basis of this
description, relative® to the student's history of competence on each
skill. TFigure 2 shows a simplified portion of the curriculum network,
and demonstrates the relatienship among the tasks, skills, and techniques.

Essential among the curriculum elements that describe each task are
its text, its skills, and its model solution. These elements, we feel,
are zglso fundamental to the description of problems in many technical
curriculums, and are broadly applicable in areas unrelated to instruction
.in programming. -The opticnal elements in the task descripticn are also
useful categories in other subject areas, with modifications specifically

suited to the given curriculum.
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. Figure 2, A simplified portion of the curriculum network.




Computer programming, like most other technical subjects, is better
‘learned through experience than thrcough direct instruction, especially

-1if that experience can be paced at a speed suited to the individual

student. Throughéut the EIP course, the primary_émphasis-is placed on
the solution of problems presentéd_in the tasks. BLP does not present
a sequence of instructional statements followed by questions. Instead,
a problem is.described-and the étudent is expected to write his own

BASIC'program to solve it. As he develops his BASIC program Tor each

task, the student is directed to appropriateusections of the student

manuai for full explanations of BASIC statéménts,tprogramming structures,
ete. He is also encouraged teo use the numerous student-oriented features,
such as an interactive débugging facilit& and various ‘"help" options
described. in Section Iv. |

wﬁen-a student enters the course he finds hiﬁself“iﬁ fask "GREENFLAG, "
which requirés a.fwo—line program solution. The problém, as he is told,
is worked outfin.great detail in the BIP student ﬁanual. .Thus, the

" in hig first session

trauma of being told to "write a program that ...
is alleviated by follcwing the model dislogue, in which many typical

mistakes are illustrated, yel his hands-on programming experience begins

immediately.

Figure 3 shows all the curriculum elements, including the skills,
that describe each task. The text states the requirements of the task
to the student, and suggests any prerequisite reading in the BIP student
manual. The hints (if any) present additional information at the student's
request, and subtasks isclate a part of the "main" problem as a smaller

problem which he is to solve, helping him reduce the main tasgk to
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separately soluble parts. The skills are the specific programming
elements reguired in the solution.”ifhe model solution is & BASIC pro-
gram that solves the problem presentéd in the task, and is accessible

to the student if he éahnot reach his own solution, The modél also
contains coded test input data that is used to compare the results
produced by the student!s program against those of the model. The "must
follow"ﬁfasks'(if ény).will folloﬁ the:main task automatically, and
require exfénsions of the student's original solution. .The""requifed
operators” are BASIC statements that must e ineluded in the student's
program before he is allowed fo progress out of the current task; the
"disabled operators” a:§ BASIC statements that, for pedagogical reasons,
are not te ‘be used in his solution program.

The sequence of events that.écéﬁf'és the student works on a task
is shown in Figure L. When he hag finished the tagk by successfully
running his program, the student proceeds by requesting ﬁMORE." His
progress is evaluated after each task. In the "Post Task Interview" he
is asked te indicate whether or not he needs more work on the skills
reguired by the task, which are listed separately for him.

As soon as the student completes GREENFLAG, therefore, the instrue-
ticnal program knows something about his own estimation of his abilities,
In addition, for all future tasks his sclution is evaluated (by means of
comparing ‘its ocutput with that of the model solution run on the same test
data) and the results are stored with each skill required by the task.
The program then has two measures of the student?s progress in each

skill-~his self-evaluation and its own comparison-test results.

20
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solution. Update student history

1  Student program "succeeds"
Post task interview. Obtain
self-evaluation, update
student history

Figure 4. Working through a task.



After completing a task (he may of course leave a task without
completing it) the student is free either to request another, or to work
con gome programming proJject of his own, The algorithm by which EIP
selects a next task, 1If the student requests it, is shown in Figure 5.

. The selection process begins with the‘lowest (least complex) technique,
All the skills in that technigue are put intc a set called MAY, which
will become the set of skills that the next task "may" use.

The program then examineg the student's ﬁisfory oﬁ éach of the
skills associated with the technigque, to see if it needs further work.
This criterion judgment is the.heaft of the_task selection algorithm,

- and we have modified it eoften. Two key counters. in the history are

associated with each skill. _Oge is. based on the results of the solution

checker (described in Part IV); and moniters the student’s continuing
success in using the skill. The other is based on his self-evaluation,
and monitors his own continuing confidence in the gkili. The current

" gkill is one on which either counter is zero,

definition of a "needs woX
cindicating that the student was unable to pass the sclution checker the
last time that skill was required in a task, or that he requested more
work on the skill the last time he used it. Any such not yet mastered
skills are put into the MUST set. FBEventually the program will seek <o
find a task that uses some of thesge "must" skills,

Tf no such skills are found (indicating that the student has mastered
all the skills at that technique level), the search process moves up by
one technigue, adding all its skills to the MAY set, then seeking MUST

skills again. Once a MUST set is generated, the search terminates, and

all of the tasks are examined. Those considered as a possible next task
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Student requests
TASK

!

Start at lowest technique

Move to next
. - higher
" Add all skills from technique
current technigue §
‘to MAY set :
¥
"~ Putskills that
NEEDWORK in MUST set :
yes
_ any
skif?snyin 1o ‘/igher
.. MUST : tech_:iques. .

Examine tasks: find those
with some MUST skills, ne
skills outside of MAY

any
such tasks
found
?

[ yes

no

* Present the task with
| the greatest number of
MUST skills

Found HOLE in

= curriculum. Send

message to file.

Figure 5. 'Selecting the next. task.
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for the student must (a) require at least one of the MUST skills, and

(B) require no skillslautside of the MAY set, Finally, the task in this
group that requires the largest number of MUST.skills,is presented as

the next task. Thus, in the simplified scheme shown in Figure 2, assuming
that the student had not yet met the criterion on the skills shown, the
first task to be pi«e;s'erited would be HORSE, because its skill lies in the
earliest technigue, and would constitute the first MUST set. - Task
LETNUMEER would be presented next, since its skilis‘come froﬁ the next
higher technigue; STRINGIN would be presented.lasf of These three.

An interesting'éurriculum development technigue has been de#eloped
‘here, If BIP has selected the MUST and MAY sets, but cannot find a task
that meets the above réquirements, then it has found a "hole“.in the.
curriculum. After sending a message to the course authors describing
the nature of the missing task (i.e., the MUST and MAY skills), the task
selection.procedure examines the next higher technique. It generates
new, expapded MUST and MAY sets, and searches for an appropriate task.
Again, if none is found, a new search begins, based on. larger MUST and
MAY sets., The only situatien in whieh this process finally falls to
select a task occurs when the student has covered ali of the curriculum.

