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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




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 bher 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-




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 owi previous solutions
to problems. Thus, BATBook is designed to be both a pedagogical tool and an
experimental tool for the study of 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




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 anzlyzer (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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Pefining LISP Functisas

Local and 6lobs) Varisbles

Paraseters are typically the hardest thing to grasp In
defining new functions. Rewesber that paraseters are actuslly
varisbles. However, ve do not assign thes values with the function
sotq. Instead, each parseater ts sssigned 3 value automatically
when the function is called. Specifically, each varisdle 13
assignad the value of one of the argusents in the function call.
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rogardiess of whethar the valus af the argusent that will be
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There is another importent distinction detwesn paraasters and
the variables we discussed in Chapter 1. Parameters are local
varigbiss, wh1ls the variadbles in Chapter 1 sre giobal varisbles.
Paraseters are c3)leg local variables, because they only have
values vithin the context of the function. Consider the following
sxanple:

2> (defun double (num)
(® aum 2))

doudle

=> (double 7)

14

> aum
Unbound variable: nua

vhen deuble ves Celled in this exsapls, the psraseter num was
sseigned the velue 7. But, after the function csll has besn
evaluated, 1¢ you try to get the value of nus, you get an error
sess3ne, becauss that valus was only assigned to the paraseter
auring the execution of do . After (double 7) ves evsiusted
and returned 34, the parsseter num lootes the value 1t wes given
== 1t sgain tecoses unbound. The value 3 paraseter acquires 1s
therefore 1oca) to the function using the pareseter. The variables
in thapter 1 ore called global, because they ere not set just
within the context of & specific function we defined., Recall
tat shen we set 8 vartsble 1n Chapter 1, 1t retatnes tts vaiue
until that value 1s changed with another call to setq.
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2> (setq ci1ties “(ny pnila deston))
(ay phils boston)

=) cities

(ny phila boston)

2> (car cities)

(Ctind first ) (find next ) (Paga 1 ) C - ) -
Terget (VEXT):

ny

> (defun triple (num) (® aum 3))

Eriplo

> (setq mum (triple (e § 18)))

s

> mm

o3

>

Select: (ext )  (Previous Problems) (_LISP history )

Click button te change centents ef left hand window.

Figure 1. Reading text in the BATBook electronic book and problem solving environment.




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 capabilivy 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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Nov you have lesrned to define your own functions. The 2,7
ressinder of thie chapter introduces s08e nav LISP functions end Due to cutbacks the police force must ask i1ts members
gives you practice putting together combinations of functions in
order to 8CCOBPIISh mOre COMPlICated tasks. As was Rentionsd 1n to make tuice as wany Stops 3t varfeus stores which
Chapter 1, o sudbstential part of learning to prograa involvas they patrol. BEouevei, wmbereas they used to start at
Jearning not just how functions work, bul how o use thes 10 the closest store and finish at the most distant store,
cospute cesired results. The procedure by which @ function
conputes 8 result 18 called the algorithe for the function. For they now must start at the most distant and visit the
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elenent 0f 0 115t was to pu togothlr * now &t consis ng o
the first slasent 1n the original t1st, followed by the new ubereas they Uwed to mke only ome vislc per shife.
sleaent and then the rest of the origina) ltst, NOtice that we Hrite a function that takes a 1ist of store mames --

can describe the 81gorithe without referring to function nases. e.g., (ulz macys albertsons 7-11) -- as input and returas
The LISP function, insert-secend, that we wrote sarlier, is eatd ’

