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_ second version of CHILDS whrch 1ncludes an efﬁcient robust file system and -

- constructing computer interfaces for children is observed.
C T, v vy .

\\ R ) ’
. Y

-, 4 . - Abstract.

5,

\.
. "
' .

The CHildren's Interacttve Ltbrary Dtsplay- System (dHILDS) is a

compu\é'kxzed hbrary management system desrgned for elementary school
libraries. CHILDS automates school libraries by. prov1dmg self-serve

loan/retum, search and inventory, chtrol serv1ces Th1s ‘thesis descnbes the
. ‘- .

oy
an mhglatrye computer mterface for chlldren The elementary school 11brary

0.4 4 ’

’ env1ronment 1s descnbed first, mcludmg the manual system Wthh was used )

before Mmstaﬂhon of the first version of CHILDS in sprmg of 1985. Then ‘

A

the first version is descrlbed ‘and its failures are discussed. The syStem

£3

requtrements and solutlon stfategy of the second vers1on are then specrﬁed |

‘ . The software des1gn of the second verston is then Hescrtbed and some

mterestmg resuits concemmg ‘data structure design ar and searchmg techmques g

£

are presented. From the problems encountered by children usmgrboth yersron

o)

of CHILDS, a set of basic principles Which\\is eSpecially important‘fo'r‘

/

iv

i
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i -_ ~ Chapter 1.
| Introduction.

In the past few years much research has been conducted on the subject of— }
o /
xhuman computer mterfaces for novrces However, very little work’ has b&en /

N 'v‘

« .

"done on the problem of computer 1nterfaces for chrldren The small amount /
.of work Wthh has been done focuses mamly on mterfaces for teachtyg/

children to solve problems by programmrng [ﬂa‘l/l Pape80] One reason .

why researchers have shown lrttle interest in crjmputer interfaces for g’hrldren

& 7

1s that in ‘the past ‘most computer mterfaces have been text * orented.

[N P 2

»Therefore, it was almost 1mpossrble to design an 1nterface specrﬁcally for -
,chlldren due to thelr lrmrted readmg ability. However advances in technology ‘

| have provrded a powerful tool computer graphlcs which potentrally can be
4 0

used to solve the problem. - - /
” .
In order to-develop a set of pnncrples for chyldren computer mterfaces
A ’ /

one approach would be to use a computer systenvto gather mformatton and test

hypotheses Such a system. should be one w ich could be used by chlldren

/

-
regulhrly on a day- to day basrs The results obtamed onsuch a system would

then be directly “elated to a wrde range of chrldren in a natural settmg as’
opposed to a: selected group of children in .an artrfrcral laboratory
envrronment o , o 4 ‘
CHILDS (CHrldren s Interactrve Lrbrary Drsplay System) was developed
to study this subject CHILDS prov1des self-serve loan/retum search and o

1
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inventory se(vrces for an elementary school l ary. The main objectlve

.

CHILDS is to enable children in an elementary school to perform loan/rctum

and search operanons wnhout any adult superv151on A prototype

(N

implementation of the first version was installed at the LaPer}e Eleméntary

Schoolv library in Edmonton in spring of 1985. Although some preliminary
results Were derived from the systern, its use was discontinued after six months
v . . . . :
¢ due to a corrupted ﬁle system

A second versron of CHILDS was needed to contmue the research

Because of the farlure of the first version, a lot, of trme an¢attentlon was spent

B J

<on the planning of the second version. The jzse_c' |

using the following steps:

A}

1. Identlfyrng the problems wrth the ﬁrst Versron ""1

2. Spemfymg new system requrrements

~

3. Developing a solution strategy.
4. Designing and implementing a new file system.
. - ,‘ A v . .' ’
-5." Designing and implementing a new user -interfa¥

6. Testing the final system.

Chapter 2 desc\'.bes the lib'rary_e'nvvi'ronment at the LaPerle Elem"entaryﬂ )
School library and the manual system which was used prior to the installation ~ -
of the ﬁrst version of CHILDS

Chapter 3 describes the first version of CHILDS Wthh was first



~ introduced in spring o{»_1‘98.5. Both the file system and the user interface are .
discussed. Since the use o‘fithe‘.sys'tem was discontinued after six mont.h's. the
cause for the failure of the system is also outlmed _. |

| Chapter 4 speC1f1es the system requlrements for the second version of |
CHILDS. These requlrements are based on functlonal requrrements obtamed,

through consultatlon w1th the school hbrarxan, mterface requ1rements -

_riecessary. to enable chtldren to use the system and hardware constraints
\

1mposed by\)ﬂ'm SChOOl S budget and 1ts ex1stmg equ1pment !

Chapter 5 descrrbek the solutlon strategy' Wthh was used ln the second
~ version of CHILDS. The solutlon strategy was desxgned to meet the system
' requ1rements This solution strategy was based on three basic pnncnples ddtd

. mlmmlzatlon smple data entry and mformatton 1ntegrat10n |
Chapter 6 gives a full description of the file system de51gn of the second_

version of CHILDS. Considera,ble effort was spent on the design of the file’ |

system to ensure.t'ha_t itis simple, reliable and efficient. |
Chapter 7 di,sbusseg the c.apacity and «limitations of the fﬂe system of the |

4 second venon of CHILDS | ' | o

Chapter 8 descrlbes the user 1nterface design of the second version of

‘ CHILDS ‘The interface’ whlch is used by the adult staff is bneﬂy described.

The interface Wthh is used by the ch_11dren is descnbed in more detarl. Based -

’

- on the observatlons of the children usmg both versnon of CHILDS a set of
prmCIples Wthh could be apphed to the constructlon of computer mterfaces

8

for chﬂdren is outlined.
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Chapter 9 ‘discusses the subject of children-computer interfaces.and

comments on possrble future 1mprovements to CHILDS. B

( T

\Q-IlLDS is an ongoinyg research pI'OJCCt involving many 1nd1v1dua1s The

‘major contributions of my research efforts have been to create a 51mple,

efﬁcrent and relrable file system and ‘to make considerable 1mprovements to

. the userqlnterface. : @

.

- E -

v

~



~ Chapter 2. | e

3% v

‘The LaPerle Elementar)’r School librar')r has a collection of
approxlmately 5000 1tems consxstmg of books, audio cassettes, records,
plctures video cassettes maps, k«rts and f11ms The llbrary serves
approx1mately 360 students and\l3 teachers The gmdents are in kmdergarten

through grade six. The library staff consists of one part time hbranan and
eviral parent volunteers Due to a shortage of staff, the library requnred a
system to provide: \_ _

0 - . . ‘ )

1. self—serVe item loan/return;

2. easytouse 1tem search; . " -

3. quick mventory control

2.1 Loan/Retarn.




' 6 .

the classes. Each folder contained one pocket for each student in the ass. The". |
pdcketa,were labelled witlt/student names and arranged al_phabetically.ﬁ Each
\pocket. containeq't\wo bristleboard student cadds labelled with. theéystudent's
name and room .-nu?mber.‘ In addition, each item in the library had a'pocket »

. Wthh contamed an 1tem card bearmg its fitle and all the other standard

\ mforrnatron tog‘ether wrth spaces for borrowers' names, room numbers and

. due dates. Fmall% stamp thh the current due date together w1th pmlc Sllps

.

with r.b{fa current due date stamped on them were avallable at a desk in the

,library. ,‘ - W . J :
o4  Astudent was requifed to perform the following procedure's in order to
- borrow an item: .
R ‘
N - Locate an 1tem in the hbrary . - &

2. \Take the item card frqm the:item pocket and write his/her name and .

_ . room number on it. (
. u ‘ _‘ .
3. Go to thc'desk stamp the due date ori the item card, take a pmk due

,date §llp and place itin the item pocket.-

. S : : - ,
4. Go to the class folder, locate his/her pocl‘c%t, and place the item card
in the pocket. - ) oy

, 2

’5.} Take a student card from the folder pocket and place it in the item
pocket. | |

‘, v . N

A student was required.to perform the reverse actions when returning an item.,

- X B . ) RV .
. . N ‘ N
. B - '
N . X
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Although,adults found these prooedurcs easy to use, .students at the school

had drfﬁculty wrth the system. Some of the problems encountered were:

1. The procedure§_ were too complex for children in kindergarten and

f

-grade one.

("-}" 2. It was impossible’to find out who had borrowed a particular ifem

o

without searching all the folders.

3. Itwas tirne._consﬁming to sort through all of the pgc?kets of a folder

f . « -

L4

to generate overdue notices.

2.2 Item Search.o

»

“ T he hbrary requlred students tg use a standard card catalogue system to

locate 1tems It was very d1ff1cult and sometlmes 17@0 )1ble for elemcntary

sc_hool chxldren to use this procedure. In fact, three separate skills whlch are -

‘NEces to use a card catalogue wereiidentified [Szaf87] :
y ) .

=

keyword from a title, or the name of"an author.
2. - Recogmtlon thé ability to v1sualx\ze or recogmze the character

'strmg representmg the concept o -
. T

3. Categonzatlon the ablllty to locate the character Strmg in an

-

.alph’abetrcal llstmg, :

. tonceptualization: the ability to conceptualize a subject name, a



. . b 8
Althodgh the age at. which these skills are develoued depends heavil;\on
individual chlldren/’/each succeeding step requrres a lt‘lghel degree of
i abstractlon and therefore i§ more dxfflcult In general chtldren in
kindergarten and grade one should possess the ::onceptuallzatlon level of
abstractton while chlldren in grade two and three should have acquired the
A recogmtlon level of abstractlon Chlldren in grade four and up. should have
attained the categorization level of abstraction. Therefore, if a card _catalogue :

system is used for item Searches, almost all children from kindergarten to

~_grade three are precluded from using such a system.

2.3 Inventory Control

A good inventory co trél system‘is essential for any hbrary However,

ﬁ
qmrements that are not found i in other llbranes

schoolJlbranes have SpCClal
. As well as genera ; g overdue nottces and 1dent1fymg missing items,"it is often
desrrable to 1dent1fy populamtems as well as those chlldren who use the hbrary
and those ch1ldren who do not, Item popularity can-be used as a mean to
‘determme reading pattems Wthh can then be used in purchasmg new 1tems
and retmng old ones. Chrldren s use records can be used by teachers to
encourage students to use the library more. often. Although the manual zystem

| could be used for some of these purposes, it was awkwa‘rd and very time'. ,

consuming. " ‘ S



Chapter 3.

i - L
CHILDS (First Versmn) !

-

This chapter briefly describes the first version of CHILDS which’ was
" ' ) ) ’ ’

introduced to LaPerle Elemcmziry School in 1985 ang

the problems associated

with it. Most of the information given in this chater‘ can be found in the

| of.llbrary staff.
2. To allow children to search for items.
3. To.prowde an easy way for parent volunteers to update hbraryn
infor‘mat-ibn. _ ‘
4. Toallow gasy access to all the librz;ry information.

/

The hardware consisted of: .

. 1. anIBM™ PC with 256KByte of main memory;
2. a10MByte hard disk;

3. a360 KByte floppy disk drive;

. v ] : .
4. aCaere™ bar code scanner;. s



5.
6.

10

an Amdek™ Video-300A monochrome graphics monitor;
P ' ‘ ) . N \.
an Epson™ printer. - N

Since the loan/return sub-sysfem was to be used by kindergarten children

L

‘and they are unable to read, siniple icons were used to communicate with the

chnldren and guide them throughout the System To ellmmate the need for the ‘
students to type a bar code s’carmer was used "The system was d1v1ded into

four main parts: .

' Loan/Return System RN

.- Data Entry

» \ . . ) .
\' ! '

Each iteqp and user was a551gned a umque ID (mtgger) Bar

~ code labels which corresponded to the IDs were attached to the

items and user cards. The loan procedure required the borrower to

scan the bar code scanner across the bar code labels on the _item and -

on the user card. To return an item, the user was required to scan

‘

only the bar code label on the item.

¥

Item Search

The student could search for an item by typing the item ID,

PR

—

keywords, authors, subjects or de\;vey .number.. A list of books

meeting the specified criteria was then displayed on the sereen. |

The input of item and user information was relatively easy and



.

: | \ o

simple. Templatés were dlbplafcdf the screen and the parent

volunteers filled in the blank_s wiflr the appropnatc informaNon.

4. Inventbry Control .
The librarian was able to.access all item and user informatio
through very simplé opegations.

1

3.1 The File System.. S | . 7 “

~

The file sys-tefh consisted of two master files, a set of directory files and a
set df inverted files. The master item file and master user file contained all the
information aboyt every item and every user. Each Master item record

v

contained an item 1D, a list of title keywords, a list of authorg/ a list of subject

keywords a publlsher a year of publlcanon an ISBN number. a pnce. a
dewey decimal number, a borrower ID a loan date a loan count, an item code

and the status Qf the item. Each master user record contained a user ID, a

3

name, a class name and a user type.
The master files were sorted in ascending order by\ID numbers. A
[ 3 .
search by ID required a bir;éry search on the master i@em file. For all the other
search functions,‘ an inverted ﬁle structure was used. Keyword, aufhor and
subject files shared the same ﬂle structure. Figure 3.1 shows the file structure

for keywords as an example In this example, there are five books contammg

the keyword DOG in their title.



Directory Inverted

Kile File

record |record|item:|. itemID

keyvord position | count |code | 1 11070
N S | —— 10| 1050
. oz 111 1054
DOG | 10 [ 5 FB 12 1070
13 1091

14 1150

Figure 3.1 File structure of keyword files.
- v .

/

. The d\irect()ry file was so:rtéd in asce_nd‘ing'order of keywords. In each
“directory record‘ there was a pointer to the starting address of the itc;n IDs in
thc mvcrted file. A record count kept track of the number of items that
contained the partlcular keyword. For the section of the mvcrtcd file that &'as
_between two directory pointers, the item IDs were sorted in ascendmg order.
A keyword search required a binary search on the directory file an’d all theA
items that contained the keyword could be found in the inverted file.

No directory file was used fordewey number since every item had a

imique dewey number. Each record of the ddwey inverted-file contained the

dewey number and the corresponding itenyID. A‘Biﬁary search was required
for a dcwey number search.
An inverted ﬁle structure was also used to store the list of items that each

user had borrowed. Figure 3.2 shows the structure of the borrower file. In

this cxa%nple, the student with ID equal to 9 has one item on logn and the ID of

\
’ ¢
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this item is 1234,

\ . Directory Inverted
, File : File
user rec% d | loan | user itemID
ID posmon count |code 1 0
Z — 17[ 1234
' 18 0
. 9 T 17 1T 1 |8

3

Figure 3.2 File structure of borrower file. ° -

The.number of items that a user borrowed was stored in the directory record
ahd the IDs of the items that 5 user borrowed were storekd in the inverted file.
The size of the inverted file waks_\c‘}:anged when new users weee added to the
¢ system (i.e., the loan limit of a\u.ser is fixed when the user is created).

. Inverted files for classes and the last name of users were also included to
allow the librarian to access information about all users in 2 pafticular cl’aés or
about spec1ﬁc users by name. The class flle has the same structure as the
keyword file. The structure of the user name ﬁle was almost identical to the
dewey number file 'except each record in the user name file contained the user

name and the user ID.



