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Abstract. One of the main problems of standards (e.g., DIN 66234, ISO 9241) in
the context of usability of software quality is, that they can not be measured in pro-
duct features. We present a new approach to measure user-interface quality in a quan-
titative way. First, we developed a concept to describe user-interfaces on a granula-
rity level, that is detailed enough to preserve important interface characteristics,
and is general enough to cover most of known interface types. We distinguish
between different types of 'interaction-points'. With these kinds of interaction-
points we can describe several types of interfaces (CUI: command, menu, form-fill-
in; GUI: desktop, direct manipulation, multimedia, etc.). We carried out two
different comparative usability studies to validate our quantitative measures. The
results of one other published comparative usability study can be predicted. Results
of six different interfaces are presented and discussed.
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1 Introduction

One of the main problems of standards (e.g., DIN 66234, ISO 9241 Part 10) to quan-
tify software quality of usability is, that they can not be measured in product features
[11]. Four different views on human computer interaction to measure interactive quali-
ties currently exists (cf. [1], [17]).

(1) The interaction-oriented view: usability quality is measured in terms of how
the user interacts with the product ("usability testing"). This view is the most
common one. All kinds of usability testing with "real" users are subsumed in
this category [8].

(2) The user-oriented view: usability quality is measured in terms of the mental
effort and attitude of the user ("questionnaires" and "interviews").

(3) The product-oriented view: usability quality is measured in terms of the ergo-
nomic attributes of the product itself (quantitative measures).

(4) The formal view: usability is formalised and simulated in terms of mental
models (formal concepts). Karat [10] describes formal methods in the context
of "theory-based" evaluation.

The interactive qualities of user-interfaces currently are quantified in the context of in-
teraction-oriented view and user-oriented view, but these both approaches are time con-
suming and more or less expensive [9].

It would be helpful if usability attributes could be quantified in such a way that the
extent of each attribute could be measured in product features. Levels of measurement
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are classified in different scales as follows (cf. Tab. 1): (1) nominal scale (to classify
or grouping interfaces), (2) ordinal scale (to compare different types of interfaces and
to put categories in order), (3) interval scale (meaningful measure of the distance be-
tween categories), and (4) rational scale (interval scale with an absolute null) (cf.
[12]).

Tab. 1. Levels of measurement of usability attributes

level examples in the context of Human-Computer Interaction reference

nominal Type of interface (e.g., command, menu, desktop, etc.) [18]

ordinal Experimental comparison study (e.g., summative evaluation) [3] [7] [15]

interval Checklist (e.g., expert evaluation) [11] [18]

rational Quantitative measure [16]

2 A descriptive concept of interaction-points

We present a new approach to measure user-interface quality in a quantitative way.
First, we developed a concept to describe user-interfaces on a granularity level, that is
detailed enough to preserve important interface characteristics, and is general enough
to cover most of known interface types (command language, CUI, GUI, multimedia,
etc.). Different types of user-interfaces can be quantified and distinguished by the
general concept of "interaction-points". Regarding to the interactive semantic of "in-
teraction-points" (IPs), different types of IPs must be discriminated (cf. [4]).
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Fig. 1. The interaction space (IS) consists of the object space (OS) and the function space
(FS); both spaces can be distinguished in perceptible and hidden interactive elements.

An interactive system can be distinguished in a dialog and an application manager.
So, we distinguish between dialog objects (DO, e.g. "window") and application ob-
jects (AO, e.g. "text document"), and dialog functions (DF, e.g. "open window") and
application functions (AFIP, e.g. "insert section mark"). Each function f∈ FS, that
changes the state of the content of an application object, is an application function.
All other functions are dialog functions (e.g., window operations like move, resize,



211

close). The complete set of all description terms is shown in Fig. 1 and defined in
Tab. 2.

