
AD-A225 699
ARI Research Note 90-45 OT I FILE COPY

BATBook: An Online Book and Problem
Solving Environment for the Study

of Skill Acquisition

Jeremiah M. Faries and Brian J. Reiser

Princeton University

for

Contracting Officer's Representative
Judith Orasanu

Basic Research
Michael Kaplan, Director

July 1990

United States Army

Research Institute for the Behavioral and Social Sciences

Approved for public release, distribution is unlimited

I ~ ~ ~ ~ ,( I !I III I II I



U.S. ARMY RESEARCH INSTITUTE
FOR THE BEHAVIORAL AND SOCIAL SCIENCES

A Field Operating Agency Under the Jurisdiction
of the Deputy Chief of Staff for Personnel

EDGAR M. JOHNSON JON W. BLADES
Technical Director COL, IN

Commanding

Research accomplished under contract for
the Department of the Army

Princeton University

Technical review by E-

George Lawton

/ or

'ii

NOTICES

DISTRIBUTION: This report has been cleared for release to the Defense Technical Information
Center (DTIC) to comply with regulatory requirements. It has been given no primary distribution
other than to DTIC and will be available only through DTIC or the National Technical
Intormation Service (NTIS).

FINAL DISPOSITION: This report may be destroyed when it is no longer needed. Please do not
return it to the U.S. Army Research Institute for the Behavioral and Social Sciences.

NOTE: The views, opinions, and findings in this report are those of the author(s) and should not
be construed as an official Department of the Army position, policy, or decision, unless so
designated by other authorized documents.



UNCLASSIFIED
SECURITY CLASSIFICATION OF THIS PAGE

Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

la. REPORT SECURITY CLASSIFICATION lb. RESTRICTIVE MARKINGS
Unclassified

2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION IAVAILABILITY OF REPORT
Approved for public release;

2b. DECLASSIFICATION/DOWNGRADING SCHEDULE distribution is unlimited.

4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)

ARI Research Note 90-45

6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL 7a. NAME OF MONITORING ORGANIZATION

Princeton University (If applicable) U.S. Army Research Institute
I - Office of Basic Research

6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
Cognitive Science Laboratory 5001 Eisenhower Avenue
Princeton University Alexandria, VA 22333-5600
Princeton, NJ

8a. NAME OF FUNDING/SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION U S. Army Research (If applicable)Institute for the Behavioral MDA903-87-K-0652

and Social Sciences PERI-BR
8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
Office of Basic Research PROGRAM PROJECT TASK WORK UNIT

5001 Eisenhower Avenue ELEMENT NO. NO. NO. ACCESSION NO.

Alexandria, VA 22333-5600 61102B 74F

11. TITLE (Include Security Classification)
BATBook: An Online Book and Problem Solving Environment for the Study of Skill Acquisition

12. PERSONAL AUTHOR(S)
Faries, Jeremiah; and Reiser, Brian

13a. TYPE OF REPORT 13b. TIME COVERED 114. DATE OF REPORT (Year, Month, Day) 15. PAGE COUNT
Interim FROM 88/05 TO 89/10 1990, July 32

16. SUPPLEMENTARY NOTATION

Contracting Officer's Representative, Judith Orasanu

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number)
FIELD GROUP SUB-GROUP Problem solving Memory.

Skill acquisition Decision making
Learning j instructional systems.

19, ABSTRACT (Continue on reverse if necessary and identify by 'ock number)
">BATBook is an online book and problam-solving environment that facilitates students'

use of examples in a text book and use of their own solutions to previous problems. BATBook

contains facilities for working on problems and storing solutions and for reading and

searching text and examples within the text. All interaction with the system is recorded.
BATBook serves as an experimental tool for studies of the use of examples in learning.
BATBook has been used for studies of skill acquisition in the programming domain and c;zn

be used in similar fashion for other domains such as statistics, mathematics, or physics.

20. DISTRIBUTION /AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
[UNCLASSIFIED/UNLIMITED 0 SAME AS RPT. 0 DTIC USERS Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE (Include Area Code) 22c. OFFICE SYMBOL

Michael Kaplan (202) 274-8722 PERI-BR

DD Form 1473, JUN 86 Previouseditionsareobsolee. SECURITY CLASSIFICATION OF THIS PAGE
UNCLASSIFIED



BATBOOK: AN ONLINE BOOK AND PROBLEM SOLVING ENVIRONMENT
FOR THE STUDY OF SKILL ACQUISITION

CONTENTS

Page

INTRODUCTION: THE ROLE OF EXAMPLES IN LEARNING ......... 1

BATBOOK: FACILITATING AND MONITORING THE USE
OF EXAM PLES ........................................... 3

READING THE TEXT IN THE ONLINE BOOK ..................... 6

SOLVING PROBLEMS IN BATBOOK ............................ 10

RETRIEVING PAST EXAMPLES ................................ 14

CONCLUSIONS: THE STUDY OF COMPLEX COGNITIVE
SKILLS ................................................. 23

REFERENCES .............................................. 25

oili



BATBook: An Online Book
and Problem Solving Environment
for the Study of Skill Acquisition

Jeremiah M. Faries
Brian J. Reiser

Princeton University

Abstract

BATBook is an online book and problem solving environment that
facilitates students' use of examples in a text book and use of their own
solutions to previous problems. BATBook contains facilities for reading
and searching text and examples within the text, for working on prob-
lems and storing solutions, and for searching through past solutions. All
interaction with the system is recorded, and thus BATBook serves as an
experimental tool for studies of the use of examples in learning. BAT-
Book has been used for studies of skill acquisition in the programming
domain, and can be used in similar fashion for other domains such as
statistics, mathematics, or physics.

1 Introduction: The role of examples in learn-
ing

An important focus of research on skill acquisition is the role of examples in learn-
ing. Students rely heavily on examples in instructional text to learn procedures for
solving problems in new domains (e.g., Chi, Bassok, Lewis, Reimann, & Glaser,
1989; LeFevre & Dixon, 1986; Sweller & Cooper, 1985; VanLehn, 1986; Zhu & Si-
mon, 1987). Research on the early stages of learning has investigated how students
use text examples and their own memories for previous solutions to adapt for new
problems (e.g., Anderson, 1987a; Escott & McCalla, 1988; Faries & Reiser, 1988;
Pirolli & Anderson, 1985; Reed, Dempster, & Ettinger, 1985; Ross, 1984; 1987;
1989). Research on analogical reasoning has considered the mechanisms that ac-
cess potential analogues from memory and evaluate them for their application to
a current situation or problem (e.g., Gentner, 1988; 1989; Holyoak & Thagard, in
press; Thagard, Holyoak, Nelson, & Gochfeld, 1989). Recent work on case-based
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reasoning has explored models of expertise consisting of an organized memory for
individual cases, rather than merely consisting of generalizations (Hammond, 1989;
Kolodner, 1983; Riesbeck & Schank, 1989). Research has also focused on the types
of features that govern memory search for previous examples (e.g., Faries & Reiser,
1988; Gentner, 1988; Ross, 1987; 1988; Seifert, 1988; Seifert & Hammond, 1989).