L

) ﬁ‘-}33 Ftle System Problems

The® major problem wrth the file system 1n the ﬁrst versron‘of CHILDS o

“!L

B ‘was 1ts lack of ﬂexrbrlrty Pf)r example, as shown in Flgure 3.1, the number of -

records cor:respondmg to a spec1ﬁc keyword was ﬁxed Therefore, every -

3 ' time the lrbrarran made a change to the t1tle of an 1tem the whole mverted file

B _for keywords had to be reburlt A srmrlar problem exrsted W1th the borrower
N ﬁle due to the fact that the loan hmrts for students and teachers were set to be 2
B 1tems and 75 1tem:respect1vely |

| Thrs problem was solved byl storing changes and addmons durmg the day
and then performing the updates ovemrght (e, a batch update) At ﬁrst
) these updates were qurte raprcl but by the t1me 5000 items had been entered
- ‘the datlxupdate took over six hours | | | |
| Two separate aspects of thrs procedure contnbuted to the corruptlon
‘The frrst lS that the update procedure was qurte complex 1nvolv1ng the‘
‘ V]re creatlon of the entire. ﬁle system each mght Re wntmgpfhls much data
tncreased the chances of medta i/o errors. - |

Secondly, the batch update can leave the system in'an | inconsistent state.

For ex.ample consrder the followmg case

TN

-1 User IQ 100 represen.,ts user A and user, ID 200 represents user B.
.2 In the mormng, the ltbranan edrts user ID 100 to represent user B

and user lD 200 to represent user A

3. Durmg the day, user A comes in and borrows an item. Srnce the
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Now, the system will determme that u%er B }s the borrower of the(tem rather.

i

than user A. The srtuanon would be even \Jorse if the 1nformat10n for two or

\
more items was interchanged. @

’-.»3 .3 The User Interface J

L

The ﬁrst version of CHILDS provrded a + ide range of library services

which varied w1dely in ,g;pmplexxty Tk se: .on describes cnly the
~ loan/refurn. and search sub- -systern. - ~ T T
‘ The first version ehmmated the need toread and type whenever possrble

N _\I )
,‘ 'In situations where reading skillswere required, the requrrements were

' reduced to the absolute minimum. In situations where typing skills were - |

¢

essent1al the 1nput WhICh the ch1ldren had to prov1de was greatly smphﬁed
‘ ¢
Due to these 51mp11ﬁca f_ons chrldren in kmdergarten were able to borrow and

return items w1thout any superv1sron and ch1ldren in grade three and up were

-able to\perform their own 1tem search., S L.

3
The loan, retum and search procedures were combmed mto a single

fid

.sub-‘sys_tem called the "loan’ sub-system”. Figure 3.3 shows the main menu forr .

the loan sub-system.



visual dlsplay arrow up or down.
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Laoe‘rle Libfa}y o
CHILDS a '
SEARCH
CH1ldrens Interacuve p— —
Library A . ~_
. DisplaySystem | g
o N . | CHECK-OUT |
Programming =
| Languages ' :
Computmg Science Dept ' ‘ .

| University of Alberta CHECK-IN

- Figure 3.3 Loan sub-system main menu.

The arrow on the 1i gdﬂ\hand side of the menu allowed the user to select one of

the three functlons To select a functlon the user was. requlred to move the

~arrow to the appropriate functlon and press the back space key (which has a

p
51m11ar arrow on it). The up and down arrow- keys were used to move the

- ‘,33 1 Loan (Check Out)

., To borrow an item, two pieces of mformatxon are needed an 1temID and

a user ID. After selectmg the CHECK OUT function from the main rnenu '

‘1cons of a bar code scanner and a book (Flgure 3 4) are dlsplayed



Figure 34 Input itemID icon.
Mg o

»

After sliding the bar code scanner across the bar code label on the item, three

possible situations cotld happen:

1. ‘Ite_‘m is OK;
2. Item is not found; -

%
3. Itemis alféady checked out. .

3.3.1.1 Item Is OK. -
In the case where the item is ok, icons of a bar code scanner and a library

' } - card (Figure 3.5) are~disp1§y¢d.
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¢

Figure 3.5 Input userID icon.,
) - i

After sliding the bar code scanner across the bar code label on the user's -

library card, one of three possible situations could occur: -

o
E 4

1. Successful loan; | . ﬂ ‘ .
2. User has too many books;.

~ » ,
3. User is not found.

a

3.3.1.1.1 Successful Loan.

 A-successful loan means that the item has been successfully checked out
by thé'pser. ~ An icon of a happy.face (Figure 3.6) is di_splfaych briefly,

disappears a_rid the system returns to Fi'gurc; 3.4 after 3 séconds. .
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Figure 3.6 Success icon.

- 3.3.1.1.2 User Has Too Many Books.

If the user has reached his/her loan limit, an icon of six books with an X

-across them }P/lgure 3.7)is dlsplayed.

Fi_gure.3.7"'User has too many-books icon. |

&

. The user acknowledges this error-by pressing any key.
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3 3.1. l 3 User Is Not° Found
| If there is no user registered in the )llbrary with the number scanned, an

“jconofa suck person and a questxon mark (Fxgure 3 8) is displayed.

/) h _ Figure 3.8 User is not found icon.

In this case, the user should ask the librarian for help, This error can be

" cleared by pressing any key.

3.3.1.2 Ifem Is Not Found. .
. & R .. T e
If there is no item in the library with the number scanned, an icon of a

book-and a:quesiion mark (Figure 3.9) is displayed.
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Figure 3.9 Item is not found icon. .
, g :
~ In this case, the user should ask the librarian for help. This error can be

cleared by pressing any key.

3.3.1.3 Item Is Already ‘Checked Out.

If another user has already checked out the item, an icon of a sad face

(Figure 3.10) is displayed. |
‘ ‘ / ' . . ' t

‘ Fi'g.ur.e. 3.10 Failure icon.
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In this case, the user shouid ask the librarian for he& This error can be

cleared by pressing any key.

b

3.3.2 Return (Check In)
.To return an item, only one pxece of mformat10n is nccdcd an 1ten1 ID.
After selectmg the CHECK IN funcnon from the main menu, the icons of a bar
code scanner and a book (Figure 3.4) are dxsplayed After shdmg the bar code

scanner across the bar code label on the item, three posslblexsnuatlons could
i ' : o -
' \
» happen: S B {
1. Return is successful and the icon of a hapby face (Figure 3.6) is -
displayed.'
2. The item is not found and the icon of a book and a qdestion mark
(”Figu'r_e,_3.9) is displayed and the user should ask the librarian for
help.

3.  The tem is hot checked out and thé icon of a sad face (Figure 3.10) is

. displayed and the user sbo_uld ask the librarian for help.

3.3.3 Search.
A user can search for items by item ID, keywords from title, authors,

subjects or dewey number. After selectmg the SEARCH funcnon from the

main menu (Flgurc 3.3), the scarch menu (Flgure 3.11) is displayed.
~
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ID
KEYWORD :
EAUTHOR . . :
1] ]
2 ]
3( 4 \ \
SUBIJECT T ’
10 ]
2 ]
3 ]
A DEWEY A

Figure 3.11 Séarch menu.
A small blinkiﬁg charac'ter, the c?rsor, is also diSplayed. The user can move
the cursor anywhere in thé menu by using the cursor control keys (i.e., the ilp,
down, left and ‘right‘arrwa,‘keys). To reqﬁégt\g -search‘ for an itefn, the user
must type in thé appropriate information in the correspond{ng field on the
search menu and press the return key. For example, to search for a}l§st of
itéms about dogs, the user fypes DOG:S in the ﬁfsf line under SUBJECT and |
presses the return key. | .
After the user has typed in mev.inform}ti‘on and pressed thé return key,
the list of item types kFigure 3.12) is displayed. | |

»
~



CHOOSE ONE

—» BOOK
o AUDIO CASSETTE
) VIDEO CASSETTE
!~ PICTURE
MAP
y  KIT
FILM
PAPER BACK
RECORD

Figure 3.12 List of item types.

\
. N
LS . \

. " '
[ 4
To select a particular item type, a user moves the cursor to the desired type a}kd

\

presses the return key.

1

If the system finds items that match the search criteria, the information
for the items is displayed. If the systerﬁ\ cannot locate an item with the givén

information, an icon of a book and a question mark (Figure 3.9) is displayed.

<y ‘

3.4 User Interface Problems.

-

. Besides the problems associated with the file system, there were

problems with the user interface of the first-version. Some, of the problems

encountered by the children were:

v

1. Children were sometimes confused as what they were supposedyto
do in a particular situation.

”~

2. Children sometimes thought they had successfully checked out an

{ : /
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item whenﬂactually they had not. /
,‘ 3. Some children were confused about thedr loan limit.
4. Children in kindcr‘gartcn and grade one were unable to perform
searches because the search procedure was text oriented and they

had difficulty reading the instructions.

The first problem was caused by using the same icons for different meanings

in different situations. For example, the input item ID icon (Figure‘ 3.4) wa
used t:(;r inp\itting an item ID both’ during the loan and return profc‘cddr'es.
This caused confusion when children intenniiied loan and ri:turn o/perations
- duting a library period. This problem was solved in thet second version of
CH)I’LD/S by display'ing a small icoii in the top right hand corner td distinguish
between the two different operations. - \ >

. The sec'on\d problem was caused b; the fact that some children ignored
error icons. For ekample, considcir a ch& who is attempting to borrow an
item. Instead of scanning the bar code label on the itqm card (as shown on the
display), suppose that the child scans .the bar code label on the user card; The
iég;i indicating that the item is not found (Figure 3,9) is displayed. If the child
, | ignores the error depicted by the icon and scans the bzig:ode label on th‘e item,
the error is cleared. This is because the hardware does not differentiate
between input from the keyboard and input from the scanner. After the error
* is cleared, the system redisplays the input item ID icon (Figure 3.4) and treats

>

part of the second scan as an item scan. This results in another error similar to Y,

.. A
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. This problem was solved in the second version of CHILDS
by introducing an audio cue (a beep) to attract thevchi'ld‘s attention. |
The third probiem can occurr when a childi attempts to borrow an item
after reaching the loan limit. In this case, the too-many-books icon (Figure
3.7) is displayed. Some children actually interpreted the icon li;erally G.e.,
‘thcy thought that their loan limit was five items rather thdn two). This
vpro'blcrr.\ .led to an imPortant principle in designing computer interfaces for
children which will be distussed in more detail in Chapter 7.

The fourth probleni occurred due to the fact that the search procedure
, :

. <
was text oriented. That is, the first version of CHILDS required recognition
¢

level of abstraction [Szaf87] for searching, The search interface in the second.
version of CHILDS was completely re-designed. It provxacs graphlcal cues as
well as textual cues. In some cases, it reduces the level of abstraction from

recognition to conceptualization. Thus children in kinderéarten and g;ade one

can perform some limited item searches.

(



Chapter 4.

System Requirements.

The system requirements for the second version of CHILDS are based on

»

functional requirements déveloped in consultation with the school librarian,
interface requirements néccessary to ensure the system's accessibily to the
5 . .

children, and hardware requirements imposed by the school's budget and\'t\q

existing equipment. ' .

4.1 .Fupqtiopal Requirements. -

The functional g_equirg:ments are divided into four groups: loan/return,
search, data entry/update and inventory. The loan/return and search
capabilities mué} be available to all users (childrin, teachefs and iibrary staff).
The dat'a entry/update and inventory capabilities he;:d only be available to

. -2
library staff (the librarian and parent volunteers).
;.

"Each itetn must include the follo(vir?g information: a unique item 'ID
number, a title, an authors list, a subjects list, a publisher, a year of
publicétion, an ISBN number, a price, a unique dewey number, a current
borrower ID number, a current l;)an date, an item type, a loan count and a
curre‘nt'loan s(ams. Each user must includ.e the following infonnaffon: a
unique user ID:number, a user name, a cla.sAs name, a 1:ser type, a loan li{nit and
a list of borroWec‘ll items. . | . ,

The system must be capable of storing at least 10,000 items and serving at

27



least 500 users (to allow future growth). The loan/return procedures must
~include the following capabilities:, R

v

. . e «3
1. Loan by unique item ID and unique user ID.

2. Return by umque itemID.

3. Support dxfferem user classes W1th mdependent loan 11m1ts

~The search, procedure must include the following capabilities:
‘. y" ’ | . . qn B
1. »stp]ay the umque 1tem glven the item ID. ~ ‘

T2 ‘Dlsplay zero or more items, glven one or- more t1t1e keywords. |

3. -"’Dlsplay zero or more 1tems glven the sumames of one or more

- a#hors

4. Display zero, of more 1tems glven one or more subjects

5, Prov1de a prmted record of my of the above

a

, The cl_apa enuy/updqte' proeedures must inc‘vlﬁde"t}’le;_follo:w.ing capaoiliﬁes:
1. Enter anew item or anew user. .

2. | -'Deiete:.aiv(( e_xis?ing item qQr an exieﬁﬁg use? e 3 '

3 Updére the information of an existing ité}ﬁ*ar an existing useri.

.
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The inventory procedures must include the following capabilities:

1. "l'Display.meluniquc, user, given the user ID.. o |
2. Displa‘y zero_ot more user’s,‘ given a user name. |
3. Display all users in the school sorted by clgss.
4. Dlsplay all users in the school sorted by user ID.
5. | Display’ all users in'the school sorted by sumame | .
/) 6. Display. all users in a class sorted bysu:;name, gwe‘class name.
| 7 Display all users V\}ithin an ID rangc, given the tangeof IDs. '; |
& '. Dlsplay the umque 1tem glven the item 1D. | |
9. stplay all (popular) items checked out at least N times, glveﬁ N.
10. Dlsplay all (unpopular) items checked out not more than N times,

I
given N. -
11. Display all (overdue) items ;\,,_(iitll:loan date older than a given date.‘
L 12, Display all items loaned to a particular user, A_giveu a user ID.

13. Provide a printed record of any of the above.

4.2 Interface Requirements. | : . : *
All loan/retum‘aperauons must use graphlcal cues instead of textual ones
L .

" sothat all school ch11dren can understand the directions and perform loans and

retums w1thout any adult superv151on In addltﬁn the system must be capable

of loanmg and returnmg 50 books in less than 10 mmutes ‘This is due to the .

- fact that chxldren arrive in classes of about 25 students thh two books per

e
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srudent during a library‘period‘, and only 10 minutes are allowed for loans and,
retums at the end of the hbrary period.

As mentnomd in section 2.2, there are.three abstractlon levels mvol\]ed in
an item search ushg a card catalogue conceptuallzatlon recognmon and
categonzatron [Szaf87]. Therefore, the text 'used in the search prbcedures
must be minimized to reduce the level .of abstraction from categonzatlon to~
recogmtlon This should allow children in the second and hxgher grades to
cerform searches In addition, some searchmg capabrlmes should be mcluded |

| to allow chrldren in kmdergarten and the first grade to perform limited
searches. |
The data entry/update 'procedures rnay use tefoai rather than graphical. h

cues since they will be used by adult hbrary staff However the mterface must

be 51mple and consistent since most of the users are computer novices.

w——
; (S

4.3 Hardware Constramts oS ‘,

- The hardware used for the ﬁrst versron of CHILDS was retamed for the

second version since the.school has very hmxted ﬁnanc1al resources. The

‘equipment consxsts of: . ; |

R b

. 1. anIBM™ PC with 356KByte of main memory;
2. a 10 MByte hard disk;

3. 2360 KByte floppy disk drive;

&,



4( a Caere™ bar code scanner; |
S, an Amdek™ Video-300A monochrome graphics monitor;

6. an Epson™ printer.