10 1eplenent the slgorsthe. the revised order of patrel stops,

Additional List Manipulstion Functions

Here are tnree new functions useful for manipulating Jists.
Function Calle ¥alue returned Operation
(append “(a ®) “(c)) (a®c) put tvo or BOre 115ts togetner AMMMAAAVANANANAANNNNN LISP Interpreter Wiadow //77/11111111171711¢01
inte s single Yist => (revarse (2 B c))
(XN ‘(c ¢ o) (e ¢ ) reverss tro order of the JERROR: sval: Undefimed functiea @
elesents in the srguaent e ‘(s b ¢))
(imet (g h 1)) ) return the 115t consisting of
the Tast 1tee in the srgument =) (reverse (reverse ‘(a b ¢)))
(a & ¢)
=> (defun cutback (stores) (reverse steres) (reverse stores))
Tnere are some iaportant points to be sacs sdout each of cutback
these functions. The function sppend 18 used to construct ltsts. 2> (cutback ‘(w1z macys aldertsons 7-11))
It takes two or mors argusents, sach of which sust be s lMst. R"‘“ albertsons macys wiz)
The functics constructs & new 11§t containing the elesents of 2> (defun cutback (stores) (1ist (revarse stores)) (reveree stores))
oach of the argusents. Consider the following exasples: lcutback

2> (cutback ‘(wiz macys atbeartsons 7-11)
2> (append ‘(pess) ’(carrets celery) ’(brocenlt)) )

(peas carrots calery broccolt) (7-31 albertsons macys wiz)

2> (detun cutback (stores) (115t
=> (sppend “(Peve (Jack Sue)) “((Anne Ted) Mendy Richerd))

(Dave (Jack Sue) (Anne Ted) Mancy Richerd)

Motice that the eleserts 1n the srgusent 11sts are not changed.
That 1s, the elesents Deve, (Jack Sue), (Anne Ted), Mandy, and
Richard vere cosdined 1ntc & naw 1182, but the stoms Jeck and Sue
were not taken out of the esbedded list (Jack Sus).

(tind first ) ( find naxt )
Torget (TEXT): revereq

Select: (JEXT }  (Previous Proviems) (CLISP history )

Click button te change ceantents of left hand window.

Figure 2. Searching the text and working on a problem in BATBcok.




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 are 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 page 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. n 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 nse 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 assunption 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 stulent has read so far; the search will not find occurrences
of the search key beyond the farthest page that has been read.




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 tc 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.




4 Solving Problems in BATBook

In this section, we describe how we bave 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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ESSENTIAL LISP: Chapter 2: Pefiming Lt ISP Functions
Algoritims

Now you have learned to define your own functions., The
ressinder of this chapter introduces sose nev LILP functions end
gives you practice putting together combinations of functions in
order t0 8CCOBplISh 30re COBPIICETOC TASKE. AS MAS BINTIONG0 1N
Chapter 1, a substantial part of lsarning to prograa invoives
lesrning not just how functions work, but hov to use thes to
cospute desired results. The procedure by which a function
cosputes 8 Fesult 1s called the algoriths for the function. For
oxaspls, our algorithe for inserting an 1tea as the second
elenont of a 1ist was to put together s nev liet consisting of
the first elssent in the original list, followed by the new
eleaent and then the rest of the original 11st. Notice that we
can describe the algorithe without referring to function nsses.
The LISP function, insert-secend, that ve wrote esrlier, ts said
to taplasent the algorithe.

Additional List Manfpulstion Functions
Here are tnres new functions useful for santpulating lists.
Function Calls Yalue returned Operetion

(append “{a ») “(c)) (s »c) put two or msore lists togetner
fnto & single Tist

{c d 8)) (e dc) reverss the order of the
slessnts in the srgument
(last ‘(g h 1)) (1) return the T1st consisting of

the last ites 1n the srgusent

There are soss feportant points to be made sbout esch of
these functions. The function append 18 used tc construct llsts.
It tskes two or more argueents, sach of which sust be o 11st.
The function constructs s new 118t containing the sents of
sach of the srgussnts. Considar ths following sxasp

=> (sppend ‘(pess) ’(carrets celery) ‘(hroccoli))
(pess carrots celery broccol)

=> (eppend ‘(beve (Jack Sue)) ‘((Aane Ted) Mendy Richerd))

{Dave (Jack Sue) {Anne Ted) Manoy Richard)

Notice that the elesents in the argument 11sts are not changed.
That 15, the elsaents Deve, (Jack Sus), (Anne Ted), Mandy, and
Richard vere coadined into » nev 1ist, but the atoms Jack snd Swe
were not taken out of the eabedded 118t (Jack Sus).
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Please typs 1n the nase of the MAIN function
for this problea. Then press ENTER.