Several difficult issues face research on the use of examples in learning. First, if
the goal is to characterize how examples are used to learn rules, plans, or procedures,
then it is important to study the use of examples during the problem solving process.
Therefore it is necessary to have subjects learn to solve problems in a new domain,
and to examine the learning in a period that is long enough to include a sequence of
problems in which earlier solutions are relevant for later problems. It may be difficult
to generalize from experiments giving subjects only material to read and remember
to what happens when students are learning to solve new types of problems. Second,
in many experiments it may be difficult to determine when subjects are using an
example in a text. Some method is required for monitoring which pages of a text and
which portions of the pages subjects are currently using. Third, even videotaping
students' use of a text does not make available the information the subjects used
to access previous text. Fourth, it may be difficult to distinguish a case in which a
subject has retrieved a memory of a past solution and applied it to a new problem
from a case in which the subject has learned a general procedure and then applied
that to the target problem. In general, an optimal methodology for the study of
examples would make it possible to investigate in an extended problem solving
context the information subjects use to access examples and past work as well as to
monitor what information from the text or past work subjects use in a new problem.

One answer to several of these problems relies on protocol analysis, in which
subjects are asked to talk aloud while trying to solve a problem or understand an
example in a text. Protocol analyses are one approach to gathering more fine-grained
data for use in building and evaluating learning models (Newell & Simon, 1972;
Ericsson & Simon; 1984). For example, Anderson and his colleagues have studied
students learning to write computer programs or to solve geometry proofs and have
examined 30-40 hours of learning time per subject (Anderson, 1982; Anderson,
Farrell, & Sauers, 1984), and Chi and her colleagues have made a similar study of
students' elaboration of examples of worked solutions while reading instructional
text (Chi et al., 1989). However, it is often desirable to both restrict the range of
data gathered and to find a somewhat less intrusive method for collecting the data.

In this paper, we describe the Behavioral Analogy Tracing Environment (BAT-
Book), a computer-based environment in which students can learn to solve problems
in a new domain. BATBook is an online book and problem solving environment that
makes the search behavior of students explicit and provides a general method to ex-
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amine how students use examples in text and memories for their previous solutions
during learning.

2 BATBook: Facilitating and Monitoring the
Use of Examples

BATBook is an electronic book and problem solving environment designed to facil-
itate and monitor students' use of text, examples, and their ow", previous solutions
to problems. Thus, BATBook is designed to be both a pedagogical tool and an
experimental tool for the stud) ol skill acquisition.

2.1 Functionality of BATBook

BATBook can be used in skill acquisition experiments to present instructional ma-
terial and monitor students' problem solving behavior. The basic paradigm is that
students read a textbook on the computer screen, interspersed with example solu-
tions to problems and with problems for the student to solve. Students progress
forward and backward through the text by pages and can search the expository text
and worked solutions for any particular content they can specify. While working
on exercises, students are free to search the instructional material in the text, the
examples contained in the text, and their past work. Students store their completed
solutions and can request to see a previous solution at any time. BATBook records
all interactions, including the time spent reading each page, all the successful and
failed searches, all problem solving work, and searches of examples and previous
solutions.

We have used BATBook to study the use of examples by students learning to
write computer programs (Faries, 1988; Faries & Reiser, 1988; Faries & Reiser, in
preparation). This version of BATBook contains the text of the first three chap-
ters of Essential LISP, a textbook on the LISP programming language (Anderson,
Corbett, & Reiser, 1987), and a problem solving environment consisting of a LISP
interpreter, a simple editor, and facilities for checking the students' solutions for
correctness and providing simple feedback. In addition to searching the text, the
examples, and previous completed solutions, students can also search their inter-
actions with the LISP interpreter. In this way, the BATBook environment makes
explicit a large portion of the student's problem solving behavior, providing a rich
record for analyzing when and how students access the written instruction and their
previous work. Students learned to use the BATBook system with little trouble
following a short demonstration of its capabilities, and worked with it between 10
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and 15 hours to learn the three chapters worth of material, making effective use
of the searching capabilities the system provides to help use the text material and
their own solutions when working on new problems. The following sections describe
the various components of the BATBook environment.

2.2 Implementation

The BATBook environment runs on Sun workstations in the SunView window sys-
tem. BATBook is written in C, Franz LISP, GNU Emacs LISP (Stallman, 1987),
and the Lex lexical analyzer (Lesk, 1975). The majority of the interface for display-
ing and searching text is written in C, using Lex string handling functions. The
problem solving environment for LISP is written in Franz LISP, including a modi-
fied LISP interpreter that records the student's interactions and checks completed
solutions. The current version of BATBook contains a total of 5800 lines of C code,
3200 lines of Franz Lisp and GNU Emacs Lisp code, and 90 lines of Lex code.

We have used several different versions of BATBook in our experiments. The
exact configuration of windows and the searching options available to the students
differ from one experiment to the next. In the following sections we characterize the
various options available in the systems used to date, which are designed to include
a LISP programming environment, but we also describe how BATBook can be used
to teach topics other than programming.

2.3 BATBook Windows

The standard BATBook screen contains a Text Window, an Exercises Window, a
LISP Interpreter Window, and a Problem Submission Window that appears when
the student stores a completed solution (see Figure 1). The textbook is read and
searched in the Text Window. The book and chapter title are displayed as the title
of this window. The Text Window is replaced by a Previous Problems Window when
students want to look at text examples or previous solutions (see Section 5). The
Exercises Window presents problems for the student to solve. In the LISP domain,
students construct their solutions and test them in the LISP Interpreter Window.
For other domains, this window would be replaced by another type of interface for
constructing solutions, such as an equation editing interface or a simple text editor
for constructing verbal answers to problems.
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Local and global Variale

Parameters arm typically th$ hardest thling to grasp In
defining noe functions. November that parameters are actually
variables. However, we do not assign them values with the function
oetq. Instead, each parameter It assigned a value automatically
whan the function is called. Specifically, Sech variable 1s
assigned tha value of one of the arguments In the function call,.e.. EXERCISESa...
S ince parameters are variables, paretoe are always atoat,
regardless of Whether the value of the argument that will be
assigned to them Is a list or a numeber or a son-numeric toa.

