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ABSTRACT

COMMUNICATING WITH GRAPHIC USER INTERFACES:
A COMPARISON OF MENU SELECTION AND
MENU BYPASS TECHNIQUES

Monty Lee Hammontree
Old Dominion University, 1991
Director: Dr. Glynn D. Coates

The present study was conducted in two phases to determine design
tradeoffs relating to command bar menu and bypass code-based techniques
for interacting with computers. Forty eight subjects participated. In the
first phase of the experiment, mouse-, chorded key-, and function key-based
menu selection techniques were compared. It was found that menus were
accessed much faster with spatially mapped function keys as compared to
chorded key sequences or mouse inputs, and that relative to mouse inputs
compatible letter keys lead to faster command selection times. Further, the
function key-based technique yielded the fastest combined access and
selection times, the fastest block completion times, and the fewest errors.
In the second phase of the experiment, four experimental conditions were
produced by crossing two menu input devices (i.e., mouse and keyboard)
with two bypass coding structures (i.e., function key-based codes and
chorded key-based codes). It was found that the groups which used
function key-based codes entered the menu designating portion of the
bypass codes faster than those that used chorded key-based codes. The

coding structure based on spatially mapped function keys also yielded faster
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task completion times. Furthermore, there were fewer command
substitution errors with this coding structure. Comparisons between the
groups with no prior exposure to the code sequences (i.e., the groups that
used the mouse to make menu selections during the first phase) revealed
that the function key-based technique also led to fewer command
ommissions and fewer extraneous command selections. Finally, subjective
data showed menus were felt to be easier to learn, less demanding in terms
of mental resources, and less anxiety provoking than bypass codes. In
contrast, bypass codes were felt to be more natural, more convenient to use,
and faster in terms of task times and better in terms of task performance.
The findings of this study clearly indicate that both menu- and bypass code-
based styles of control should be provided to promote user acceptance.
Furthermore, the performance advantages observed for the function key-
based technique point to it as the menu selection and bypass technique of

choice.
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INTRODUCTION

There are two basic means by which a human can specify to a
computer the actions he or she wishes to have performed: naming and
pointing. Specifying actions by naming entails the entry of codes or terms
that correspond (i.e., map) to the alternative actions. Specifying actions by
pointing entails physically manipulating a pointing device (e.g., a mouse)
in a fashion that indicates to the computer which of a series of visually
represented actions are to be performed. These two modes of
communication have evolved into a variety of human-computer
control/dialogue styles.

A number of authors have examined these evolving control styles and
have, in turn, identified the more popular or prototypical approaches
(Hammond & Barnard, 1984; Margono & Shneiderman, 1985; Ramsey &
Atwood, 1979; Shneiderman 1987; Shneiderman 1988; Smith & Mosier,
1986).

Margono and Shneiderman (1985) suggested there are three basic
control styles which are used in human computer interfaces. The three
control styles to which they refer are menu-based, command language-
based, and direct manipulation-based. These three styles are
distinguishable by the amount and type of guidance that is presented at the
moment that a command selection is made and by the manner in which
this selection is made.

If a list of available options is displayed as the user chooses a course of
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action, the style of control in use is considered to be menu-based. Within
menu-based systems, commands can be chosen from a menu either by
referring to the commands by name or by an identifier (e.g., by typing), or
by pointing at the desired option.

In cases where a user selects a course of action without the benefit of
on-screen aids or guidance, the style of control in use is referred to as
command language-based. When using this style of control the user selects
the desired course of action by recalling and entering the required notation
(e.g., by typing the name or coded referent for the command).

Finally, if the user specifies a given course of action by directly
manipulating a graphic representation of the task domain, the style of
control is referred to as direct manipulation-based. By definition, this style
of control is achieved by manipulating the graphic representation directly
with a pointing device rather than by naming (e.g., typing instructions).

Shneiderman (1988) suggested that user skill and experience have a
profound influence on the trade-offs associated with the use of a given
control style. He suggested that menu-based and direct manipulation-
based styles of control are particularly well suited to the needs of the novice
user in that they provide an environment in which the user can interact
with the computer simply by locating and selecting familiar words, codes,
or visual representations displayed on the screen. However, he suggested
that the opposite is true for experts. Shneiderman wrote:

Knowledgeable frequent users do not want to be distracted by
having to locate an item in a list, nor do they want to have to
view and move a cursor over a form. They can manipulate the

possibilities in their mind and want concise notations for
issuing commands with modest feedback. (p. 703)

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



In the face of the paradox created by the relationship between user
experience and the suitability of the various control styles, Shneiderman
concluded that researchers and system designers should actively seek
useful and appropriate ways to blend together the characteristics of the
various styles.

