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ABSTRACT possible values depend on the values specified for the other
Many software applications solicit input from the user via a parts. For example, the aspects that can be gained are differ-
“forms” paradigm that emulates their paper equivalent. It ent from the aspects that can be denied, so the interface
exploits the users’ familiarity with these and is well suited needs to compute the menus for the “aspect” field dynami-
for the input of simple attribute-value data (name, phonecally based on the fillers of other fields. Similar require-
number, ...). The paper-forms paradigm starts breakingments arise in virtually any other application domain.

down when there is user input that may or may not be app"'EXAMPLE

cable depending on previous user input. In paper-baset . . . .
forms, this manifests itself by sections marked “fill out only ' "€ Iusev\(/)f ﬁn Adapttltve Form is bestfexplamett:i_ W'trll ag. ex-
f you enteredyesin questiorBa above”, and simple elec- * gl e i 'Southen California Emengency Response
tronic forms suffer from the same problem - much space isC ter. Fi 1 sh the initial Tgh f'yld I S led
taken up for input fields that are not applicable. u enter. Figure S ows the initial screen.. The field labetie

. i ) evacuate/ensure” is the currently-active field, highlighted
One possible approach to making only relevant sections apyith a thick border (and with a red-brick background color
pear is to hand-write program fragments to hide and showthat is hard to see in this black-and-white screenshot). The
them. As an alternative, we have developed a form specificaremaining fields are computed by “looking ahead” in the in-
tion language based on a context-free grammar that encodeput grammar to the possible completions of the current sen-
data dependencies of the input, together with an accompanytence. Required fields are indicated by a solid border while
ing run-time interpreter that uses novel layout techniques forgptional fields have a dotted border. The captions beneath

collapsing already-entered input fields, for “blending” input the fields give an indication of what goes into them.
fields possibly yet to come, and for showing only the appli-

cable sections of the form. The first row tells us that the current field is required and

may contain eitheevacuateor ensure that the next field is

Keywords also required but that its possible contents cannot be deter-
Data entry, layout, parsing, user interfaces, human-computemined until we have filled in the current field, and that the
interaction third field is optional. The second row is required, and it al-
INTRODUCTION ways starts withusing the The third and fourth rows are en-

. . : ... tirely optional.
Adaptive Forms is a tool for producing context-sensitive
form-based interfaces. The system initially displays an over-Figure 2 shows the interface after the user has typed
view of the main sections of a form, and an initial set of €V<TAB>(the character ‘e’, the character 'v’, and the TAB
fields for the user to fill in. Depending on the values that thecharacter). The Adaptive Form auto-completes all input so
user enters, Adaptive Forms progressively adds new fields tthat only disambiguating input has to be entered, similar to
the form. For example, a form for entering household infor- the auto-completion in the Intuit Quicken personal finance
mation would show the user fields for entering the spouse’sProgram and in the Emacs editor [6]. In response, the cursor
name only if the user had entered “married” in the “marital advances to the next field and the interface shows one more
status” field. nesting level ahead (tHevacuate-from-where claudeld

The main design goal for Adaptive Forms is in entering from Figure 1 has expanded into two fields in Figure 2 -

structured information rapidly and without errors. One of from’ andEvacuate from wherg?The lower pane shows
S e > - the possible choices for the current field.

our target applications was the specification of air campaigr

objectives, which are structured objects consisting of a vertFigure 3 shows the state after the user has tgg@AB>M.

(e.g., deny, gain), an aspect (e.g., what to deny or gain), aMalibu and Marina del Rey are highlighted in yellow as they

actor (e.g., country, a branch of armed forces), a locatiorare the possible choices for the charabtgwhich is unfor-

(e.g., a country or a region) and a time period. Each of thetunately nearly impossible to distinguish from the back-

parts is itself a structured object whose sub-structure ancground in the black-and-white screenshot - the arrows point

to the highlighted choices). Per the input grammar, an evac-

Cite as: Martin R. Frank and Pedro Szekely. Adaptive uation is possible from either a city or a county - the inter-
Forms: An interaction paradigm for entering structured data. face uses a multi-column format with headers to convey this
In Proceedings of the ACM International Conference on In- to the user.

