


2 Dynamic Screen Layout and Visual Formalisms
Syn tax and lay out of gra phi cal user in ter fa ces of ten im ply a com bi na ti on of the in di vi du al con -
trols (e.g. sli ders or en try fields which re pre sent the se arch at tri bu tes) with Boo le an op e ra tors.
Sin ce the user ex pects the re sult set to shrink the more spe ci fic his que ry is (the more at tri bu tes he 
spe ci fies), the at tri bu tes will be com bi ned with the AND ope ra tor.

Pro blems ari se as soon as an in de fi ni te num ber of va lu es per se arch at tri bu te can be en te red,
which can be mul tip le nu me ri cal ran ges, se arch terms or se lec tions from lists:
• The num ber of va lu es nee ded is hard to de fi ne a prio ri. Pro vi ding too few en try fields li mits the 

com ple xi ty of the user’s que ry, ha ving too many was tes screen real esta te.
• So me ti mes at tri bu te va lu es have to be se lec ted by the user rat her than en te red, be cau se en te -

ring them is er ror-prone or too dif fi cult for the ca su al user. In this si tua ti on the re is a race con -
di ti on bet ween the spa ce nee ded for pre sen ting op tions (e.g. list bo xes) and sum ma ri zing pre -
vi ous se lec tions to lo wer the short term me mo ry’s load (sta tus dis play).

• As soon as the re is no simp le in ter pre ta ti on of how the at tri bu tes and their va lu es are trans for -
med into a (Boo le an) que ry, e.g. va lu es are com bi ned with OR wit hin at tri b u tes and with AND
bet ween them, the re sult of the que ry is hard to guess in ad van ce.

• Even a que ry pre view or the fi nal re sult set may not be able to ex plain re la tions in the data, so
that the user can not ea si ly un der stand how se arch at tri bu tes and their va lu es in ter act with each
ot her and in flu en ce the re sult in de tail.

Dynamic screen layout and tight coupling

The dy na mic spa ti al lay out of con trols on the screen sol ves the pro blems re la ted with mul ti-
 valued se arch at tri bu tes by ad ju sting the size of con trols (e.g. en try fields) and re ar ran ging them
in a way so that they can hold an ar bi tra ry num ber of va lu es wit hout wa sting spa ce that ot her wi se
could be used for se lec ti on lists or a sta tus dis play (Stempf hu ber 1999). We de ve l o ped a con trol
for en te ring text which in iti al ly con sists of one sing le en try field and grows or shrinks ver ti cal ly
with every en try that is ad ded or de le ted. Spa ce on the screen is dy na mi cal ly oc cu pied or freed
de pen ding on the amount of data the user en ters. Fi gu re 1 show parts of the user in ter fa ce of
ELVIRA, an in for ma ti on sys tem for mar ket re se ar chers, to il lu stra te the idea.

To al low se lec ti on rat her than ma nu al in put (re co gni ti on vs. re call), the en try field is tight ly cou -
pled with a se lec ti on list. The con tent of the se lec ti on list ser ves two functions:
• Va li da ti on of (ma nu al) in put from the user: the en try field only ac cepts in put which can also be

found in the list, but as sists the user with a the sau rus.
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Fi gu re 1: Tight coup ling of dy na mic en try fields with se lec ti on lists (Stempf hu ber 1999)



• Dis play of choi ces: to avoid ty ping er rors, se arch terms can be se lec ted from the list ins te ad of
being ty ped into the en try field. 

The user can free ly choo se it’s mode of in ter ac ti on. En te ring text in the en try field se lects the cor -
re spon ding item in the list and se lec ting in the list in serts the text in the en try field (same for de le -
ting items). This tight coup ling of con trols to get her with the syn chro ni zed flow of in for ma ti on
bet ween them are two of the core prin ci ples of the WOB mo del for user in ter fa ce de sign (Krau se
1997). Both prin ci ples can di rect ly be map ped to soft wa re de sign pat terns and thus are cle ar ly
spe ci fied at the con cep tu al and the im ple men ta ti on le vel (Stempf hu ber 2000).

Tight coup ling is also used to syn chro ni ze per mis si ble va lu es of mul tip le se arch at tri bu tes and
the re fo re to eli mi na te com bi na tions of va lu es that will lead to ze ro-hit que ries. In fi gu re 1 the at -
tri bu tes „to pics“ and „pro ducts / ca te go ries“ are syn chro ni zed in a way that when a to pic is se lec -
ted, all en tries from „pro ducts / ca te go ries“ are re mo ved that can not be com bi ned with the se lec -
ted to pic. The de pen den cies bet ween at tri bu tes are bi-directional (but not re cur si ve) so that in iti -
al ly se lec ting a pro duct will re du ce avai la ble to pics.