There Is another Important distinction between parameters and
the variables aa discussed In Chapter 1. Parameters are local
variables, ehile the variables In Chapter I are global variables.
Parameters are called local variables, because they Only have
values within the context of the function. Consider the following
example:

=> (defus double (nsa) ~V h LSPItretr iaw IJ//IlI/I/
(e m 2)) LISP______Interpreter_____________Window_____

double :> Ceetq cities '(ny Phil*s baston))
0> (double 7) (ay Phls boatees)
14 )- cities
=> em (my phi la boatees)
Unbound vaiable. nun Z> (car cities)

> (defun triple (now) (a am 33)
riple

Whten double vet celled In this example, the parameter nsai wees (mmtq am (triple Co 5 IS))
assigned the value 7. but, after the function call ham been
evaluated, if you try to get the value of nun. you get an error> a
message , because that value ees only assigned to the parameter
.'rIng the moecution of doable. After (double 7) was evalueted I> 0
and returned 1A, the parsoete nua looss the value it eas given
- it again becomes unbound. The value a parameter acquires is
therefore local to the function using the parameter. The veriobles
in Chapter I are Called global, becausa they ae not set just
Within the contest of a specific function we defined. Recall
that when we mat a variable In Chapter L, It retaine04 it$ value
until that value i$ Changed with another call to sotq.

Target (TEXT): Select: E~T Prevteee Probimeeo LISP history:

Click button to change cooants of left sand window.

Figure 1. Reading text in the BATBook electronic book and problem solving environment.
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3 Reading the Text in the Online Book

3.1 Reading and Paging

The Text Window is positioned on the left half of the screen, and displays the
equivalent of approximately one page of text from a printed book. The text is
displayed in the window in a 12 point font, and may contain boldface characters for
marking key words, for displaying chapter headings, and for emphasis.

Students can read and page through the text using simple mouse commands.
When finished reading a page, the student can select the page forward button,
labeled "+," whereupon the next page of text is displayed. Students can also page
backward using the button labeled "-", and can return to the first page of the
chapter by selecting the "Page 1" button. The design of the Text Window was
loosely based on the Superbook electronic book environment (Remde, Gomez, &
Landauer, 1987).

The input text consists of a simple ASCII file and is set up like the input text for
formatters such as Troff. BATBook will fill the text, insert section headings, insert
paragraph and page breaks, switch between the Roman and bold font, and perform
other simple formatting using Troff-like commands.

Each section ends typically with a series of examples for the student to read or
exercises to solve. In most of our experiments, students are not permitted to page
forward to read the next section of text until they have completed the problem set.

3.2 Searching the Text

Students frequently need to refer to previous sections of an instructional text while
reading or solving problems. With BATBook, students can search through the
current chapter of the text using a search capabiiiLy similar to that provided in
most word processing programs. The student types a target of one or more words
after the "Target" prompt and then selects the "find first" or "find next" button.
The "find first" button searches the text for the first occurrence of the search string.
The "find next" button searches the text beginning on the current page. If the
cursor is currently residing on a match, then it finds the next occurrence of the
string, otherwise it simply searches for the string from the top of the current page.
If the search succeeds, the page containing the target string is displayed in the Text
Window, and the string is displayed in reverse video. An example of a student's
search for a string in the text is shown in Figure 2.

A string of any length may be typed as the search key. The string may include
spaces. Thus students may search for phrases such as "last element of a list." The
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Now you have learned to define your own functions. The 2.7
reinder of thl chaptlr Introoucee eo80 now LISP fwnctiOns end Due to cutbacks the police force must ask Its members
g e pr ct put t i to ghe C nmIn r tion of fenctions In to rake twice as many stops at various stores which
Coapteo 1. I substntal l port of learning to progrm involves they patrol. Eowcvei, whereas they used to start at
lerning not Just hoe functions work, but hoe to Us. them to the closest store and finish at the moSt distant store,
compute desired results. The procedure by which e function
Computes a result Is Called the algorithm for the function. For they nOw must start at the most distant and visit the
exaple, our algorithm for Inserting an Item as the second stores In the reverse order. They must do this twice
element of e list Vas to put together a new list Consisting of
the first element In the original list. followed by the ne whereas they ued to make only one vii per shift.
elegant and then the rest of the original list. Notice thalt We rite a function that takes a list of store names --
can describe the elgorithe without referring to function nes. e.g., (ulz nacys albertsons 7-11) -- an Inut bad returns
The LISP function, Insert-ecosed, that we wrote earlier, Is said
to Impleent the algorithe. the revised order of patrol stops.

Additional List Maipulation Functlon

Here are tnree new functions Useful for manipulating lists.

Function Cells Value returned operation

(append -(a h) (c)) (a 6 ) put te or more lists together \\\\V\%\\\\ LISP Interpreter Window IIII///l//I/
Into a single list :) (reverse (a a cl)

(1= '(c d 9)) (a d c) reverse V, order of th ERROR: eval: Undefined function a
elements in the arguaent :0 (reverse '(a b W))

(lint 'Q( I 1)) (1) return the list consisting Of (c b 8)
the lest itee in the argument => (reverse (reverse '(a 6 I))

Ce • c)
' (defun cutback (stores) (revere stores) (reverse stores))

There are smoe Iportent points to be made about each of *thick
these functions. the function appund1 is used to construct te. > (cutback '(vIz macye olbertese 7-11))
It likes two or more arguOnts, each of which mset be e list. (7-11 albertlons lslys wiz)
The funrliOl consiructs S new list containing the elemnts of ) (defun cutback (stores) (list (reverse stores)) (reverse stores))
ech of the lrgiJoents. Consider the following examples: utback

:> (cutback '(vlz macye elberteoie 7-11)
:) (append '(peos) '(carrots clory) '(brccoli)) >
(pess carrots celery broccoli) (7-1l albortlons macye WIZ)

-) (ppend '(D vo (Jack Sue)) '((Anne Ted) Midy m11 di) (defun cutback (stare) (Ilst
(Doe (Jack Sue) (Anne Ted) Mandy Richard)
Sotice tht the elee6rts In the argument lists ere not changed.

That Is, the elesnts Dae, (Jack Sue), (Aine red), Mindy, and
Atchard were combined into a new list, but the alone Jack and Se
wore not taken Out of ihe Moodded list (Jack Sue).

f ind firs) find neat
Trgot (TEXT): revere Select: T Previous Problese LISP hietor

Click button to change contents of left hed window.

Figure 2. Searching the text and working on a problem in BATBcok.
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search routines are insensitive to font changes so that students can search for a
phrase that was printed in boldface, such as technical terms or chapter headings.
Searches art also insensitive to case changes, so searches will not fail simply because
the target word began a sentence. Finally, searches are also insensitive to line breaks
and page breaks, so a search for a phrase that is broken across a line or a page will
succeed.

The search in BATBook differs from the search in some word processing programs
in that the displayed material in BATBook is always a single page. Unlike word
processing programs which display a "window" on the file, BATBook always displays
pages. These page breaks are constant - if students search or page through the
text, a given page will always be displayed with the same material and containing
the same pagc number. In this way, BATBook pages are as much like physical book
pages as possible, with the added advantages for the student that they can be easily
paged and searched, and the advantages for the experimenter that it is possible to
know at any point in the problem solving what page the subject has available for
reading and exactly what target information led the subject to that particular page.