sain function nase: eutncs

2.7

Due to cutbacks the police force must ssk its mewbers
to make thice as wany stops a3t varjous stores mbich
they patrol, HNouwever, ubereas they used to start st
the closest store apd finish at the most distant store,
they now wust start at the most distant and visit the
stores in tbe reverse erder. They must de this tuice
ubereas they used to make only ene visit per shifs,
Hrite a function that takes a list of store pames --
e.g., (niz macys albertsons 7-11) -- as ipput and returas
the revised order of patrol stops,

=> (defun cuthsck (stores) (i1st (raverss steres)))
*thack
> (cutbeck ‘(wiz macys elbertsens 7-11))
((7-11 slbertsons macys wiz))
=) (defun cutback (stores) (11st (reverse stores) (reverse stores)))
wiback
2> (cutback “(wic macys albertsons 7-1:))
%(‘Eﬂ slbertsons macys wiz) (7-11 albertsons sacys wiz))
>

( find first ) [ find next )
Target (TEXT): raversq

Select: (7ext )  (Pravieus Probiems) ((LISP history )

Click button te change centents of left hand window.

Figure 3. Submission of a completed solution.
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ESSENTIAL LISP: Chapter 2: Pefining LISP Functises
Algoritims

Nov you have learned to define your own functtons. The
resainder of this chapter introcuces soss new LISP functions and
gives you practice putting together coabinations of functions in
order to SCCOBPIISh BOTe COBDIICATOE TASkS. AS wis Bentioned 1n
Chapter 1, s substantial pert of learning to progres involves
Ysarning not just how functions work, but hov to use thea to
cospute desired results. The procedurs by which 8 function
CoRputes 8 result 18 callec the algorithe for the function. For
exaspls, our slgorithe for inserting an ites as the second
olesent of 8 1ist wes to put together s new Vst consisting of
tha first elssent in the original V1st, followed by the new
elesent and then the rest of the original 1ist. MNotice that we
can descride ths algortithe without referring to functton nases.
The LISP function, tnsert-gsecend, that ve wrote sariter, it saic
10 taplessnt the algoritha.

additiona) List MHanipulstion Fuactions
Here are tnres new functions useful for asnipulsting lists.
Function Calls Yalus returned Operation

(sppend “(3 ») “(c)) (s b t) put tvo or more 11sts together
into a single 1list

‘(c 4 9)) (e é c) reverse the order of the
slenents 1n the srgument
(188t ‘(g 0 1)) o) return the 115t COnsisting of

the lsst 1tes in the srguaent

There are soss taportant points to be sade sdout esch of
these functiona, function append fe used to construct ltets.
It takes two or more srgueents, sach of which sust be a 1ist.
The tunction constructs & new 118t containing the slissents of
sach of the srgueents. Constder the folloeing sxasples:

=> (append ‘(pess) ‘(carrets celery) ‘(brecceli))
(peas carrots celery droccolt)

=> (append ‘(bave (Jack Sue)) “((Anne Ted) Mandy Eicherd))

(Dave (Jack Sue) (Anne Ted) Mandy Richard)

Notice that the elesents 1n the argusent 1ists are not changed.
That 13, the elsaents Dave, (Jack Sue), (Anne Ted), Mandy, and
Richard veres coadined 1nto & nev 11st, but the atoss Jack and Swe
wers not taten out of the esdecded list (Jack Sue).

10

2.1

Due te cutbacks the police force must azk its mewbers
to make tuice as many stops at various stores which
they patrol, However, ubereas they used to start at
the closest store and Tinish at the most distant store,
they mow must start at the most distant and visit the
stores in the reverse order. They must do this tuice
whereas they msed to make onmly one visit per shift.
Write a function that takes a 1ist of store names --
e.9., (uiz macys sidbertsons 7-11) -- as f{nput apnd retoras
the revised order of patrol steps.

The sain function cutback sti1l doesn’t work. I have tried
the argument (“(NY_Camara toyland all_antighter)) and 1t returns
the value ((a¥1_ntghter toyland WY_Camers) (a1i_nighter toyliand
WY_Camera)). It should return (all_nighter toylamd WY_Camers
all_nighter toyland NY_Camers). If you would like to continue
please aodify and resubeit.