With Shneiderman’s directive in mind, this chapter addresses: 1)
current lore and conventional wisdom regarding the use of menus, direct
manipulation, and command languages; 2) the benefits to be derived from
blending these control styles; 3) empirical research relevant to the design
and evaluation of mixed command selection techniques; 4) the manner in
which today’s graphical user interfaces handle command
selection/execution; 5) the experimental rational underlying the present

study; and finally the 6) hypotheses tested by this study.

ntrol Style Strengths an kn

Norman (1984) proposed that there are four stages of user activity that
take place as a user interacts with a computer. These four stages are: 1)
forming the intention (i.e., mentally characterizing the desired goal); 2)
selecting the action (i.e., translating the intention into one of the actions
possible at the moment); 3) executing the action (i.e., entering the selections
into the system); and 4) evaluating the outcome.

Literature relating to the strengths and weaknesses of various control
styles suggests that the different styles have different trade-off values for
each of the stages of user activity and that the virtues of one style are quite
often pitted against the deficits of another. This same body of literature also
suggests that trade-offs for the various stages of user activity interact with

the level of user experience.
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Menu-based control — strengths and weaknesses. Norman (1984)

pointed to the fact that menus can serve as a source of information for the
intention and selection stages of an interaction and that menus can also
provide information, or even the mechanism, for the execution stage. He

further notes that:

...fans of menus usually are those who weight highly the
information provided for intention and selection. Foes of
menus are those who do not need assistance in these stages
and who object to the loss of time and workspace during
execution and evaluation. The differences come from differing
needs at the different stages. (p. 372)

An examination of available literature suggests that menus have been
touted as a means to: reduce memory load; structure or guide the decision
making processes of novices; aid learning and cut training costs; create an
easy to use interface for novice, casual, or intermittent users; reduce keying
errors, syntax errors, and erroneous command entry; support error
handling; reduce keystrokes; and minimize the need for keyboard skills
(see Table 1).

Further examination of the literature reveals that menus have been
criticized, however, for: being a slow mode of control when the user has
clearly formed intentions and the knowledge necessary to carry them out;
creating the perception of being slow; taking up valuable screen space;
being cumbersome and inflexible; being annoying/frustrating for
experienced users; causing the user to feel that they are not in control; and
requiring awkward, time-consuming hand movements to and from the
keyboard to auxiliary pointing devices (e.g., a mouse) (see Table 2).

Clearly, many of the leaders in the field of human-computer
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TABLE 1
Advantages of Menu-Based Control u ing Author

ADVANTAGES OF SUPPORTING AUTHORS:
MENU-BASED CONTROL: [1}2[3|4{5|6 7|89 [0]11]12}13]14[15]16[17|18]19]20]21]22
Is an easy to use mode of 71 vl szl

control for novices, casual,
and/or intermittent users.

Structures/guides the decision { |,1 |, 7l 71 Izl vl
making processes of novices.

Aids learning - is easy to 7 v/ v v
learn.

Reduces training costs. 7/ VI v/

Reduces memory load - viIRYarav; v iRV arav
requires recognition rather

than recall.

Leads to fewer keying errors, pav; vavav; v
syntax errors, and/or
erroneous command entries.

Supports error handling. v
Reduces keystrokes. vav
Minimizes the need for v

keyboard skills.

Novices prefer menu-based 7
control over command
language-based control.