Our work for the coming year will concentrate on student models that
inveolve more than counter-type criterion judgments on the'skiils to be
developed. We will attempt to characterize students! knowledge states
and “difficulty" states expliecitly by analyzing protocols.  If we are
successful, a production system type of student model (Wewell, 1973) can

be used to guilde the student through the curriculum material.
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IV, BIP's Instructional Interpreter and Interactive Graphic Features
Mosf of BIP's specially designed features are described by Barr et
al. (1975). Since the publication of that report, a number of significant
improvements have been made to existing structures, and a major graphic
instructional feature has been added. The purpose of this section is to
présent the motivation for these modifications and to describe thelr
operatidn, Tabiérl‘iiSts the EIP commands availablie to the’student

grouped by their-fﬁnctions, as an overview of the system.

‘Improved Error Correction.in the Interpreter

Becauge the'BiP course ig éimed at students with no prévious pro-
‘gramming experience, the error messages are designed to contain more
information than that available from "standard" BASIC systems, and they
are carefully worded in non-computer-oriented terms to avoid further
~confusion,

In many cases,; these expanded error messages appear Lo proVide
enocugh information to help students correct thelr -errors. . However,
especially in the case of the more naive students, the geﬁerality of
this error éorrection-system proves to be a drawback. Consequently,
the interxpreter was substantially modified to provide moré speeific
. information about the particular error the student has made, primarily
by idenﬁifyﬁng the place in his own line or program at which BIP de-
tected the error.

Problems confronting the student. TFor the student learning his

first programming language the mechanical intolerance of the computer
-1s often bewildering and frustrating. The slightest spelling mistake

will cause the computer to behave in an unexpected way. A statement
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Table 1

BIP's Student Commands

INFORMATT ON

Who (is at this terminal)
What (task am T doing)
When (is it now)

" Gripe (to Stanford)

Calculator
Hardcopy

PROBLEM SOLVING ATDS
Rep
Hint
Subtask

~ Demo
Model

INTERPRETER COMMANDS

Run

~Seratch

Sequence {renumber lines)
List

Edit (e line)

INSTRUCTTON

Task

More o

Reset (exit all tasks)
Enough (exit current task)

DEEUGGTING AIDS

Flow
Trace

FILE SYSTEM

Files (to see directory)
Save .

Get

Merge

Kill




that seems clear To the student mey be much. less obvious to the computer,
and often for an obscure reason. One beginner, after successfully enter-
ing the line

1¢ PRINT X .
into her program to print out the answer, could not understand why the
improvement

.10 PRINT THE ANSWER IS X
would not. work as she had expected. ZEven more frustrating is the
incomprehensibility of the computer's attempts at communication and
clarification. Error messages are frequently confusing or even mis-
leading to the novice., The error message

TNVALID VARTARLE NAME
may be triggered by an extra comma or extra gquotaticn mark in the
student's line, rather than by a genuine error with a variable name.

Everr a naive user is. guick to realize that a computer is not intel-

~ligent. Consider the feolliowing exchange in which a student was trying
to erase her working program:

*SCRATCH

"SCRATCH" IS NOT A VALTD BIP COMMAND

¥WHAT I5 A VALTD BIP COMMAND?

"WHAT TS A VALID BIP COMMAND?" IS NOT A VALID EIP COMMAND
Originally,. BIP produced this kind of convergational but absurd response,
‘which provides little useful information. The student begins to dis-
‘trust error messages like this because the interpreter maskes such
obviously stupid mistakes, while pretending to produce intelligent

natural language. Currently, BIP handles the student's input in a
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more direct and "honest" way, as illustrated-in the sample dialogue in
Section V, with appropriately modest messages: like "YOUR PROGRAM DOESN'T
SEEM TO SCLVE THE PROBLEM," and "ERROR FOUND NEAR . . . ." The student
is not misled as tc BIP's capabilities, and is thus encouraged to lock
around the error indication to find the error itself.

Another difficulty common to new students is an inadequate or in-
accurate conception of what the execution of their program entails. In
mest systems, variable'assignmenﬁs, logical decisions, and program
branching are all invisgible to the user, and there is no way that the
student can conveniently see the flow of execution of his program.

Since learning to debug is & very lmportant part of learning to program,
cinteractive graphic debugging systems are useful tools that éan greatly
assist the student's conceptuélization of program execution, RIP makes
available two such facilities, which have proved to be very useful both
to ‘students and to more experienced programmers. {These debugging
facilities are described under "Graphic Features," later in this section.)

Apprcaches to the problems of interaction., In BIP's BASIC interw

preter we have attempted to deal with +the problems inherent in student-
computer communications. Since BIP runs in an interactive environment,
the student receives immediate feedback about his syntax errors, and
 information about other errors as soon as they are detected., These
features keep the student from going too far down the wrong track with-
out some warning. BIP's interpreter is built right into the instructicnal
program so that the instructional system can continue to offer assistance

after the first error message is given by the interpreter.
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BIP!s error detection capabilities cover four different kinds of
program errorg: syntax and execution time errors, program structure
errors detectable before execution but involving more than the syntax
of one line, and errors related to the curriculum task assigned; making
an otherwise correct program an unacceptable solution to the problem.
Although it is not always possible to give an appropriste syntax error
message (syntactically'wrong statements are by thelr very nature
ambiguous), we have tried to make BIP's error messages as accurate as
possibie. TIn addition, we have added clarifying messages for each error,
including examples of correct and incorrect statements, which the student
receives upon reguest. He may slso ask Tor a reference to the part of
the B[P manual that explains in detail the statement he is trying to use.
BIP uses a top=doﬁn parser tc produce an internal code that can be
efficlently executed. The parser 1s used to detect syntax errors as
well. In addition to normal error checking, the parser specifically
looks for certain very common errors. For example, if the student types:
10 TF J = O THEN GO TO 50
an error message informs him that GOTO's are not allowed in TF statements.
But rather than merely inform the student that his statement was incorrect,
BIP pinpoints the student?s error:

10 TF J = 0 THEN GO TO 50
T

SYNTAX ERROR: "GOTO" IN IF STATEMENT
LINE NOT ACCEPTED (TYPE ¢ FOR HELP)

The flashing arrow indicates the point at which the parser detected the
error, Although the error message tells the student what is wrong, it

does not tell him how to construct & correct IF statement. To get this
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-information he types a question mark, and sees:
DON!T USE A "GOTO" IN AN "TF" STATEMENT -~ THEY AREN'T
LEGAL, THERE
" TYPE ? FOR MORE HELP
Alterratively, the student may type TREF for a reference to the section
~in.the "EIP manual ccntaining a detalled explanation of IF statements.
Similar -information is available feollowing an execution error.
For examplie, if the student ran the following program:
C10.DIM L (10)
20 FOR N = 1 T0 11
30 L(WY = O :
Lo NEXT N
99 END
He would receive a runtime error:
EXECUTTCN ERROR: LINE 30
TNDEX FOR SUBSCRIPTED (LIST) VARTAELE OUT OF DRCLARED BCUNDS
SUBSCRIFT CF L IS5 11 -