Tab. 2. The interaction space (IS) consists of the object (OS) and the function (FS) space

IS  := OS x FS [interaction space]
DC ∈  IS [dialog context]
OS := PO ∪  HO [object space]
FS := PF ∪  HF [function space]
PO := PDO ∪  PAO [(perceptible) representations of objects]
HO := HDO ∪  HAO [hidden objects]
PF := PDFIP ∪  PAFIP [(perceptible) representations of functions]
HF := HDFIP ∪  HAFIP [hidden functions]
PDFIP := {(df, pf) ∈  HDFIP x PF: pf = δ(df)} [(perceptible) represented DFIP]
PAFIP := {(af, pf) ∈  HAFIP x PF: pf = α(af)} [(perceptible) represented AFIP]
IP := DFIP ∪  AFIP [interaction-points]
DFIP := PDFIP ∪  HDFIP [IPs of dialog functions]
AFIP := PAFIP ∪  HAFIP [IPs of application functions]
δ := mapping function of a df ∈  HDFIP to an appropriate pf ∈  PF.
α := mapping function of an af ∈  HAFIP to an appropriate pf ∈  PF.
PDO := {(do, po) ∈  HDO x PO: po = µ(do)} [(perceptible) represented DO]
PAO := {(ao, po) ∈  HAO x PO: po = ν(ao)} [(perceptible) represented AO]
µ := mapping function of a dialog object do ∈  DO to an appropriate po ∈  PO.
ν := mapping function of an application object ao ∈  AO to an appropriate po ∈  PO.

A dialog context (DC) is defined by all available objects and functions in the actual
system state. If the set of available functions changes in the actual DC, then the sys-
tem changes from one DC to another. In the actual DC all dialog objects (functions,
resp.) are perceptible (PO, PF) or hidden (HO, HF). Four different mapping functions
relate perceptible structures to hidden objects or functions (see Fig. 1).

Each interaction-point (IP) is related to at least one interactive function. If both map-
ping function's δ and α are of the type 1:m(any), then the user-interface is a command
interface (see Fig. 2). If both mapping function's δ and α are of the type 1:1, then the
user-interface is a menu or direct manipulative interface where each f∈ FS is related to
a perceptible structure PF (see Fig. 3). The perceptual structure (visible, audible, or
tactile) of a function (PF) can be, e.g., an icon, earcon, menu option, command
prompt, or other mouse sensitive areas.

The intersection of PF and PO is sometimes not empty: PF ∩ PO ≠ ∅.  Icons of gra-
phical interfaces are elements of this intersection, e.g., PDFIP "copy" ≡ PDO "clip-
board", PAFIP "delete" ≡ PAO "trash" (see Fig. 3). Each interaction-point (IP) is rela-
ted to at least one interactive function (see Fig. 4).

3 Four quantitative measures of interface attributes

One important difference between user-interfaces can be the "interactive directness". A
user-interface is 100% interactively direct, if the user has fully access in the actual dia-
log context to all f∈ FS (see [13], e.g. [20]). This is the case for all command langu-
age interfaces (cf. Fig. 2). Another important interface attribute is the amount of
"feedback". Good interface design is characterised by optimising the multitude of
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DFIPs (e.g. "flatten" the menu tree; see [14]) and by allocating an appropriate PDFIP
to the remaining HDFIPs (cf. [2]).

C :>_

MS-DOS Ve rs . 3. 01

PAFIP

DC

PAO

Fig. 2. An actual dialog context (DC) of the operating system MsDOS with a command
language interface (PAFIP: command entry point).

One disadvantage of snapshots (cf. Fig. 2 and Fig. 3) is that all hidden structures
could not be referenced. To describe the hidden functionality a schematic view is
needed (cf. Fig. 4).
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Fig. 3. An actual dialog context (DC) of a direct manipulative interface with the represen-
tation space of the interactive object (PAO: e.g., data window; PDO: e.g., trash), and the re-
presentation space (PF: marked by circles) of the interactive functions (PAFIP: e.g., pop-

up menu, trash; PDFIP: e.g., window scrolling).