telligent User Interfaces, pages 153-160, (San Francisco,

California, January 6-9) 1998, The order of the possible values for the current field is de-

fined by the forms designer, and may be in alphabetical or-
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Figure 1. Emergency Response Center Example, Initial Screen
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Figure 2. Emergency Response Center Example, Screen Two
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Figure 3. Emergency Response Center Example, Screen Three
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Figure 4. Emergency Response Center Example, Screen Four
der or in a domain-specific order (in Figure 3, the cities 'evacuate’ evacuateEvacuee ‘from'
shown line the coast near Los Angeles, and are listed fron evacuateFromClause;
North to South) evacuateEvacuee "Evacuees™
: ‘domestic animals' |
Figure 4 shows the interface after the user has clicked or ‘civilians' | .
Malibu (selecting a current choice with the mouse is equiva- law enforcement personnel’;

lent to typing a disambiguating prefix of it and pressing the evacuateFromClause "From: city | county;

Tabkey). After a top-level clause is completed it reverts to a OUr convention for writing the grammar specification is the
single-row layout to conserve screen space (se®ijec- following: symbols Wlthout quotes (e.@vacuateObijective _
tive clause in Figure 4). One more nesting level is shown for'®Present non-terminal symbols in the grammar; symbols in
the Who?clause as it became the active clause, and the$'”9|e quotes (e.g., ‘domest|c_ animals') represent terminals
Sheriffs Department choice is highlighted in green as it isin the grammar, and symbols in double quotes are labels at-
the only choice matching the user inp8t (meaning that  tached to non-terminals.

hitting theTab key now will select it). In addition, the Developers can think of a grammar as defining the set of
auto-completion Heriffs Departmeritis shown in low con-  sentences that user can enter (language parsing view), or as
trast in the field itself. defining the data users can enter (structured editor view).

Not shown in this example is the entry of user-defined text, We encourage the structured-editor view, where non-termi-
such as of a custom city. There are two possible cases: (]nals represent object types, and terminals represent literal
the input of user-defined text is expected, but some of-values of a given type.
ten-used choices are presented for the user’s convenience, The first production shown above illustrates the specifica-
(2) the users are strongly encouraged to stay with the pre-detion of a structured object containing two attributesu-
fined choices. In the former case, the interpreter accepts thateEvacuee andevacuateFromClause ). The terminal
input without question while in the latter case users have tC'evacuate ' can be thought of as marker for the structured
explicitly press a “Type my own” button to deviate from the object, which can be used to distinguish it from other ob-
standard choices. jects having attributes with the same types. The terminal
FORM SPECIFICATION from'  can _be thought Qf as a_marker for the followir]g at-
The specification language for Adaptive Forms is based onmbme’ as itis used to distinguish between quects w!th't'he
same structure. The second production defines a primitive

context free grammars. Our notation is similar to type @evacuateEvacuee ) and specifies the values or in-
Backus-Naur Form, but augmented with labels that can be yP P

attached to the non-terminal on the left-hand side of the pro_s'ga.nces of this type. The third production illustrates the defi-
duction. These labels are used to generate prompts for thhition of sub-types. The typevacuateFromClause _ is

' : defined as having two subtypesty andcounty . This
fields and headers for the menus. The following three gram- ; g
mar rules illustrate our notation: means that any attribute that is declared to hadaau-

N p ateFromClause can be filled with @ity or acounty .
evacuateObjective "Evacuate":



The form for the example specification above will initially For example, itUserDefinedCityandArbitraryTextwere ac-
have four fields, corresponding to the four symbols in thetive at the same time, then we could not tell which one was
expansion of evacuateObjective. The first and third fields selected by the input “Los Angeles”. This restriction is
will be filled by literals (‘evacuate' and ‘from'), and they will somewhat draconian as there are situations where we could
behave as labels (they will be tabbed over automatically).tell them apart (e.g. UserDefinedCity and Cardinal); in prac-
The choices for the second fiekl/écuate whom)will con- tice, we currently disambiguate by pre-fixing user-defined
tain all the literals in the expansion of the who non-terminal symbols with other symbols that make them unique (e.g.
(‘domestic animals’, etc.) The choices for the fourth field ‘City’ ‘of’ <UserDefinedCity> | ‘County’ ‘of’ <UserDe-
(evacuate from whergWill have two columns, one for cit-  finedCounty> rather than just <UserDefinedCity> | <User-
ies and one for counties. DefinedCounty>). The next section of the grammar contains