Status Display to Reduce Memory Load

The en try field at the same time ser ves as a sta tus dis play. This is ne ces sa ry, be cau se the lists of
at tri bu te va lu es tend to be co me rat her long in real-life ap pli ca tions (up to 1.800 en tries in some of 
the many no men cla tu res used in ELVIRA). Scrol ling tho se hie rar chi cal ly or gani zed lists al ways
hi des parts of them, so that the user has to re mem ber a po ten ti al ly lar ge num ber of al rea dy se lec -
ted items. The sta tus dis play sum ma ri zes the se lec ted items, gi ves a com pre hen si ble over view of
the que ry and at the same time re du ces short term me mo ry load.

When dis play ing que ry re sults, the se lec tions lists are re pla ced by a re sult list (fi gu re 2), whi le
the sta tus dis play still re mains vi si ble. Again, the re is no need to re mem ber the que ry when re vie -
wing re sults and com pa ring them with the se arch con di tions.

Query refinement in a one-screen-system

Anot her pro blem in in for ma ti on sys tems is sup port for ite ra ti ve que ry re fi ne ment. Many sys tems 
di vi de que ry for mu la ti on and pre sen ta ti on of re sults into se pa ra te screens, which ma kes it not
only dif fi cult to com pa re que ry and re sults. It also for ces the user to first de ve lop a stra te gy for
re-formulating the que ry whi le loo king at the re sults (que ry form not vi si ble) and then swit ching
back to the pro per screen and mo di fy ing the que ry (re sults not vi si ble).

The so lu ti on is again to use an en han ced sta tus dis play that is vi si ble to get her with the que ry
re sult and al lows mo di fi ca ti on of the que ry wit hout swit ching screens.
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Fi gu re 2: Sta tus Dis play in te gra ted into re sult screen



Using visual formalisms to explain query results

One wea kness of the so far pro po sed so lu tions and sys tems pre sen ted is, that the re is no di rect
map ping of the de pen den cies bet ween que ry at tri bu tes or their va lu es and the ele ments of the re -
sult set. Be cau se the va lu es of at tri bu tes are of ten com bi ned with the OR ope ra tor and the at tri bu -
tes are com bi ned with AND, que ry pre views give only the to tal of re cords in the re sult set, but
may fail to vi sua li ze which com bi na tions of se arch va lu es ap pe ar in the re sult set. 

For the com bi na ti on of two at tri bu tes with a theo re ti cal ly un li mit ed num ber of at tri bu te va l u es
we de ve lo ped an in ter ac ti ve vi sua li za ti on ba sed on the idea of vi su al for ma lisms (Nar di&Zar mer 
1993). Vi su al for ma lisms are ba sic vi sua li za tions like maps, tab les or charts, which everyo ne le -
arns to read or use and which do not re qui re knowled ge or trans fer of ad di tio nal con cepts. Me ta -
phors, in con trast, re qui re the user to trans fer a known con cept (e.g. that of a type wri ter) into a
dif fe rent do main (e.g. text pro ces sing soft wa re), which can bre ak the me ta phor and lead to dif fi -
cul ties in com pre hen si on or user er rors.

Attribute B1 B2 B3

A1 ⌧ ¨ ∑

A2 ¨ ⌧

A3 ⌧ ¨ ⌧

∑

Fi gu re 3: Ta bu lar que ry pre view which can be mo di fied for que ry re fi ne ment

Our vi sua li za ti on uses a two-dimensional tab le, whe re each axis de no tes one at tri bu te (fi gu re 3).
The tab le dy na mi cal ly grows or shrinks de pen ding on the num ber of va lu es spe ci fied for each at -
tri bu te. The cells of the tab le con tain one of three pos si ble va lu es: 
• An emp ty cell (null-value) sig nals that the re is no de pen den cy bet ween the cor re spon d ing two

at tri bu te va lu es.
• An un mar ked check box de no tes a de pen den cy in the data which the user can ac ti va te (mark the 

check box by clic king the mou se) to in clu de it in the re sult set.
• A mar ked check box de no tes an ac ti vat ed de pen den cy that will add a num ber of ad di tio nal re -

cords to the re sult set.