To estimate the amount of "feedback" of an interface a ratio is calculated: "number of
PFs" (#PF = #PDFIP + #PAFIP) divided by the "number of HFs" (#HF = #HDFIP +
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#HAFIP) per dialog context. This ratio quantifies the average "amount of functional
feedback" of the function space (FB; see Formula 1). We abbreviate the number of all
different dialog contexts with D. A GUI has often a very large number of DCs. To
handle this problem we take only all task related DCs into account. Doing this, our
measures will give us only a lower estimation for GUIs.
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Fig. 4. A schematic presentation of the I/O interface, the dialog and the application
manager of an interactive system with a menu tree of two levels.

The average length of all possible sequences of interactive operations (PATH) from
the top level dialog context (DC, e.g., 'start context') down to DCs with the desired
HAFIP or HDFIP can be used as a possible quantitative measure of "interactive
directness" (ID, see Formula 2). The measure ID delivers two indices: one for HAFIPs
and one for HDFIPs. A PATH has no cycles and has not more than two additional dia-
log operations compared with the shortest sequence. An interface with the maximum
ID of 100% has only one DC with path lengths of one dialog step. We abbreviate the
number of all different dialog paths with P.

Functional feedback: FB = 1
D

d# PF d# HF( )
d=1

D

∑ ∗100% (1)

Interactive directness: ID =

−1

1
P

lng pPATH( )
p=1

P

∑








∗100% (2)

To quantify the flexibility of the application manager we calculate the average number
of HAFIPs per dialog context (DFA; see Formula 3). To quantify the flexibility of
the dialog manager we calculate the average number of HDFIPs per dialog context
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(DFD; see Formula 4). A modeless dialog state has maximal flexibility (e.g., "com-
mand" interfaces, or Oberon; [20]).

Application f lexibil ity: DFA = 1
D

d# HAFIP( )
d=1

D

∑ (3)

Dialog flexibil ity: DFD = 1
D

d# HDFIP( )
d=1

D

∑ (4)

Let us apply the five measures to our example in Fig. 4. The average amount of func-
tional feedback is:
FB = (4/4 + 6/9) / 2 * 100% = 83.3 %.

The average amount of interactive directness is:
IDHAFIP = ((2*1 + 5*2) / 7)-1 * 100% = 58.3 %;
IDHDFIP = ((2*1 + 3*2) / 5)-1 * 100% = 62.5 %.

The average amount of flexibility is:
DFA = (2 + 5) / 2 = 3.5 and
DFD = (2 + 3) / 2 = 2.5.

To interpret the results of our measure's appropriately empirical studies are necessary.

4 Results and discussions of three empirical studies

We carried out two different comparative usability studies to validate our measures ([3]
[15]). A third external comparative study [7] was used for a cross-validation. All three
investigated software products have the same application manager, but two different
dialog managers each.

4 . 1 Experiment-I

Method. Rauterberg [15] compared a traditional menu-driven interface (character-ori-
ented user-interface: CUI; cf. Fig. 5) of a relational database management system with
a modern desktop interface (graphic-oriented user-interface: GUI; cf. Fig. 6) of the
same application manager. We chose this program, because there are two different
types of interfaces for the same database machine running on the same hardware (DOS
PCs). Both types of interfaces are distributed as standard software on the European
market.

Subjects. Twelve paid beginners (novice and naive, see [5]) took part in this study.
The twelve experts (experienced and expert) had been working with the respective user-
interface for several years in their daily work; they were chosen from the address list of
the software company. The experts did not receive any payment; the beginners were
paid. The previous experience was carefully measured with a questionnaire during a
semi structured interview (average duration for the interviews with the experts: 40-50
min).