Although more suitable equiprﬁént is dvailable today, financial and other

factors often exist in real world situations which constrain system developers.

S



Chapter S -
Solution Strategy.

&

The system requirements specified in the previous chapter were satisfied
. ) '

by applyingl the following three fundamental principles: !

Ny
Y

1. Users must only .b‘e required to ‘suvvpply the minimum data necessary
‘tq: accoinplish atask. |
, . . -
2:  This data must be easy for tlje__ users to enter.
. 3. Item and user information must be integfated and organized for
easy access by multiple keys. | o . L
5.1 Minimum Déta. o | e
The loarn operation fequires two pieces of information: avuniq'u'e item ID
and a unique‘ user ID The returﬁ.'operation requires onI)'/ one piece of
infOrmau'aon: a 1.mique'item'ID.. This data minimization is-essential to ensure
usability by the youngest children. ‘This pﬁﬁciple does not restrict the _fofrri of
, thésé IDs except that..they must be 'uniqUC (they need nof-be huinericai).- o
The itgm sear'chvoperatio‘n requires one or morq&ords from the title, the
suma;lme of 6né of more authc;rs, or 6ne or more éubjects. In general, this
‘ operzi?don requ1res only recogmuon level abstractlon [Szaf80] However,'
there are some specxal cases in the second version of CHILDS where
conceptualization level abstraction is su_fﬁment. These cases will be descnbed

3

32
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"la"ter
The data requtred by the mventory control operations depends on the
mdlvxdual operatron For example generatmg class lists tor the whole school :
does not require any input data, whereas generatmg a smgle claSS ltst requtres
the class name. Although the mten'ded users for the _1nventory control
operations are the library }staff, data minimization is still an adv_antage beeause

most of them are computer novices. °

5.2 Data Entry
To ehmmate typing errors, a'bar code scanner is included in the system
Many kindergarten and grade one chlldren would not be capable of usmg the
loan and return operations if item IDs and 'user-IDs had to be entered usmg a
keyboard. "The probabrhty of typing enors is too hxgh and the process would
be too slow to meet the 50 books in 10 mmutes requ1rement Users are issued *
Qcards w1th bar code labels which represent user IDs and all items have bar code
’ \
4abels which represents 1tem IDs. Integer IDs were chosen i in both cases for
SImphcxty AlthouOh names could ‘be: used‘ for users, the ltbranan preferred‘ \
numbers since the user library cards could then be re-used
A bar code scanner is essential but not sufﬁcnent to ensure the system's
usablhty by the youngest children. The mterface must use graph1ca1 cues
“instead of textual ones to guide the chlldren th_roughout the system. The

interface for the loan and return operations must be completely grephical and

“ the amount of text used in the interface for the search operation must be
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minimized.

5.3 Information Integration.

The f.our sub-systems (loa;/retum, search,‘ data entry/update and
mventory) must share common information. The information may be
organized in a custom deSIgned frle syste'm or a custom data base system.
Either app-roach can provide the srmple queries required for the system. A
commercial data base could not be used*sn(ce it could not be integrated with the
' custom mterface A file system was chosen for two reason. Flrstly, it is more
space efficient, 50 alsmaller hard dlSk is réquired. This is very 1mportant for
elementary schools because of the1r limited budget. Secondly, it corhd be

&
designed to optlmlze the transactlons (loan/return) which must be fast.

e

5.4 System Structure

The system can be naturally decomposed into four separate sub-systems
according to the functional requxrements loan/return, search data
| entry/update and mventory This suggests that four separate programs which
operate on a common file system are requlred The reason for using separate
. programs mstead of one smgle program is to reduce the amount of main
memory which is required. This. reduction is essential due to the 256 KByte
memory restn'ctlon.- ‘ /\ |

}-_Iow.ever, since USES\OZ:'I want to intermix loan and séarch operations,'

it is quite reasonable to combine the loan/return and search sub-system into a



single sub-system. Therefore, the systcxﬁ is 'divided‘__into three §ﬁb-sy§tcm§:'
.loan/refum and searéh, data entrsl/update, ahd inventory. | € .

Tﬁe design of each of the three programs (loan/return and searcl;, dz;ta ,
éntry/updafe, and invehtory) is divided into two parts: the file Systerﬁ and the
user interface._f’f: he file system is fairly stable since system cépabilitics are

'éssgntially fixed. The user interface, on the other hand, changed with user

feedback.



Chapter 6.

File System Design.

The failure of the first version of éHILDS showed that it is very
important to have well designed data Strm to support a software system.
- In the design phase of the second version of CHILDS, a lot of time and

" attention has been spent on the file system design.

6.1 Data Abstractlon. ,
The file system of the second version of CHILDS was desxgned based on
the concept of data abstracnon. Data abstractlon isa powerful concept in .
software design [Fa1r85 Ford85] An essential feature of data abstraction is
information hxdm g, hich is the ability to define the essential concepts without
specrfymg the 1mplementat10n details. “This ability is very 1mportant because it
allows the 1mplementatlon of a data type to be changed at any time. This is a
deﬁmte advantage as some of the ahstract datd types were re- 1mp1emented‘
along the way. In addition, _apnlymg data abstrac{tl\on results in a cleaner and,i
better organized software desi gn for easier testing and sim;‘)lified maintenance.

"

6.2 What is an Encoded String"

a4

'
" The ultlmate goal of the ﬁle system is to store information about every -

item and user. Therefore, the file system consrsts of\two master ﬂles, the

master 1tem ﬁle and the master user file. Each master item record contams all



the information about a specific item (Figure 6.1).

Title
| Authors List
Subjiects List
Publisher
Yeat

rice
ISBN
Dewey
Type
Status \
“|Borrower ID
Loan Date
| Loan Count

Figure 6.] A Master Item Record.

N

Each master user record contains all the information about a specific user

(Figure 6.2).

Last Name

- |Other Name
Class

{Type

Loan Limit
Borroved Items

Frgure 62A Master User Record.

In order to 1ncorporate all the 1nformat10n in a compact manner, an

mtegrated de51gn. was requlred for the file system. One of the observatlons

) made from studymg the 11brary/€nv1ronment was that there are multiple

[
-

) .

‘.‘\

occurrences of common words (character smngg For example, many items

¢
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have "DO s one of the keywords in the title. It is therefore reasonable to

keep one master copy of every character string, to encode each of these

\l .
¥

character strings, and to use the encoding in place of the string wherever it is
needed. The second version of CHILDS uses a hash table and a hash function

to encode every distinct character string as a unique positive integer. Since

each positive integer requires two bytes of storage and most character strings

are longer than two characters, this resulted in substantial savings in storage.
As well as storing character striﬁgs, the file system must alsé supi)ort
searching by cha;*agter strings.. The encoding scheme s augmented by
majntaining a reference list of the item numbers of all the ite;ms wls;xch contain
the encoded string.  Since there are cases where certain types of searching
does not make sense.,' not all er_lcodingé require a reference }ist. For example,

.

searching by a user's given name is one of these cases since a user's given name-

is not always unique. Separate encodings are maintained for the titles, authors,

and subjects since the system supports three different search types. For
qxample,-if a user wants to search on all the items written Ey BROWN, he does
not want items with the keyword BROWN in the title to apf)'eaf in the search

list. o ' | , .

6.3 Abstract Data Types. _ oL
, , ) L

The abstract data types are constructed hierar@lly. " That is, ‘eMﬁ“
major abstract daté type is'composed of several more basic ones which are

composed of even simpler ones. To understand this structure, it is necessary to
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discuss the jimplcst ones first,

6.3.1 Stream.

A Stfeam is a random access file of records. Each record can be defined
3 .

to be of any form and size. Only the record number is needed to access a

record. -

6.3.2 List Array. -
A List Array is arandom access collection of sin%ely linked lists stored

igz-fiﬂeamﬁ; Figure 6.3 shows the structure of a List Array.
A o

List Array -

: link pointer | information

XXX

L5 A PR T~

Figure 6.3 Structure of List Array. - '

.
Each record in the LlSt Array cgmswts of a link pointer that pomts to the ncxt

record in the linked list and an information field which can contam literally

/
any type of data. The size of a List Array is dynamic (i.e., itcan grow when it
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is full). The List Array is indexed by positive integers which are the record
numbers of the first record in each of the lists contained in the'array. Note that

not all positive mtcgcrs are valid indexes into the List Array smce they do not

necessarily correspond to the first record in a list.. When a new list is added t,o

N ""‘

the Lm Array, its index is returned so it can be stored and acccssed at a future

<«

time. : -

6.3.3 String Tablc
A String Table is a Stream of characters. String Tables are needed to
keep a master copy of every character string. Figure 6.4 shows an example of

*

a String Table. R

3Iplolala Iplulclk]
34 38 -

« String Table

4

~  Figure 6.4 Structure of String Table.»
The first element before each character string in the string table specifies the
length of the character string. The bar on top of the length indicates that this
particular element is a length rather than a character. This can be done by
tuming on the most significant bit to indicate a length since the characters are

stored in ASCII (Note that on«&the lower 7 bits are used for characters in

-
R
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. The idea of using a bit to indicatc the first byte of a character string is an
example of an important issue concemnu, abstract data type design: An
abstract data type should be able to ldentlfy and correot (if
possible) errors in it§ own structure.

For example, assume the information in location 38 is‘erased by an i/o
error and replaced by some character, say an "A". If we ask the string table to
give us the character string starting at location 38, then the string table can
return an error message because location 38 does not hgve a one as its most

‘ e

significant bit (i.el., the string table knows that location 38 is not a length) and
~ .

. therefofe there is an error in the string table. Without this mechanism, it

would blindly interpret the "A" as a length of 65 (the ASCII code for an "A”)

and return ach er string of this length.

One Jution to correct this error is to step back through the
p , p g

string table one character at a time until we hit a length (location 34) and use

that length (3) to step through the previous character string (DOG). Now, we
are at location 38 and we know that* location 38 should be a length S0 we count .

the number of characters in the character string startmg at locatton 39 and it

‘turn out to be 4 (because location 43 is a length). Now, we can go back tog

location 38 and put in a bar and a 4. ' e .
If the length indicated by location 34 is wrong (say. 5), then this solution

8-

~ will not work. Therefore, while it is relatively easy to identify errors, it is

»qulte difficult to correct’ the errors. Nevertheless, tlns\example illustrates the

.l

importance of the ab111t1es to identify and correct eﬁors \thm an abstract



data type. ( '
| B <
6.3. 4 Encoded Strmg - | . o L .G

' An encoded strmg is 1mplemented usmg three other abstract data types a
String Table a Stream, and a LlSt Axray The Strmg Table% needed to store a
g ‘copy of every character string.. The Stream is used as a hash table The L1st
vArray is used as a colllslon list to resolve colhslons within the hash table :

Flgure 6.5 shows an example of an Encoded String. In this example the-

K character strings DOG and CAT both hashed to 25 but DOG is encoded as 31

and CAT is encoded as 45, C . ' e
> o 'S'trmg Table o
[ [3olofe] - - - [Blcfald - - -
34 67 :
4 A
Hash Steam Code List Array o ;| ‘ o
- ICollision 1. | Sting e 1 / R
. = List , I_.mk- Poiner| | - ' ' A
' Pointer} .* 1] - SR
S : —31| 45 34 | R [ BRI
5] 31° ‘ e - | S
I ["45 0| 67 I
" Figure 6.5 Structure of Encoded String. ’
S ) [ g
" » ' ‘ = - e )
Each entry in the Hash Stream (Streaw noﬁ‘ negatlve 1ntegers) contalns a: q

pomter that pomts to- the ﬁrst record of the colhslon hst in the Code LlSt f

& ‘;’° !
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‘ Array Each record m the colhsron list consists of a pomter that pomts to the

next record in .the collrslon list and a pointer that pomts to the correspondmg

character string in the Strmg Table.
N ote that the index of the' record in the List Array is used as the encoding
of the character stnng rather than the 1ndex of the record in the Hash Stream

(1 e., the hashed value) because the hashed value is not umque Note also that

~ this encoding scheme can be changed as long as every character strmg 18

encoded to a uniq;ue form (they need not be numencal). Thy;*is the essence of
data abstraction. Encoded Strings can be used by higher level ‘c:ons,tru'cts‘
without the knowledge of thiswim_plementation.

J ;

6.3.5 Refiaren‘ced Encod’e'd, String.

Slnce the file system has to support raprd searchmg, it is necessary to

keep a reference list for those character strmgs Wthh are gomg to be

:‘searched A ReferenCed Encoded String is used to accomplish thrs task.

Frgure 6 7 shows the structure of a Referenced Encoded Smng In thls

example 1tem number 1000 and 2000 have references to DOG whose

“ encodmg is 31

>
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Encoded String , '
String Ta.ble v
L I IDIoIGl
Hashsueam ’ Code ListAmy Header Stream Reference ListArray
Collisignt ~ |' String Ref. | . Link | Ref.
) st | L% |pomer || | | List- :
, Pointer N R Pointer
Lo e[ o ]34 f |31 _s6s —l->ss 76 | 1000
R ES J 1 f L o
'|->76 0 | 2000
*

Figure.6.6 Structure of Referenced Encoded S.tring.r_' '

‘

As shown in Figure 6.6, a Re'ferenced Enco'ded String is _constrocted by

‘_Header Stream is "parallel” to the Code LlSt Array in the Encoded Strmg

P .
7 : . \ ‘. . ' ‘ 3 y 3
another column in the Code Xist Array (i.e., every record in the Code List

Array would contam a thlrd ﬁeld) Each record in the Reference List Array
consmts of a pomter that pomts to the next record in the reference list and a
pomter that poxn;wto the correspondmg reference (item ID).

A

ﬁ\Tote that if more than one character strlng is hashed to the same value

Al . [
(L e., the collision list hanmore than one element) a llnear search through the

cqlhsxon hst is reqmred to ﬁnd the reference list of a given string: ThlS is
quite acceptable if the_ averageggtgth of the colhslon list is smal-1.= This

W

combmmg an Encoded Strmg, a Stream and a Llst Array of references The

Each entry in the Header ‘Stream pomts to the first record of a reference list i in

the Reference List Array. Itis therefore correct.to view the Hea:?r}tream as
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prohlem is diseussed in more detail in secti.on 6312 o

~There are cases where eertain‘ words in the title are too common to-.be
‘usedina search. For exarhple; it does not make sense to perform a search on
all the items w1th the word THE in the title. It is therefore mappropnate to
_ keep a reference llst for the common words. Therefore, the entnes in the

Header Stream for all common words are. specrally marked to mdrcate that

63 7' Encoded String List.

’*’)'

. There are some cases where a llSt of character smngs is needed. For

[

example, assume that the name of a wser is JOHN A.DOE", {I‘ he character

string DOE 1 1s stored in a Referenced Encoded String since the *m supports

"searching‘for users by therr last names. However, it is also desrrable to have

-

 both YOHN and A. eﬁcoded seoarately since JOHN and A. are comrnon- hames -

but JOHN A is not. ‘An Encoded Strmg List is used t0 accomphsh thlsftask

Flghre 6.7 shows the structure of an Encoded String List.

e
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C I4IJloIHlﬁ[ [zmt |

« ‘ N 1 ‘I\
( - e Hash Stream Code ListAnuy ~
. : : Collision i Sting |. .
o : : | List o Lm Pointer |
. 14F 76 31 Poiner |
A P — I - : .
. H76l 0 65 N CL N
T A\ . . .
L. o . ‘.\.l
, 43] . 6{5 1 besl o &
I k

Figure 6.7 Structure of Encoded String List.