1) Antin (1988); 2) Badre (1984); 3) Bertino (1985); 4) Bosser (1987); 5) Card (1984); 6)
Davies, Lambert, & Findlay (1989); 7) Hall (1982); 8) Heffler (1981); 9) Larson (1982); 10
Laverson, Norman, & Shneiderman (1987); 11) Liebelt, Macdonald, Stone, & Farell
(1982); 12) Norman (1984); 13) Norman (1983); 14) Paap & Roske-Hofstrand (1988); 15)
Shneiderman (1988); 16) Shneiderman (1987); 17) Shneiderman (1986); 18) Streitz (1987);
19) Streitz, Leiser, & Wolters (1989); 20) Streitz, Spijkers, & van Duren (1987); 21) Taylor
(1986); 22) Walker & Olson (1988)
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TABLE 2

Disadvan of Menu-B ntrol rting Author

DISADVANTAGES OF SUPPORTING AUTHORS:
MENU-BASED CONTROL: 112|3|4]5]6|7|8 |9 [10|11]12]13[14]15|16
Navigation and visual search requirements slow [ |/ /| 1/] I/ lv iz /1] 1/ 1/

users who have clearly formed intentions and
the knowledge necessary to carry them out.

Experienced users perceive it to be a slow v v /
means of control.

Takes up valuable screen space. v yavavar;

Is cumbersome and inflexible. vl v/ 7l

Creates feelings of annoyance and frustration szl 1/ ViR
in experienced users.

Causes the user to feel they are not in control. v

May require awkward time consuming hand 7
movements to and from the keyboard to an
auxiliary pointing device (e.g., a mouse).

1) Antin (1988); 2) Badre (1984); 3) Bertino (1985); 4) Davies, Lambert, & Findlay (1989);
5) Foley, Wallace, & Chan, (1984); 6) Hall (1982); 7) Heffler (1981); 8) Larson (1982); 9)
Laverson, Norman, & Shneiderman (1987); 10) Liebelt, Macdonald, Stone, & Farell
(1982); 11) Norman (1984); 12) Norman (1983); 13) Paap & Roske-Hofstrand (1988); 14)
Shneiderman (1988); 15) Taylor (1986); 16) Walker & Olson (1988)
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interaction have reached similar conclusions regarding the trade-offs
involved in the use of pure menu-based control systems, which is that
menu-based control is well suited to the needs of the novice or intermittent
user, but that pure menu-based control is not very well suited to the needs of
the expert user. However, other authors appear to offer contrasting
opinions (e.g., Shneiderman, 1980; Taylor, 1986).

On the surface, Shneiderman and Taylor appear to suggest that
software and technological advances have alleviated many of the
shortcomings of menu-based selection, and that menu-based selection is
well suited to the needs of both the novice and the expert user. A closer
examination of these works, however, reveals that one of the advances to
which each of these authors allude is the provision of shortcut methods
(e.g., type ahead) that allow the user to bypass the selection of commands
from menus. Such functionality is not indicative of menu-based selection;
instead, it creates a mixed menu/command language-based system in that
commands can be selected with or without the aid of on-screen guidance
(i.e., a menu). For this reason, the comments made by these authors
pertain to mixed systems and do not reflect characteristics of a purely
menu-based approach.

Direct manipulation — strengths and weaknesses. Margono and
Shneiderman (1985) suggested that the central goal of direct manipulation
systems is to give the user an impression or feeling of close contact with the
objects and actions of interest. They suggested this is achieved by
minimizing the distance between what the user intends to do and what the
system can do, and by giving the user the feeling they have control over the

objects in the task domain. Margono and Shneiderman wrote:
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When these aspects are included in an interface, they may
make the user’s learning process easier, since little effort is
needed to get from intention to action and from output to
interpretation. Hence, the goal is that the user should learn
the task domain instead of the computer system. Thus, a good
direct manipulation interface eliminates the visibility of the
computer system and its interface from the user, i.e., it should
appear to the user that the task domain is manipulated
directly. (p. 154)

Likewise, Hutchins, Hollan, and Norman (1985) suggested that
achieving the above mentioned goal:
...means that the translation is simple and straightforward,
that thoughts are readily translated into the physical actions
required by the system and that the system output is in a form

readily interpreted in terms of the goals of interest to the user.
(p. 317)

Thus, as was the case with menu-based selection, direct-manipulation
interfaces provide a source of information for the intention and selection
stages of an interaction. By definition, direct-manipulation interfaces also
provide the information and the mechanism for the execution stage. This
style of control is further characterized by the provision of clear and
immediate feedback that allows the user to evaluate the outcome of a
transaction.

A review of available literature suggests that direct-manipulation
interfaces: are easy to learn; are easy to remember; reduce error rates and
consequently the need for error messages; provide clear feedback; create a
sense of user understanding/outcome predictability; create a sense of user

control; reduce user anxiety; promote easy translation of user thoughts into
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actions; encourage exploration; lead to high user satisfaction; and allow for
easy reversal of actions (see Table 3).