To give the user in for ma ti on about how much the re sult set will grow when ac ti va ting a check -
box, the num ber of re cords can be dis play ed in each cell as an op ti on. In ad di ti on, to tals for rows
or co lumns may be use ful to ana ly se the dis tri bu ti on of at tri bu tes wit hin the da ta ba se.

3 Information Retrieval in the Context of Urban Planning
For ur ban plan ning mo dels are nee ded that in te gra te his to ri cal and cur rent data and al low to pro -
gnos ti ca te fu tu re de ve lop ment. In the pro ject MURBANDY (Mo ni to ring Ur ban Dy na m ics, (La -
val le&De mi che li 2000), me thods for mo ni to ring ur ban dy na mics of Eu ro pe an ci ties are de ve lo -
ped and in di ca tors are crea ted, which make the se dy na mics and the in flu en ce on ci ties’ pe ri phe -
rals un der stan da ble (see sec ti on 5).

Typical information needs

An im por tant cri te ria for ur ban plan ning is the chan ge of land use and the con sump ti on of land in
ur ban are as. The re fo re land use data for 25 Eu ro pe an ci ties has been col lec ted and clas si fied for
four dif fe rent ye ars bet ween 1955 and 1990. Be si des the sa tel li te ima ges, from which part of the
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data has been ex trac ted, the re are co lou red maps for each city and year that show land use and
traf fic net work ac cor ding to the in ter na tio nal land use clas si fi ca ti on.

Com mon use ca ses for this data are the ana ly sis of the chan ge of land use for a sing le city wit -
hin a spe ci fic pe ri od or the com pa ri son of two ci ties with re gard to cer tain clas ses of land use, e.g. 
in du stri al are as. In rare ca ses more than two ci ties will be com pa red at once. The users of the
MURBANDY WWW In ter fa ce will be re se ar chers con cer ned with en vi ron men tal chan ge and
ur ban plan ning. It will also as sist de ci si on ma kers at le vels from lo cal to Eu ro pe an go vern ment.
The re qui re ments for the pro to ty pe have been de ri ved from pre vi ous coo pe ra tions bet ween the
MURBANDY pro ject team at the Spa ce Ap pli ca tions In sti tu te (SAI) of the Joint Re search Cen -
tre (JRC) Ispra, Ita ly, of the Eu ro pe an Com mi si on and the tar ge ted user group. The pro ject team
at the Ger man So ci al Science In for ma ti on Cen tre (IZ), Bonn, de ve lo ped al ter na ti ve de signs for
the user in ter fa ce that were peer re vie wed by the SAI.

Database schema and retrieval

Let the re be iden ti fiers c1,...,cn for the ci ties, l1,...,lm for the ty pes of land use and let y1,...,yk be the
ye ars, when data has been re cor ded. Fur ther mo re let the sche ma for sto ring the data be:

The que ry to re trie ve the ty pes of land use ls, ..., lt and their area for a city ci in a year yp is:

To re trie ve data for a com bi na ti on of mul tip le ci ties and ty pes of land use, e.g. for la ter com pa ri -
son, the in ter me di ary re sults have to be joi ned.The re sult of the join can be dis play ed as a tab le.
In fi gu re 4, lay er 1 con tains the re sults of the da ta ba se que ry. It has to be kept in mind, that the
user might not be in ter es ted in every pos si ble com bi na ti on of ci ties and ty pes of land use for
which data is found. To al low ite ra ti ve re fi ne ment of the que ry, the user must be able to (per ma -
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City1 City2 City3

LandUse1 30000 null 25000

LandUse2 12000 14000 null

LandUse3 24000 15000 null

LandUse4 null null 12000

LandUse5 null 7000 11000

City1 City2 City3

LandUse1 true true

LandUse2 false false

LandUse3 true true

LandUse4 false

LandUse5 true true

Layer 1: Landuse values for cities

Layer 2: Use combination in result view

Fi gu re 4: Dif fe rent lay ers for vie wing and ma ni pu la ting que ries

{ }IntegerValueIntegerYearIntegerCityIntegerLandUse :,:,:,::uesLandUseVal

( )( )( )uesLandUseValB
tsp lLandUselLandUseyYearcCityValueLandUsei σ =∨=∧=∧=Π=

K1,



nent ly or tem po ra ri ly) re mo ve cer tain com bi na tions of ci ties and ty pes of land use from the re sult 
set. Com ple te ly re mo ving a city or a type of land use from the que ry would not give the gra nu la -
ri ty nee ded for furt her ana ly sis or com pa ri son. Lay er 2 in fi gu re 4 con sists of a se con da ry fil ter
for the re sult set, whe re data points (non-null va lu es) from lay er 1 can be swit ched on and off
with a boo le an flag. Both lay ers com pri se the pre view me ta da ta.