As showﬁ'iiFn Figure 6.7, an Encod?d String List is con‘étructed by combining a

List Array and an Encoded String. Each record of the List Array con51sts ofa

\
pointer thﬁ; points to the next record in the list and a pomter that pOmts to the

' correspondm_g record in the Code List Array.
1 ,

¥

6.3.7 Referenced Encoded Strmg List. “

There are cases where 4 list of character strmgs with reference; is
néeded For example if the title of an item is "NEW BOOK", 'then both NEW ‘
and BOOK have to be encoded separately but the title must be stored as NEW

BOOK". A Referencetl Eneoded String List is used to accomplish this task.
Figure "6.8. shows the structure-o% a Referenced Encoded String List.

ol
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k Referem:ed Encodeds

. . . S -

LT B Isﬁlzm — [a[Blolofkl - -
Link| ncoded - -
| Velue 4%._;_____.____4* Reference
- HeshSteam CodeList Array|| HeaderStream  List Arrey
Collision| T ink| Sting Ref - Link| Ref.
List Pointer | List .

Pointer | : . - | Pointer

st—sr— b3 0 | 34 |||31[ 76 | p76[ 0 [1000
B2 Tt 0

B s| 0 | 45 ||es| 89 J-)ag 0_[1000

L)

Figure 6.8 Structure of Refer‘"énced Encoded String List.

As shown in Fi-gure’6 8, ‘5 R.eferenced Encoded String list is constructed by
combmmg a List Array and a Referenced Encoded Strmg However it can
also be constructed by combmmg an Encoded Stnng Lrst a Header Stream and
a Reference List Array. The decision is an implementation one rather thana
logical one since data abstraction hides it. The first comb?hation is simpler so

it was used in the implementation.

6.3.8 Authors Llst P
Smce many 1tems have more than one author another abstract ddta type
was required to represent them. Fi gure .6.9 shows an example of an Authors

. List. In this example, JOHN A. DOE ‘and JACK SMITH are both authors of

the same item.
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Authors List
‘ Last Name | Other Name 1
Link Pointer Pointer Kind

a7 | | [ A .
—— ' o —>JOHN A.
- . — DOE
: ,w - encoded
q7 0 | . J A . mfo_rmatxon
' L —3 JACK

—3 SMITH

. Figure 6.9 Structure of Authors List. -

3

Each Record»lin the Authors.List consists of a link pointer that points to the,
Anext author, a last name pointer that pomts to the author,s:.last name (a
Referenced Encoded Strmg) an other name pomter that pomts to the author S
other name (an Encoded String List), and a character which indicate the
author's kind (author, illustrator, or.editor). | |
6.3.9 Loan List.

CA loan list is needed to represent\the items that each user has borrowed.
However, a'hew abstract data type is not needed since a List Array can be used.

Figure 6.10°shows tnq,structure of a Loan List. In this example, items 1000

“and 2000 are loaned to the same user._
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LoanList
link pointer{, itemID
. 1 1000
— A 2000 |

Figure 6.10 Structure of Loan List.
Each record consists of a lifk pointer that points to the next borrowed item by

the same user and the item ID of the borrowed item.

6.3'.10‘ Master Item.

As described previously, a master item file is a file of master item
records. Each master item record contains all the mformatlon about an item.
The mﬂﬁ"‘ID 1s used as the record number w1thm the file. Searchmg by ID is

A3

51mp1y a smgle random access mto the file. Figure 6. 11 shows the complete

structure of a master item record.
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Title —-Pointer to an Referenced Encoded Strmg List
Authors —1—Pointer to an Authors List

Subjects —1—>Pointer to an Referenced Encoded String List
Publisher —t1—>Pointer toa Encoded String List

Year _ |
Price
ISBN

Dewey :
Type

' | Status

. {Borrower ID
ﬂ". Loan Date

-1 Loan Count

Figure 6.11 Structure of Master Item Record.

" As sden in Figure 6.11, the title, authors,'subjects, and pub}isher-ﬁelds of a
master item‘record are pointers that point to other abstract data types. All the |
ether"ainformatio'n is ‘sto‘red directly ie the master item record. This makes the
master item file quite compact as coﬁ1pared to the one in the first version.
. .\ .

6.3.11 Master User.

The master user fi1e is a file of master qsér records. Each master user '
record contains all the infonpation about a user. The user 1D is ueed as the
record nufnbe_(r within the file, so a search by ID is a single random access.

Figure 6.12 shows the complete structure of a master user record.
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; ¢

1 ' LastNams _ —+——Pointer to Referenced Encoded String

! ' {Other Name —+—— Pointer to Encoded String List .

' ‘|Class ~—— Pointer to Referenced Ehcoded String

Type : ‘ ‘ :
Loan Limit A
Borrowed Items ——— Pointer to Loan List

Figure 6.1~i Structure of Master User Record,
. o o |
" As shown in Figure 6.12, the last name, other names, class, and borrowed
a itemg fields of a ‘maste"r usé‘r record are pointers that point to“other abstract
*data types. All the other information is stored directly in the master user |
| rec‘Qrd. Again, this makes the master user file hore compact than in the first

version.

! :
1

J
| . 35.3.12 .Implemelgjlta'tion Notes.

Due to the l,imitatjon of the maximum number (15) of files which ‘can be
opeﬁed at any tirﬁe on the IBM™ PC, there are a few adjus\tments in the
imﬁlementation of aﬁ Encoded String. The Hash Stream ~and the Code List
Array of the Encoded S.tring were combined into one structure called a Code
Tablé. Figure 6.13.‘ shows the structure of this im;l)lemen'tation.: In this
example, the charact_er sti‘ings DQG and CAT are both hashed to 25 but DOG

~ isencoded as 31 and CAT is encoded as 45.
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Sting Teble
, [ T3lofolef - - - [A[cfalr] - -
Cods Table 34 67
. [[0dd | Even
« | Hash | Hash | Link gomn?:
« Pointer | Pointer| I,
~ o : : : f
2531 [ X X X
531 X X a5 34
545X X 0 67
Figure 6.13 Implementation of Encoded String. S

- ‘ "‘
If the hash value is 50, 111e even hash pomter of record number 25 is used. ThlS
structure makes the size of the hash table twice the size of the Code Table

While the original design of the Encoded String requires the size "of the .
hash table to be fixed, this implementation allows the size of the hash table to
be enlarged if the code table is full. This increases the efficiency of the
searches since the size of the hash table will always be at least tw,ice the dumber
of hashed items. By reducing the number of colllslons the average length of
" the coltision hsts is smaller, so the search time is reduced Figure 6.14 shows '

the average length of the collision lists for each of the Code Tables for 6000

items,
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Code Table AWY? length

. of collision lists
Title ' : 5.577

TAuthor's last name 1.344 '
‘ _ [Author's other-names 1317 L
« |Subject , 1.385 :
/ Publisher 1.255

figurc 6.14 Average length of colfision lists. v

Pk
2

As shown in Figure 6.14, the average length of the cqmgian ligt s slightly

2
greater than\oflé. Therefore, the time required for searching is relatively

L4

small.
. : -7

On the other hand, enlarging the hash table requires all the items to be

xje-hashed. This is a definite disadvantage if the size of the code table is large.

However, since the number of accesses (i.e., searching) is considerable larger

than the number of updates (i.e., editing 1, 1t is worth the trade off.

L O

)



Chapter 7.

. Capacity and Limitations.

This chapter discusses the capacify and limitations of the second version
of CHILDS. Since all the inc(icxes in the fil\g;‘é;stem are encoded as 2-byte
cardinal numbers ‘(i.e., positive'intcgers less than or equal io 65535), the
| number of records in a file é\fannot exceed 65535. :
Since the number of vusers is relatively small as compared to the number
of items in an elementary sch;>ol library, thé sizes of the item files will be the
limiting factor. The size of each data file for items v\;as rccordcci at 1000,
2000, 3000, 4000, 5000, ahd 6000 items to determine the growth curve for @

each data file and the expecfed capacity of the file system. .

7.1 Strmg Tables. ‘ -

The data in Figure 7.1 was recorded for the growgh of qaph Strmg Table.

&
. The data was then plotted and exponentxal eurves wcﬁe:'ﬁtteg,"to“;he dat% THe .. % .

: 'a Py %“ ' ”&“ = g
equation of the curves were used to calculatﬂ thﬁ nun’fbbr‘oﬁxitmLs fgcésséry& P
A % i . ’ .a"{(\ .

S 2N ’;' .7»» 'h

for the record count to reach its m\xlmnm vame of“éSﬁS T

shown in Figures 7.2 to 7.6.



Numiber of |
Number Tterns | 1000 | 2000 | 3000 | 4000 |.S000 | 6000 N\
of Records | A | \__\
Title 9307 [17112]23397127430]32609 | 36816
Author surname | 4010 [ 73771 10281 12298 14965 | 17160
Author other names | 2845 | 4495] 5805 6606] 7569 | 8382

Subiject - 4106 | 75691 9914|11423] 14743 | 17367
Publisher » 3130 | 4735] 7160] 8852]10758 14031

© .
Figure 7.1 Data for growth of String Tables.

y =50.8461 * x°0.76

40000
30000
Number
of 200001
records /
o 10000 & -
N 0 —

1000 - 3000 5000 7000
Number of items

“. s

Figure 7.2 Growth of S;}ing Table for title.

When the number of records in {éa title String 14reaches 65535, the
o ¢ * ’ " X ¥

. i
number of items will Be 12320.
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o y=15.6288*X08048
<0 4000? " — = '
i e | | N :30000 ‘ | R

&4 Nimber
‘ " of 20000

. records  |.
o 100008

'3 , . “.. OT —~  * - ; "' . \
1000 - 36@1515 25000  -7000°
-~ Number of items o
. , B I R
- - Figure'7.3 Growth of String Table for author surname. -
';; ﬁ : . ‘ v . . ‘ . » .
-~ When the mimber of records in the author surname String Table reachgs.
65535, the numiber of items will be 31211 e
© y=46.50*x"0.5986 _—

40000

Y 30000
| Number ~ *]

of 200007 T e
records oo

N R Ve
‘ . 1000~ 30600 - 5000 7000 .
| Number of items L

‘, o | . Figure 7.4 Growth of String Table for author ot_her names. -

l‘ \W}b‘ the numbévrv_o\f r_ecords'il} the author other names String Table réaches_ .
65535, the number of items will be 181781. S e

_ ) é m " /
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y = 19.2859 * x0.7788

of

. »
1 A ‘
“
' .
i /
A R

A

1000 3000 5000 7000
- Number of iterns

Figure 7.5 Growth of Strin.g Table for subject.

4

Wheritme number of records in the subject String Table reaches 65535; the

number of items will be 34213.

y=9.7564 *x°0.8254

| 40000 T ,
- Tl o /
30000 -
Number 3 T
.. of - 200001 g
records | - o
10000 -
- ‘ o , 0 . —t+—— — s
o -~ 1000 3000 . 5000 7000

Number of 1tems

Flgure 7. 6 Growth of Smng Table for publxshcr

. When the rmmber of xecords m the pubhsher Smng Table reaches 65535 the

(s mumber of i items w1ll be143327

. 3 Bt ’
Aoyt e
\
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>

From tpe data record?d the Strifig Table for utle is the fastest growmg S

| ﬁle of the Stnng Tables aﬂd the e‘Xpected maxrmum number of items that 1t can
. W
represent is 12320 '

. | o
72 Code Tables B 3

The data in Frgure 7 7 was recorded for the growth of each Code Table L

The data was plotted and the exponent1a1 curves are shown in Frgures 7 8 to -

7 12 The curves were used to compute the expected maximum record counts

Number of E

" Number Items | 1000 | 2000 3000 | 4000 5000 6000
.~ |of Records . . . . ‘
Title L 1411 | 2458 | 3286 | 3833 4477 5014
Author surrame 542 | 994 | 1372 |-1639 | 1987 | 2277
Author other names .| 451 | 706 | 898 | 1018 | 1160 | 1285
4 Subject | 544 | 980 | 1268 | 1452 | 1868 | 21964
~ ., |Publisher- ] 2331 333 ] 515 625A 7421 915

Fi gﬂ’re 7. 7 Data for growth of Code Tables.

/ _114405*}(0702 | t

Sl o 4ooo@§qref
w7 . | S
30000, : ‘
| Number B R N
~ of- 20000
) - records
| 10000 -

% i S .
0 —
" 41000 3000 50000 7000

Numbér of items I

Figure 7.8 Growth of Code Table forttle.

K ¢
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When the number of- records in the ntle Code Table reaohes 65535 ‘the
number of items wrll be 225588. However since the Code Tablercontams a
Hash Stream which is twrce the size of the Code Table ‘the number of 1tems
w111 be 84026 when the number of records in the Hash Stream reaches 65535 '

(1 e., the number of records in the, Code Tab]e is 32677).
« \ .

. y.; 2.3163 * x0.7935.
40000 T—

T 30000 .
Number: = 1. . | v
“of 200001 '
records S . .

S 10000' ' - S

SN

A}

Qomo  so00  seo0 7000
| : "Numberofitems ’

- Figure 7.9 Growth of Code Table for author surname:
When the number of records in the author surname Code Table reaches 65535 '
the number of itéms w111 be407549 When the number of reCOrds m ‘the Hash
Stream_ reaches 65535 i(l.e., the number of ‘, re\cord{s m the Code Table .rs.-
| - 32677), the 'numbér ofltems w111 bel7%()i 12. 7 ., .

-2
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| . y=85169*x°0578
o 40000 — —
30000 - — ‘ ; N
Number ' ' |
of 20000
records
10000 _
OIW

1000 . 3000 5000 | 7000
' - Number of items ' '

F1 gure 7.10 Growth of Code Table for author other names.

H
4

When the number'of‘ records in the author other names Code Table réaches

NV

N

65535, the number of items will be 5290724, When the number of records in
'~ -the Hash Stream reaches 65535 (i.e., the number of records in the Code Table

- is 32677), e the number. of items will be 1594405,
. s

. y=3.0596*x07523
40000 « — T %] |
SN ' 30000 | o

5 - Number
.- = of - 20000
' records '

© 10000

| E T A 0 W
‘ - : 1000 - 3000 5000 .. 7000
‘ Number of items

Figuré 7.1 1 Growth of Code Table for.subject.

'~
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When the number of records in the subject Code Table reaches 65535, the’
number of items will be 571159. When the number of records in the Hash -

Stream reaches 65535 (i.e., the number of records in the Code Table is -

32677), the number of items will be 227264. o : "

y=1.1824*x°0.758 e

40000 ‘ -

30000 i
Number ] : . )
~of .~ 20000
records .

10000

0‘3"——5"=ﬁ==$£#=ﬁ= -

1000 3000 -5000 - 7000
Nnmber of items

Figure 7.12 Growth of Code Table for publisher.