However, further examination of the literature reveals that the use of
direct manipulation does involve trade-offs. Direct manipulation has been
criticized for: being distracting to experts (i.e., forcing them to locate
objects and actions on the screen when they already have clearly formed
intentions that they wish to express as efficiently as possible); not being as
efficient a means of control for expert users as would a command
language; not aiding in the transition to the use of a command language;
utilizing graphic representations that take up excessive screen space;
fostering some situation/action combinations that may be cumbersome;
relying on analogical representations that can be misinterpreted by users;
utilizing powerful complex commands that reduce generality and
flexibility; often being weak in terms of macro techniques; having difficulty
with history tracing; and requiring more programming effort and more
system resources (see Table 4).

It is evident that the trade-offs that have been associated with the use of
direct manipulation closely mirror those associated with the use of menu-
based selection. As was the case with menus, the general opinion is that
direct manipulation is a good medium for providing user support but that it
may not adequately meet the needs of users who desire maximally efficient
methods of system control (see Smith and Mosier, 1986).

Command Language Control — Strengths and Weaknesses.
Command-based control can be characterized as the minimal-frills
approach to sequence control. Efficiency of input is typically emphasized to
the exclusion of ease of learning and initial ease of use. Norman (1984)

noted that command-based systems (c.f., operating systems) traditionally
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TABLE 3

Advantages of Direct Manipulation-Based Control by Supporting Authors

ADVANTAGES OF AUTHORS:

DIRECT MANIPULATION-BASED CONTROL: 1]2(3]4]5]6[7]8
Is easy to learn. WWivl VIVIV
Is easy to retain. YYIVIVIY
Reduces error rates. Wl iVl v
Provides clear feedback. 4 444
Creates a sense of user understanding/outcome predictability. | VIVl ¥
Creates a sense of user control. 444
Reduces user anxiety. 44 v/
Promotes easy translation of user thoughts into actions. 444
Encourages exploration. |V
Leads to high user satisfaction. 44
Allows for easy reversal of actions. / 4
1) Hutchins, Hollan, & Norman (1985); 2) Margono & Shneiderman (1985); 3)
Shneiderman (1988); 4) Shneiderman (1987); 5) Shneiderman (1983); 6) Shneiderman
(1982); 7) Smith & Mosier (1986); 8) Ziegler & Fahnrich (1988)
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TABLE 4

Disadvantages of Direct Manipulation-Based Control ortin

Authors

1

DISADVANTAGES OF

AUTHORS

DIRECT MANIPULATION-BASED CONTROL:

1

2

3

4

Expert may find it distracting to have to locate objects and actions on the screen.

4

Is not as efficient a means of control for experts as is a command languages.

Does not encourage/facilitate the learning of the expert mode of interaction (i.e., a
command language).

Utilizes graphic representations that take up a lot of screen space.

Fosters some situation-action combinations that may be cumbersome.

Relies on analogical representations that can be misinterpreted by users.

Utilizes powerful complex commands that reduce generality and flexibility.

Is often weak in terms of macro techniques.

Often experience history tracing difficulties.

Requires more programming effort and more system resources.

4) Smith & Mosier (1986)

1) Hutchins, Hollan, & Norman (1985); 2) Shneiderman (1988); 3) Shneiderman (1983);
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provide little or no user support for the intention, selection, or execution
stages of human-computer interaction. Instead, the user is expected to
memorize the appropriate commands.

A review of available literature suggests that command languages:
are preferred by experts; are a faster and more powerful mode of control for
experts; provide experts great versatility/flexibility; require very little screen
space; and support/promote user initiative (see Table 5).

Further examination of the literature reveals, however, that command
languages have been criticized for: being difficult to learn; creating a high
memory load on the user (i.e., being difficult to retain); not providing
sufficient user help; requiring substantial training; resulting in higher
error rates, especially for novices; creating early learning problems that
stifle user motivation; not being able to guide users or prevent them from
trying commands in inappropriate contexts; and creating a feeling of
indirectness (see Table 6).