Another way that students can search previous text in a less directed fashion is
to use the page forward and backward buttons to simply flip through the text until
a useful section is found. in some experiments, it may be desired to restrict paging
of the text while working on problems. BATBook allows the experimenter to disable
paging while the student is working on a problem set. In this way, if students want
to find something in the text, they must type an explicit search key instead of just
paging forward or backward until they find a useful section.

Students find the ability to search text quite useful and often use it while working
on exercises, particularly in the earlier portion of each chapter. This enables them
to access and review text presenting new concepts required in the exercises and to
find examples demonstrating the use of these concepts. Students are typically quite
effective in using the search capabilities. The majority of searches are successful, and
students typically follow unsuccessful searches with a successful search for a different
key. In most cases students appear to recognize the context for which they were
searching. A typical search pattern begins with a "find first" followed by several
"find next" clicks in very quick succession, followed by the student's resumption of
work on the problem using the information contained in the resulting page displayed
in the Text Window.

The assumption in the design of BATBook is that the student is using the system
to learn the new material contained in the instructional text rather than as a tool for
browsing reference material. For this reason, search of the text is restricted to the
portion of the text the student has read so far; the search will not find occurrences
of the search key beyond the farthest page that has been read.

8



It is important to note that any of the content of the instructional text may
be used as a Key to search the text. This use of full text indexing in BATBook
is similar to the search facility in the SuperBook system (Remde et al., 1987).
Remde et al. argued that the ability to use any content of the text as a keyword for
retrieval is an important feature of electronic books. A difficulty facing information
retrieval is that users often describe ta-gets in different terms from those built into a
system. The disparity of terms naturally chosen by users of systems creates problems
for information retrieval systems and for naming commands in computer systems
(Furnas, Landauer, Gomez, & Dumais, 1984). Therefore, students are much more
likely to be successful in retrieving a target portion of text if they can use whatever
aspects of the text they remember, rather than relying on an index of keywords that
the author has selected as important.

The approach of full text indexing differs from Hypertext systems currently re-
ceiving much attention (e.g., Conklin, 1987; Halasz, Moran, & Trigg, 1987; Robert-
son, McCracken, & Newell, 1981). Hypertext requires author-generated links be-
tween screens of information. In Hypertext, certain words or phrases in the text are
marked, indicating that a related section of text is available and can be accessed if
desired. Our goal in BATBook is to provide the students the freedom to pursue their
own paths through the material. We do not want to draw the associations between
potentially related sections through hypertext links. Instead, we are interested in
seeing what paths the students themselves choose to follow and which sections or
problems trigger access of previous sections. Furthermore, in our experiments stu-
dents are learning to solve problems in a new topic. An important component of
the target skill is knowing what information is relevant in each problem situation.
Therefore, we want the responsibility for accessing relevant text to be in the hands
of the student.

We feel that BATBook provides an interesting extension of the concept of an
"electronic book" that has been suggested as a revolutionary new communication
medium (e.g., Weyer, 1985; Yankelovich, Meyrowitz, & van Dam, 1985). It has
been argued that electronic books and hypermedia provide readers access to infor-
mation of various media enabling them to pursue their own paths through "webs"
of connected information. BATBook enables students to access information they
themselves have generated, along with what is already encoded in the book. Stu-
dents using BATBook can retrieve solutions of problems along with the text when
useful in solving new problems.

9



4 Solving Problems in BATBook

In this section, we describe how we have used BATBook to teach students to pro-
gram in LISP. This version relies on a LISP problem solving environment. To use
BATBook for another domain would require adapting this problem solving envi-
ronment. For example, a simple interface could be added to enable students to
enter equations instead of LISP expressions to work on algebra or physics problems.
Completed solutions to word problems could be stored away and searched just like
the LISP problems we have discussed. Even without such an interface, however, it
would be possible to use the current version of BATBook in other domains by having
students write their solutions on paper and use the system to read and search the
text and to access examples contained in the text.

4.1 Constructing a Solution

When the student completes the reading for a section, BATBook presents the as-
sociated set of exercises. The student initiates the problem sequence by selecting
the "Start Problems" button in the Exercises Window, whereupon the first problem
in the set is displayed. In the LISP domain, these problems require writing LISP
programs. Students have access to a LISP Interpreter Window which contains a
specially written Common LISP interpreter. This interpreter prevents certain types
of drastic errors (for example, accidentally redefining built-in LISP primitives or
getting trapped in infinite loops) and contains a simplified error handler that avoids
the standard LISP "break loop" which is often confusing for novices. The inter-
preter, like the other facilities in BATBook, also records every student keystroke
and mouse click, as well as the resulting system response.

The environment also contains an extremely simplified Emacs-based editor which
can be invoked from the LISP Interpreter Window to edit a function definition. The
editing commands are invoked from labeled function keys on the keyboard. The
editor contains commands to delete a character, delete a line, and insert a deleted
line. The arrow keys can be used to move left and right one character and up and
down one line. The editor also contains commands to save the function and enter
the revised definition into LISP, and to abort the edit with the definition unaltered.
The editor prevents the student from saving an illegally parenthesized expression.
Students find this editor relatively easy to learn. The typical scenario for solving
problems in the environment involves typing a function definition into the LISP
Interpreter Window, trying the function on some examples, and then repeatedly
editing the definition and trying it on examples until it works properly.
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4.2 Submitting a Completed Problem

When each problem is completed, the student submits the solution in order to store
it fcr future use. In our experiments, the submission procedure also included an
analysis of the solution to determine whether it was correct. However, this is an
option that can be manipulated. In some circumstances it may be desired instead
to accept all student solutions without checking their correctness.

The submission process is initiated by clicking the "Submit" button that appears
beneath the problem statement in the Exercises Window (see Figure 2). BATBook
then prompts the student to enter the name of the function he or she has written
to solve this problem (see Figure 3). BATBook then checks the solution by running
the student's program on several test cases associated with each problem. If the
program does not produce the correct results for a test case, BATBook informs the
student how the program behaved incorrectly and asks the student to try to fix
the solution. The student is required to attempt to fix the function and submit a
second solution. If the second submitted solution is still incorrect, the student is
again informed but this time is given the option of continuing with the next problem
or continuing to try to fix the solution (see Figure 4).

After the completed solution is submitted, a new problem is displayed in the
Exercises Window. At the completion of the exercises within the problem set, the
Exercises Window is cleared and the Text Window displays the page that begins
the next section of text.

4.3 Labeling Completed Solutions

BATBook contains an option in which students are able to label their final submitted
solution (whether correct or incorrect) for the problem. In this version of the system,
when students submit each solution they are asked to type in a brief label to describe
it. Students are told that the label can be used at a later time to retrieve the problem
description and the solution. The procedures for retrieving solutions are described
in the next section.