CUI-beginners: average age of 27 years; 4 women, 2 men; 31 hrs. of general previous
experience with EDP; 1.5 hrs. of instruction.
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CUI-experts: average age of 38 years; 6 men; 7.500 hrs. of general previous experi-
ence with EDP; 1.736 hrs. of experience with specific user-interface (menu-se-
lection).

GUI-beginners: average age of 21years; 2 women, 4 men; 68 hrs. of general previous
experience with EDP; 1.5 hrs. of instruction.

GUI-experts: average age of 38 years; 6 men; 3.700 hrs. of general previous experi-
ence with EDP; 1.496 hrs. of experience with specific user-interface (desktop).

Independent Factors. The test design is characterised by three independent factors:
(1) two diffent interfaces (Factor-A: CUI vs. GUI), (2) ten different tasks (Factor-B:
task-1, task-2, …, task-10), and (3) the different experience of the test subjects (Fac-
tor-C: beginners vs. experts).

The CUI interface consists of a strict hierarchical menu tree with exact three levels
(like MsWord, cf. Fig. 3). Starting with the main menu (level 1) the user can make
active each module (level 2) by pressing the corresponding letter key. In the dialogue
context of a module the different routines (level 3) can be activated by pressing an-
other letter key. On main menu or module level only, help, global switches, the ac-
tive data base file, and redirection input or output could be activated or changed using
the function keys. In an activated routine context the dialogue control could be
achieved alone by pressing function keys.

PAFIP

PDFIP

PDOCAMP.Adressen   (CON,CON)  ( - - - ) Data.Update

Primary key:>CH.Neukom,Anja____

Titel: Mrs__
First Name: Anja_________

Street: Irchelstreet 10_____
Second Name: Neukom______

Town: 8092 Zuerich__________ State: Switzerland___

Telephon: 0049-1-361 29 51__

1Field 2Direct 3File 4Select 5 6 7Calcul 8Print 9Cancel 10Quit

Remarks: _______________________________________________

PAO

DC

Fig. 5. The CUI interface of the data base management system with the representation
space of the interactive objects (PAO: e.g., data file name; PDO: e.g., module name.routine

name), and the representation space of the interactive functions (PAFIP: e.g., text entry
point; PDFIP: e.g., function key F10).

The GUI interface is implemented under GEM on DOS PCs (cf. Fig. 6). The screen
of the desktop interface is divided into four different areas. The row at the top of the
screen contains the semantic labels of all pull-down menus (first area). The second
row just below is an output or 'info area' (second area). The biggest part is the desktop
area with all icons, windows, and dialogboxes (third area). The bottom row is a string
of all semantic labels for all function keys. Each label field (F1 to F10) is a mouse
sensitive area, too (fourth area). The dialogue of this typical type of desktop interface
can be controlled by pull-down menus and partly by function keys, as well.



216

Dependent measures. The dependent variable was the pure 'task solving time' of
each user according to logfile record excluding system response time; the control vari-
ables were: the number of hours of general previous experience with EDP (included
specific experience with the two different systems).
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Fig. 6. The GUI interface of the data base management system with the representation
space of the interactive objects (PAO: e.g., data files; PDO: e.g., mouse pointer, trash), and
the representation space of the interactive functions (PAFIP: e.g., data entry point; PDFIP:

e.g., pull down menu, function key F1, scroll bar areas).

Tasks. Ten tasks were selected according to whether they allowed the subjects to use
exactly the same functionality of the application manager with both types of inter-
faces and to use those operations which are most common in daily data base work.
The test data base consisted of three files, which contained all necessary attributes to
manage a camping place. Tasks 9 and 10 were selected to test whether the design of
the user-interface was appropriate for these types of tasks, too.

Task 1: "Please find out how many data records are in the file ADDRESS, in the file
PLACE, and in the file GROUP." The user has to activate a specific menu option
("File info..." of the desktop interface; resp. "Datafile" in module "Info" of the menu
interface) and to read the file size (file: ADDRESS - 280 data records, PLACE - 17
data records, GROUP - 27 data records).