It is clear that the trade-offs that have been associated with the use of a
command language-based style of control are virtually the inverse of those
associated with the use of menus and direct manipulation. In other words,
command languages have generally been praised in terms of the efficiency
with which expert users can execute commands. However, for all stages of
user activity, such systems have been widely criticized for not providing
sufficient support for those users who need it. As a result, without other
forms of support (e.g., menus), such systems are not likely to be efficient,

except for the most hardened user.

Combining Control Styles

Since the virtues of a command-language style of control are directly
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TABLE 5

Advantage of Command Lan -Based Control

rting Author

ADVANTAGES OF

SUPPORTING AUTHORS:

COMMAND LANGUAGE-BASED CONTROL: 1]213]4|5]6]7]s8
Experts prefer command languages over other modes of control. v 4444
Are a faster and more powerful mode of control for experts. /I VIVIY 4
Provide great versatility/flexibility. 7| VIl 4
Require little screen space. 4
Support/promote user initiative. 4

1) Heffler (1981); 2) Larson (1982); 3) Norman (1983); 4) Paap & Roske-Hofstrand(1988);
5) Shneiderman (1988); 6) Streitz (1987); 7) Streitz, et al. (1987); 8) Taylor (1986)
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TABLE 6

Disadvantages of Command Lan -B

Authors

ntrol u

rtin

14

DISADVANTAGES OF

SUPPORTING AUTHORS:

COMMAND LANGUAGE-BASED CONTROL: 1{2 3456|789
Are difficult to learn. v sivlel 1zl
Create a high memory load on the user. v aravimy;
Do not provide sufficient user help. VAR YiImY;
Require substantial training. v
Result in higher error rates especially for novices. 7
Create early learning problems that stifle user motivation. 7
Do not guide users or prevent them from trying commands in v/
inappropriate contexts.
Create feelings of indirectness. Vs

(1989); 7) Streitz, Spijkers, & van Duren (1987); 9) Taylor (1986)

1) Bosser (1987); 2) Larson (1982); 3) Margono & Shneiderman (1985); 4) Norman (1983);
5) Paap & Roske-Hofstrand (1988); 6) Shneiderman (1988); 7) Streitz, Lieser, & Wolters
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pitted against the deficits of menus and direct manipulation, and vice
versa, it is easy to visualize how combining or blending these styles would
generate a number of synergistic effects. In fact, it has been projected that
these styles could be combined or blended together so as to yield a
control/dialogue system that would: effectively serve a broad user
community (i.e., one that varied in experience and skill); support learning
as well as ease of execution; reduce annoyance/frustration due to
incompatibility between interface features and user needs; adapt to changes
within a given user (e.g., experts slip back into casual user status, novices
become experts, etc.); adapt to organizational changes (e.g., employee
turnover); and encourage/facilitate the learning of an expert mode of

interaction (see Table 7).

Empirical Research

In the sections that follow, empirical evidence is examined relating to:
1) the design of naming based techniques for selecting commands from
menus; 2) the comparison of naming and pointing techniques; 3) the
formation of rules for producing menu-bypass codes/shortcuts (i.e.,
developing command languages for menu-based user interfaces); 4) the
differential suitability of the base control styles; and 5).the mixing or
coterminous use of multiple styles.

Selecting commands from menus by naming. A command can be
chosen from menus (i.e., a displayed list of options) either by entering an
item identifier or by pointing at the desired selection. Perlman (Experiment
2, 1985) examined the former.

Perlman compared different types of item identifiers (i.e., codes used to

select items from menus) in terms of the time it took subjects to make cued
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TABLE 7
Advan f Mixed Control orting Author

ADVANTAGES OF SUPPORTING AUTHORS:

MIXED CONTROL: 1j2|3]4|5|6{7 |89 [t0]11]12[13]14
Better able to serve a user community that variesin | |||/ yavavavavamy.
skill and experience.
Reduces annoyance/frustration due to mismatches 7| Wvivizizly 7l
between interface features and user needs
Accommodates changes within a given user (e.g., varavavavavanav: v
novices become experts over time).
Accommodates organizational changes (e.g., v
employee turnover).
Supports learning as well as ease of performance. |, |/|/l/1/|/ 71 vlvly
Encourages/facilitates the learning of expert v v
strategies.
Is preferred over single strategy systems. 7 v
1) Antin (1988); 2) Badre (1984); 3) Bertino (1985); 4) Davies, Lambert, & Findlay (1989);
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