The facility to label a completed solution enables students to retrieve their past
work according to their own description of the problem and solution rather than
having to refer specifically to the content of the problem or the solution itself.
We included this option because we are interested in seeing whether students can
profitably use the labeling facility to encode their solutions selecting features useful
for later retrieval.
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A g r i t l m s

"oe you have learned to detfine your own functions. The 2.7
remainder of this chapter introduces some new LISP functions end De to cutbacks the police force must ask its members
gives you practice putting together comblinations of functions in to make twice as many stops at various Stores Which
order to accomplisn more complicated tasks. As ses mentioned in
Chapter 1. a substantial part of learning to program Involves they patrol. lomever, whereas they used to start at
learning not just hoe functions work, but hoe to us* thee to the closest store and finish at the most distant store,
compute deslrd results. The procedure by Which a function
computes a result Is called the algorithm for the function. For they no w ust start at the most distant sad visit the
example, our algorithm for inserting en item as the second stores in the reverse order. They must do this tWlce
element of a list we to put together a ne list consisting of
the first elemnt In the original list, followed by the neg whereas they used to mke only one visit per shift.
element and Then the rest of the original list. Notice that we rite a function that takes a list of store names --
can describe the algorithm without referring to function names. e.g., (iz macys albertuos 7-11) -- as Input and returas
The LISP function, inmrt-seednd, that we wrote earlier, is lid
to impleeit the algorithm. the revised order of patol stops.

Adittonal List Manipulation Fenctions

Were are three ne functions useful for manipulating I181.

Function Cale Velue returned Opsretion Please type In the nan of the MAIN function
for this problem. Then press ENTER.(append "(a I) "(c)) (a 5 c) put two or more lists together

into a single list
Q = '(c d e)) (e d ) reverse the order of the

elegants in the argument
(last I( @ I)) (1) return the list conslitlng of

the last item In the argument

There are soas Important points to be made about cich of
these functions, the function eppend is used to construct lists.
It takes two or more argueonts, each of which oust be a list.
The function onstructs a saw list containing the elements of
each of the ergu snts. Consider the following examples: main function name: cutbasc

:> (append '(pos) '(carrots clory) (broccoli)) I'
(pees carrots celery broccoli)

) (defun cwtback (stores) (|it (reverse Storms)))
> (append '(Dove (Jack Su)) '((An@ Ted) Mindy SIchord)) "itbock
(Dave (Jack Sue) (Anne Ted) Nindy Richard) -. (cutback '(wiz ecys elbrtse 7-1))
Notice that the elements in the argument lists are not changed. ((0-11 elbertseons acys wiz))

That is, the elements wes, (ack Sue), (Aine Ted), Mandy, end ) (fun cutback (stores) (list (reverse stores) (revere stores)))
lmcbwd wee combined into a nec list, but the stops Jack end We setbck
were not taken out of the mbedded list (Jack Sue). ) (cutback tuild macys albertsone 7-11))

((0-11 ilberteons macys eite) (7-11 lbortsons macye wiz))
> 0

find first fin td nest]

Trsget (ENT): revero Select: ( Previeus Problems) [ LISP history ]

Click button to change ceetente of left hand mindow.

Figure 3. Submission of a completed solution.
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Now YOU have learned to deflin your own functions. Tme 2.7
remainder of this chapter introduces some now LISP functions and Due 'to cutbacks the police force must ask Its members
gives you practice putting together combinations of functions In
order to accomplish more complicated tasks. As was mentioneO in to ake twice a many stops at variou stores icb
Chapter 1, a substantial pert of learning to program involves they patrol, Nowever, whereas they used to start at
learning not just how functions work, but how to use than to the Closest store and finish at the most distant store,
compute desired results. the procedure by which a function
compute$ a result is Caled the algorithe for t. function. For they now mast start at the most distant and visit the
example, our algorithm for inserting an Item as the second stores In the reverse order. They must do this twice
element of a list was to put together a row list consisting of
the flrst element in the original list, followed by the ne whereas they used to make only one visit per short.
llement and then the rest of the original list. NotiCe taot we Write a function that takes a list of store names --
can describe the algorithm without referring to function neaes. e.g., (miz macys aibertsous 7-11) -- as Input aod returas
The LISP function. Insert-second, that ee erote earlier, Is said
to impleamnt te algorlhs. the revised order of patrol steps.

Additioal List Nmipulatie Fuectioe

Here e three now functions useful fOr manipulating lists.

Function Calls Value returned Operation The eain function cotbaci still doesn't cork. I he" tried
the argument ('(NV.Cinws toylaid a11.mi6pstr)) and it returns

(append '( 6) '(c)) (a b c put two or more lists together the value ((s11,itt toyled NY..Cers) (o11.nlgstw toylard
into a single list

(CEMM 1(c d 4)) (o d C) reverse the Order of the TY.Cors)). It Should return (sll.nighter toyland NYCmaemr
elements In the argument &ll.Ihiptr toyland NT__Cinu). It you could like to Continue

(l1t (o a (1) return the lst Consisting of please modify end resubmit.
the lest Item In the argument (Please press OK if You vent to modify Cutback.)

(Please press SUM4T AS IS button if you Can't Solve this
There are aoe important points to be eade about each Of problem and would like to mo"e on to the next problem.)

these functione. The function append Is used to construct lieta.
It takes two Or more arguments, each of which st be a list.
The function constructs & new list containing the eleents of
each of the arguments. Consider the following examples:

:> (Append '(peas) '(carrots celery) '(brocc li)) r Sut1t As Is iBQ
(peas carrots Celery broccoli) I

)(def un Cutback (stores) (list (revere stores)))
:) (append '(Dove (Jack Sue)) '((Anne Ted) Wendy Sichrd)) cutback
(Dave (Jack Sue) (Arm Ted) Handy Richard) :) (cutback '(wiz sacye lbertsons 7-11))
Police that The eilments In the argument lists are not changed. ((7-11 albertsone macye mit))

That Is, the elements Dove, (Jack Sue), (Mne Ted), Handy, and ) (defun Cutback (stores) (list (reverse stores) (reverse stores)))
Richard were combined into a now list, but the atoas Jack and le cetbeck
were not taken out of the eaoadJed lilt (Jack Sue). s> (cutback 1(wiz secys slberteone 7-1l))

((7-11 albortesom macye v.i) (7-1 slbertsome nacye iz))
> 0

'fnd first ){find nest

Target (TEXT): revere% Select: T (Previous Problems) I LISP hietory:)

Click button to change contents of left head winmo.

Figure 4. Feedback on a submitted incorrect solution.
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5 Retrieving Past Examples

There are several methods for retrieving examples in BATBook. Two basic types of
examples can be retrieved: examples within the instructional text and the student's
own previous problem solving work. The examples of worked solutions embedded
within the text have a special status and can be searched using a method different
from the keyword text search described in Section 3.2. The method of retrieving
text examples is described in Section 5.1.