When the number of records in the. publisher Code Table reaches 65535, the
number of items w111 be 1798417. When the number of records in the Hash
'Stream reaches 65535 (i.e., the number of records in the Code Table is

32677), the number of items will be 720914,

From the data recorded, the Code Table for title is the fastest growin’g""

' file of the Code Tables and the expected maximum number of items that it can

represent is 84026. S
o i

T - M\s}
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As mentroned before in section 6.3. 5, the Header Stream is parallel to the -

Code Table, therefore the data for the Code Tables also applies to the Header '

¥ 4

@ Streams However, there are only Header Streams for ntle, author surname,

A,
iy

and subject because the ﬁle system has to support these three search types

7.4 Reference List Arrays.

»

List Array. ‘The data-was plotted and the exponential curves are shown in

Figures 7.14 to. 7.16. These curves were used to compute the ekpccted

maximum record counts.

~ Number of |1 e
¥umber~~_ Items | 1000 | 2000 | 3000 | 4000 | 5000 | 6000
of Records - , .
Title 72530 | 5060 | 7870 | 10590 | 13280 | 15900
Author surname 1230 | 2350 | 3450 | 4470} 5540 | 6640
Subject 1960 | 4210 | 6230, 73%0] 9750 [ 11870

Figure‘7.13 Data for growth of Refereﬁce_LiSt Arrays.’

3

-

~. " The data in Figure 7.13 was recorded for, the growth of each Reference
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y=2.0159*x"1.0321

40000

" 30000

Number .
. of 20000
records

10000

g .
0 - . v v :
§ 1000 3000 . S000 7000 -
) - Number of~ items

. .»i’n;

N Figure 7.14 Growsh of Reference List Array for title.

When the number of records in the title Reference List Array reaches 65535,

" the number of items will be 23532.

y=1.8868 *x"0.9378

40000
300007
Number -
of 20000
records
10000-
o
1000» 3000 5000 . .7000

Number of items

Figure 7.15 Growth of Reference List Array for author surname.

. When the number of records in the author surname Reference List Array

.- i reaches 65535, the number of items will be 69488,
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y =2.3123 *x°0.9809

40000
‘ .30000 7
' _ Number 1
\ | of 20000
‘ records : '
1000 3000 5000 7000
Number of iterns

- Figure 7.16 Growth of Reference L_isAt Array for subject.

When thc number of records',iﬁ the subject Réferencc List Array reaches
65535, the number of items will be 34604.

From the data recorded the Referencc List Array for title is the fastest
grbwing file of the Reference List Arrays and the expected maximum number
‘of items that it can repr:‘séms s 23532,

7.5 vList Arrays.
The dafa in Figure 7.17 was recorded for the gfowtil offéach List Arra‘y._
. Tfle' data was plotted and the e);ponential curves ére shown@g&gigu;gs 7.18 to
7.21. These ‘curvés_ were used to cdmpﬁvte the expected_maiimum récord
counts.
q,

ae
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. Number of '
Number—~_ Items | 1000 | 2000 | 3000 | 4000 | 5000 6000
~ |of Records T :
Title 4300 | 7650 | 1187015850 [19830(23650

Author surname 1234 | 2356 | 3445 | 4479 5535|6646
Author other names | 1380 | 2730 | 4000 5210] 6470 | 7680
Subiect { 1960 | 4210 | 6230 7390] 9750] 11870

~ Figure 7.17 Data for growth of List Arrays. -
Note that the List Array for author surname is actually an Authors List.

g
Al

y = 53132 *x°0.9642

" 40000
RN v - x T K
*M. "v“ 30000 i SRRV AVORINN | v
Number x ' '
of 20000 -l((. evvreevenssrassreansravesess et sresssesannrstisssstantes
records ‘-, '
. 10000_. .................................
- . 0 -+ T T d —r ‘
e ~ 1000 13000 5000 7000

Number of items

~ Figure7.18 Growth of List Array for title.

* When the number oflrec'ords in the title List Array reaches: 65535, the number

. ofitems will be 17499.
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y = 1.9154 * x*0.9361

40000
30000 1~ , —
Number
of 20000
records ' < | Voo
10000 e
| o e

1000 3000 5000 7000
Number of items

Figure 7.19 Growth of Authors List.

When the number of records in the Authors List reaches 65535, the number of .

items will be 69779.

o

y = 1.8924 * ¥*0.9555

40000
* 30000 v
Number ]
of 20000
. records ] |
0 L 1 v -
- 1000 3000 5000 - 7000

Number of items

Figure 7.20 Growth of List Array for author other names.

~ When the number of records in the author other names List Array reaches
80 ’
/';

/// 65535, the number of items will be 56347.



. y =2.3123 *x°0.9809
40000 ‘
30000 : ceres
Number 1 "
| PR T e ee—
records ; e
10000 o
0 v — - v
1000 3000 5000 7000
‘ Number of items

, 9

Figure 7.21 Growth of List Array for subject.
When the number of records in the subject List Array reaches 65535, the
number of items will be 34604
From the data recorded, the List Array for title is the fastest growing file
of the List Arrays and the expected maximum number of items that it can

represent is 17499.

7.6 Results.
From the data recorded, the fastest growing file of the entire file system

is the String Table for tltle Ttis expected to have 65535 records when the

1

number of items reaches 12320. However it still satxsﬁes the system

e

requlrement of storing 10000 items.

- “Therefore, if the system is requlred to manage more than 12320 items, 1t,\

is adv1sab1e to use 4-byte cardinals instead of 2-byte cardmals in the

;;implementation of the file system. However, the size of the file system will be \
i | o - L



provides will be dccreased.
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. - Chapter 8. s

.
« ( -

User Interfifie Design.

8. v s

g . -

. . ® ‘
Alth&ijgh CHILDS is divided into three sub-systems: loan/return and
search, data entry/update, and inventory, the interface design is actually
( o

divided into two parts according to the two major types of users: adults and

”»

children. The loan/return and search sub-system is';graphical since it is used by
children.. The data entry/update and-inventsry sub-EYstcms are used only by

library staff,{"&;f they are more text oriented.

. /
8.1 User Interface For Adults.
' The interface desi gns of the data entry/update and inventory sub- systems

"
“

.are stralghtforward since they are used by adults only The main Ob_]CCthC is

:to provide a simple andv consistent interface for the librarian and the parent
voluntecrs. The users a;e‘ given menus for selecting commands andtémplaics
for entermg m{orma:tlon B . | oy

. 4 | Nevcnl}eless there are several 1mprovcments over the de&gn of the- ﬁrst

,‘ ’ : f V
- version of CHILDS For example, in the: ﬁrst version, an Ptc‘m template

“;:‘containé‘d only five fields for authors and ﬁve fields for subjects. Figure 8.1,

3

shows an example of an item template.

Y : ’

69 L A



-

[T [ANEWBOOK - % . 11D1000
¢ Authors | DOE- o

._ 1 -
., I |
o j‘n_. |

RS S | SR
o

.

“~

K Yt St St S
e r— ey

Subjects LSUBJECT - ]

o~ - [ 1 3

S ¢ | 1 |

| . Publisher [ CHILDREN'S PRESS ] Year [1987] Price [ 895 ] -

4.| Dewey[FIC! DOE ] .ISBN [012-345-6789] | N
_.'Kmd B} o Lo -
gsoanCount [25 ] : ' -

Smm‘.([IJ

,.

Thellbrandn mdrtated that there are some 1tems wrth more than ﬁve authors '

>

’(mcludmg edttors and 1llustrators) and some ‘items w1th more than flve

SUb_]CCtS ThlS is an 1llust1 atlon of an mrportant prmcrple of mterface design:
- » . 4
"ﬂexrblhty An mterface should not 1mpose any restnctron on t?he size. of the

mformatlon In the: present system a user can use the BageUp and PageDown

ekeys tQ scroll up and dOWn w1th1n the authors llst or the sub_]ects list.

~

R Therefoie the system support’s an. unhmrted number of authors and subjects

‘,:\8 2 User Interface For Chtldren. '_ " ' o {

’ . The ﬁr;st stE:p in de51 gmng the mterface of the ldan/retum and search

. sub system is the desxgn of th'e\tcons In the past few years ‘jcon desrgn has
, 0 “

~evolved into a new. area‘%f 1nterest in computer seience. The maln questlon i

gﬁ\

pertammg to this rqsearch effort is Whlch 1cons can. be understood by

70

e ,@re_&l Anltem Template. . B

v
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-

4 children ahd which can not?". More r‘esear\oh needs tobe‘%onducted to answer

thlsw(ge(tron in general | : o oy

. However, in the spemﬁc apphcat1on of elementary school hbranes a set

of understandable 1cons has been deS1gned Although there ‘was some

Lo

B confusron and mlsmterpretatton the icons used in the first versron of C LDS

for a better representatron of the s1tuatron and solvmg some of the prob]ems-

~

were understandable by the chrldren Therefore, it was demded that the ame

[

type of 1cgw1th appropnate changes and 1mp?ven1c~nts, would be used in

:‘.’::'\.auﬂw;‘“ o e ‘;‘ v

the second versmn of CHILDS These ch

E

L4

encountered by the chtldren when usmg the fll'St ver;sron In addmon, a set of

fundamental prmmples for demgmng mterfaces for chlldren is- Postulated

although expenments need to be conducted to venfy these pnncrples

When the loan/refurn and search sub system starts the main menu”'

hg jﬂ:lgure 82@3@1‘@ loan/rctum apd ,search sub systeg is dlsf)layed

oo

- . ) T BEEEEER 1. . ! R >
A : & g B . ‘.
.. e s e a e G . A

,_Q,‘

.
i (P ) . 4y
oot e s N B B ‘o N

4

7

,proveme‘rlts weremeeded

e
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A user can select any one of the four vpanes' of the menu using the cursor

control keys (1 e., the up, down, nght and left arrows keys) To initiate the

selected functron the user presses the return key

8.2:1 Loan (Check Out).

~ +

“The prOCcdure for borrowmg an item requrres two p.wces of

' 1nformatron an iten ID and a user ID After the LOAN functlon is 1n1t1ated

from the main menu 1cons of a bar code scanner and a book (F1gure 8.3) are
o

+* '

displayed. -

Please scan the book

: F-i‘gure 8.3 Input item ID icon in Loa_rl.v

LS

Xt‘ .
o
’

v, ‘
- T he small icon in the top leit hand comer mdlcates that the uSer isp rforrmng

Va

‘

B a LOAN rather than a liETURN This ehmmates a problem Wthh ‘some
'. chxldren had w1th the ﬁrst versron ‘of CHy..DS someumes a ohlld would forget

whether they were borrowmg an rtem or rgturmng one Thrs leads to the ﬁrst



"““.‘. ° . N “- \?3

] . '
prmmple in de51gmng in rface'§ fqr chlldren. clarlty

oG

After scanning the bar code sCaYmer across the bar code label on thc 1tem kv
. d : . 'b ¢ : :
foUr‘.,possible situations could hagpen: . \
1. - l__tex‘_ﬁ is-OK; ‘ |
2. Item is not found;
3. Missing item is found; i
4. Ttemis already on loan. . " _ O
8211 Item I8 OK. "~ . o :
L { h A 2,» . ¢ ) <.’
Z ‘: case vs/heré the item is ok icons of a bar code scanner and a llbrary
gure 8.4) are dlsplayed
1 ne ) ‘
L .. ! : .
+
¢ . ’ e ,’ . . ’ ‘ " . : ‘
& | . Scanyourlibrarycard = |-
| Figure 8.4 Input userID ié(}h in Loan. |

?;10 he_ed to indicate that the chi_ld is perfggming a L;OAN."lbec.au:sc there




. . SN

is no srmilar 1com{or RETURN (only the 1tem ID is needed for RETURN) xS
After slidmg the bar code scanner across the bar code label on the user's

~library card, one of three possible situations ‘could‘ Happen: I

‘1. Successful loan; - ' IR
2.  User has too many books; ‘ ‘
. | ;
-~ 3. “Userisnotfound. : z .

T R * . . 9, . ! A
. . . ke
. B \‘ ) t
. . .

8 21 1;1 Successful Loah e e

A successful ioan means that the 1t

N o &
, v‘w
user A icon of a happy face (Figure 8. 5) is displﬁed brﬁ:ﬂy and the system
e “’40 #
retums to {he' input 1tem ID tgonQ(Figure 8.3) after about 3 seconds ‘. .
' &} o B . & e . . . ¢+ et . b _‘- - ’ .
E3 -~ el . ’, N ' N o
R ﬁ fgﬁ"t <
Booe e ’
R A :
Kl Y
.'a U .@
IR |
» ) . .. -
° ~ B N '\ N | |
| SN
&
‘ ¥ ’ . .
Figure 8.5 Success icon
‘ Lt . e . . ': | & - ! l‘ o3 v .
' BN o ‘-l \; ‘~ R S o B K
: @ = o e ~ o e ’
. f" ~ . . . L
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8.2.1.1.2 User Has Too Many Books.

If the user has reached #¢loan limit, an ieon'of thret\books with a Cross

1

on th'er‘n, (Figure 8.6) is displayed and a beep is sounded. ’ ‘

‘& .
4
o . 1
& o
W. )

. -
- . ° .
-

f

- The beep is used to attract the ChlldS attention to the error Thrs feature rs

: needed to solve the praklems encountered by chrldren who 1gnore error. 1cons

. Thrs leads to anothq&. prmcrple in desrgnmg mterfaces for chlldren '

rx~-forcefulness“The user acknow;l‘edges and clears the error by pressmg any

key. . . L ,
) . ‘ ( L (
e The orlgmal 1con for th1s situation. consrsted of six books with a'cros§.

However several chrldren mterpreted the icon too hterally and complamed-

@

that th,ey had not already borrowed ﬁve books Thrs llterahsm problem -was-

e,_' sol%d for the LaPerIe 11brary whose loan 11m1t is two ,,by swrtchmg to’hree '

- e

G .
”books ThlS s nbt a general solutlon hroyvever smce the icon is ﬁxed and the .

. LA
. k) T - .
N . ) E Y o

-
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- Bl R 2 '
loan hmms not. - e S \

The 100n lxterahsm problem was redUCed by dlsplaymf ;he ID numbérs

" of the items already on loan and the 1tem 10 “be‘i‘loaned m addmon to the icon.”

s v‘ » : o : ‘. ‘u, :c;" e .
8.2.1.13 User Is Not Found:-; T ( L
If there is no user in the llbrary wnh the ID number scanned, an 1con of a ‘ .,
@ W .
stick person an?*a quesnon mark (Flgure 8.7) is d1splaye& and a beﬁp 1st%und ,a
In additiony the errant ID number is dlsplayed in the stick per’son s head
N ‘
- ,
| . -ldon't know who youare N ;
- DR Figure=8.7 User is not"ﬂn‘d icon. * - | » - ‘
: o ‘ R SN : | :

\v"‘ N »

‘The user should agk the librarian for help in this case. ThiSiei‘“ror can be* Aw

‘.. o2 ’ & . o o o o . ) ‘ ) , - >
cleared by pressing any key. . - % . T C e ‘
- . : ?m - . ‘ i,; v
\
- . % >
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82121teml otFound o - o
’W . .

lf there is no item in the library wnh the ID number scanned, an icon of a

b

}

book and a‘question mark (Frgure 8 8) is drsplayed and a beep is sound. The

ID number of the item is alse{spwycd o

v .t . ¥ \,I‘M‘w%
'

R

o g

B P2

5do hot recogmze that book number

ﬂ‘ ‘ , Figure 8.8 Item is not found icon,
A'gain; the user should ask the librarian for help, and the error can be cleared

bypressing,anykey.f' . A '. p Yy oo

- 8. 2.1 3 Mrssmg Item Is Found.