(Psase press 0K if you want to sodify cutbeck.)

(Please press SUBMIT AS IS dutton tf you Cen’t solve this

problea and would 11ke to sove On t0 the next probles.)

=) (defun cutback
jcutback

2> (cutback “(wiz macys albertsens 7-11))

((7-11 slbertsons macys wiz)) ’
5> (defun cutback (stores) (11st (reverse stores) (reverse stores)))
cutback

rz) (cutback “(u1z mecys slbertesons 7-11))

(storas) (11st (raverse storss)))

(7[-]11 albertsons sacys wiz) (7-11 albertsons mscys wiz))
E>

( find First ) (find next )
Target (TEXT): reversq

Select: C7ext ) (Previeus Proviems) ((LISP history )

Click button te change centents of left hand vindow.

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 “find 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
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ESSEMTIAL LISP:

Chapter 2: Defiming LISP Funclions

Study the following sxasple to ses how sppend is
distinguished fros cons and 1ist. It 18 1aportent to be sble to
choose the right function from smong these thres in constructing @
nst.

= (st ‘(s b) “(c &)
((s ©) (c O}

=> (cons ‘(a 8) ‘(c o))
((ab) ¢ d)

=> (append ‘(s 8} ‘(c @)
(apca)

The function cons slusys takes two srgussnts snd inssrts the
f1rst srgussnt at the beginning ot the second. The function T1st
can take ons Or more srguasnts, and sakes @& new 115t by “wrapping
parentheses” eround 1ts erguasnts. The srgusents sey be stoss or
Y1sts, snd 118t preserves the argusents; that 1s, 1f an argusent
18 8 11st, 11 readtins an esdedded 11st 1n the new 115t. Tne
function sppend sakes a nev 1ist by “EXIIITENT TSR
froes around each of 1ts arguaeents end putting all the sleaents
1nts one long Mist. (Actusily, 11st and append can de called witn
nO arguments, 1n whith case each would retyrn the espty 1ist, mil.
In addition append can be Called with 1 arguaent, 1n which case 1t
Just returns that srgusent. The occasicns for calling these
functions in this way sre rare. On the other hand, 1ist can be
quite useful with one arguaent, because you aignt sant 1o aske 3
st containing that arguaent. )

The function reverse takes one argument, which sust be s
1ist. It returns 3 118t 1n which the order of the elesents has
basn reversed. Howsver, 1t does not reverse the order of eny
sabsdded 1iste.

> (reverse ‘(shirt dress secks shees jachet))
(Jacket shoss socks dress shirt)

> (roverse ‘{shirt dress (socks shoes) jacket))
(Jackst (socks shoes) cress shirt)

The function last 8130 takes one srgusent, which aust be &
Tist, It returns the te1l of the srgusent consisting of the last
ften. That 1s, 1t does not Just return the last ites. Instead, 1t
returns 8 118t with one elenent which 13 the last 1tes of the
argueent. Calling Iast ts equivelent to taking sutcessive cdrs of
2 118t unti] only one elessnt reasins.

11

( find first ) ([ find next )
Toerget (TEXT): removing the parentheseq

2,1

Due to cutbacks the police force mwust ask its menmbers
to make tuice as many stops at various stores uhich
they patrol, Houwever, ubereas they used to start st
the closest store and finish at the most distant store,
they now must start at the most distant and visit the
stores ip the reverse oerder. They must do this tuice
suhereas they used te wake only ome visit per shift.
Hrite a function that takes a 1{st of store names --
e.g., (uiZ wmacys albertsons 7-11) -- as input and returas
the revised order of patrel steps,

Bere is ope sclution teo this predles:
=>(defun patrol (steres)
(append (reverse stores) (reverse stores)))

There are tuo things uwe want te do here: we want to

have the stores visited Ip reverse eorder AND we waDt

it done tuice, We know of the function “reverse” which
nill give ws reversed 1ist., By calling "reverse™ nuith
the 1ist of stores we mlll get the 1ist of stores in
reverse order, HWe then want te use the function "append™
te put tuo reverged copies of the list together fnto

one long list of store mames,

Then we can call the functien “patrel™ as fellews:

=> (patrel °‘(uiz macys aldertsons 7-11))
(7-11 albertsons macys miz 7-11 albertsons macys i)

<
Select: (i) (Previcus txsmpies) ((LISP nistory)

Click dbutton te change contents of left hand window.