4 The MURBANDY User Interface
In MURBANDY, que ries can be for mu la ted with two en try fields - ser ving at the same time as
sta tus dis plays – to get her with tight ly cou pled se lec ti on lists (fi gu re 5). One pair of en try field
and se lec ti on list can be used to spe ci fy the ty pes of land use and the ot her one for the ci ties that
should be ana ly sed or com pa red. The se lec ti on list for the ty pes of land use is dis play ed as a hie -
rar chy, the ci ties are lis ted al pha be ti cal ly and as a map. The na mes of ci ties can eit her be ty ped
into the en try field, se lec ted in the se lec ti on list or mar ked in the map. Again, the re is tight cou p -
ling bet ween en try field, se lec ti on list, and map so that the user can free ly chan ge his mode of in -
ter ac ti on. 

When spe ci fy ing se arch va lu es, the height of the en try fields and their cor re spon ding se lec ti on
lists are dy na mi cal ly ad jus ted (fi gu re 6). This re du ces the spa ce nee ded for pre s en ta ti on of al ter -
na ti ves (which the user has al rea dy seen), and pro vi des ad di tio nal spa ce for the sta tus dis play to
re du ce short term me mo ry load. At the same time, the sta tus dis play al lows de se lec ting se arch
va lu es wit hout lo ca ting them again in the se lec ti on list.

322 Ma xi mi li an Stempf hu ber, Bernd Her mes, Luca De mi che li, Car lo La val le

Fi gu re 5: In iti al user in ter fa ce



To omit ze ro-hit que ries, the at tri bu tes „land use“ and „ci ties“ are tight ly cou pled, so that the se -
lec ti on of a type of land use re du ces the list of ci ties and vice ver se. The di rec ti on for ad ap ta ti on
is de ter min ed by the at tri bu te which is se lec ted first. If a type of land use is se lec ted, only the list
of ci ties will adapt and will not in turn lead to a adap ta ti on of the list with the ty pes of land use.
This avoids re cur si on and the re fo re con fu si on of the user.

Though a que ry pre view is cal cu la ted be hind the sce nes whi le the que ry is for mu la ted, we cho -
se to use a „Se arch“ but ton to let the user sta te that he be lie ves his in for ma ti on needs will be met.
When the que ry is sub mit ted, the two se lec ti on lists are hid den and the en try field for the ci ties is
ro ta ted by 45°, gi ving room for a ta bu lar dis play of the que ry pre view. The sys tem can be con fi -
gu red to au to ma ti cal ly re trie ve and dis play the data, as seen in fi gu re 7.

Both en try fields now ser ve as a sta tus dis play, which can be mo di fied by ty ping in or de le t ing
se arch va lu es or by clic king one of the la bels „land use“ or „ci ties“ to show the se lec ti on lists
again. For ex pe rien ced users, this could be the only screen they work with, be cau se it con tains
spa ce sa ving ways of en te ring se arch va lu es, dis plays pre view data and vi sua li zes the que ry re -
sult as map at the same time.

A cell in the pre view tab le is emp ty, if no data exists for the com bi na ti on of land use and city.
As a de fault, all exi sting com bi na tions (mar ked by a check box) are ac ti vat ed (che cked) so that
they are dis play ed in the map. Re mo ving a check hi des the land use in the cor re spon ding map of
the city. De le ting the land use from the sta tus dis play chan ges the que ry ele mi na ting the line from 
the pre view tab le and the re fo re hi des the land use in all of the maps.