-

If the item thch was scanned has pre\uously been marked as mlssmg, an .,

. icen of a stick person (the user) giving' a book‘ (the‘ missing item) to a s}qu
: pg,rson(the librarian) 1s displayed "(Figure 8:9) and ‘a,}be)’_ep is sound. Th_c ID
number of the ifer is also displayed. |

B 8



| Please take thatbook tdfhe librarian
. .+ . Figure 8.9 Missing'item is found icon.

W user should regort the missing item to the librarian and the error can be - &

cleared by pressmg any key .
. o . ) v e
c e A

AN

82 1 4 Item Is Already On Loan.

—

WA
I If the 1tem 1s already on loan, an icon of two Sthk persons with one of

them holding a book (F]gure 8.10) is dlsplayed and a beep is sound. "The ID

£ number of the item and the usér who has borrowed the 1tem are also dlsplayed

. . - L . . —
ey o 3
- e : - . . ] . s
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This book is on loan to someone else

i T~ . ,
Figure 8.10 Item,is already checked out icon.

. : ‘ : . ‘ ' ' - " 1"“#0" . ' i
The stick person holding the book represents thé prévious user and the other”

3
.

_ .stick person represents the user who wants to borrow the item. This iconis «

-0

us;d instead of the failure icon (a sad face) of the first version because this 1con

»

gives a better descnpnon of the suuauon In thlS case, the user should mfonn

the 11bra;71an about the situation and glgar the crror by pressmg any key.

P o .. Pl
R — &
g ’ - an

. 8.2.2 Return (Check In).

LI 4

Ta return an item, only one plece of mformatlon is nceded an item ID

| - After selecting the RETURN function form the main menu, 1cons of a.bar code
. . : ' Y
scanner and a bogk (Figur"e_ 8.11) are displayed. '
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-
>

L)

~

O

o " Please scan the book
- -+ Figure 8.1 Input item ID icon in Return.
. -
"The small 1con in the top left hana comer is used to indicate that the user is
perform‘mg a RETURN rather than a LOAN. After sliding the bar code

scanner across the bar code label on the item, four possrble 51tuat10ns can .

OCCUI‘I/

L9 . ] é% N ) IS &lf, . . &_ . R TS

1. A successful return and the sucgess 1con (Flgure 8. 5) is drsplayed

M PP &u’-(‘,‘ya & Ay e '\

2. - The item is not found and the item is not found icon (Figure 8.8) i 1s

- displayed, the use_r should ask the llbx;anan for help.

4 . s . . . .
3. A missing item is found and the missing item- found‘ icon (F-igure

8.9) is dlsplayed the user should report the mlssmg item to the

‘. .

llbrarlan - s R N
‘ j j v
4. ‘The’ jtem is not on loan and the success icon (Figure 8.5) is -
displayed. . r , .
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In the first three cases, the purpose of using the same icons inboth LOAN and

RETURN is to reinforce the meaning of the icons. For examffle, in the case of
) .

a'successful return, the success icon (Figure 8.5) is displaysg to reinforce the

idea that the icon means success. ‘ In a general interface it*might_ be more
1mportant to empha51ze the differences between the operatlons But in the case
of children's mtcrfaces, reinforcement is more 1mportant ' 3'%
Dlsplaymg the success icon when the 1tem is not on loan leads to another
principle in de51gnmg interfaces fo/ chlldren forglveness An 1?\terface
must be willing to forglve previous errors if they will not advcrsely affect the
present situation'. This error occurs when the user madc an error using LOAN

or forgot to use the LOAN system. This is a very common situation in

elcmcntary sohools. Since the item is being returried, the error can be

forgiven wuhout affectmg the system AIthough this would not work vcry

.s

well in public 11branes, it can be an acceptable solutwn in clcmentary school
11brarlcs "I‘he 11brar1an at LaPerle prefers this approach so 'the latest versmn .

of CHILDS pehaves in this manner.

;=

,'7 ' “ . ’
823 Search. ) ' ‘

v oy

-

~ After the SEARCH funcnon is initiated from thc main menu (FI?‘(

-~

,:, 8.2), the search ‘r'nen‘u _(Figure.8.12) is displayed. N | s

.

At

-
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Flgure 8.12 Search menu. ,&ﬂ "
, o . R
A user can search for items by title keywords, authors' sumame,,or’ subjects.

To select a search mode, the user simply presses the return key when the

desired mode is highlighted. The VIEW function allow the user to view the

item list of a previous search if one was performed.

In the original design, a book with a question mark on top was used to -

o . ) . . . o
represent search by title. Although it is quite logical to use a question mark to

Y

represent a search function, it is unclear and misleadingGn s case since the
question mark is.used in LOAN to represent an error. This leads to another
‘.

principle in designing interfacts for children: consistency. So, the present

system uses a book with a blank title (Figure 8.12) to represent search  by title.

The procedures for all three (title, author,'and subject) searches are guite
simil’ar.‘ 'Th‘erefore only the seatch by title fs’ discusséd here. For a better

understandmg of thé search sub systcm, please Y‘efer to thc Titorial Gunde to

T A.;‘f;‘_' T

L
BB,
'6

./ , 82':'-'

¥
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After the TITLE funcuon rs selected from the scarch menu (anurc

8 12), the 1tcm kird mcnu (Flgure 8.13)is dlsplayed

L . S

Easy| Paperback Picture] _ Record

Figure 8.13 Item kind menu.

After the user has selected the desired item kind, the input title keywords for

item search icon (Figure 8.14) is displayed.

Type one ormore words froma title

- ’

.............

»
1
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- . . ~

. The user can elther type mtrtle keywords or an 1tem lD If tttlf\keywords are
~OR

| entered the system will’ search on the keywords

[}
‘ (/ If an 1tem ID is entered the system wlll use the sub_]ects of the 1tem wrth
t

~.

item ID to, perform the search Thrs feature lowers the abstractron level N

A

‘ (dlscussed earher in Chapter 2) from recogmtlon 10 conceptualrzatron and t

therefore even kmdergarten students can perform 1tem search The subjects of

~

" the item are used mstead of the trtle because it is muchsrmpler If the tltle is

£

- used the/ systern must 1nte11rgently decrde which word m the title is

/ s1gn1f1cant and should be searched .on and which ones are not srgmflcant -
, -

Furthermore chlldren who use thrs feature are usually mterested in ttems of

——— -

the same subJect However mtelhgent title searqh would be a good subje )/f’or

[ . . ,-'.
: Y3

further research : ;? S : , RGO
[ » )

In the case where ‘af item IDvis entered i ina subJect search the SUb_]CC[ of

L4

the: ytem is used In the case where an item. ID is entered 1n an author ;?earch

| the author(s) of that 1tem ére used Thrs is do'he because there are cases ‘where

~ t\\

£ chlldren want to ﬁnd other items by the same author(s)

N
I3

Dunng the tlme when the system is performmg the search the \mterface

e’.‘

~
drsplays one small happy face for every rtem found ThlS non- numencal%

. fashlon of showing quantltles (1 €. more: happy faces mean more items found) .

o

s very sultable in’ chrldren s lnterfaces because of therr hmrted 5eadmg ablhty

PV

: In» the title seé’ch mode, if the user have chosen a keyword .whxch is too: .

, common (dlscussed m sectlon 6 3. 6) the 1ilegal keyword icon (Fxgure 8. 15) is

1

dlsplayed with the keyword hlghhghted SR P
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o L/ L '
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T , S 4
. T'hrs icon 1nforms the user to use at least one keyword not. grven in the lrst

’ . /-
- dlsplayed on the screen when usrng the title search mode

’\

824 Quit. /-

——

D]
s

K : ) -

After the QUIT functlon 1s selected the system wrll ask the user to enter a -

' password The system returns to the main menu (Frgure 8 2) 1f the password
.

is incorrect and quits 1f the password is correct This feature 1s added for ‘
: N / .
. ‘secunty smce the lrbrarran doe‘s not want the chlldren to be able to get out of '
the loan/return and se’_aTr‘ch suE‘system‘and have access to the computers
operatlng system co:nmands. | |

’ . . L
- . ' - : . L.
. . . / : . . .
S / - o
. 4 i \ o : . Yo
N



. the ftle system operattons and the user mterface The file: system was farrly h

as. a laboratory for studymg computer mterfaces for chtldreu.

’ Chapter 9. A
- | * . Conclusions.
- B ) . ) \ ‘. -

CHILDS is an 1nteract1ve dtsplay system for loan/retum, searchmg and

mventory control in an elementary school library. It was ortgmally developed

4

~

The desxgn of the second version of CHILDS was d1v1ded into two parts

3

L

stable since system capabtlmes were essentially ﬁxed. The user interfaee, on

_the other hrand, changed with user feedback. R

The file system was COnstructed based on the. data abstraction prmc1ple

and the concept of an Encoded Stnng As aresult, the ﬁle system of the second

B version is more efficient and reliable as compared to the first ver51on.

~ From children using both version of CHILDS‘, six fundamental principles

Jiteralism, forglveness forcefulness, ‘and remforcement However

experlments have to be conducted to ver1fy these prmc1ples In addltlon we

have shown how. the abstractlon level requtred to perform thc three library

~

"”operatlons (loan retum and search) can be reduced to a level at whrch

_k1ndergarten children can perform

Although CHILDS was ongmally developed to study chxldren computer

N

interface, there has not been any formal expertments conducted on the students B

‘at LaPerle. Instead mformal observatlons and feedback were obtamed from_

- B \

o ' o B e,
O 86 v e

for children-computer interface design are postulated: clarity,' consistency,



L

~ the school librarian. . o ’ o . e

. \ : ] ) . . ' v ) / . , i . -
- As far as future improvements of CHILDS is concerned, there is

currently aneffort to-redésign'the interface to run on Me{ciritoshTM to take
.

-advantage of the hlgh";evolutlon graphics; the mouse, and speech synthesm

Fmally, 1t is this author's hope that the second versmn of CHILDS could ,
be used as a tool to study children-computer interface and 1con,des1gn for

' chllden

) 1
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| . The carculatton system supports three functtons loan, rctum and seq“:h

This tutortal descnbes loan and return. A separate tutonal Tutort{lgGmde To- .
Search descnbes the- search capablltttes This tutorial describes the six -
, fSItuattons which may arise whe'n borrowing items and the one situatiorr which
ar1§cs when returning items, as well as how to, exrt the c1rculatton system The '
guide is d1v1ded into twelve’ sections: '

. Starting Loan -+ . - )
StoppmgLoan - R S 0 : o/

. Successfully Borrowmg an Item ' | |

Trying to Borrow,an Item Wthh is on Loan

Trying to Borrow an Invahd Item ( ;

Trying to Use an Invalid User Card - ‘

Trying to Borrow too Matny Items

Trying to Borrow a Missing Item

Starting Returns >\

10. Stopping Return =~ )

© P NN RN

11. Sucessfully Retumirtg an Item
12. Exiting the Circulation System
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When the circulation system is started the c1rculanon menu of ﬁgure lis
dxsplayed ‘

—
=0 -

Rl
.
OZTOZOXO!

SEARCH

- Figure 1. The circulation menu ' o

e

1. Sinrting Loan S o s

STEP 1: Press the} € key 'until.tfliie circulation menu of figure 1 is displayed. "

2 4] . :
84) 124 (6f P« it is possible to

" STEP 2: By pressmg the four arrow keys

choose one of the four panes 1n the cuculatlon menu. As the arrow keys

are pressed the hlghllghung square wrll move from pane to pane When

the @ key is pressed, the action pictured in the highlighted pane will
’begin. ‘Use the arroW keys to move tﬁehighl.ighting; square to the loan

' - : - ' ‘ L4
‘pane and press the key The cue of figure 2 will be«displaye"d If you .

‘do not see the cue of ﬁgur‘e 2, start over from step 1, and t}us time, make -

. A . ) N N -
sure that the loan pane is highli’gh__ted before pressing the key.



. «Please scan the book

f .' Fiéure_ 2. The item scan cue for loan

-

. . ? . v,r',

Notice the book coming out of the shelf in the top léft-hand corner of this
cue. It illustraes that you are about to borrow an item. This icon
differentiates this cue from a similar cue which is displayed during item

return.

"o "y



3. Stopping Loan

'S

STEP 1: To exit loah and go back to the circulation menu of figure 1 press the

€

kéy until the circulation menu of figure 1 is displayed.

h
\



3. Successfully Borrowing an Item - b

* STEP 1: Ensure that the cue of figure 2 is displayed. If it is not, then follpw
the procedure described in section 1: Starting Loan, - -

STEP 2: The cue of figure 2 requests ybu to scan tHe bar code on the item to (De
borrowed. Alternatively you can type in the number on the bar code and

then press the key. In fact, you can always type a bar code number

-

(] - '
and press the {— key instead of scanning the barcode. After.scanning the

item's bar code, the cue- shown in figure 3 will be displayed. If a
different picture appears mstead then press any key and start over at step
2 using a different item ( a valid item that is not currently on loan or

missing ).

Scan your library card

Figure 3. The user card scan cue
STEP 3: The cue shown in figure 3 requests you to scan the bar code on your
user card. After scannihg it, the, success icon shown in ﬁgurc 4 will
briefly flash on the screen to indicate a successful loan and ;hcn the loan

;”
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item scan cue of ﬁgufc 2.will be displayed so that another item can be
borrowed. If a different picture appears instead of the success icon, press
any key and begin again at step 1 using a different user card (a valid, user
card whose owner has not borrowed the maximum allowable number of

items).

Figure 4. The success icon

| ~ STEP 4: If you are finished borrowing items,.folllow the procedure described

in section 2, Stopping Loz;nl Otherwise you may repeat steps 2 and 3 to

.0 .
borrow more items. \/\(
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* 4. Trying to Borrow an Item Which is on Loan
STEP 1: Follow steps 1, 2 and.3 of section 3 to successfully borrow ari ffem.
The item scan cue ot::ﬁgurc 2 will then be displayed. . Co
STEP 2: Now. scan the bar code on the same item again. The error icon of
~ figure 5 will be displayed except that the numbet in the head of the
" figure, and the number in the bookawill be different. This icon indicates
- that the item with the item number shown has been borrowed by the usér
with the user number shown and that you cannot barrow it. Press an)'/ |
key to acknowlédge the errorapd the item scan cue, of figure 2 willbe ~
displayed. ' ‘ \

N P

This book is on loan to someone else

_——

Figure 5: The already on loan error icon



‘5. ‘_ Tr‘y-.i'n'g-to' Borrow- an‘lnvtalid‘ltem . |

STEP 1 Ensure that the cue of ﬁgure 21is dxsplayed If it- 1s not, then follow
' the procedure descrlbed in section 1: Startlng Loan o el

STEP 2: Now scan the bar code ona new item Wthh has not yet been entered
mto CHILDS or scan a ;user card 1nstead 01 an 1tem The, error icon of
| ﬁgure 6 wxll be dlsplayed The bar code numiber of the item or user card

T‘Wthh you scanned will appear in the top nght hand comer. Th1s 1con |

mdlcates that CHILDS does not have an item with the number Wthh was.
.. entered. Press any key to aclcnowledge the error and the: 1tem scan cue of -
_ﬁgure 2'will be re- dlspiayed ,, B ' '

.43 T

l do not recognlze that book number

N J
'Fi gure 6. The unknown item error 1con

_d"

]

-
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~6.: j’l‘“ryin"g-:..‘tb Use an Iav lid UserCard- * = . R s
STEP 1 Follow steps 1. and 2 of. section 3 to start borrowmg an 1tem The

- user card scan cue ‘of figure 3 will then be dlsplayed

'y "

. STEP 2 Now scan the bar code on a new user card whlch has not yet been L

entered into CHILDS or scan an item mstead of a user card The error

_ 1con of figure 7 wrll be dlsplayed The bar code number of the user card

or Zitem which you scanned ‘will appear m the top right hand corner. Thre f

, '1con 1ndlcates that CHILDS does not have a user wnh the number Wthh
e was entered Press any key to acknowledge the error and the 1tem scan .