The method of retrieving the student's own work depends upon the options set by
the experimenter or instructor. If the student has labeled the completed solutions,
these labels are used to access previous solutions. This option is described in Section
5.2. If the students were not asked for labels, they can later access their solutions
by using a probe from either the problem description or the content of the solution
itself. This method is described in Section 5.3.

BATBook provides another method for retrieving previous work other than com-
pleted solutions. Students can also search through their interactions with the LISP
interpreter. This type of search is described in Section 5.4.

5.1 Searching Study Examples

BATBook contains the option of embedding examples within the instructional text.
We refer to these as 'study examples" to distinguish them from the student's own
solutions to problems. A series of study examples can be included in the text
similar to a series of exercises for the student to solve. Each study example includes
a problem description, a solution, and an explanation of the solution (see Figure 5).
The examples are presented on the right side of the screen in an expanded Exercises
Window. Rather than solving the problem, the student simply reads the example
and proceeds to the next example by selecting the "Next Example" button.

The student can search through any of the previous examples at any time. To
initiate a search of examples, the student first selects the "Previous Problems"
button beneath the LISP Interpreter Window. This changes the Text Window from
Text mode to Examples mode. The examples search is most useful while solving
problems, so it is important that the Exercises and LISP Interpreter Window remain
in view. For that reason, the retrieved examples are placed in the Text Window.
The student then types a search key opposite the "Target" prompt beneath the
window, and selects the "find first" or ufind next" button. The "find first" button
finds the first occurrence of the search key in any of the examples that have been
read so far. The "find next" button can be used to find the next occurrence, starting
from the currently displayed match. If the search succeeds, then the entire example

14



11

Study the following example to am how appmd Is 2.7
distinguished from cons and list. It Is important to be able to Due to cutbacks the police force must ask Its members
choose the right function from among these three In constructing a to make mice a many stops at various stores which
let.

they patrol. Ioaever, whereas they used to start at

:> (list '(a h) "(c d)) the closest store and finish at the most distant store,
((a 0) (c d)) they no meust start at the moat distant and visit the
:> (cone 'C 6) '(c d)) stores In the reverse order. They must do this twice
((a b) c d)( (append 'CS If) Q) whereas they used to make only one visit per shift.

(a 6 c d) Write a function that takes a list of store names --

The function cons always takes two argumente and inserts the e.g., (ilz macys albertsons 7-11) -- as Input and returns
firit argument at tha beginning of the second. The funcion list the revised order of patrol stops.
can take one or sore arguments, and makes a new list by "wrapping
perentheses" around Its arguments. The arguments boy be atoms o' ie is on soiutea• to this problem:
lists, and list preserves the arguments; that is. If en Argument efJn p olu(stos
Is a list, it remains an esbe.ded list In tne new list. Ina =>(def n n 

patrol (stores)
function appeo makes a new list by (append (reverse stores) (reverse stores)
fro around each of its arguments end putting all the elements
Into one long list. (Actually, list and append can as called with
no arguments, In Which cast each would return tile empty list, all.
In addition append can be called with I argument. in which case it There are two things ee want to do here: ue Mnt to
juet returns that ergument. The occasions for cailing these
functions In this way are rare. On the other hand, list can be have the stores visited fin reverse order An we want
quite useful with one argument, because you light want to aeKe I it done twice. We know of the function "reverse" which
list containing that argument. ) will give us reversed list. Dy calling "reverse" with

The function reverse takes one argument, which oust be a the list of stores we will get the list of stores In
list. It returns a list In which the order of the elements hrs
been reversed. However, It does not reverse the rder of iyreverse order. He then nt to use the function "append"
embedded lists. to put two reversed copies of the list together lts

:> (reverse '(shirt dress socks shoes Jacket)) one long list of store mnes.
(jecket shoes Socks drees shirt)

Then we can call the function "patrol" as follows::) (reverse '(shirt dross (sodis eikes) Jadket))
(jsckst (Becks shotS) dress shirt) (> (patrol '(uiz macys albertsons 7-11))

The function lst $lSo takes one ergument, which must be a (7-11 albertsons macys mix 7-11 albertsons macys wit)
liet. It returns the tall of the argument Consisting of the lost
item. That 1, it does not just return the lost item. Instead, It
returns s list with one element whlch Is the lest itte of the
argument. Calling lest is equivalent to taking sucesslve cdrs of
a list until only one element reesins.

find firet fi nd next mo[Net (seplo 13

Target (TEXT): removing the parstboe% Select: T (Previous (seele [ LISP hiator

Click buttoe to change contents of left hand window.

Figure 5. Reading a study example in the text.
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2.15
A pollster has collected answers to a series of questien.

These answers are in tbe form of a list. For a particular
2.8 report she wants to collect answers for tbe first and
A vente to know the best and the worst student last questions given. Nrite a function that will take
In each Of the discussion Sctions of his C1ass. h
n t$ the n o the partlclpant$ Of each 41dc.$. a list of answers -- e.g., (21 yes renting democrat)
grou in lists that start with the bst student end -- and return the first and the last ones only.
and with the Worst. ite a function that Vill take
each of these lists -- e.g., (Smith Jones sanuals blake)
-- and return another list containing only the nmes
of the best and the worst student.

Here Is n:,gotlutlon to thIs problem:
:>(defun best-worst (students)

(cons (car students) (lest students)))

This function takes one argument which Is a list of
student neses. 'A can use "car" to get the first student's
nas end "lost, to get a list containing the last student'i
nose. Moe we Choi the function "cons" to put these LISP Interpreter indow
tao lsts together because the first student's now (eun polls (answers) (car answers) (cons last answers))
in an @tos end can simply be inserted Into the list e1le
containing the lost student's nse. This sill give > (polls '(21 yes renting democret))
us oar single list Of two names. ERROR: Unbound Variable: lost

) (defun polls (answers) (car ansers) (cons (lost answers)))
then e can COll the function "best-worst" as follows: pall

X (POllTS (21 yes renti ia doeacrat)):> (beot-worst '(selth Jones snuels blake)) mcOt: incorrect amber of erge to coe
(smith blake) ( uotu polls (answers) (0

(1ta fletl [find neat]
Target (PROBLEMS): professor Seleet: T Previews Problo LISP histor

Click button to change cootants of left hand window.

Figure 6. Retrieval of a study example from the text.
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is displayed in the Text Window. If the search key cannot be found, a message
is displayed and the student can either edit the search key or abandon the search.

A case in which the student has retrieved a study example while solving a later
problem is shown in Figure 6.