An important aspect of Adaptive Forms is that it is trivial to thze"g(c:)tuutﬁ(larr:ljlg;ifornia .
extend the specification to include new data. For example, o objective who when where;

suppose that we want to extend the form to allow evacua-
tions from the intersection of two streets (e.g., from a build- city “City”:

ing at Lincoln Boulevard and Mindanao Way). We would  ‘Malibu’'Pacific Palisades’|

modify the rule forevacuateFromClause  to include a 'Santa Monica'|'Venice Beach'|
. Marina del Rey’|'Playa del Rey’|
new element calleelvacuateLoca_non , and we would de- 'El Segundo’Manhattan Beach'|
fine a new rule foevacuateLocation 'Redondo Beach’|'Palos Verdes'|
evacuateFromClause "From": UserDefinedCity;
city | county | evacuateLocation; county “County”: ,
evacuatelLocation "Location": ‘Los Angeles County’|
'building at' road 'and' road,; Orange County’|

. . 'Ventura County’;
The Adaptive Forms interpreter constructs the forms as ap- y

propriate. If the system is set to produce short forms, the ini- objective “Objective”:

tial form would look as described before (four fields). Now,  evacuateObjectivelensureObjective;

once the user selects “building at” for the fourth field, the in- e@?catggPéevcél;veatgéigﬂateee:

terpreter determines that the user is entering a location, and evacuuateFromleause; .

adds three new fields to the form, two to enter roads, and evacuateEvacuee “Evacuees™

one pre-filled withand' . If the system is set to produce ex-  ‘domestic animals'|

panded forms, the initial form would contain seven fields:  civilians'| 5

the four fields of the original example, plus the three new e\lg‘(’:"uea?é?:rr%er;négbggrfg,‘gcedéte_from_where
fields required for evacuation from an intersection. The ¢jause”: | ‘from’ evacuateFromWhat;

three new fields would be marked as optional because the evacuateFromWhat “Evacuate from where?”:
user only has to fill them if he or she ent#nsilding city | county; i

at' in the first field for location (where a city or county ~ ensureObjective “Ensure:

name can also be entered). When this happens, the systenler]esnusrlér\,e\,hzqﬁlérﬁ:gpea\t,i]hat,_,,,:

knows that the user is enteringacuateLocation  , SO it ‘water supply’ | ‘use of roads’;
converts the fields from optional to required. If the user does ) o ’

not enterbuilding at' , the three optional fields are re- ~ Who “Who?": ‘using the’ performer;
moved. performer “Performer”:

‘Fire Department’ ‘of’ city|

Below we show the complete grammar used to generate the 'Police Department’ ‘of city|

screen shots for our running example. We require that the ,Sheriffs Department’ ‘of’ county]
. . National Guard’|'Coast Guard’|

grammar be unambiguous (more precisely, that for all raq cross

right-hand sides of a non-terminal their FIRST sets do not '

intersect [1]). This restrictions facilitates writing a recur-  when “When?”:

sive-descent parser that requires no backtracking. before’ time'after' ime|

] ) ] ) between’ time ‘and’ time|'during’ phase|;
The first section of the grammar provides for user-defined time “Time™: timeDay timePlusMinusPhrase;
symbols, if any. In this particular grammar, we let users in- timeDay "Event” : ,
put their own city names if the grammar does not already 2ccurence-of-disaster day’ |

. . . ‘abandon-search-for-survivors day’;
contain them. The definition consists of a name for the sym- ;.\epjusMinusPhrase “Plus-or-minus

bol, a regular expression for the allowed character sequence, clause”: | timePlusMinus timeNumber;

and a quoted string that can be shown to the user. timePlusMinus “+/-" : ' | -
/I Regular expressions for user input. Fgm%’,\',‘éﬁﬂg?flﬁ I }dlﬁ ||.3 415
UserDefinedCity ([a-zA-Z][a-zA-Z ]+) hl | ul I ,,.l, ardina’, )
“Custom City” phase P1her1]se : Phase I''Phase I_I
Cardinal ([0-9]+) “Positive Number” I'Phase II'|ArbitraryText;