A

cue of ﬁgure 2 will be re- dlsplayed o “ .

1234 *

R Idontknow who you are /|
| Flgure 7. The unknown'user 1con

S o W S



| L

7. Trying to Borrow too\\Many Igem | >
L ‘..‘-\\’ o :

STEP 1: Repeatedl'y follow Steps 1,2 and 3'of secﬁon 3 tosu?:cessfuliy borrow
items ~ until the error icon of. ﬁgure 8 appears.> It will have the ID
number of the item you scanned vxsable in the top right hand corner. . -
,‘ . This icon indicates that the item cannot be borrowed because you have:
1 already borrowed your limit of items. The ID numbers of the iteths you
' have "already borrowed will be dlsplayed under the ID nﬁmber of -the
item which you ttied to borrow. Press any‘ key to acknowledge the error

. and the item sca@ cue of figure 2 wrll be dlsplayed

= /2 N You have bOI‘l’OWéd too many books

Flgure 8 --The-over 11m1t error icon o $'

|
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8. Trying,_,tq'Borrew a Missing Item o .
This situatioh will only arise.df you | try to borrow an item whiich has been- |
'marked missing. You will not be able to try thls part of the tutonal uriless you
have such a missing item. Items can be marked missing by usmg the Item Edit. -
system descnbed in the Item Editor Tutorial.: ’

STEP 1: Ensure that theg:ue of figure 2is disﬁlayed.- Ifitis not‘the'nifollow‘the‘ a

procedure des\crib’e‘d in section 1: Starting Loan.

N
STEP 2:\\Io_w sean the bar code on a missing item. The error icon of ﬁgure 9
| will be displayed with the ID number of the 3carined ttem in"ﬂthe top right
d corner. This icon indicates that the 1tem should be taken to the
Ilbrarlan and cannot be borrowed -at thls tlme Press any key to
acknowledge the’ error and. the item scan cue of figure 2 w1ll be

- displayed. =

9999

Pleasetakethatbooktbthe Ilbrartan )

Flgure 9. The missing item error icon -

’:O °
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9. Starting Return |

-

fL .

STEP 1: Press the L€ :keyuntil' the circulation menu of figure 1 is displayed.

164 |4

2. e
STEP 2 By pressmg the four arrow keys g* + it is possible to

- choose one of the four panes in the circulation menu. As the arrow keys
“are pressed, the hlghllghtlng square will move,f;’_o_m pane to pane. When

- | o )
the key is Eressed the actlon plctured in the hlghhghted pane will
‘begm Use the arrow keys /6 move the highlighting square to the return ‘

, | '
‘pane and press the key The cue of ﬁgure 10 will be dlsplaye& If

you .do not see the cue of ﬁgure 10 start over from step I, and tlus time,

, L . . 0
make sure that the return pane is highlighted before pressing the key. .

3

. » Please scanthe book

Figure 10. The item scan cue for return

i

| Nptice Lhe-book going into the shelf in the top left hand.cornei‘ of this cue. -
It illustrates that you are about to retuy an item.  This icon differentiates this
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cue frofr_; a similar cue which is displayed during item loan. - . .

o

.
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10. Stopping Return | ~
V\. . ’ | : " ) | . \

STEP 1: To exit return and go back to.the circﬁlation_ menu of figare 1 press

 the & key until the circulation menu of figure 1 is displayed.

. ™
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11. S'uccessfully }Return’ing an Ite‘mﬂ
. . ,
STEP 1 Ensure that the cue of figure 2 is dxsplayed Ifi itis not then follow the
' procedure descnbed in sectlon 9: Startmg Return. -
N

5

STEP 2: The cue of figure 10 réqu'ests you to scan the bar code on the itém to-

" be returned. Alternatively you can type in the number on the bar code

and then press the key. In fact, you can always type a bar code

]

dlsplayed Ifa different picture appears instead, then press any key and

start over at step 2 using a dlfferent item (a vahd 1tem that is not missing).
/

STEP 3:1If you are finished retummg items, follow the procedure described in

section 10 to leave return. Otherwise you may repeat step 2 to return 4

more items.

104

- . o ‘ :
> number and press the .key instead of scanning the barcode. After

scanning the item's bar code, the success icon shown in figure 4‘will be

CE e
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. 12. Exiting the .'(_Iircolation System | |

STEP 1: Press the key until the circulation menu of figure 1'Iis displayed.

8.4) 2] (63 (<

STEP 2: By pressing the four arrow keys it is possible to

“ choose one of the four panes in the circulation menu. AS the arrow keys |
are pressed, the highlighting square will move from pane to pane. When

- - . ‘ V ' )
the key is»\pressed the action pictured in the highlighted pane will

begm Use the arrow keys to move the hlghlrghtmg square to the quit

, . ™ » . ' .
-pane and press the ’ key. The cue of figure 11 will be displayed. If

you do not see the cue of figure 11, start over frém step 1, and this time,

w
¥R
“¥ .

, | . o -a.
make sure that the quit pane is highlighted before pressing the key.

Please Enter The Password .

“Figure 11. The password cue

STEP 3; Enter the password by typing it-on the keyboard and pressing the

key. An incorrect- password W111 cause the system to return to the -

circulation menu of figure 1. If the password is correct, the circulation

P
——

system will be exited.
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The cnrculatlon system supports three functions: loan, return, and search.

5.

Oy
- 107

Thxs tutorial describes search. A separate tutonal Tutona.l Guide to Loan and
Return, descnbes the loan and return capablhtles Since library collectlons are

your

dnf{erent the search results described in this tutorfal will not exactly match
search results. However, your results will be similar. This tutorial is

divided into twelve sections:

Pk fed b
o= O

R N R

Starting Search

Stopping Search N

Searching for Items By Title ¢

Viewing the Previous Search

Searching for Items By Author

Searching for Items By Subject Ee

Limiting the Search by Category -

Using More than One Title (Subject or Author) Keyword
Searchiifg for Items by a Favorite Author (or on a Favorite Subject)
An Unsuccessful Subject (Author or Title) Search

. An Unsuccgssful Title Search due to Common Words
. Exiting the Circulation System |
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When the circulation system is started the circulation menu of figure 1 is
displayed. “ |

LOAN

.o SEARCH QUIT

Figure 1. The circulation menu

1. Starting Search

STEP 1: Préss the €] key until the circulation menw of figure 1 is displayed.

-

2
STEP 2: By pressing combinatiens of the four arrow keys B+ 1 46

e

it

is possible to choose one of the four panes in the circulation menu. As the

arrow keys are pressed, the highlighting square will move from pane to

AU ] | |
pane. When the key is pressed, the action pictured in the highlighted

pane will begin. Use the arrow keys to move the ﬁighlighting square to

- . -
the search pane and press the = key. The search menu of figure 2 will

" be displayed. If you do not see the search menu of figure 2, start over
from step l,fand'this time, make sure that the search pane is highlighted

/



109

: -
before pressing the \—f key.

alaC a0 C
0099

)

\/

9.

)

—os

(X

)

Q

2

\/

,.
X

3

AUTHOR
- 4
= |
SUBJECT <= "' VIEW ;

Figure 2. The search menu

The search menu has four panes:
1. Search by title.
2. Search by author.
3. Search by subject.

4. View the previous search results.



\

2. Stopping Search ¢

STEP 1: To exit search and go back to the circulation menu of figure | press

the

1€

kéy unfIlithe circulation menu of figure 1 is displayed.

110 -,
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3. .sea’rching for Items 'B"y_'\rTit.le |

| STEP 20 By pressmg combmatlons of the four anow keys —

F'

STEP 1,4

o B
N

) ’sure that the search menu shown in: ﬁgure 2 1s dlsplayed Ifitis

‘ n’ot',f‘ en follow the- procedure descnbed m sectron 1 Startmg Search

S S

is possrble to choose one of the,four panes in the search menu. As the -
"arrow keys are pressed the hlghhghtmg square will move from pane to

u s

. pane When the key is ,pressed ‘the aCtion pictured in the’hi'ghli"ghted

v pane will begin. Use the arrow keys to move the hrghhghtmg square to - .

b Y

™

>

:.',;‘: \‘% , s

~ Fiction| N

Easy F3aper'ba-6kv Plcture

D _Fl.gure 3 The category menu

If you do not see the category méhu of ﬁgure 3, start agaln from step 1

and thls tlme, make sure that the title pane is hlghhghted before pressmg

N /

the . key The category meni contams seven panes representmg seven

(o
"

¢« the title pane and press 'th}e"l;key‘. The cue of figure 3 will be displayed. « -
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: categones of items as well as a pane representmg all categones of i 1tems These

categories are used to restnct the- results cg & search

) “ .

— . i _ -
STEP 3: Use the arrow keys to hlghhght the All pane and then press the ; '
key. The trtle cue shown in ﬁgure 4 wdl be dlspla&eé? ’

Type one ormore_ words fr,oma tit_leﬁ B

¢

Figure 4. “Title cne-

" Notice the title-search icon in the lower .left hand C'orner. Jf it is.not.

St

| pre nt then press the ,ﬁ key to go-back,to the search rne‘nu ‘and start again

- from ¥tep .1. ‘ | \

. STEP 4: Use. the keybo%d to type a~Word from the title of an jtem. For

| ., ,example type the five characters in the. word horse As you press a key
‘ ,on the keyboard the character will be dlsplayed on the screen. If you -

miake a typing mistake you can erase it by pressing the + - key.

-~ .

| After xypmg the word press the (= key, several happy face icons will be
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displayed on the screen as shown in ﬁgﬁre 5.
HORSE @] @ @ @ @@ @ @ @ -
Fi gu‘re" 5. Searching screen
One happy face will be displayed for each item which contains the word
horse in_its title. After all the items have been found, the first one will.be

dlsplayed as shown in ﬁgure 6. Since your hbrary contams different items, a
 different item will probably be displayed.

THE GHOST HORSE OF THE MOUNTIES
AUTHOR: OHUIGIN, SEAN
KIND: . FICTION

oap 7227
STATUS: IN
F N

OHU -

A ]

Figure 6. Item information display

If no happy faces are displayed and:a display uhlike the one shown in

figure 6 appears, then.press the key so that the search menu-of figure 2is .

‘ ‘dlsplayed and begin agam at step one. This time, choose a dlfferent)rd like
/{‘dog or cat mstead of*horse The first line shows the t1tle NOthC that ‘the-

V‘. A’).
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word horse is in the title. The segond line g‘ives the‘anthor's narne. If there is
3 more thari one author, then all of the authors are listed.” Next come the subjects
that this item concerns. The next line shows that this item is categorized as
) Fiction. Fiction is an item category. Since we specified All in the category
3, items from all categories may be included in the search

number 7227 is the number that is on the bar code of this 1tem R
The status line can be one of three words:
- IN.: This item may be borrowed
OUT This item is on loan and may not be borrowed
MISSING ThlS item is lost

The next two linés contain the Dewey number of the 1tem The Dewey -

o

" number can be used to locate the item in the hbrary _

The prcture in the lower right hand corner is called the view icon._ Inside
the view icon there are two numbers separated by a bar The lower number-
represents the number of items found in the search The upper number
' 'represents the itém being displayed. In this case we are viewing the first item

of seventeen items in the search list.

| 2
STEP 5 To view the next item in the search list press the L) key on the

keyboard The second item in the search list will be dlsplayed as shown
in figure 7. Agam, since your library collection is drfferent, you will

‘ | probably see a display for a different item.

>,
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ENCYCLOPEDIA OF THE HORSE.
AUTHOR: EDWARDS, HARTLY ELWYN
KIND:  NON-FICTION |
1 b 6372 D |
.STATUS: IN : S
636. 1 - — —
oW | p— e
' - 1 I '
. : '000' el M
[ —"
S RRRRRE .
o5
&5
- K-
- G

. Figure 7. ltem information display

~ This item is also in the category non-fiction. The view icon.now indicates

84

that this is the second item of seventeen.” The 4 key and key can be used

to view all of the items in the search list.
STEP 6:. When you are done viewing ‘the items in this search list, pres: ‘he

1€ key to go back to the search menu shown in figure 2.
. o .
‘ .
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4, _Viewing the Previous Search

\

N . '
.
. .
” s
\
N
g
.

..#,'i
b
- 4?" .‘._;

STEP 1: Perform a search by following steps 1 to 5 in section 3.

- STEP 2: Ensure that ;he search menu shown' in figure 2 is displayed. If it is |

not, then follow the procedure described in section 1: Starting Search. ~

ak

4

it

, .. : 16
STEP 3. By pressmg combmatrons of the four arrow keys 8 il | 6,

is pOSSlblC to choose one of the four panes in the search menu. As the ;

arrow keys are pressed the highlighting square w1ll move from pane to .

-
pane When the {= key is pressed the actron plctured in the hrghhghted :

"pane will begm Use the arrow keys to move the hrghhghnng square to

v e ;m ‘
the view icon and press the key. The item information shown in

figure 6 will again be d‘isp]ayed. If you wish, you may again use the

F

keys to-view the information on other. items in-the search list.

- 184]i24
Whenever the view pane of ‘_th.e. search menu is selected, the results of the

previous search will be displayed. If no previous search has been
performed, then nothing ‘will be displayed.

STEP 4: When you are done viewing the items in this search list, press the

key to go back to the search menu shown in figure 2.
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5. Searching for items By Author

STEP 1: ' Ensure that the search menu shown'in ﬁ_gure"‘?; is displéyed. Ifitis

not, then follow the A procédure described in section 1: Starting Search.
. AN '

| | 2 4
STEP 2: By pressmg combinations of the four arrow keys 3* » 6“’ 4 it

v s Q‘:)srble to choose one of the four panes in the search menu, As the
keys are pressed, the hrghhghtmg square will move from pane to

. . _ '
pane. When the {< key is pressed, the action prctured in the hlghhghted

" pane will begin. Use the arrow keys to move the hlghllghtmg square to -

: -
the author. pane and press the — key. If you do not see the category

menu of ﬁgure 3, start agam from step 1 and this tlme make sure that "
*  'the author pane is highlighted before pressing the —yf key.

STEP-3: Use the arrow keys to highlight the All pane and then press the {—f .

key. The author cue shown in figure 8 will be displayed.
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Type the last names of one ormore authors

R _‘..ﬂ’{.ﬁ}i'\f;(ﬁ.ﬁ%é .