Figure 5. Reading a study example in the text.
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FSSIRVIAL LISP:— Chaplor 2:belining LISP funciiens P e,

2.15
4 polister bas collected answers to 3 serjes of questiens,
These answers are in the form of 3 1ist, For a particular

2.8 report she wants to cellect apsuers for the firsts and
A vants to know the best and the worst student last questions given. Write a functlon that will take
in each of the discussion sections of his class. Ne )
has the nanes of the participants of sach discussion a list of answers -- e.g., (21 yes renmting democrat
group 1n 11sts that start with the best student and -- apnd return the first and the last omes only,

ond with the worst. Wwrite s function that will take
sach of thess 11sts -- e.g., {satth jones sasusls blake)
== 8nd return another 115t containing only the hases

of the best and the worst student.

Here 1s one solution to this probles:
=>(detun best-worst (students)
(cons (cor students) {1sst studsnts)))

Thig function takes one argusent which 1s a list of -

student nanes. We can use “car" to get the first student’s
nase snd “1sst® to get a 1ist containing the last student’s

nass. Now we chools the function “"cons” to Put thase MMMV LISP Interpreter Window //71/177111207112077F¢
tuo 11sts together because the first student’s nase > (aetun polis (answars) (car answers) (cons last snswers))
is on atos end can sisply be fnserted tnto the 1ist ells
containing the last student’s nase. This will give > (pelis ‘(21 yos renting demecret))
us our $ingis 11st of two names. RROR: Unbeund Varishle: lsst
> (dafun polls ( s) (car 8) (cons (last snswers)))
Then we can c81) the function “best-worst" as follows: olls
3 (poTis ‘(21 yes renting demecrat))
s> (best-worst ‘(saith jones samusls blake)) RROR: tncerrect aumber of args te cons
(s81th blake) > (datun poiis (answers) (J

(1ind ¢irstx) ( f1nd next )
Target (PROBLEMS): professer Wl

Select: (exi;, (Previeus Proviems) ((LISP history )

Click button te change centents of Teft 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 golving 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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ESSENTIAL LISP: Chapter 2: Betining LISP Functiens

YOUR LABEL: bhest ond worst studants

A professor wants to know the best and the sorst student
1n each of the discussion sections of his class. He
hes the neses of the perticipants of sach discussion
group in 1istes thst start with the best student end

ong with the worst. Wwrite s function that ¥11l take
sach of these Yists -- ¢.g., (seith jones samuels Dlake)
== snd return snotner 11t containing only the nases

of the best and the worst student.

YOUR SOLUTIDN:

(defun best-werst (students)
(cens (car students) (1ast students)))

2,15

A pollster has collected answers to » series of questieas,
These ansuers are in the form of a 1ist, Fer a particular
report she wants to collect apswers for the first and

l1agt questions given. Nrite a function that wi}) tsake

a list of ansuers -- e.g., (21 yes renting democrat)

-- and return the first and the last emes emly.

MMAANNWMNNNNNN LISP Interproter Window /7/7/171/14111114111117

> (defun polister {answers) (1tat (cer answers) (last answers)))
e1lister

2> (pollster ‘(21 yes renting democrat))
(21 (democrat))

2> (aetfun polister ( s) (app (car

s) (last saswers)))

elister
> (pollster ‘(21 yes renting democrat))
RROR: Wom-11st to sppend: 21 il

> (defun polister (answers) )

1legs) defun: You de mot have all the mecesssry components.
> (defun pollister (answers) (]

Terget (LABEL): students

Select: (X7 ) (Previeus Prosiews) ((LISP history )