Task 2: "Delete only the last data record of the file ADDRESS, the file PLACE, and
the file GROUP (sorted by the attribute 'namekey')." The user has to open (sorted ac-
cording to the given attribute), select and delete the last data record (file: PLACE,
ADDRESS, GROUP).

Task 3: "Search and select the data record with the namekey 'D..8000C O M' in the
file ADDRESS, and show the content of all attributes of this data record on the
screen. Correct this data record for the following attributes: State: D, Place offer: 07,
Remarks: The system dealer can give a demonstration." The user must select a certain
data record (file: ADDRESS), correcting the data record with regard to three attributes.

The seven remaining tasks are completely described in [15].
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Results. At the start the results were analysed from the point of view of a three-fac-
torial design across only the first six tasks (Factor-A "interface", Factor-B "task (1-
6)", and Factor-C "expertness"). In the 90 minutes most of the beginners were not
able to finish more than the first six (or eight at most) of the tasks given, so that the
tasks 8 to 10 were excluded from this analysis. Almost all experts were able to finish
all the ten tasks given.

Tab. 3. Results of the dependent variable 'task solving time' of the comparison study CUI
vs. GUI; the alpha-error is abbreviated with p

Dependent variable: Mean ± Standard Deviation Effect
'Task solving time' CUI (N=6) GUI (N=6) p

beginners 1073 s ± 590 s 670 s ± 490 s < .002

experts   414 s ± 245 s 201 s ± 137 s < .001

total   683 s ± 556 s 418 s ± 437 s < .001

The main result of this empirical investigation was, that the mean task solving time
with the GUI (experts: 201 s, beginners: 670 s) is significantly shorter than with the
CUI (experts: 414 s, beginners: 1073 s) interface for beginners and experts, too (see
Tab. 3). For all the first six tasks the users of the GUI interface needed less time to
solve the tasks than the users with the CUI interface.

Discussion. Contrary to the often voiced opinion that a desktop interface with di-
rect manipulation is good for beginners only, it is the expert group with the desktop
interface who has profit of GUI's, too. Compared to them the beginners with menu
selection had particularly bad results.

No specific dependency between the previous experience with EDP and the different
types of tasks can be assumed. Generally it was not clear in which way the restriction
on database handling applied in this investigation was responsible for the results
found in this study.

On the whole it is to be emphasised that a desktop interface with direct manipulation
by means of the "mouse" as a general element of interaction was superior to the con-
ventional user-interface with menu selection by means of the "function keys". This is
true particularly for users with long previous database experience (experts).

How can we explain the observed advantage of the GUI? Our first interpretation of
this outcome was the supposed different amount of 'transparency' [19]. One aspect of
'transparency' is 'feedback' (see [6] pp. 318-321). But, if we take the results of our
quantification into account, then we can assume that the different amount of
flexibility is the critical quality.

4 . 2 Experiment-II

Method. The second experiment was run on a PC with colour screen. The standard
Windows 3.0 environment with a multimedia information system of a German bank
association with a hierarchical dialog structure was used. The original version was de-
veloped by the German multimedia software house ADI Inc. in Karlsruhe (D). The se-
cond version of this multimedia system was redesigned and programmed at our usabi-
lity laboratory to get a system with a net-shaped dialog structure.

Subjects. A total of 12 beginners participated. Group-A consists of one woman and
five men with the average age 24.2 ± 0.4 years. Group-B consists of two women and
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four men with the average age 22.5 ± 0.8 years. Group-A tested first the original ver-
sion and in a second trial the redesigned version. Group-B tested both systems in re-
verse order.

Independent Factors. The test design is characterised by three independent factors:
(1) two different interfaces (Factor-A: graphical interface with a hierarchical dialog
structure GUIhier vs. graphical interface with a net-shaped dialog structure GUInet), (2)
nine different tasks (Factor-B: task-1, task-2, …, task-9), and (3) the different sequence
of testing both systems (Factor-C: GUIhier –>GUInet vs. GUInet –>GUIhier ).