A question mark would elicit additional information:

FOR EXAMPLE

I35 INCORRECT, BECAUSE 25 IS GREATER THAN THE DIMENSION OF X
“In addition to syatax and execution time errors, Thers are some
program structure illegsllities that can be detected before execution,
(Strictly speaking, these are syntax errors, but they involve more than
one line of code and arve not generally dealt with by BASTC interpreters.)
We have found that identifying these structural bugs, rather than letting
them appear as execution errors eventually, can often clarify the error
for the student. The ERR DOKTOR routine is called by the RUN procedure,

‘and examines the program before attempting execution. Tt notifies the
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student of errors like branches to non-existent lines, branches from a
-line to itself, illegally nested FOR. .NEXT loops, and improper transfers
into and out -of subroutines.

Since the BIP course runs without human graders, a simple "solutien
checker" is built in to evaluate the correctness of his program. Tt
works by running the model scolution and comparing its output to the out-
put of the student's program. While this approach does not ecatch all
possible bugs in a student's program, it is similar tco methods used by
most human instructors in grading programming assignments, and executes
very quickly on our system.

The sclution checker executes the steored model solution invisibly,
storing its output, then executes the student’s program in the same way.
Fach time the student's program produces output, it is compared to the
list stored from the execution of the model, and any mstching eliement
in that list is flagged. IT any unflagged output remains in the list
when execution is completed, the student is tcld that his program
"doesn't seem to solve the problem.” If all outputs of the model have
been matched, he is told that his program "loocks ok."

Because many of BIP's tasks require interactive programs that deal
with a hypothetical user, the solution checker must be able to perform
its comparigon-by-execution on suitabdle test values, those that might
be given by the use in response to an INPUT statement in the program.
These values are stored with the model solution as part of the curriculum,
and are chosen to provide a test of the student's program approprlate to
the level of difficulity of the task and to the explieit reguirements

stated in the text.
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When BIP executes the student's program, it asks him to provide the
‘names of the variables he used for the INPUT-functions required; an
example might be "What variable do you use for the uéer's.first number? "
(The Gescription of the variable's function is also stored in the model,
as a REM statement that gives-informstion but.does -not affect execution .
in any way.) Then the solution checker assigns the test values to the.
student's own variables,  dllowlng it te¢ execute his program on exactly
the same input as was used in executing the model. If the student's
program is found to be inadequate,-he is advised to run the DEMO to see
the model in action. For interactive programs, the test values are
suggested as appropriate input to the DEMO so that- he can see how the
model solution handles those values. ~Frequently, the student’s program.
will fail to deal with the test values, and the fallure is evident from
the correct example provided by the DEMO. In these cases, the solution
checker gives instructive help in just those areas- that cannot be iden-
tified by the other error detection facilities.

The solution checdker ignores cutput of string constants, since they
are frequentiy optional messages orlented toward the hypothetical user
of the student!s program, and rarely affect the real correctness of the
program. Extraneous output (i.e., output beyond that produced by the .
model) is also ignored, for much the same reasons. However, in those
tasks where string constants or "extra" cutput are considered relevant
“to the correcitness of the program, the focus of the sclution checker
can be explicitly narrowed: by. additional dinformetion coded and. stored

along with the test values.:
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o Though simple and obvicusly limited. in scme ways, BIP's-solution
checker ig an effective tool, not .only in acting as a grader-that
governs progress through the currieulum, but slse as an additiocnal source
of instructife information. Particularly in the more demanding inter-
active tasks, the values used by the checker and suggested to the student
add to the beneficial learning effects of hands-on experience .and manip-
ulation of his own BASIC programs.

New Interactive (Graphic TFeatures

In addition to the fnstructive capabilities built into the inter-
-preter, BIP offers two facilitles that use the CRT display screen as &
dynamic source of information. The REP command presents a flow chart-
like representation of the model soiution for each problem that can be
expanded at the student®s request to reveal more information about the
modelts programming structure. The FLOW command is a debuggling aid that
allows the student to execute his.own program a line at a time, and makes
cach step of the execution fully vilsible.

REP: A graphic problem sclving aid. Several types of “help" infor-

mation are stored with each task ss part of the curriculum network., Most
of ‘the commands by which the student accesses this information are
discussed in Barr et al. (1975), and only a brief description isﬁincluded
- here, to provide the context for the description of the flow-chart assis-
tance system, REP.

The HINTs present additional informaiion about the-requirements of
the task, or suggestions that help the student construct part of the
solution program. For the more complicated tasks, the student may

request a SUBtask, which presents a smaller part of the problem, to be
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solved separately and integrated with the larger "main" task. The DEMO
executes the meodel soluticn, as an.-illustration. (rather than a description)
“of the requirements of the task; it is perticularly useful in .the iﬁter-
active tasks in showing the student how his program should interface with
the hypothetical user.

Here we describe REP, the new graphic problem solving =id, in some
detail, using & speeific example from the curriculum. The requirements
of the sample task are:

WRITE A PROGRAM THAT USES ONLY ONE. PRINT STATEMENT AND PRINTS TEIS PATTERN.

The solution is short but the task is difficult:
10 S$ - 11#H
20 FORTIT = 1T0 8
30 PRINT S$
ho sb = " " & 8%
50 NEXT T
g9 END

The critical points of the task are that 5% must be initialized to "#',
the PRINT statement must precede the re-assignment within the loop, and
the variable S$ must be given the correct concatenation (z space appended
to the beginning of the string).

Figures 6a through 6c iliustrate the information available to the
student via REP. The displiay on the CRT screen is considerably easier

to read than this static illustration, and the movement of the display
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1. The student types REP and the screen displqys

ERENUR-

¥ o4 ¥ A: INITIALIZATION
BRERERE S o
i

i

i

t

t

i
HEREREE

¥ B ¥ B: PRINT A # AND MAKE PREPARATIONS
RERERER + . FOR NEXT PRINT

1
i

—— e —

KERRAER . .
¥ [C] ¥ [C:] GO BACK AND PRINT AGAIN
KEXEREE .

2. To get more detalled information about the control structure,
the student types C: : s R

EREREEE ‘
# p L: INITIALIZATION
BEBHERR

[
{

3000
2
EENEEHS
¥ B ¥ B: PRINT A # AND MAKE PREPARATICHS
EREEKEN FOR NEXT PRINT

{
f

%+

s s B Y G G RS

§
t
1
L
[
i

+CLKLLLLL K o
[C:] GO BACK AND PRINT AGAIN

Figure 6a. The REP diaplay.