ArbitraryText () "Free-form Text” ] where “Where?”": areaModifier area|;
Note that we do not allow two user-defined symbols to be areaModifier “Area modifier”:

active at the same time as that would introduce ambiguity. ‘in’'around’['over’|'at’;
area “Area”:city|county;



RUN-TIME INTERPRETATION AND LAYOUT

z
The Adaptive Forms interpreter is a stand-alone X-Windows // \\

application that is called by a client application via the objective who when where
UNIX pipe mechanism. The Adaptive Forms interpreter , \ , . PN
then notifies the client application with the data (the parse \ ;0 /’ / \
tree) whenever the user submits a form @hkebutton sub- / \ / \ / \ / \
mits the data and quits the Adaptive Forms interpreter, the  forward sideward sideward sideward
Apply button just submits). look-ahead  look-ahead look-ahead |ook-ahead
We will use the following terminology in this section. A depth depth depth depth

grammarconsists _ofegular expressm_nandrules(there ar®  \ward one from the active non-termiraddjectiveso that we

3have the alternatives favaluateObjectivandensureOb-
jectiveto present. The labels for those two alternatives are
(1) ‘evacuate’ Evacuees Evacuate-from-where-claase

(2) ‘ensure’ Ensure-what?he fields on the screen are then
produced by transparently overlaying the alternatives. The
screen in Figure 1 also had a sideward look-ahead of one:

above). A rule has a name, a label, and one or mqran-
sions(the “evacuateFromWhat” rule has two expansions,
“city” and “county”). An expansion consists of zero or more
symbols An individual symbol is either a non-terminal, or a
literal, or a reference to a regular expression (the “who” rule
above has a single expansion consisting of the litesaig . :

the’ followed by the non-termingerformer and the last ex- xﬁeanpfgﬁﬁﬁz(fesame procedure of looking one aheatiaf
pansion of the “phase” rule consists of a reference to the ) )

regu|ar expressioArbitraryTexD_ Flgure 5 ShOWS the effect of Settlng the Sldeward |00k-ahead
We use a recursive-descent parsing technique (as opposed @ zero, and Figure 6 shows the effect of setting the sideward
a shift-reduce technique such as LALR parsing) [1] so thatlook-ahead to two while setting the forward look-ahead to
the parse tree is explicitly represented at all times. This iszero. Figure 5 also illustrates why we did not trivially-ex-
convenient because the algorithm for laying out fields based?and thevhonon-terminal in the parse-tree: doing so would

on the grammar and the current state can then be implemake thewho clause appear different from tiehenand
mented as a recursive function on the parse tree. whereclause in Flgure 5 because it would in effect force its

. . sideward look-ahead to always be at least one.
At start-up, and after the user competes input for a field, we i ] )
“trivially-expand” the parse tree. This is done by placing the In our experience, the optimal forward look-ahead is one or

initial Symbo| on top of the parse tree and by then pushingtWO, Whlle the Optlmal _Sideward look-ahead is zero or one.
rules with a Sing|e expansion onto the parse tree in aThe obvious trade-off is that an Overly shallow look-ahead

left-most derivation until we encounter a rule with more leaves the users in the dark while an overly deep look-ahead

than one expansion (for which we need user input to makenay confuse them because of the large number of fields. In

the decision on which of its expansions to follow). addition, a deeper look-ahead demands more computational
resources (while we have not yet encountered a situation
where this was an issue).

Z
// \\ RELATED WORK

objectve ~ who  when  where The system most closely related to this work is NLMenu
from Texas Instruments, which also implements an interac-