Making previous examples in the text more easily available to students is an
important facility of the BATBook system. Many types of instructional text contain
examples to demonstrate a concept or solution method. The successful "Minimal
Manual" approach for computer manuals developed by Carroll and his colleagues
relies heavily on the use of examples to demonstrate the sequence of actions to
achieve a particular text editing goal (Black, Carroll, & McGuigan, 1987; Carroll,
Smith-Kerker, Ford, & Mazur-Rimetz, 1987-1988). Students focus on examples in
textbooks and manuals when learning new procedures (LeFevre & Dixon, 1986;
Reder, Charney, & Morgan, 1986; Sweller & Cooper, 1985; VanLehn, 1986; Zhu
& Simon, 1987). Furthermore, the type of elaborations students generate when
understanding and reviewing examples strongly influences their success on later
problems (Chi et al., 1989; Pirolli & Bielaczyc, 1989). Treating the example as
a problem to be solved, in which each step can be "predicted" and the reasons
for each step explained, leads to better learning. Consistent with these results,

Charney and Reder (1986) demonstrated that students learn more by solving a
corresponding problem than by simply following the step by step instructions in an
example. The example searching capabilities of BATBook facilitate the process of
learning from previous examples by enabling relevant examples to be more easily
retrieved and used to solve new problems. As an experimental tool, the example
searching capabilities of BATBook enable us to investigate when students decide to
use previous examples and how they access them.

Another potential benefit of the use of examples in BATBook relies on the way
in which examples are distinguished from regular expository text. This may serve
to focus students on the examples and encourage them to process the examples
more appropriately than treating them as additional expository text. Scardamalia
and her colleagues have argued that making the understanding goals more explicit
can encourage more profitable learning strategies (Scardamalia, Bereiter, McLean,
Swallow, & Woodruff, 1989).

5.2 Searching Previous Solutions Using Labels

Students who store solutions using their own labels can later retrieve any problem
and its solution using the label as a key. A search of previous solutions can occur
at any point the student chooses. To search previous solutions, the student first

selects the "Previous Problems" button in the LISP Interpreter Window. As in the
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2.15
YOUR LAKL: beat mad worst students A pollster ban collected answers to a series of questioas.

A prOfessor nts to nod the test and the oel student These answers are in the form of a list. For a particular
In each of the discussion sections of his closS. He report she wants to collect answers for the first and
hs the nones of the participants Of each d5cusson last questions given. Nrite a function that will sake
group in list* that sta't with the best student od
and with the worst. wlte a fJucCtlOnf th ill tote a list of answers -- e.g., (21 yen renting democrat)
each of these lists -- e.g., (taith Jones semuls blake) -- and return the first and the last ones only.
- ond return thother list containing only the neas

of the best and the orst student.

(defun best-werst (students)
(cons (car students) (last students))) LISP Interpreter Viodow

z) (detun pollster (answer%) (list (car answers) (lost answers)))
pollster
-> (pollster '(21 yet renting democrat))
(21 (doeocrt))
> (defun pollster (answers) (sppond (car answers) (lost aswers)))
glister
> (pollster '(21 yes renting democrat))

IRRO: Nom-list to append: 21 il
> (deun pollster (answers) )
Illegal defun: You do not have all the secessary cemponents.
0 (defun pollster (answers) (4

Target (LABEL): etudentee

Click button te chsnge contents of left hand window.

Figure 7. Retrieval of a previous solution using the student's label.
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search of study examples, this replaces the Text Window with a Previous Solutions
Window. The student can then type part or all of a previous label and select the
"Label Search" button to initiate the search. If a problem with a matching label
is found, the complete problem description and the subject's final solution to the
problem are displayed in the Previous Solutions Window (see Figure 7). After
finding a previous solution, the student can return to the LISP Interpreter Window
to attempt to map a component of that solution to the current problem or decide
to search for a different problem if the example retrieved turns out not to be useful.

Students find the ability to retrieve previous solutions a very useful feature of
BATBook. The labeling facility provides pedagogical benefits similar to the facility
for retrieving examples from the text. Much of problem solving early in a stu-
dent's learning of a new topic relies on retrieving memories for previous solutions,
adapting the procedure to fit a new problem, and generalizing the result. BATBook
enables students to encode their solutions in ways that later can be used to retrieve
them. The retrieval process is greatly facilitated - rather than having to recall
a solution from memory, the computer enables students to accurately retrieve the
complete problem description and solution. This type of assistance should facilitate
the students' abstraction of general solution plans from the examples. This raises a
number of important theoretical issues, which we are currently investigating using
BATBook: What type of similarity causes a new problem to remind students of a
previous solution? What aspects of a solution do students encode in memory?

There are potential pedagogical benefits in focusing students directly on the
encoding and retrieval question. Students know when they label a solution that
their labeling will affect how easy it will be to retrieve that solution at a later time.
Requiring students to label their solutions may cause them to reflect on the solution
and try to abstract what was important, interesting, or novel about this problem.
This type of reflection is generally co-idered an important part of sophistication
in a domain (e.g., Collins & Brown, 1988). BATBook provides a way to investigate
these issues by examining students' choices of labels, whether the labels can be
remembered and effectively used, whether the type of labels change with expertise,
etc.

5.3 Searching Previous Solutions Using Problem or Solu-
tion Content

A different method for searching previous solutions is available to those students not
asked to label their solutions when submitting them. These students can search by
referring to any of the content of the problem or the solution. In this method, search

is initiating by selecting the "Previous Problems" button. At that point, the student
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I 2

During a political campaign. one of the organizatianl
staff members decides that by campaigning only once

2.9 In each district many contacts are missed because people
A M historian has traced the relation between are not at hone. Be decides that each person should
many particular Individuals and a nmber of their ancestors.
She has these in the fOrm Of a list of relatives traced backtrack after they have finished their routes and
from the present to the most ancient. Now she needs redo each district by revisiting the places they bad
to tate the list Into tvo copies of the relation: one missed the first time through. Krite a function that
ascending (most recent to most ancient) and one deSconding
(ancestors to present). Vite a function that taKes mould take the original list of districts -- e.g.. (crestuwed
6 list of fana ly mbers as Input -- e.g., (J.setth glenora belvedere) -- and return a list that contains
h..ones b.jones) -- and returns a list that contsinr
the original list ecending and then descending .  the revised route.

YOtM SKAITION. \\\\\\\\\LI\\IT\\: \% LISP Interpreter Vimdow //I// / I///////

(defun relesti ms (f ilyimes) -) (oenun politics (original mom) (append origimal now))
(append fa ilyamme (raverse femllynme))) a litical

) (political '(creetood glemore bolvedere))
ROOM: roe fa actual parameters a11

) (dafun political (original) (append original original))
plitical
-> (political '(Crestwood jieers beTvedero))
(Crestwood ilenors belvedere crestwood jlenorn belvedere)
> (defun political (original) (rovers

I lnd et-] nt
Target (PROSLbS-): fmi 1  Selet: (Previous Prob-Imee LISP hiotory)

Click button to change contente e left hand vindow.

Figure 8. Retrieval of a previous solution using content of the problem.
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can type in the search target, and select the "find first" or "find next" button.
BATBook then searches through the problem descriptions and their solutions for
the first or next occurrence of the search string. If a match is found, the problem
description and the subject's solution are displayed in the Text Window, just as for
a Label Search. Only the problem and description for a single problem are displayed
at a time. An example of this type of search is shown in Figure 8.