B
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3. Note that C is still available for deeper.probing in the above
display. The student types B:

FHERERR
¥ 5 ¥ At INITIALIZATION
ERERERR
{
1
#3033055> |
T !
? EREXEXR .
H ¥ Bi ¥ B1 30 PRINT S$
'T EREXHEXX
H |
T REANERR
H % B2 ¥ B2: CONCATENATE A SPACE TO S$ SUCH THAT
H RREEREE THE NEXT # TO BE PRINTED IS MOVED
1 b, _ OvER ONE SPACE
+4<CLCLLK

[C:] GO BACK AND PRINT AGAIN

4. The original'output box has been expanded. The student types B2:

XREXERE

LA S A: INITIALIZATION
FRERRH :

t

]
+20000055 ]

t
!

WERERERN

¥ Bt ¥ Bt 30 PRINT S$
FARERERR

ERRERESR
# PR2 ¥* B2 40 S$ = now g S$
KRERFXEHE

L]
i

+LLLLLLLL+

B R L o R i Y

[C:1 GO BACK AND PRINT AGAIN

Figure 6b. The REP display (cont’d).
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5. The student types C again to see how the loop is carried out:

RERNBRY o _ o
¥ o4 0k A: INITIALIZATION °
ERREEXEX .
i
! _
IS SSPIPY . C 20FORI=1TO8
t 1 ) o -
1 ]
'{ _ EEKNEER L ‘ _ _
T % By % " Bt 30 PRINT S$ ~
T ERERFXH -
i N
T Wapkwes _ _
T ¥ B2 % B2 40 S$ = " v & S§
T C OREEREXE _ _
- _ o _
T LLLLe . - _
C 50 NEXT I
99 END

Figure 6c. The REP display (cont’d).

37




allows the student to see the direction of 1ts "growth. " Symbols shown
in square brackets represent the control structure éf the.program ana
blink on and off to focus the student's attention on their imﬁortance.

In using REP the student is allowed té probe the representation in
both breadth and depth and in eny sequence. If he probes in the breadth
dimension he may first look.at control structure info#maﬁion and find
that the program reguires a.locp. HNext he may look'at INPUT/OUTPUT ér
other key information. Thus, once he has established that the program
-requires a loop, more information might be requested onléontrol structure
until, finally, he is shown the actual BASIC code. The implementation
cf REP allows us to experiment with verious aspects of its cperation;
flags can be set to control which labels will blirk, how much information
will be displayed, whether or not EEP itself is available to a glven
student, etc.

FLOW: A debugging facility. We have lmplemented twe tracing facil-

ities to assgist the student in conceptualizing the execution of his
program., Tracing arprogram is difficult to do correctly by hand, since
one tends to make the same mistakes over and over. 1t is eapecially
difficult for beginning programmers, who may not understand the function
of some statements., EIP!s TRACE option automates this process. Tt
allows the student to see exactly how his program is executing, and to
identify the point at which the program begins to stray from what he
intended. Ag each line of his program executes, the line number is
displayed on his teletype or display terminal, Any variable assignments

performed in that line are also indicated, as well as any input or output.
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FLOW i8 a more sophisticated program traeing aid designed for CRT
displdys. The 'main program is displayed on the terminal, with the text

of all subroutines removed. Each time the student presses the (R key,

-one line of his program is executed, and its line number blinks on the

sereen display. When an IF or GOTC statement is exécuted, an arrow is
drawn on the screen to indicate the transfer of control.

When a subroutine i1z called, the main program display is replaced
by the lines that make up the subroutine. Additionally, a message in
the corner.of the screen indicates the level of nested subroutines.

The student may also reduest that up to six wvariables be traced.
The current values of all itraced variables are shown at the top of the
gcreen. If an array i1s traced, the value of the most recently assigned
array element is shown.

The student may also speclfy a line number in the flow command.
The program will execute contlauously without waiting for the student
to press the key, until the specified line is reached. At that point,
the program will resume step-by-step execution. This feature allows the
student to reach the itroublesome part of his program guickly.

Figures Ta through Te illustrate a hypothetical FLOW through a
simple pregram with a FOR. NEXT lcop. Each fi.gure shows . the progress
of the execution triggered by the student's key press.  Arrows are used
instead of blinking line numbers to indiecate the current line and any
changes caused by its execution. The changing value of the variable I
ig trdced in the upper left corner, while output appears below the
program listing. If this were an interactive program, input would be

shown. in the same area,
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*FLOW I°

I =2 oL < < v, . MAIN-PROGRAM . . :°
HIT <CR> TO
e e RUN .
--=> 10 PRINT "START"

. 20°FOR T 1 TO.3
30 PRINT I
40 IF ‘T =-2 THEN 100.
50 PRINT "NOT TWO"
100 NEXT I :
999 END

;===> OUTPUT:  START

T R I I T T T I T T I T T T T T T T T T T T T T Y Y T T T YT T T T MY Y Y T Y S
I =1 [ -

~ . 10 PRINT "START"
-mm> 20 FORI = 1 TQO 3
30 PRINT I
B0 IF I = 2 THEN 100
50 PRINT "NOT TWQ"
100 NEXT I
999 END

R R R R R R T I I MwuBboCuNDRPERSPOLOD RO LR W

10 PRINT "START"
20 FORI = 1 TO 3
- ~==> 30 PRINT I -
%0 IF I = 2 THEN 100
50 PRINT "NOT TWO"
100 NEXT I
.1 999 -END

-—=> OUTPUT: 1

Figure 7a. The FLOW drisplay.
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10 PRINT "START"
20 FORI = 1 TO 3
30 PRINT I

——=> 40 IF I = 2 THEN 100
50 PRINT "NOT TwWo"
100 NEXT I
999 END

LE R R RN EEREENSEELE RN EIRINE RN NN N e woneo LR R NN R RN AN R BRI RN R N

10 PRINT ®“START"

20 FOR I = 1 IO 3

30 PRINT T

40 ITF T = 2 THEN 100
-=-=> 50 PRINT "NOT TWO"

100 NEXT I

999 END

~==> OUTPUT: NOT TWO

Ph ey e ML USUOUNYe D LICE NI NN AN N N R R R RN IR N R RN RN R R E RN AR LR

10 PRINT "START"

20 FOR I = 1 70 3

30 PRINT I

40 IF I = 2 THEN 100

50 PRINT "NOT TWO"
~==> 100 NEXT I

999 END

Figure 7b. The FLOW display (eont‘d).
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10 PRINT "STARI"