Click button te change centents ef Yeft 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 corsidered 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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18
2,22
During a political campaign, one of the organizatienal
starf members decldes that by campaigning orly once
2.9 in each district many contacts are missed decause people
A nistorian has traced the relation betvesn are not at home. BHe decldes that each person sheuld
sany particular individuals and 2 nusber of their sncestors.
She has these 1h the fors Of 8 118t of relatives traced backtrack after they bave finished their routes and
:ron :n.‘m:n: :otth: 208t :nr.u:ti“ Nw‘sh: needs redo each district by revisiting the places they bad
o Bake the 11t into two copies of the relation: one
ascanding (aost recent to sost snctent) snd one descending missed the first tiwe through. WKWrite a function that
(ancestors to present). Write a functicn that takes smould take the original 1ist ef districts -- e.g., (crestuoed
8 st of fenily asaders a8 input -- 0.5., (J.saith glenora belvedere) -- and returs a list that conmtains
h.jones b.jones) -- and returns @ 11st that contsing
the origInal 1ist ascending snd than Gescending. the revised reute.
: AV LISP Xnterprater Window /77777717 1711241121¢7
(defun retations (familynmes) 2> (cetun political (original mew) (append original new))
(append fmmilyames (reverss fmiliynmes))) si1tice)
) (polttical “(crestwood gleaere belvedere))
RROR: Tos few octua)l parameters mfl
> (detun polttical (origraal) (append eriginal eriginsi))
elitical
2> (political ‘(crestwood glenera belvedere))
(crestwood glenors belvedere crestwood glenora helvedere)
=> (dafun political (original) (I'.Vif‘lé
find (Cind next )
Tereet (Rostias): ey
Click dutton te change centents ¢f left hand window.

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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Chapter 2:

ESSENTIAL LISP:
raefun precept (etusents)
(append (car students) (car (reverse stucents))))

2> (precept ‘(ssith johres sasuels dlake))
ERROR: Non-11st to append: ssith nil
2> (sd1t ‘precept)
(defun precept (students)
(cons (car students) (cer (reverss students))))

=> (precept ‘(smitn johnes sasusls blske))
(sstth . blake)
=> (sdtt ‘precept)
{defun precept (students)
(118t (car stucents) (car (reverse students))))

=) {(precept ‘(sattn johnes sssuels dlake))
(ss1th Dlare)
s> (getun (ancestors)

(118t (ancestors) reverse ancestors))
fanily
=) (tamily “(3.sm1th h.jones b.jones))
ERROR: eval: Undefined function encestors
2> (edi1t “fomtly)
{defun family {ancestors)

{118t sncestors reverse sncestors))

2> (edit “¢amily)
(defun famr 1y (sncestors)
(118t sncestors (reverss ancestors)))

> (fa1ly “(j.¢o1th h.jones b.jones))
{(J.se1th h_jones &.jones) (b.jones h.jones J.seitn))
2> (edit “tasily)
(defun famrly (encestors)
(append sncestors (reverss ancestors)))

2> (fan1ly "(J.sa1th h.jones b.jones))

(j.sm1th h jones b.jones b.jones h.jones j.setth)
2> (gatp ( )

)

ERROR: eval: Undeftned function gellup
=) (odit “gollup)
(detun gallup (snswer)

(age)

(sppend ansesr age))

T %33 s ‘lyes yes no yes ro na 26))
ERROR: eva): Uncefined function age
2> (gallup ‘(yes yes no ye))

ERAOR: ovel: Undafined function ege
2) (edit ‘gallup)

Defrning LISP Funclisas

2,22

During a political campaign, one of the erganizationa)
Staff members decides that by campaigning only once

fn each district many contacts are missed because people
are not at home, Be decides that each person should
backtrack after they have finished their roates and

redo each district by revisiting the places they had
nissed the first time through, Write a function that
would take the original 1ist ef districts -- e.g., (crestuoed
glenora belvedere) -- and returm 3 1ist that contains
the reviged reute,

MVAVWAMNMNANNNL  LISP Interpreter Window  /7///1111111111111111

2> (detun suke (Jsckson) (reverse jscksoen))
jduke

> (duke ’(crestwood glennre belvedere))
(holvedere glenors crestwood)

=> (sefun suke (Jackson) (J

(tina Hrni{[ find next |
Terget (L1SP): femily

Select: (7ext ) (Previeus Probiems) (CLISP history )

Click button te change centents of left hand window.

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 ihey 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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