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Abstract

There currently are 4 different views on human computer interaction in measuring interactive
gualities: (1) the interaction-oriented view, (2) the user-oriented view, (3) the product-oriented
view and (4) the formal view. Two different possibilities of measurement within the product-
oriented view are introduced in this paper. Different types of user interfaces can be described
and differentiated by the concept of "interaction points®. Regarding to the interactive semantic
of "functional interaction points" (FIPs), 4 different types of FIPs must be discriminated.
Based on the concept of FIPs, the dimensions "[visual] feedback" and "interactive directness’
can be quantified.

1. INTRODUCTION

One of the main problems of standards (ISO, DIN, etc.) in the context of software ergono-
mics is that they cannot be measured in a quantitative way. Four different views on human
computer interaction to measure interactive qualities currently exists (see also [11]; [1]:651).

(1) Theinteraction-oriented view (iov): usability is measured in terms of how the user inter-
acts with the product ("usability testing"). Thisview isthe most common one. All kinds
of usability testings with "real" users are subsumed in this category [6].

(2) Theuser-oriented view (uov): usability is measured in terms of the mental effort and atti-
tude of the user ("questionnaires’ and "interviews").

(3) The product-oriented view (pov): usability is measured in terms of the ergonomic attri-
butes of the product (quantitative measures). All heuristic evaluations [4] carried out by
ergonomic experts investigating a concrete software product fall in this category, too.

(4) Theformal view (fv): usability is formalized and simulated in terms of mental models
(formal concepts). Karat [5] describes formal methods in the context of "theory-based"
evaluation.

The interactive qualities of user interfaces currently are quantified in the context of iov and
uov, but these both approaches are time consuming and more or less expensive. Usability
testing is constrained to the investigated task solving processes and the selected users, too.

2. A QUANTITATIVE DESCRIPTION LANGUAGE FOR INTERFACES

It is necessary to define measures of usability for the product-oriented view, a concept of
descriptive terms, which can be counted. The granularity of the descriptive terms must be on a
medium level — not to specific (e.g. "push button”, "menu option”, etc.) and not to general
(e.g. "transparent”, "flexible", etc.). A level, at which it is possible to describe the different
types of user interfaces ("batch”, "command”, "menu", "desktop") in a uniform and precise
way, and at the same time alevel, which is powerful enough and easy to apply, is required.

The interaction space (1S) consists of two different interlaced spaces: the object space (OS),
and the function space (FS). OS encloses al perceptible represented objects (RO) and all hidden
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objects (HO), which users can grasp and bring into the actual dialog context The same situation
isvalid for FS: we have to distinguish between perceptible represented functions (RF) and hid-
den functions (HF). A concrete dialogue context (DC) contains a subset of {OS O FS}.

An interactive system can be distinguished in a dialog and an application manager [3]. Be-
longing to this differentiation we distinguish between two types of objetcs and two types of
functions: dialog object (DO, e.g. "window") and application object (AO, e.g. "textdocu-
ment"), and dialog function (DF, e.g. "open window") and application function (AF, e.g. "in-
sert section mark"). Each function has afunctional interaction point (FIP): AF — AFIP, DF —
DFIP. RF isthe set of all implemented representations of FIPs. A perceptible AFIPiscalled a
RAFIP, a perceptible DFIP is called a RDFIP (see Fig. 1 and 2). These perceptible structures
can have visible, audible and/or tactile representations. RO is the set of all implemented repre-
sentations of DOs (e.g. "button”, "icon", "window", etc.) and AOs (e.g. "text document”,
"grafic", "data base", etc.). A perceptible AO is called a RAO, a perceptible DO is called a
RDO. An AFIP changes the state of an AO, and a DFIP changes the state of a DO. All DFIPs
are more or less "interactive overhead". DFIPs are only suitable to handle one of the most con-
strained interactive ressource, namely the screen space.

The complete set of al description termsis defined as follows:

IS :=0SOFS [interaction space]
DCOIS [dialog context]
OS:=ROOHO [object space]
FS:=RF O HF [function space]
RO :=RDO O RAO [(perceptible) representions of objects]
HO:=DO0OAO [hidden objects
RF := RDFIP O RAFIP [(perceptible) representions of functions
HF := DFIP O AFIP [hidden functions]
RDFIP :={(df,rf) 0 DFIP x RF: rf = §(df)} [(perceptible) represented DFIP]
RAFIP :={(af,rf) O AFIP x RF: rf = a(af)} [(perceptible) represented AFIP]
) := mapping function of adf O DFIP to an appropriate rf O RF.

a := mapping function of an af 0 AFIP to an appropriate rf O RF.

RDO :={(do,ro) 0 DO x RO: ro = u(do)} [(perceptible) represented DO
RAO :={(ao,ro) 0 AO x RO: ro = v(a0)} [(perceptible) represented AO]
u := mapping function of adialog object do 0 DO to an appropriate ro 0 RO.

v := mapping function of an application object ao 0 AO to an gppropriate ro 0 RO.

The intersection of RF and RO is sometimes not empty: RF n RO # 00 In the context of gra-
phical interfaces icons are elements of thisintersection e.g. RDFIP "copy" = RDO "clipboard",
RAFIP "delete" = RAO "trash". The "interaction point (IAP)" introduced by Denert [2] is not
differentiated enough to appropriately describe graphical user interfaces; an IAP is more or less
the same as the "actual dialog context (DC)" discussed in this paper (see Fig. 1-5).