20 FOR I = 1 TO 3
+=--> 30 PRINT I
! 40 IF I = 2 THEN 100
! 50 PRINT "NOT TwWO"
+---~ 100 NEXT I

999 END

-w=> OUTPUT: 2

[ EE R RN NN AR RN NN RS E NN EER RN NN ERENEN NN NN RN NN NN NN

I =2
10 PRINT "START®
20 FOR I = 1 TO 3
30 PRINT I
" ew=> 40O IF T = 2 THEN 100
50 PRINT "NOT TwO"
100 NEXT X
999 END

I = 3 €

10 PRINT "3TART™
20 FOR'I = 1 TO 3

30 PRINT I ‘
+=ww= U0 IF I = 2 THEN 100
! 50 PRINT "NOT Two"
+-==> 100 NEXT I

99G END

Figure 7Tc. The FLOW display (cont‘d).
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10 PRINT ¥START"

20 FOR I = 1 TO 3
+==«> 30 PRINT I
! 40 IF I = 2 THEN 100
! 50 PRINT "NOT TWO"
=== 100 NEXT I

999 END

 ——=> QUTPUT: 3

S rPES P OO RPCY NPt RN RO DN R R RN NN RN AR R NN NN R RN RN NN EEENEE LN AR

I =3

10 PRINT "STARIY
20 FOR I = 1 TO 3
30 PRINT I

-—=> 40 IF I = 2 THEN 100
50 PRINT "NOT TWO"
100 NEXT I
999 END

FE PP TUDODOD OO EHOEDBROD OO RO CERTUTO IO NP NS TSR T EP PR GOV SRS

0 PRINT "STARTY

20 FOR'I = 1 TO 3

30 PRINT I

40 TP I = 2 THEN 100
===>» 50 PRINT "NOT TWO"

100 NEXT I

999 END

~==> QUTPUT: NOT TWO

Figure 7d. The FLOW display (cont’d).
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I sl {amm

10 PRINT "START"

20 FORTI = 1 TO 3

30 PRINT I

4o IF I = 2 THEN 100

50 PRINT "NOT TWO"
~==> 100 NEXT I

999 END

LR R NN NN RN NN NN NN NN N NN RN RN N NN R NI RN NS NN RSN N

10 PRINT "“START™
20 FORTI = 1 T0 3
30. PRINT I
49 IF I =z 2 THEN 100
50 PRINT "NOT TWO"
100 NEXT I

~==> $99 END

EXECUTION COMPLETED AT LINE 999

Figure Te. The FLOW display (cont’d).
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V. An Annotated Dlalogue

| EEP is a programming-laboratory using the BASTC language. It pre-
sents an individually sequenced set of problems that the student in td
solve byiwriting BASIC programs. Typically, the tasks present very little
ingtruction-in the nyntax of BASIC;. a manual.describing the language and
the FIP Syséem is provided for refenence and detailed information. The
task shownrhere is eclearly not one of the first that the student would
see, since it requires some skill bnth in planning the program's structure
and in ueing appropriste BASIC constructs to carry out the job.
| The student/BIP interacticn is shown on the left, with all student
input preceded by an asterisk, '#'. Our descriptive and explanatorj‘

annotation.is indented to the right.

The student signs on to the system.
WELCOME TO EIP !}
TYPE "?" FOR HELP

Some sort of assistance is always available.
Tf the student types a question mark, EP's
response is related to the most recent error,
as wlll be seen below,

When the student requests a problem, BIP examines
his history and tries to select an appropriate
one. Most tasks are interactive, requiring the
student to get input from a hypothetical "user,"
This one isn®t, but students have feund it
challenging and interesting.

®*TASK

BEGIN TASK: XMAS . '

ON THR FIRST DAY OF CHRISTMAS, SOMEONE'S TRUE LCVE SENT HIM/HER:

A PARTRIDGE IN A PEAR TREE (ONE GIFT ON THE FIRST DAY).

ON THE SECOND DAY, THE TRUE LOVE SENT TWO TURTLE DOVES TN ADDITION TO
ANOTHER PARTRIDGE (TH?REE GIFTS ON THE SECOND DAY).

THIS CONTINUED THROUGH THE 12TH DAY, WHEN THE TRUE LOVE SENT. 12 LORDS,
11 LADTES, 10 DRUMMERS, ., . . ALL THE WAY TO YET ANOTHER PARTRIICE.
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WRITE A PROGRAM THAT COMPUTES AND PRINTS THE NUMEER CF GIFTS SENT ON
THAT TWELFTH DAY, (THTS IS NCT THE SAME AS THE TOTAL NUMBER OF GIFTS
SENT THROUGHOUT ALL 12 DAYS -- JUST THE NUMEER SENT ON THAT SINGLE 12TH
DAY.)

This is a fairly difficult problem, and
several prcblem solving aids are available.
Iin the previous section we discusgsed the
REP feature which helps students break down
probleme with flow charts. {Its graphic
nature cannot be demornsirated here.)

Additional text material is also available,
elither as a clarification of the task itself
or, as in this case, to help the student
congtruct his own algorithm.

- ¥HINT

HINT #1
THIS PROGRAM REQUIRES A LOOP. EACH EXECUTION OF THE LOOP TNVOLVES .
ACCUMULATTNG THF VALUE OF THE INDEX INTC A TOTAL.

*HINT

HINT #2

FINDING A TOTAL QR SUM AILMOST AIWAYS MEANS TWO THINGS:

1. SETTING A VARTAELE EQUAL TO ZERO OUTSIDE A LOCP.

2, ACCUMULATING VALUES INTC THAT VARTARLE WITHIN THE LCOP. IN WORDS,
TCTAL RQUALS OLD TOTAL PLUS ANOTHER VALUE,

Tn some cases, the task invelves a number of
complications, some of which can be isolated
and presented as smaller "subtasks,” as shown
here. This subtask directs the student's
attenticn to the problem of writing a simple
loop using a FOR. NEXT statement. The student
always has fthe opticn of completing the subtask,
or of returning to the "main" task as scon as

he has gained the information he thinks he

needs to solve the orliginal problenm.

. ¥3UB

BEGIN TASK: S:FORLOOP
WRITE A PROGRAM WITH A LITTIE -FCOR . . NEXT- LOCP.

THE WORK OF THElLOOP IS5 JUST TO PRINT THE VALUE OF THE LOOP'S INDEX

(THE VARTABLE THAT KEEPS TRACK OF THE NUMEER OF TIMES THE LOCP HAS
EEEN EXECUTED}
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WHEN YOU RUN THE PROGRAM, IT SHOULD LOOK LIKE IT TS COUNTING FROM -
.1 TO 10.