In our running example, the start symbokjsvhich has  tive parser for a grammar, albeit aimed at natural language
only one right-hand-side expansioabjective who when  understanding [8,9]. It used a simple tiled-columns layout
where”, and is thus expanded. The rule for tigective  for presenting the possible sentences, and it also did not col-
non-terminal has more than one expansion, so that the triviapse the already-entered part of a sentence (it keeps show-
ial-expansion process stops (even thoughathenon-ter-  ing the choices for past fields, which consume a large
minal could be trivially-expanded, the reason for not doing amount of screen space). The type of grammars and the
so will become clear shortly). Thus, the initial parse tree isparsing algorithms used in these systems are also different.
as shown above. NLMenu accepts an ambiguous grammars and uses a parser
In our terminology, “objective” is thactive non-terminal ~ based on push-down automata. Adaptive Forms are driven
(the one for which we currently need user input to decideby unambiguous grammar, and uses a recursive descent
which of its expansions to follow) and the path from the root P&rser.
to the active non-terminal is called thetive pathof the  Our research should not be confused with earlier work on
parse tree. syntax-directed editors (see [7] for a good overview) - our
We control the screen layout by two “look-ahead” factors. focus is on forms and simple languages, not on general-pur-
Theforward look-aheadietermines how far ahead of the ac- POSe programming languages.
tive non-terminal we are looking. Tisedeward look-ahead  There are several tools for building forms that support dy-
determines how far ahead of the leaf non-terminals not omamic hiding and exposure of fields. ActiveForms [10] is a
the active path we are looking. (See diagram below.) system written in Tcl/Tk that runs under Surflt, a Web
For examp|e, the initial screen of our running examp]e (F|g_ browser aleO written in Tcl/Tk. ActiveForms a”OW.S devel-
ure 1) had a forward look-ahead of one - that is, we go for-OPers to write Tcl scripts that are executed each time a user
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Figure 5. Forward look-ahead of one, sideward look-ahead of zero (compare to Figure 1)
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Figure 6. Forward look-ahead of zero, sideward look-ahead of two (compare to Figure 1)

enters a value in a field. ActiveForms allows these scripts tcexplicitly write programming language code for that
modify the form, by adding or deleting fields. To achieve purpose (in C++).
this dynamic behavior the developer not only needs to attaC'Dynamic Forms [3] is another system that provides some
a script to a field to create and define the layout of new .5 napijities to hide and expose fields in a form. Dynamic
fields, but also must be careful to write the scripts that re-Eorms allows forms to be organized in a hierarchy, and the
thi Kis d : ticallv. A ni t of Act Mtorms interpreter provides a facility to let users hide or ex-
IS WOrk IS done automatically. A Nice€ aspect of ACUVe- 450 yranches of the hierarchy. This feature allows users to
Forms is th%‘ th? scripts can also_be used f_or other .pur.poseconveniently view large forms. The main difference with
such as validating input, dynamically calling application aqantive Forms is that fields are exposed and hidden under
procedures to generate menus, etc. We plan to extend Aday,qer control and not based on the data that the user is enter-
tive Forms with an application programming interface that ;o e 1o systems are complementary, and we envision
will allow developers to define procedures that dynamically 54ing the ability to open and close the top-level sections of
compute the set of terminals for a non-terminal, and also {¢, ¢, pynamic Forms also provides capabilities to vali-
perform input validation that is cumbersome or impossible 4.t a1 propagate field values, but developers must write
to encode in a grammar. Java code to implement these features for their forms.

Systems like Amulet [5], which use constraints, can also be CURRENT WORK

\l:;ﬁjdeéoa‘:’%eggéfﬁggzg'ﬁ)sr ?)ﬁte\:vfeieelg f('ggi;%g:ﬁ‘t Ht]ee d Variable Input Focusn a completely static form, users can
p change input focus by using the Tab key or clicking in an-

based on the values of other fields. Amulet even allows the j, 0 014 50 that they can enter data for a subsequent field
constraints to create new graphical objects, so it would be first, and so that they can go back and edit a previous field

foﬁﬁlﬂiﬁeyé'rtﬁiEgri]r?tﬂg\tlsé;Z?:nid%gcglggé?;eﬂﬁgs Na \ithout losing any of the values they entered after it. In a
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Figure 7. A Database Query Application of Adaptive Forms for Humanitarian Aid Mission Planning

fully dynamic form, this cannot always be allowed: a subse-Application Programming Interface (API) the same do-
quent field may or may not be applicable based on a previ-main, we have also encountered the need for an application
ous field, so that the users have to enter the previous fielprogramming interface that lets the controlling application
first; the users can also not go back and change a previouadapt the grammar as the user moves along. In our specific
field without possibly losing some of the data they enteredsituation, imagine that there is one hundred tables in the da-
(e.g. they already entered the desired sail area of a sailboatabase with ten attributes each and that the query language
then they go back and decide they would rather own a poweallows arbitrary joins between them. It is practically impos-
boat). Our current solution is to not allow any editing of pre- sible to compute a static grammar encompassing all possi-
vious fields without resetting to this field and thereby losing bilities up-front because of the combinatorial explosion
all the data they entered after it; this is too draconian be-involved. Instead, only a skeleton grammar should be read
cause the Adaptive Form interpreter could determine whatin at first, and the further choices be computed from the da-
the dependencies between the fields are and allow users itabase as the user goes along. Figure 7 shows a snapshot of
edit previous field and preserve the subsequent data if théAdaptive Forms as a query interface for international emer-
value of that previous field has no impact on the overall gency relief operations (driven by a static grammar), devel-
structure of the current sentence. oped in conjunction with the SIMS project [2].