Wor king with MURBANDY is a two-step pro cess of se arch (se lec ting ty pes of land use and ci -
t ies) and re fi ne ment (fil te ring the re sult set), which can have an ar bi tra ry num ber of ite ra tions
wit hout swit ching screens. Even the ana ly sis of the re sults (maps) is tight ly in te gra ted and al lows 
que ry re-formulation if ad di tio nal data is nee ded.
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Fi gu re 6: Dy na mi cal ly ad jus ted en try fields and se lec ti on lists



6 Application of MURBANDY
Ur ban sprawl is a com plex pro cess that de ri ves from dis tincti ve geo gra phic, de mo gra phic and
eco no mic cir cums tan ces. The most evi dent ef fect of spraw ling, which le ads to ex ten si ve pat terns 
of pe ri phe ral and sub ur ban de ve lop ment, is per haps land use chan ge and con sump ti on. Na tu ral
and cul tu ral land sca pe fea tu res are highly threa te ned, and na tu ral re sour ce con sump ti on and de -
ple ti on oc cur. Mo reo ver ci ties ap pro pria te a lar ge amount of car ry ing ca pa ci ty, con su ming re -
sour ces from are as even very far away, and en dan ge ring the eco no mic and na tu ral equi lib ri um of
the pla net. The un der stan ding of ur ban dy na mics is, the re fo re, one of the most com plex tasks in
plan ning the sus tai na ble de ve lop ment of lar ge-scale eco no mies. The com ple xi ty and va rie ty of
the dif fe rent ur ban com po nents, and of the in ter ac tions amongst them, is even more pro noun ced
when avai la ble map ping is out da ted or very poor, and whe re the re is a ge ne ral lack of stan dard
and com pa ra ble in for ma ti on on ci ties. The cur rent si tua ti on asks for new tech no lo gies, tools and
ex per ti se to bet ter mo ni tor and un der stand tho se com po si te en vi ron ments. In this fra me work, the 
uni form mo ni to ring of the dis tri bu ti on, chan ging pat terns, and growth of hu man sett le ments,
plays a very im por tant role, and a lot of re search is cur rent ly fo cu sed on the de ve lop ment of new
me tho do lo gies ba sed on high-technology tools.

In 1998, un der the um brel la of ac ti vi ties car ried out by CEO, a pi lot stu dy na med
MURBANDY (Mo ni to ring Ur ban Dy na mics) was laun ched. It in iti al ly ai med at pro vi ding a
mea su re of the ex tent of ur ban are as, as well as of their pro gress to wards sus tai na bi li ty, through
the crea ti on of land use da ta ba ses for va ri ous ci ties. To date, such a da ta ba se has been crea ted for
twen ty-five Eu ro pe an ci ties that have been clas si fied with a sing le land use clas si fi ca ti on sche me
in or der to ob tain ho mo ge ne ous data. The stu dy has now been ex ten ded to co ver se ven „me -
ga-cities“ out si de Eu ro pe, and ot her are as are un der con si de ra ti on. The data were de ri ved from
sa tel li te ima ge ry and ae ri al pho to gra phy, using re mo te sen sing and GIS tech no lo gies. The da ta -
ba se is the ba sis for com bi ning en vi ron men tal, eco no mic and so ci al data, in or der to bet ter un der -
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Fi gu re 7: Dis play ing the re sult of the que ry



stand dy na mics and cha rac te ris tics of the ur ban growth and re la ted struc tu ral chan ges, com mu -
ting is su es, and sta tus of trans port and ener gy in fra struc tu res.

One of the ad van ta ges of this ap pro ach is the mul ti-temporal di men si on of the re sul ting data
sets, which are pro du ced for four da tes over the past fif ty ye ars, the re by en ab ling time-series ana -
ly sis. Also, the in for ma ti on is col lec ted and ela bo ra ted with pre ci se ly the same me tho do lo gy in
the dif fe rent ci ties, so as to al low com pa ra ti ve ana ly ses. Thus, the ap pro ach en ab les the ana ly sis
of each sing le city as a com plex ur ban sys tem, and fa ci li ta tes com pa ri sons among ci ties, by pro -
vi ding com pre hen si ve, stan dard and ho mo ge ne ous in for ma ti on about the are as as ses sed.

The MURBANDY user in ter fa ce will al low scien tists to re trie ve and dis play the data col lec ted
wit hin the pro ject over the In ter net. Ad di tio nal mo du les for ana ly sis of the data may be pro vi ded
along with pro ject pro gress and user’s de mands.

7 Conclusions
The user in ter fa ce pre sen ted in this pa per en han ces dy na mic que ries and que ry pre views with dy -
na mic screen lay out, tight coup ling and vi su al for ma lisms. Some of the se con cepts have al rea dy
pro ven to be su pe ri or to al ter na ti ve user in ter fa ce de signs. The com bi na ti on of con cepts in
MURBANDY has been pre-evaluated with do main ex perts in a heu ris tic user test. Tests with no -
vi ce users are in pro gress and will be re por ted in the pre sen ta ti on of the pa per.
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