5.4 Searching the LISP Interaction History

We have discussed how students can search study examples embedded in the text or
their previous solutions. Another potentially important type of information is the
problem solving attempts made prior to a solution. Information such as understand-
ing an obstacle encountered, explanation of why a plan failed, or other unexpected
events in pursuing a plan may play an important role in providing access to the
event in memory and may determine what can be learned from the problem solv-
ing episode (e.g, Carbonell, 1986; Hammond, 1989; Seifert & Hammond, 1989).
For this reason, BATBook provides students the ability not only to search com-
plete examples or solutions but also to search the record of their problem solving
interactions. In the LISP domain, this is accomplished by a facility for searching
interactions with the LISP Interpreter.

Students can search the history of their interactions with the interpreter by
selecting the "LISP History" button. At that point, the student can type a search
string and select the "find first" or "find next" button. As in search of the text,
this search finds the first or next occurrence of the search string in the log of the
student's interaction with the LISP interpreter for that chapter. The log is displayed
in the Text Window with the target string in reverse video. An example of this type
of search is shown in Figure 9.

Students find the search of the LISP history to be a useful feature while solving
problems. Students frequently search for previous episodes in which they encoun-
tered an error similar to one appearing in the current problem or for cases when
they correctly used a construct relevant for a current problem.
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aefuon precept (StiJOelts)
(append (car Itudents) (car (reverse stuoents)))) 2.22

-) (precept '(smith dohnes samuel# blake)) During a political campaign, one of the organizational
ERROR: Mon-list to append: Smith nil
*> (edit 'precept) staff members decides that by caNpalgning only once
(defun precept (students) in each district many contacts are missed because people

(con (car studente) (car (reverse studentb)))) are not at bone. Be decides that each person should

:> (precept '(salt Johns$ esmiml blake)) backtrack after they have finished their roates and
(Seith . blake) redo each district by revisiting the places they had
*> (edit 'precept)
:defun precept (students) missed the first tine through. Write a function that

(list (car studente) (car (reverse students)))) mould take the original list of districts -- e.g., (crestced

-> (precept '(Smith John$am sele blake)) glenora belvedere) -- and return a list that contains
(seith blae) the revised route.
-(eolu (ancestors)

(list (ancestars) "rse ancestors))
family
) (femily '(j.seittu h.lones o.jonoe))
ERROR: evI: Undefined function ancestors
*) (edit 'femily)
(defun family (ancestors)

(list ancestors reverse ancetors)) \\\ \\\\\\ LISP Interpreter Window IIIIIIIIIII III
=) (dtiu duke (eCkion) (reverse Jackson))

-) (edit 'family) duke
(defun feeily (ancestors) ) (duke '(crestwood Slemire belvedere))

(list ancestors (reverse ancestors))) (helvedere glenore creesood)

z) (family '(J.6sith h.lones b.jones)) =) (defun duke (Jackson) (fl
(.selth h.)ones b.jonas) (b.jones h.jones J.sltl))

*) (edit ' aeily)
,defun feem ly (enceetors)

(append ancestors (reverse ancestors)))

-> (family '(J.salth h.jores b.jones))
, J.eoiih h.jone b.jonea t.jone h.jonoe J.$eith)
:> (gallup

[ROR: oval: Undeftned function gallup
*> (edit 'gellup)
(defun gllup (amer)

(00)

(append answer age))

" ';a*lu '!yes yes no yes no no 26))
ERROR: eval: Undefined function age
-> (gallup '(yes yes no ye))
ERROR: eval: Undefined function ag
) (edit 'oallup)

[ ln f~etr3 fi nd nest

leTrget (LISP): fami 11, Select: t Previous Problem s [ LISP histor-y ]

Click button to change cotents of left hand alnden.

Figure 9. Retrieval of problem solving attempts in the LISP Interpreter Window.
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6 Conclusions: The Study of Complex Cognitive
Skills

In this paper, we have described the BATBook electronic book and problem solving
environment. BATBook has been designed as both a pedagogical and an experi-
mental tool. The pedagogical benefits of the system derive from the way in which
BATBook facilitates students' use of examples. Study examples within the text can
be easily retrieved and used when the student faces similar problems later on, or
accessed in order to contrast a study example with a problem in which a somewhat
different solution technique is required. The student's own completed solutions can
be easily retrieved so that past successes can be applied to new problems. In this
way, students can see what is similar between problems and abstract more general
strategies and plans. Students can also retrieve a previous solution to contrast it
with a current problem to consider why the previous technique cannot apply to
the current problem. Furthermore, focusing students on the encoding and retrieval
process itself may produce pedagogical benefits. When asked to label a solution,
students must reflect on the problem solving episode and extract features useful for
indexing it. In general, the problem solving environment encourages students to
process examples differently from text, and to consider when solving a problem how
it relates to other problems.

As an experimental tool, BATBook enables us to examine a number of impor-
tant research questions facing theories of learning from examples. By making the
students' use of examples overt and the process by which they retrieve examples
explicit, we can examine in greater detail the role that examples play in learning. In
particular, we are investigating the reminding and use of examples. What type of
similarities between problems cause students to be reminded of a previous solution?
Are students distracted by superficial similarities, or do they recognize structural
similarities between problems with different surface content? At what point dur-
ing problem solving do remindings occur? What type of information is encoded in
memory from a problem solving episode?

We have constructed BATBook to examine the reminding and use of examples
in a situation in which students are engaged in learning a new domain and solving
problems. Retrieving a study example, an example of a bug encountered previ-
ously, or a successful solution are all methods in the student's battery of learning
strategies. In this way, we can examine the use of examples in a natural context,
where the examples are used as part of the problem solving. This approach differs
from one in which the reminding is a goal explicitly posed by the experimenter,
for example if the student were asked to describe similarities between problems or
recall information that was only encoded for the purpose of recalling it. If the goal
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is to characterize how people remember and use information to accomplish goals, it
may be difficult to generalize from laboratory tasks in which the subjects are not
given problem solving goals (Seifert, 1988; Seifert & Hammond, 1989). In order to
investigate empirically the types of complex learning now facing cognitive science
theories, it will be necessary to move beyond simple one-hour laboratory studies
of simplified material with simple "percent correct" performance tests. Instead,
much finer grained analyses will be required to evaluate learning models. Anderson
(1987b) has argued that interactive problem solving environments that record and
track students' reasoning are an optimal methodology for the study of learning. Ex-
periments such as our BATBook studies (Faries, 1988; Faries & Reiser, 1988; Faries
& Reiser, in preparation) and instructional experiments based on intelligent tutor-
ing systems (e.g., Corbett & Anderson, 1989; Pirolli, 1986; Reiser, Ranney, Lovett,
& Kimberg, 1989; Singley & Anderson, 1989) provide such intensive analyses of
students' learning.
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