The-subtask is treated as 2 regular task by
BIP, and can have hints and subtasks of its
~owh. " Here the student makes several attempts

~at a solution; illustrating the evror deteection
Tacilities. -

“Flrst, although the problem specifically
required a FOR., WEXT loop, the student will
try to construet a "hand-made™ loop of his own..

¥IOLET T =1

*¥20 PRINT "THE INDEX IS; T

T
SYNTAX ERROR: UNMATCHED QUOTE MARKS -- FOUND NEAR '"THE INDEX IS*
LINE NOT ACCEPTED (TYPE ? FCR HELP)

BIP's interpreter was speclally written to
provide ag much instruction and error
correction as possible, in contrast to
"standard™ BASIC systems. Here the student
hag made a common error by omitting the
closing quote marks in his PRINT statement.
BIF is able to indicate the point at which
it detected the eryor, and to give further
information specifically related to this
particular incorrect RBASTIC statement:

#
P[HE INIEX IS' HAS AN DD NUMBER OF QUOTE MARKS
REMEMEFRR THAT ALL STRINGS MUST HAVE A QUCTE AT THE BEGINNING AND END

TYPE 7 ¥OR MORE HELP

*?REF
I1.7, IT.8

BIP can alwaye present an appropriate manual
reference for all errors.

This student gives up the fancy PRINT statement
and includes a simpler but adequate one.
Unfortunately, he is soon to find that his

loop construction is unscceptable for this
task:s
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*20 PRINT T

%30 ITF I = 9 THEN 99
FOR THE PURPOSES OF THIS TASK, DON*T USE THE - 'IF' STATEMENT,

His original plan for a lcop including &
econditional branch will have to bhe abandoned.
Undaunted, the student now tries to solve
the probliem without a loop. He first deletes
the lines he has -entered so farx.
*SCR
*#10 PRINT 1
#*20 PRINT 2

*30 PRINT 3

After-ehtering all of the PRINT statements,
he lists his progwam, and then runs it.

EXFECUTICN OF YOUR PROGRAM

O G0—1 OV W 1D
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EXECUTION COMPLETED AT LINE 99

*MORE

The program runs without execution errors. -
When the student considers his program to be
an adegquate solution to the problem posed in
the task, he regquests BIP's evaluation of it
by typing MORE, indicating that he wants to
proceed to another task. Here, the student
seems to be satisfied, and decides to continue.

WAIT, SOMETHING TS MTISSING, FOR THIS TASK, YOUR PROGRAM SHOULD ALSO
INCLUDE THE FOLLOWING BASIC STATEMENT(S): .

FOR

ADD TO YOUR PROGRAM AND -RUN- IT AGAIN BEFORE YOU TYPE 'MORE?

*5CR
¥IOFORT =1TC 9
*20 PRINT I

*39 END

*RUN

BIP has recognized that the essential FOR. .
HEXT loop is missing from the student!s program,
and refuses to evaluate it further. Finally,

he sees the light, deleting his last effort

and trying again, this time with a FOR. .NEXT
loop.

This three-line program is of course
syntactically incorrect, as there is an open
‘loop. 'BIP has a routine called ERR DOKTOR
which checks the structure of complete programs

‘before they are run, so that such errors do not

appear ag less informative execution time errors.

ERR DCKTOR DLAGNOSIS: 'FCR! STATEMENT WITHOUT MATCHING !NEXT®

LOOK AT LITNE WUMEER: 10

TYPE ? FOR HELP

As always, more help is available after -the
original error message. o
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*9 L C T
YCU ARE MTSSING THE NEXT STATEMENT CORRESPONDING TO THE -FOR- ON
THIS LINE T IR ‘
TYPE ? FOR MORE HELP '
After listing his program, the student sees
and corrects the loop error, and the program
executes successfully.
 ¥LIBT
W PORT = 170 9

20 PRINT T
99 END

*30 NEXT T
*RUN

' EXECUTION OF YOUR PROGRAM

O 0~ OV W O

EXECUTION COMPLETED AT LINE §9

Again, the student is ready for MOEE. ELP
evaluates his solution by invisibly executing
both the model solutlon and his program on

the same "test" data, then comparing their
cutput. In this case, the model produced
output different from that of the student?®s
program,.so he is told that his progrem doesn't
seem correct., He elects to remain in the task
to try again.

 %MORE
EXECUTTON OF THE MODEL

EXECUTION OF YOUR PROGRAM -
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"YOUR PROGRAM DCESN'T SEEM TO SOLVE TEE PROELEM.

IF YOU ARE COMPLETELY CONFUSED OR LOST, YOU CAN LEAVE THIS TASK
RIGHT NOW.

DG YOU WANT TO STAY IN THE TASK? TYPE Y OR N: Y

0.K. TRY AGATN, 7YOQU MIGHT L.OOK AT A -DEMO- OF TEE MODEL SOLUTICN
AND COMPARE ITS OUTPUT TO THE QUTPUT OF YOUR PROGRAM.

Many of EBIP!'s tasks are interactive: the
student®s program must be able to ask questions
of a hypothetlcal user, and to deal with the
userts input in appropriate ways. The DEMO
feature allows the student to execute the
stored model solution to see the kind of
interaction required. In this task, the demo
serves to remind the student that his program
was supposed to count to 19, not Q.

*DEMO
EXECUTION OF ‘THE MODEL ~ - . .

THE INDEX IS
THE- ITNDEX IS°
THE TNDEX IS
THE INDEX IS
THE INDEX IS
THE INDEX IS
THE INDEX IS
THE INTEX T8
THE INDEX IS
THE INDEX IS 10

WE ARE NOW OUT OF ‘THE LOOP.

WO =] OV W D -

EXECUTION COMPLETELD AT ILINE 99
DEMO ENDED

And he corrects the firet line. BIP.reminds
the student that the line has been changed.

*10 FOR'I =170 10
WAS ; IOFORI lTO9"

*RUN
EXECUTION OF YOUR PROGRAM
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9]

EXECUTION COMPLETED AT LINE 99

¥MORE. S

EXECUTTON OF THE MODET,

"EXECUTION CF YOUR PROGRAM

LOKS OK

PCST TASK INTERVIEW

HERE IS A TYPICAL SOLUTICN TO THIS TASK: o
10 FORI = 1 T0 10 [
20 PRINT "THE INDEX IS "; I

30 NEXT T

Lo PRINT "WE ARE NOW OQUT CF THE LOOP,"

99 END

DO YOU UNDERSTAND THE SOLUTTLON? (v/N)y: Y

.level approprlate for this student. Those

Again satisfied, the student asks for MORE.