The original version consists of 62 different screens (masks) with on average 11.6 ±
5.1 objects per screen (number of all objects is 721; cf. Fig. 7). The second version
consists of 51 different screens (masks) with on average 13.2 ± 4.9 objects per screen
(number of all objects is 672).

PAFIP

PDO

PAO

DC

Fig. 7. The graphical interface of the multimedia information system with the representa-
tion space of the interactive objects (PAO: e.g., picture of entrance hall; PDO: e.g., several

topics), and the representation space of the interactive functions (PAFIP: e.g., button to
next screen).

Dependent measures. The two dependent variables were 'task solving time' per
task and 'number of masks successions' over all nine tasks.

Tasks. Subjects were instructed to solve nine tasks: «(1) Search a house for a price
of 450,000.– DM. (2) Who is responsibly for the sales talk about an estate? (3)
Where is the office of this person located in the building? (4) To buy the house you
need a mortgage. Where can you get this? (5) Where can you get information about
buying and selling of securities? (6) The bank offers different events of entertainment.
You have a free day (April, 7th, 1993). Which events are offered? (7) You have not
enough cash and you are nearby the main station. Where is the next cash service? (8)
Where is the cash counter located in the building? (9) Which spectrum of services are
available at the cash service desk?»
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Results. The multimedia information system with the net-shaped dialog structure
(GUInet) is not superior to the system with the hierarchical dialog structure (GUIhier).
It seems to be that the users of the 'more flexible' system need more time to solve the
tasks (cf. Tab. 4).

To make sure that this result is not biased by an unknown aspect the experiment was
carried out a second time. The results are exactly the same as in the first investigation.

Tab. 4. Results of the two dependent variables of the comparison study GUIhier vs. GUInet;
the alpha-error is abbreviated with p

Mean ± Standard Deviation Effect
Dependent variable: GUIhier (N=6) GUInet (N=6) p

'Task solving time' 9.7 min ± 3.8 min 10.8 min ± 4.3 min < .085

'#masks successions' 54 ± 15 masks 56 ± 19 masks < .625

Discussion. The comparison of both multimedia interfaces could not show an em-
pirical provable difference between the hierarchical and the net-shaped dialog structure.
The amount of feedback is for both interfaces identically: each HF has at least one PF.
If we could show a performance difference then this difference must be caused by the
type of dialog structure. But, we can not find a difference between both versions in
task solving time or in number of masks successions (cf. Tab. 4).

4 . 3 Experiment-III

Method. The study of Grützmacher [7] was carried out to investigate research ques-
tions in the context of how to control a complex domain ('development aid for a fic-
tive society in Africa') with the simulation tool "Moro". Two different dialog structu-
res (hierarchical vs. net-shaped) with the same CUI interface were compared (cf. Fig.
8). The program was implemented on a host computer and could be used during six
months. This host computer was installed for public access at the University of
Zurich. Each session was automatically recorded. Only the first simulation session is
included in the further analysis. All second or more sessions are excluded.

Subjects. The sample consists of 20 unknown users with the hierarchical dialog
structure (average age 25 ± 3 years) and 15 unknown users with the net-shaped struc-
ture (average age 28 ± 6 years).

Independent Factors. One independent factor was varied: the dialog structure
(Factor A: hierarchical CUIhier versus net-shaped CUInet dialog structure). This simula-
tion tool was implemented on a mainframe computer system with character oriented
terminals (IBM 3270). The simulation tool was controlled by several parameters (e.g.,
'number of inhabitants', 'number of cows', 'capital stock', etc.).

Dependent measures. At the end of each simulation run the absolute difference be-
tween the actual value and the targeted value of all eight parameters was calculated and
divided by the targeted value ('percental difference'). The dependent variable 'target dis-
crepancy' was the average of all eight percental differences.