Figure 8. Aﬁthor‘cue -~

[}

Notice the author-search,icon in the lower left hand corner. If it is nots.

~

€

present then press the key to go back to the.search menu and start again

from step 1.

STEP 4: Use the keyboard to type ope or more author names of an .item. For
example, type the six characters in the name Sendak: Asyou pfess a key

on the keyboard, the character will be displayed on the screen. If you

make a typiﬁg mistake you can erase it by pressing the < key.
After typing the name, press the {—f key. Several happy face icons as.

shown in figure 9 will be displayed on the screen.

DD 0000000080

" Figure 9. ‘Searchin g screen
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. Oné happy face will be displayed for eaéh item which contains the name

SENDAK in its author list. After all the items LaVe been found, the first one |

will be displayed as shown in figure 10. Since your library contains dxffcrcnt
items, a different 1tem will probably be dlsplayed

HIGGLETY PIGGLETY POP OR THERE MUST BE

MORE TO LIFE

AUTHOR: SENDAK, MAURICE

SUBJECTS: | |
PLAYS .
FANTASY »

| KIND: - FICTION - 4

D: . 7883 L

STATUS: IN A — S

F : s _

SEN = v‘ -

' Figure 10. Item information display - S

“The first line shows the title. The second line gives the author's names.

As expected SENDAK is in the author list. The next line shows that this item is

categorized as Fiction. Fiction is an item category. Since we specified Allin

the categdry menu of figure-3, items from all catcgories may be included in the

seargh result. The ID number 7883 is the number that is on the bar code of this -

s itemn, < 'I'he status line can be one of three words:
IN This item may be borrowed
OUT This item is on loan and may not be borrowed
# MISSING : This item is lost
The next two lines contain the Dewey number of the item. The Dewey
number can be used to locate the item in the library. The picture in the lower

right hand comer is called the view icon. Inside the vi¢w‘icon there are two

numbers separated by a bar. The lower number represents the number of
items found in the searct. The upper number represents the item being
- displayed. In this case we are viewing the first item of eleven in the search
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2
* key on the

STEP 5: To view the next item in the search list press the

keyboard. The second item in the search list will be displayed as shown
in figure 11. Since your library contains different items, a different item
will probably be displayed. | |

IN THE NIGHT KITCHEN
"AUTHOR: SENDAK, MAURICE

| SUBJECTS:
. DREAMS
, FANTASY 3
KIND: EASY READING .
ID: 7832 | ’e 1‘
STATUS: IN PR I |
£ - &N
- ¥

Figure 11. Item information display
This item is in the category Easy Reading. Notice that it has Sendak |

listed under the author heading. The view icon now indicates that this is the

y 2 . o
second item of eleven. The * key can be used to view all of

the items in the search list.

¥

STEP 6: Wl}en you are done viewing the items in this search list, press the

1€

key to go back to the search menu shown in fi gure 2.
w
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6. Searching For Items By Subject

STEP 1: Ensure that the search menu shown in ﬁgure 2 is displayed. If it is-
not, then follow the procedure described in section 1: Starting Search.

. ' L% , 2 4,].
STEP 2: By pressing combinations of the four arrow keys 8428 5

is possible to choose one of the four pares in the search menu. Asthe -

arrow keys are pressed, the highlighting square will move from pane to
X ,

[ 4

: -
pane. When the {= — key is pressed the action plctured in the mghllghted

| pane will begin. Use the arrow keys tb move the hlghhghtmg square to

‘ h - : l
the subject pane and press the key. If you do not see the category

menu of figure 3, start aghin frem step 1 and this tlme, make sure that
‘ SRR

) -
the subject pane is hlghh ghted before pressing, the (= — key. The category

menu contains seven panes representing seven categories of items as well
as a pane representing all categories of items. These categories are used

to restrict the results of a search.

STEP 3: Use the arrow keys 8_* 8 highlight the All pane and

‘ - ' - .
th"'n press the key The subject cue shown in figure 12 will be

dlsplayed.
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T& one or more subject words

Iéigure 12. Subject cue

Notice the subject-search icon in the lower left hand corner. If it is not

present then press the key to go back to the search menu and start again -

from step 1. . | . ~
o | 7 |
STEPR 4: Use the keyboard to type a word from the title of an item. For
" example, type the nine characters in the word dinosaurs. As you press a
key on the keyboard, the character will be displayed.on the screen. If ybu

make a typing mistake you can erase it by pressing the Ml key.

A ] , .
After typing the word press the _ key; several happy face icons will be
displayed on the screen as shown in figure 13.

A >/
DINOSAURS 55 @ s

. Figure 13. Searching screen
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One happy face will be displayed for each item which contains the word ‘

—- dinosaurs in its subject-list. After all the items have been found, the first one

will be displayed as shown in figure 14. Since your library contains different
items, a different item will probably be displayed. |

DINOSAURS _
AUTHOR: DOUGLAS, COLIN®
SUBJECTS: DINOSAURS

KIND: PAPER BACK

ID: 6827 .

STATUS:  IN

X,

DOU

( . WA |
P | |

_-Figure 14. Item information display

4

If no hapf)y faces are disp]ajéd and a display unlike the one shown in

figure 13 appears, then press the €} key so that the search menu of figure 2 is

displayed and begin again at step one. This time, choose a different word like
dog or cat instead of dinosaurs. The first line:shows the title. The second
line givés the author's name. If there is more than one author, then all of the
authors are listed. I\iext come the~subjects that this item concerns. Notice that
the word dinosaurs is in the subject list. The next line shows thawthis item is
categorized as Paper Back. Paper Back is-an item é;tegory. Since we specified
All in the category menu of figure 3, items from all categories may be '
ing]udcd in the search result. The ID number 6827 is the number that is on the
bar code of this item . The status line can be one of three words:
N IN : This item may be borrowed
OUT : This item is on loan and may not be borrowed
MISSING : This item is lost

.
X
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The next two lines contain the Dewcy numbcr of the item. The Dcwcy

~number can be used to locate the item in the library. v,
The picture in the lower right hand corner is called the view icon. Inside
the view icon there are two numbers separated by a bar. The lower number
représents the number of items found in the search. The upper number
represents theitem being displayed. In this case we are viewing the first item

of fifty-five items in the search list.

-STEP 5: To yview the next item in the search list press the . yey on the

keyboard. The secondifem in the search list will be displayed as shown
in figure 15. Again, since your library collection is different, you will

probably see a display for a different item.

THE PREHISTORIC WORLD
"AUTHOR: HOLYER, BELINDA |
SUBJECTS: . ®

ARCHAEOLUGY . |

DINOSAURS : A
KIND: NON-FICTION ' A
ID: 7034
STATUS: IN °
9301 '
HOL

Figure 15. Item information display

kel

This item is in the category Non-fiction. Notice that dinosaurs is listed

under the heading "subject”. The view icon now indicates that this is the

8,1

. v | |
second item of fifty-five items. The ) key and key can be used to view. .

all of the items in the search list. ' R /

s . - ¥
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- SYEP 6: Wgn you are done viewing the items in this search list, pre‘ﬁ§ the
. ' - ‘ - . L o .-,.» R . ) . . " - 'ﬁ: )

A

L.

| G key to go back to the sézi;ch menu shown in figure 2.
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| STEP 1: Repeat steps 1and 2 of sectlon 3, "Searching for- Items by Title".
_ You should see the category menu of ﬂgure 3 dlsplayed T

R S,

~ STEP 2: Use the arrow keys 84)12+ 6" _4J to choose the fiction category

and then’ pres’s the return key You will now see the title cue of figure
A, Just as you d1d in section 3. Follow steps 4 and 5 of section 3 This
 time, only jitems whose KIND is fiction will be dlsplayed . Note that you'
can limit the search to one category when you search by author, by title,

~-or by subject; and that you can choose any of . the seven categories. .
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*8. Using More than One Title (Subject or Author) Keyword |

STEP 1: Repeat steps 1, 2 and 3 of section 3,— "Searching for Items by Title".
You should see the keyword request cue of ﬁgﬁre\4‘di‘splayed on the
screen.." N |

STEP 2: The text ét'mé top of the screen shown in ﬁ'g-ure"4 asks you to type

) one or more TITLE words for an itém. Use the keyboard té type the four -
choracters " in the word dogs and the sevérl characters in thel word \
prame As you type a character on the keyboard it will be dlsplayed on
the screen. If you make a typmg mistake you can erase 1t by pressmg the

baokspaee'kcy. — . After you have checked that the word is

spelled correctly, press the return key . The happy face icons shown

*
=

~in figure 16 will be displayed on the screen, |

PRAIRIE 10 @ 1 IR
' poas 14 & |
& ) ' ) ‘ Va li).!
é&;

-« Figure 16 Searchmg Screen for" tle eomé;ining Prarie Do_gs

This message means that there are 10 items in the WhJCh have the word " |
| 'prame in the title and 14 items wh§h have " dogs "in the title; but only 1 '
: 1tem whlch has bothin the title. - Your results w111 be dlfferent since your
- collection i is different. Aftér all. the ltemgxave been found, the ﬁrst one will be :
’ dlsplayed asbshown m figure 17. ”

?&?,.
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LITTLE DOGS OF THE PRAIRIE

AUTHOR " . SCOTT, JACK'DENTON
SUBJECTS: PRAIRIE DOGS =
KIND: - NON-FICTION

ID: 2006

'STATUS: IN

599.32

B

Figure 17. Item Information Screen |

B$f using't\'v'oj keywords you can limit the search list to just thé title words
ypu are interested in. When you compare this search to that of section 3, you’-‘!y
will notice that you did not find the books Prairie Dog and The Owl And The
Prairie Dog. This' is because the plural ‘dogs is not m the title of thes'e_'_t'w‘o ‘

books. « | - | !
' '_ ~ Multiple words can also be used whgn&scarching by suct or author.

~ STEP 3: ‘When you arS done viewing the items in this search list, press to

return to the search menu shown in figure 2.
. ] .
W% ) - J : .



_ _ 129
9. Searching for Items by a Favorite Author (o‘r on a Favorite
Subject) I

STEP 1. To use this procedure, you must have an item by the au-thor‘wno'se ‘
itemsiyou wish to see. Follow steps 1, 2 and 3 of section 5, "Searching
r ,1, for Items By Author so that the author cue of figure 8 i is dlsplayed

‘GTEP 2: The text at the top of the screen of ﬁgure 8 asks you to type one or- 4
more AUTHOR names. Instead use bar code scanner to scan the itm you
have or use the keyboard to type its item D. Thxs is equxvalent to typing
the name of the first author. If the item you have scanned’ has Kuskln as

its first author, you will see the followmg screen display:

wsen B EEEREE
= = T : s
Figure 18. Searching Screen for Author Kus{dn
This message means that there are 6 items who have KUSKIN as an
~ author. ;Aftef all the items have been found, the first one ‘will be
_‘ displayed as shown in figure 19. Note that this procedure will also work
for subject searches, but no_t title searches. In the case of a title search,

the subject is used instead.

-



 DOGS & DRAGONS, - TREES & DREAMS

| AUTHOR® : KUSKIN, MARLA
'SUBJECTS: CHILDREN POETRY
KIND: NON-FICTION
iD: 2002
- | STATUS: IN :
811
KUS

Figure 19. Item Information Screen

STEP 3: When you are done viewing the items in this search list, press &

return'to the search menu shown in figure 2.

130

to
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10. An Unsuccessful Subject (Author or Title) Search

_ STEP 1: Repeat steps 1, 2 and 3 of section 6, "Searching for Items by Subject".
You should see the subject keyword request cue of figure 12 displayed on
the screen. -

[ )
i
-

STEP 2: The text at the top of the screen shown in ﬁgure 12 asks you to type

,«.hone or moré¢ SUBJECT words for an item. Use the keyboard to type the

six characters in the word rocket. As you type a character on the
keybo’ard, it will be displayed on the screen. If you make a typing mistake .

;

you can erase it hy pressing the backspace key < . After you have

. ‘ ‘ - ' )
checked that the word 1s%pelled correctly, press the return key .The =

screen shown in figure 20 wrll be drsplayed
'ROCKET
Figure 2_'0.' Searching Screen

No @ besrde ROCKET means that "rocket" isa keyword thatis not in

.the subject list' of any item. The Searchlng screen is automatrcally

replaced by the screen of figure 21.
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NO ITEMS HAVE ALL THESE WORDS IN THE |
SUBJECTS LIST:

ROCKET

"\ Figure 21. Unknown Keyword Screen

This diSplay rhay also appear during author and title searchcs'.

—~

: ) . T :
STEP 3: Press any key, for example to return to the search menu,
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11.- An 'Unsu_ccfe§sful Title S_earch au’e to Common Words o |

STEP 1:- Répeat steps'1, 2 and 3 of section 3, "Searching for Items by Title".
. You should see the keyword reqﬁest cue of figure 4 displayed on-the

screen. ’_ , o ‘ . .

- STEP 2: The text at the top of the screen shown in figure\4 asks you toftyi)e
one or 'mor,cv-.TlTLE words for an item. Use the keyboard to type the
three characters in the word the. AS you type a charaéter on the
keyboard, it will be displayed on the screen. If you make a typing mistake

you can erase it by pressing the backspace key 1) After you have\\

: oo : ()
checked that the word is spelled correctly, press the return key . The
screen shown in figure 22 wili be displayed. |

/ THE

f

| Figure 22. Searching Screen o O ?

/; . . -
and thenf(he screen shown in figure 23 will be displayed.

Q.
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(A BY T SO WE
é ABOUT DOWN ITS THAT  WHAT
¥ |l AL FOR ME - THE WHEN
AN HER MY - THEIR  WHERE
AND HIS . OF " THEM  WHO y
ARE HOW  ON THEY  WHY :
AROUND | OR ~ THIS = WITH
AT IF OUR  TO YOU
| BE IN OUT UNDER YOUR
BUT IS OVER UP
\. . J/
Please use at least one’ word
" which is not Inthlﬂ_s.llst 2

o ~ Figure 23, Illegal Kcy;ﬁord Dlsplay
- This dlsplay means that you have chosen a keyword which is too |
common You must use at least one word not given in the list dlsplayed on the

screen when using the title search mode.
STEP 3: Press any key, for example to return to the search menu.

———— -
-
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12, Exiting the Circulation System

STEP 1: Press the & key until the circulation menu of figure 1 is displayed.
. A ,

18]

6] |4

STEP 2: By pressing the four arrow keys s | it is possible to

choose one of the four panes in the circulation menu. As the arrow keys

are pressed, the highlighting squaré will move from pane to pane. When

the @ key is pressed, the actior{ pictured in the highlighted pahe will

- begin.” Use the arrow keys to-move the highlighting square to the quit

- .
pane and press the key. The cue of figure 24will be displayed. If you

do not see the cue of ﬁ‘gure 24, start over from step 1, and this time, make

sure that the quit pane is hi gh’lighted before pressing the key.

Please Enter The Password: .
‘ J/ X
/ “ ‘ | g
- Figure 24. The password cue '
‘ P = O
STEP 3: Enter the password by typing it on the keyboard and pressing the

key. An incorrect password will cause the system to return to the
circulation menu of figure 1. If the password is correct, the “circulation
system will be exited. - o |