Following the successful comparison, BIP
presents the "post task intexrview," in which
the student's own evaluation of his under-
standing end skills is acquired and stored.

First the model solution is displayed, and the
student is asked whether or not he understands
how 1t works.

Then, for-each of the specific skills required
in the construction of the program for this
task, the student is asked to indicate whether
or not he feels confident in his use of that .
skill, These questions are a majer source of
informeticn for BIP's task selection process,
by which the next task will be chosen at a

skills to which the student responds "y" will

52




10t be sought in his next task, since he feels
that he has had enough work on them. Those to
which he responds "n", on the other hand, will

be locked for explicitly. Unless he has
exhausted a portion of the curriculum, some of
those "n™ skills will definitely be required in
his next task, providing him with the opportunity
to use those skills again in a new context,

THINK ABOUT THE SKTILLS USED IN THIS TASK., FOR BEACH SKTLL,
TYPE Y IF YOU HAVE HAD ENOUGH WORK WITH THAT SKTILIL.
TYPE N TIF YOU THINK YOU NEED MORE WORK ON TIT.

FOR » . NEXT-T00PS WITH LITERAL AS. FINAL VALUE OF INIEX : Y
MULTIPLE PRINT [STRING LITERAL, NUMERIC VARIARLE! : N

Since he did not use the "multiple print®
gtatement shown in line 20 of the model, our
student indicetes that that skill would be
.appropriate in his next problem.

EIP ini‘om§ him that he has returned to the
larger task at hand, and allows him tc have
its . text re-displayed.

RETURNING FROM A SUB TASK.

YOU ARE IN TASK XMAS,

DO YOU WANT THE TEXT PRINTED OUT? TYPE Y OR N.
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VI. An Experiment Evaluating BIP's Individuelization Scheme

| Aﬁ exPeriment-cdmparihg.the effectiveness of BIP's teaching strategy
with a mére'tradiﬁionél.“branching” gstrategy was run in February and
March, 1975. ElP's fask selection strategy is described in detail in
Sectioﬁ ITT. The control‘group followed a predetermined branching
strategy through ﬁhe curriculum arrived at as follows; A committee of.
staff members-witﬁ.experience both in curriculum design and in teaching
programming ordered.the tasks_by complexity and the inherent hiergrchy
of programming concepts required for their solﬁtion° For each task,. two
"next"'fasks were specified, one to be presented if the student success-
fully solved the current task without seeing the model solution, and the
other to be presented if he failed. ALl of the existing BIP tasks were
incorporated intc this fixed path, as either "mein line" or remedial
- problems.

Forty-two Stanford students, 22 men and 20 women, were recrulted
as subjects for the experiment. All were given the Computer-Programming
Aptitude Battery {1964) .as a pretest. Two matched groups, each with 11
men and 10 women, were created by ranking the subjects' pretest scores
and alternately assigning subjects to groups.

Subjects worked at CRT terminals for 10 one-hour sessions, signing
up for each hour one or two days in advance. Of the originzl 42 subJects
who took the pretest, one woman failed to begin work on the course; the
other 41 all completed the 10 hours work within three weeks and then
took an off-line posttest.

The strategy for selecting the "next task" was the only difference

in treatment between the groups. Since this process was invisible to
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the students, their interactions with BIP appeared identical. They had
access to .all of the interprefer and assistance features, and both groups
were given the post task Interview after each task, althoﬁgh the informa-
ticn collected there was not used in the task selection decisions for the
fixed path group.

Ixtensive data were collected on~iine ags the subjects worked cn the
course,.including édmﬁlete_profocéls whgse ahalysis we are now éttempting
tc automate for our research ﬁn student models. TFor purposes of comparing
the performance of the two:treatment groups, the informaticn recorded for
each task is most interesting. This informaticn inecludes:

- whether the subject "passed” the solution checker on this task

- whether he passed the checker on his first attempt

=~ whether he said he understood the model solution in his PTT

- whether he reguested and saw the model solution before complieting

~ the task - - : ' : '
In éddifion3 a comprehensive posttest was administered ocff-line. . The
test‘was designed to measure the students! abllity to interpret correct
BASIC'programs,'to compléte specified secticons of incomplete programs,
andlto‘construct'entire progfamsa

A two-way analysis of variance was performed on the task data,
measuring the effects of treatment and sex. The results are summarized
in Table 2. The experimental group is labeled "TSA" since their tasks
were selected by BIP's task selection algorithms; the "path" group
followed the predetermined branching strategy through the curriculum.
Some conclusions about these results can be drawn from the analysis
completed at this time. First, there was no significant difference

between the groups' posttest scores (means were 109.0 and 108.2 for the

experimental and control groups, respectively), indicating that the two
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Table 2

Mean Performance of Experimental (tsa) and Control (path)
' SubJjects Collapsed Acreoss Sex '

MEAN DIFF F
tsa ~path
Total number of tasks seen . . | 37.7 . 294 8.3 . 21,92 #%
kA ﬁassed checker - | 90.7 82.3 8. 6.32 %
% passed checker the first time  73.0 62.3 10.7 7.41 %
% "understood” in PTI 91.1 83.2 7.9 6£.68 *
%}Where model soluéion was seen 10.8 1.3 4.5 .85 .
* L (3,32) = b.17, p < .05

il

FETF e (1,32) = 5.57, p < .01
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task selection strategies apparently produced the. same amcunt of learning
of the material tested. However, the data in Table 2 show a significant
difference in the charscter of that learning experience. During their.
ten contact hours, students in the experimental group worked 25% more
problems - than those who followed. the predetermined problem seguence,
and had significantly less trouble working the problems they were pre-
sented, as evidenéed by the ‘higher percentage they completed correctly
and said they-understood in the post task interview. It should be
‘stressed that the two groups saw the same problems, but in a different
sequence. Neither the evaluation forms Ffilled out after -each task nor
their posttest scores indicated that they were getting problems that
" were too easy. We believe that these results show that EBIP's task
“‘selection algoritﬁm did indeed choose appropriate problems for -each
student on the basiz of a running history, and that the net effect,
although it fell short of increasing learning speed in this situation,
*was a significant improvemént over the branching strategy devised by
our-expértso |

The data collection routines were designed toc be nearly exhaustive,
- recording all information that we felt might be interesting in some
agspect of future work on the design of task selection strategies, student
“models, and curriculum description; for this reason, we feel that much
-more is yet to be derived from the data than the resulis we give here.
Still, we are ccnfident that BEIP's strategy, by ordering the presentation
‘of tasks on the bagis of its continually updated krneowledge of each
subject's progress, did change the character of the interaction between

the teaching system and the students.
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Tt is our geal to improve student performance significantly by
‘tailoring the preéentation of tasks more closely to each studentt!s
strengths eand weeknesses, and we feel that the experimental results in-
dicate a. positive first step in that direction. Future work will focus
on the three major components of the individualization process: the
curriculum description, tThe student model, and the task selection algo-
rithm or strategy. TIn order for BIP to present a reasonable task, . the
curriculum must be represented internslly such that BLP can recognize
the aspects of each task that qualify it as eppropriate for the student's
current level of ability. The description of the student, similarly,
must’ represent his abilities in a format that makes it possible for BIP
to identify the kind of task that is needed. Finally, the task selection
strategy must serve as an interface between the two descriptions, defin-
ing an appropriate task in terms of the current state of the two data
bases. Further analysis of these data is planned, not only to discern
other differences between the two groups. More importantly, we will use
the regults in desipgning new forms of the three components of the in-
©dividualization scheme.