Tasks. The user was instructed to meet several targets, one for each of eight different
parameters (e.g., 'number of inhabitants' = 800, 'number of cows' = 4000, etc.). To
control the simulation the user could change 49 different parameters. In CUInet each of
all 49 parameters was presented in exactly one mask per parameter. In CUIhier several
parameters could be changed in more than one mask.
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	                                Moro-Simulation	
                                      	        	                                       	     	

_MAINMENU: ___________________
general infos	 	 	 	 	 *
population		 	 	 	 	 *
stock-farming	 	 	 	 	 *	 	
agriculture	 	 	 	 	 *
trade		 	 	 	 	 	 *
finances	 	 	 	 	 	 *	 	  
techical equipment	 	 	 	 *	 	
	 	 	 	 	 	 	 	 	
	 	 	 	 	 	 	 	 	 PF 1: next MENU / INSPECTION	 	
	 	 	 	 	 	 	 	 	 PF 2: INPUT or following MENU
	 	 	 	 	 	 	 	 	 PF 3: HELP for PF-keys	
	 	 	 	 	 	 	 	 	 PF 4: END of simulation
	 	 	 	 	 	 	 	 	

General procedure: move cursor on topic and press intended function key
´* ´ leads in connection with PF1 and PF2 to sub-menus 

PAFIP

PDFIP

PDO

PAO

DC

Fig. 8. The CUI-interface of the simulation tool with the representation space of the in-
teractive objects (PAO: e.g., name of the tool; PDO: e.g., context sensitive help text), and

the representation space of the interactive functions (PAFIP: e.g., function key END;
PDFIP: e.g., menu option).

Results. The net-shaped dialog structure was not superior to the hierarchical dialog
structure (cf. Tab. 5). This study showed similar results as in the second experiment.

Tab. 5. Results of the dependent variable 'target discrepancy' of the comparison study
CUIhier vs. CUInet; the alpha-error is abbreviated with p

Mean ± Standard Deviation Effect
Dependent variable: CUIhier (N=20) CUInet (N=15) p

'Target discrepancy' 49% ± 15% 48% ± 18% < .825

The average number of 'simulation years' was for CUIhier = 19 ± 7 and for CUInet = 27
± 10 'years' (T-test, p < .043). The users played significantly 'longer' with CUInet

than with CUIhier.

Discussion. The hypothesis of Grützmacher [5] was that the net-shaped dialog
structure is superior to the hierarchical structure. The study showed no differences be-
tween both dialog structures measured with "target discrepancy" as a performance mea-
sure. Grützmacher presented no explanation for this negative result.

5 Results of applying the measures

Interesting is the fact, that the GUI of experiment-I supports the user with less "visual
feedback" (FB = 66%, see Tab. 6) on average than the CUI (FB = 73%). This amount
of FB of the CUI is caused by 22 small DCs with FB = 100%; the GUI has only 14
DCs with FB = 100%. The amount of functional feedback seems not to be related to
the advantage of GUIs. There must be another reason.
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The "interactive directness" is not quite different between both interfaces:
CUI: ID = 24.7% for AFIPs and 23.2% for DFIPs versus
GUI: ID = 22.5% for AFIPs and 25.5% for DFIPs (see Tab. 6).

Only the two measures of "flexibility" show an important difference:
CUI: DFA = 12.1 and DFD = 10.1 versus
GUI: DFA = 19.5 and DFD = 20.4 (see Tab. 6).

In the hierarchical dialog structure of the multimedia information system (experiment-
II) only one way is given to reach an AFIP. In the net-shaped version several ways are
possible to navigate through the dialog structure. But, what is an AFIP in the context
of a multimedia system? What is the application kernel?