RecursionThe grammar currently prohibits any form of re- \wep-pased VersioBur current implementation is based on
cursion, so that it is not possible to specify that a non-termi-tnhe x-Windows version of the Amulet toolkit [5]; we cur-

nal can appear a variable number of times. This Iimitationrenuy plan to also offer two Web-based implementations,
has already become apparent in a database query applicati(one intended for machines with high network bandwidth
of Adaptive Forms in which a possible sentencsésect * — ang high processing power (such as desktop workstations),
where a=1 and b=1 and c=1"The number of “and”  anq one intended for lower-bandwidth yet low-latency net-

clauses i; variable in this application. Our current stop-gapyyork connections and little processing power (such as a
measure is to have a fixed number of non-terminals callechand-held Personal Digital Assistant with a cellular mo-

andlthroughand5 each of which can expand into epsilon gem). The former implementation is a straight Java re-im-
(mto_the_null clause). The envisioned solution is to _allow re- plementation of the current interface: the client machine
cursion in the grammar, and to enhance the run-time interqownloads the entire grammar and interpreter and then lo-

preter for detecting cycles. It could then present ancq|ly interprets it with no further communication with the
upcoming variable number of fields using an ellipsis and op-geryer. In the latter implementation, the interpreter resides

tional fields: ‘where’ and-clause ‘and’ ... ‘and’ and-clause. g the server side as a Common Gateway Interface (CGl)
program and sends plain HyperText Markup Language



(HTML) pages to the client one at a time. In order to mini- With the enhanced capability of accepting dynamically
mize the server round-trips for the latter implementation wecomputed grammars, Adaptive Forms are double as
plan on making all leaf non-terminals of the current parseeasy-to-use, context sensitive query interfaces to databases.
tree active non-terminals (thus, a user could S|muItaneousI)ACKNOWLEDGENIENTS

make the initial choice for thebjective who, when and .
whereclauses in our running example at once and only then/Ve gratefully acknowledge DARPA funding of the Master-
Mind project as part of the Human-Computer Interaction

submit the page to the server, cutting the overall round'mpslnitiative.

for our running example from about ten to about three). We

currently do have a preliminary CGl-based interpreter for REFERENCES

Adaptive Form grammars but its usability lags far behind 1.

the X-Windows version (Figure 8).
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Evacuees d:'m“i“'i'[' ik W
Evacuns S -where | [Evocuate—from—where
clause claase]f
Wha?  |Who!
When?  |[When?] 4
Whers? | [Where? ] :
Paraphrase: ‘evacuate
pemmel
5.
Binck omne field <Skip current optional field=> Clear form
<Subemit=

Figure 8. Preliminary CGl-based Web Version
(at the same stage as in Figure 2)

CONCLUSIONS

Our experience with Adaptive Forms is limited but encour-

aging. We used the system for constructing an editor that al
lows air campaign planners to specify objectives (67 rules),
and for constructing a database query interface (837 rules)
The objectives editor allows users to enter thirty-two differ-

ent kinds of objectives and was developed in consultation
with domain experts. It has been used in several simulatec
exercises, but has not yet been deployed for routine use.

We have not performed any formal usability studies to deter-
mine whether users can in fact enter objectives faster usin(
the editor than typing the paraphrase in English (one of the
original design goals), but it appears so empirically. The

grammar for the objectives editor was built by ourselves, ™

and handed over to other developers who integrated it witk
other software. These developers were able, without any
documentation or help from us, to enhance the grammar
and to also construct a new grammar for a different domain.

In conclusion, Adaptive Forms are attractive to developers,q

because they can produce apparently custom-built,
high-quality, domain-specific form-based user interfaces
without ever having to deal with a user interface toolkit.
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