We are alsc concerned with the difficulty and cost of running these
' 1arge scale comparative experiments. At least one staff member was
absorbed by the logistics of the February experiment during the recruit-
ing and pretesting period, three weeks of classroom interaction with EIP,
~and the time required for administering postiests. Considerable effort
was expended to insure that the routines that centrolled the two treatment
‘groups worked properly, and to insure that the data were collected |

exactly as planned. No changes could be made teo these routines during
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the subjects® work with EIP, =o it was necegsary (as in any live-subject
experiment) to devote about a month to the perfection of the program.
The information collected, while extensive and wvery useful for a number
of purposes, still relates only to two conditions, only one cf which
(the "tsa" group) is of interest Ffor future development.

Still, such comparative studies should be run for each of the many
design decisions made during the development of the student model and
task selection algorithms. An alternative means of generating experi-
mental results is needed, Lo provide efflecient compariscn and evaluation
of our designs. We are developing a procedure for obtaining detailed
information about BIP's ability to individualize instruction by simulating
large~scale experiments like this one instead cof actually carrying them
out. With the simulation we expect to obitain reasonable data. about new
student models as they evolve so that future real-subject experiments

focus on more specific evaluations of the task selection process.
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APPENDIX A

BIP's Curriculum Structure

It is a“difficultltask'to determine the fundamental elements of an
arbitrary curri;uium and to discern or impose é structure. The-detail
of description required by BIP's task selection algorithms seemed im-
possible to attain,'and:indeed we have never settled down to one
satisfactory description: of the introductory programming curriculum,
although we do feel that we undérstand if bettef than we did. We have
inclﬁded in this appeﬁﬁix a list of most of the basic gkills we have.
identified, grouped by the subgoais or "techniques' they first appear
in. Some skillg, iike 'the END statement" are nof.included in the
technigue structure because they are nct valuable in task selection
decisions. Although this description is neither compleﬁe.nor final,
it certainly répresents considerablé effort and should be very valuable
to others interested in teaching coﬁputer'programming or.in éufriculum

anatysis.

Simple output - first prégfams

print numeric literal

print string literal

print numeric expressicn [operation on literals]
print string expression [conecatenation of literals]

Variables - assignment

print value of numeric variable

print velue of siring variable

print numeric expression [operation on variables] ,
print numeric expression [operation on literals and variables]
print string expression [concatenation of variables!

_print string expressicn [coneatenation of varigble and literal]
assign value tc a numeric variable [literal value] )
assign value to a string variable [literal value]
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More complicated assignment

agsign to a string variable [value of an expression]
assign to a numeric varisble [value of an expression]
re-assignment of variable (using its own value) [string]
" re-agsighment of variable (using its own value) [numeric]
asgign to numeric variable the value of ancther varisble
aseign to string variable the- value of another variable

More- complicated output

multiple
multiple
multiple
multlple

print
print

print

[string literal, numeric variable]

[string literal, numeric variable expre881on]
print [string literal, string variable]

[string literal, strlng variable expression]

Interactive programs - IKPUT from user - u51ng DATA

assign numeric variable by -INPUT—
~asslgn string varisble by -INPUT-
assign numeric variable by -READ- and -DATA-
assign string variable by -READ- and -DATA-
the —REM— statement

More compllcated 1nput

multiple
Cmaltiple
miltiple
multiple
multiple
muitiple
multiple
multiple
multiple

Branhching - program flow

values in -DATA- (a1l numeric]

values in

-DATA-~ [all string]

values in -DATA- [mixed numeric and strlng]

assignment
assigrment
assignment
asgignment
assignment
assignment

by -INPUT- [numeric¢ veriables]

by ~INPUT- {etring variables]

by -INPUT~ [mixed numeric and string]
by -READ- {numeric variables]

by -READ- [string variabies]

by -READ- [mixed numeric and string]

unconditional branch (-GOTO-)
interrupt with ctri-g

Boolean expressions

print boolean expression [relation of string literals]
print boolean expression [relation of numeric literals] _
-print boolean expression {[relation of numeric literal and variable]
print boolean expression [relation of string literal and variable]
- boolean operators [-AND-] s o o
 boolean operators [-CR-]
boolean eperators [-NOT=]
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IF statements - conditional branches

conditicnal branch [compare
conditional branch {compars
conditional branch [compare
conditionel branch [compare
conditional branch [compare
the -5TOP- statement

Hand-made loops - iteration

conditional branch [compare
conditional branch {compare
initialize counter variable
initialize counter wvariable

numeric vaeriable with numeric literall]
numeric variable with expr6551on]

two numeric variables]

string varieble with string literall
two string variables]

counter with numeric literal]
counter with numeric variable]
with a literal value

with the value of a variable

increment (add to) the value of a counter variable
decrement (subtract from) the value of a counter variable

Using loops to accumulate

accumulate successive wvalues into numeric variable
accumuliate successive values into string variable
calculating complex expressions [numeric literal and variable]

initialize numeric wvariable
initialize numeric variable

(not counter) to literal value
(not counter) to value of a variable

initialize string variable to literal value
initialize string wvariable tc wvalue of & variable

BASIC functionals
the -TNT- function
the =RND- function
the -SQR~ funection

FOR...NEXT locops

FOR . . NBXT loops with literal as final value of index
FOR . . NEXT loops with wvariable as final wvalue cf index
FOR . . NEXT loops with positive step size other than 1
FOR . . NEXT loops with negative step size

Arrays

assign element of string array variable by -INPUT-
assigh element of numeric array variable by -INPUT-
agsign element of numeric array variable [value is also = variable]

the -DIM- statement

string arrsy using numeric variable as index
print value of an element of a string array variable
nmumeric array using numeric variable as index
print value of an element of a numeric array variable
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Future extensions to the curriculum ‘ o R -

nestlng loops {one loop inside another)
subroutines (-GOSUB- and frlends)
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