We define the application kernel of a multimedia information system as the set of all
masks with a relevant information in the sense of the main purpose of the informa-
tion system (e.g., concrete information's about bank services in the context of a bank
information system); all other masks are part of the dialog manager. A PAFIP is
therefore each mouse sensitive area that changes the system to a mask of the applica-
tion kernel; all other buttons or mouse sensitive areas are DFIP's.

Tab. 6. Comparison our three empirical validation studies relating to the quantitative
measures ID, FB, DFA, and DFD. P is the number of all different dialog PATHs for an AFIP

or a DFIP; D is the number of all different DCs

Expe-
riment

Interface type and
dialog structure

P(AFIP) ID(AFIP)
%

P(DFIP) ID(DFIP)
%

D FB
%

DFA DFD

I CUI-hierarchical 434 24.7 362 23.2 3 6 7 3 12.1 10.1

I GUI-hierarchical 547 22.5 570 25.5 2 8 6 6 19.5 20.4

I I Multimedia-hierarchical 241 25.1 3 4 28.1 6 8 100 3.6 0.5

I I Multimedia-net shaped 276 40.7 8 7 46.3 6 5 100 4.2 1.3

I I I CUI-hierarchical 720 20.9 693 23.9 363 8 6 2.0 1.9

I I I CUI-net shaped 490 15.8 1053 21.9 389 9 0 1.3 2.7

With the generous support of Grützmacher we were able to analyse all 752 dialog con-
texts for both interfaces of the simulation tool 'Moro' (cf. experiment-III). For the
hierarchical CUI we get the following results: DFA = 2.0 and DFD = 1.9; for the net-
shaped CUI: DFA = 1.3 and DFD = 2.7 (see last two rows in Tab. 6). These results
for DFA and DFD of both CUI interfaces give us a strong empirical evidence that the
following assumptions are correct:

(1) The dialog flexibility can be quantitatively measured in a task independent way,
and

(2) the values of DFA and DFD must exceed the threshold of 15.

6 Discussion

If our interpretation of the outcome of experiment-I is correct then we can not find a
significant performance difference for dialog structures that remain under the assumed
threshold of 15. To control the factor of feedback we carried out the second experiment
with a multimedia information system that has 100% functional feedback for both
interfaces [3].
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We picked out a multimedia information system with a hierarchical dialog structure
where DFA and DFD are clearly under 15. We implemented a comparable system with
a net-shaped dialog structure where DFA and DFD have nearly the same ratio of flex-
ibility as in experiment-I:

DFAGUI / DFACUI = 1.6 and DFAMMnet / DFAMMhier = 1.2;

DFDGUI / DFDCUI = 2.0 and DFDMMnet / DFDMMhier = 2.6.

As we predicted, we can not find a significant performance difference between both
types of dialog structures (see Tab. 4). To make sure that our results are not biased by
our own expectations, we carried out a cross validation study. To do this, (1) we need
the outcomes of an external independent comparison study between two different inter-
faces and (2) the possibility to apply our quantitative measures to all DCs of both in-
terfaces. The empirical investigation of Grützmacher [7] fulfils both conditions.

Given our interpretation of the last two experiments we expected and found a value for
DFA and DFD under 15. We interpret the negative result of experiment-III to the
effect that flexibility must exceed a threshold to be effective (DFD, DFA > 15).

7 Conclusion

Using the quantitative measures for "feedback", "interactive directness" and "flexi-
bility" to measure the interactive quality of user-interfaces, we are able to classify the
most common types: command, menu, desktop. The command interface is characteri-
sed by high interactive directness, but this interface type has a very low amount of vi-
sual feedback. Especially graphical interfaces (e.g., multimedia) can support users
with sufficient interactive directness. GUIs are characterised by high dialog flexibility.

The presented approach to quantify usability attributes and the interactive quality of
user-interfaces is a first step in the right direction. The next step is a more detailed
analysis of the relevant characteristics and validation of these characteristics in further
empirical investigations. In the context of standardisation we can use our criteria to
test user-interfaces for conformity with standards.
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