If both mapping functions & and a are of the type 1:m(any), then the user interface is a com-
mand interface (see Fig. 2) where the command interface has only one rfORF, the "command
prompt" (e.g. the RF in Fig. 1). If both mapping functions s and a are of the type 1:1, then the
user interface isamenu or direct manipulative interface where each fOFS is related to a percep-
tible structure RF on the i/o interface. One important difference between a menu and a direct
manipulative interface is the "interactive directness'. A user interface is 100% interactively
direct, if the user has fully access in the actual dialog context to all AFIPs[7]. Good interface
design is characterized by optimizing the multitude of DFIPs (e.g. "flatten” the menu tree [8])
and by allocating an appropriate RDFIP to the remaining DFIPs.

In the context of an actual dialog state the user must know what he or she can do next. To
support the user in this way, different kinds of representational structures for functions (RF,
e.g. "menues’, "icons") have been developed (see Fig. 3). If each functional interaction point
(FIP) has its own representational interaction point (RF), then the user has 100% feedback
(FFB) of dl available functions. To estimate the amount of "feedback” of aninterfacearatiois
calculated: "number of RFs' (#RF = #RDFIP + #RAFIP) divided by the "number of HFs"
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(#HF = #DFIP + #AFIP) per dialog context. Thisratio quantifies the average "amount of feed-
back" of the function space (FB). [D = number of al different dialog contexts]:

D
FB = 1/D Y (#RFgq / #HFg) * 100% [(visual) feedback]
d=1
( \
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the nornal view of M5 DCS <4 RO
C > @ < RF
94— DC
L J
| J

Figure 1. An actua dialog context (DC) of the operating system MsDOS with the representation
gpace of the interactive object (RO = RDO 0 RAQO: "text output™") and the representation space
of the interactive functions (RF = RDF O RAF: "command entry point" marked by acircle).
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Figure 2. A schematic presentation of afictivei/o interface, adialog and an application manager
of an interactive system with acommand interface (CUI).




615

s N\
e N
=[......... ..., 200 3o 4......... 5., 6..].. =g
-+ t he nor maj—w\ew on a text docunent
MsWWORD 4- RAFIP
<€4— RAO
<— DC

TEXT. DOC=
< RDFIP
Edit docunent or press Esc to use nenu RAFIP
Pgl Ro2 Coll ? M crosoft Wrd
L o {} —_ RDO
\_ J

Figure 3. An actua dialog context (DC) of the textprocessing program MS-Word with the re-
presentation space of the interactive object (RAO: "text document™; RDO: "clipboard"), and the
representation space (RF: marked by circles) of the interactive functions (RAFIP: "text entry
point", "undo"; RDFIP: menu options).
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Figure 4. A schematic presentation of afictivei/o interface, adialog and an application manager
with atwo level menu tree (CUI).

The physical limitations of the i/o-interface (screen size) is one reason, not to present all
available functional interaction points (FIPs) with a specific representation (RF) on the screen.
So, the user has to navigate through menu structures (= activating DFIPs) to come down to a
DC with the desired AFIP (see Fig. 4). The average length of all possible sequences of dialog
operations (PATH) from the top level dialog context down to DCs with the desired AFIP can be
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used as a good quantitative measure of "interactive directness’ (ID): the reciprocal value of the
average path length (= number of dialog steps). An interface with the maximum ID of 100%
has only one DC with path lengths of 1 dialog step. [P = number of all different dialog
PATHS]:

0 P 0o-1
ID=01/P Y Ing(PATHp) O * 100% [interactive directness]
0 p=1 0
. . . AFIP: functional interaction point of
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Figure 5. A schematic presentation of afictivei/o interface, adialog and an application manager
of an interactive system with agraphical user interface (GUI, e.g. desktop interface).
3. A CLASSIFICATION OF INTERFACE TYPES

Using the two quantitative measures "feedback™ and "interactive directness’ it is possible to
classify the most common interface types. batch, command, menu, desktop (see Tab. 1).

Table 1. A classification schema of user interfaces.

o e e e e e e e e e oo oo oo o m e m e e e e e e e e e e e e e e e e e e e oo o +
| | [visual] feedback |
| | | ow hi gh |
o e e e e e e e e e a e oo S o e e e e e e a e oo +
| | ow | [batch] | menu (cur) |
+ interactive -------- R I I R I +
| directness high | command (CUl) | desktop (GUI) |
o e m e e e e e e e e e o Fom e e e e e oo o e e e e e e m e oo +

The command language interface is characterized by high interactive directness, but this
interface type has avery low amount of visual feedback. Only graphical interfaces (GUIs) can
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support the user with sufficient visual feedback and high interactive directness (c.f. [10] and
[12]).

4. CONCLUSION

Standards and norms need product oriented operationalization of interface features. To attain
this goal, a description language for interface structures which is general enough to classify the
different interface types and detailed enough to allow quantification is required. The description
language which is introduced in this paper meets these both conditions. The function space
(FS) can be distinguished in (1) functional and representational interaction points, and (2)
dialog and application specific interaction points. The degree of visualization and interactive
directness can be described and measured based on these interaction points.

Using the two quantitative measures for "feedback™ and "interactive directness’ in measur-
ing the interactive quality of user interfacesit is possible to classify the most common types:
batch, command, menu, desktop. The command interface is characterized by high interactive
directness, but has a very low amount of visual feedback. Only graphical interfaces (GUIs) can
support the user with sufficient interactive directness and high visibility. The presented
approach to quantify usability attributes and the interactive quality of user interfacesis afirst
step in the right direction. The next step isamore detailed analysis of the relevant characteristics
and validation of these characteristicsin further empirical investigations. Standardized criteria
need to be developed to test user interfaces for conformity with standards.

In addition to the measures of "feedback” and "interactive directness' two other quantitative
measures have been defined and validated: "flexibility of the dialog interface" and "flexibility of
the application interface" [10] The empirical validation of al 4 measures was carried out with
two different interfaces ("menu" and "desktop") of a database system (described in [9]).
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