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ABSTRACT

Research has shown that organization plays an important role in memory. The present study applies
these findings Lo the design of a command language. The concept of orthogonality is used to maximize the
internal organization of a text editing command language. This orthogonal language is compared to an
organized, but non-orthogonal, and an anti-organized language on measures of predictability, recall, and
performance. Subjects in the orthogonal language condition performed better than subjects in the other
conditions on all measures. General steps necessary to design an orthogonal language are discussed.
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INTRODUCTION

As computers become commonplace, the needs and desires of novice and casual users must be given greater
consideration. One way to make computer use simpler is to develop command languages that are powerful,
yet easy to learn and to use. Included in the growing body of work concerned with the design of command
languages are studies involving the selection of mnemonic symbols (Perlman, 1984), suggestivencss of com-
mand names (Black and Moran, 1982; Rosenberg, 1082), the use of icons (Hemenway, 1982), and menu
design (Card, 1982; Perlman, 1981).

Such work presents some promising suggestions, but has had disappointingly little impact on the
design of actual command languages. Studies to date have concentrated on guidelines for the selection of
*‘good” command names, while neglecting the importance of the language's overall organization.

Psychological research has consistently shown that organization enkances memory performance.
Decades ago psychologists demonstrated that organized stimuli are more easily learned and more accurately
recalled than stimuli lacking organization. Subjects were found to have a strong tendency to recall lists of
related, but randomly presented, stimuli in an organited lashion; grouping related stimuli sach as animal
names together at recall (Bousfield, 1953; Cohen and Bousfield, 1956; Jenkins and Russell, 1952). Further
studies found a direct relation between the degree of objective categorical organization and the amount sub-
jects later recalled (Bousfield, Cohen and Whitmarsh, 1958; Jenkins, Mink and Russell, 1958; Sakado, 1956).

Tulving (1962) extended the work on organizational processes to stimuli that had no apparent 2 priori
organization and found that subjects tended to impose a sequential structure on their recall when organiza-
tion seemed otherwise lacking. He also found that memory performance improved as the degree of subjec-
tive organization increased. This suggests that people have a tendency to impose structure on their

environment and use that structure to enhance memory.

There is further evidence, from the areas of concept formation and rule induction, that stimuli
designed to reflect rules can be learncd very rapidly (Jones and Zamostny, 1975; Kotovsky and Simon,
1973; Restle, 1970; Restle, 1976; Restle and Brown, 1970) suggesting that people are very sensitive to regu-
larities in the presentation of stimuli. Further, intentional learning of objectively organized material is
often no better than incidental learning (Mandler, 1967; Orstein, Trabasso and Jobnson-Laird, 1974) sug-

gesting that organized information can be acquired with minimum eflort on the learner’s part.

The guestion of why organization leads to improved memory performance has important implications
for the design of command languages. Some theorists (Bower, 1970; Tulving, 1967) suggest that when sub-
jects recognize preexisting organization in the stimuli they extract rules which specify the relations between
the various stimuli. At the time of recall these rules serve to restrict the range of response alternatives that
must be considered, or help single out the correct response from the set of alternatives. Subjects extract
rules that describe the reiations between stimuli, then use these rules to caleulate or generate the appropri-
ate response. By extracting a general rule the subject no longer need remember each separate stimulus.

Acknowledgementa: We would like to thank Joachim Krueger for running subjects in a pilot stady. We would alse like to
thank John Conery, Douglas Hintaman, Steven Keele and Michae! Posner for helpful comments on an eaclier draft of this paper.
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One need only remember the rule to both generate the original set of stimuli, and predict stimuli that were
not presented.

Several researchers have recognized the importance of these findings for the design of command
languages (Green, 1983; Green and Payne, 1984; Perlman, 1084). Perhaps the most significant of these stu-
dies is that of Green and Payne (1984). They suggest that the overall structure of a language is more
important than any individual features, and that consistency between the rules of the language should be
used as a ‘‘guiding principle” in the design of command languages. Languages designed with consistency
between the language rules should be easier to learn and remember than languages Iacking consistency.

Green and Payne (1984) used four different experimental command languages, each of which was a
26-command subset of a text-editing language. Each of the four languages represented differcnt combina-
tions of organization and use of mnemonics. Language 1 used both a consistent organizing principle and
what Green and Payne called "sensible” mnemonics. Language 2 used the same organiting principle, but
was non-mnemonic. Language 3 had no overall organizing principle, but used the best mnemonics possible
given the constraint of being able to vary only a single symbol in a command name. Language 4 had sensi-
ble mnemonics, but contained two conflicting organizing principles. Subjects were given 12 minutes to
learn one of these command languages, then were tested with either free or prompted recall.

Green and Payne (1984) found that subjects learning Language 1 recalled significantly more command
names than subjects learning any of the other languages, when tested with free recall. They also recalled
significantly more command names when tested with prompted recall than did subjects learning Language 3
or Language 4. These results convincingly support their hypothesis that languages exhibiting consistent
organization will be easier to learn than languages exhibiting no organization. Green and Payne further
suggest that a consistent scheme of organization within the Janguage ia more important than the particular
names or symbols used to represent any individual command.

The above study has clear implications for the design of command languages. Languages that have a
readily visible structure in the form of a consistent syntax should be easier to learn than languages that
lack such structure. A command language with conflicting organizational rules will be more difficult to
learn than one having no organizational rules, even if the former employes mnemonic command names
(Green and Payne, 1984; Perlman, 1084). We find the principle of consistency between language rules to be
compelling and we believe that it should be further extended.

The diffliculty with which a command language is learned will depend in part upon the number of
relevant elements that must be learned, the saliency of these elements, and the complexity of the rules used
to combine the elements. If the elements are combined according to a simple and consistent rule, the com-
mand set should be relatively easy to learn. The “ideal” command language appears to be one that is
designed to contain a restricted set of elements and to reflect consistent rules of syntax. The use of an
orthogonal command language appears to be a way to achieve both of these goals.

While the concept of orthogonality is a frequently cited design criterion for computer languages (c.f.
Horowitz, 1984; Tanenbaum, 1984; MacLennan, 1983; Meyers, 1978) and is occasionally mentioned in rela-
tion to command languages (Green, 1983; Green and Payne, 1984; Perlman, 1984), to the best of our
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knowledge its oft-cited cognitive advantage to the user has never been empirically tested. Language writers
have stressed its usefulness in providing functionality while reducing the level of complexity in computer
instruction sets, e.g. the PDP-11. Others emphasize the incrcase in generality(power) in higher level pro-
gramming languages, e. g. ALGOL 68, by eliminaling restrictions or special cases.

Orthogonal literally means, ‘‘composed of right angles” but is more commonly understood to mean
that the various components of the whole are independent of each other. Command languages can be bro-
ken down into their basic factors—thsat is, the irreducible information that must be expressed to produce
any action. This should be distinguished from the symbols used within individual commands to represent
the information contained in each factor domain. In the context of a command larguage, orthogonality
means that each basic factor necessary for the execution of the command should be represented indepen-
dently of all other basic factors. A change in a single factor should not cause a change in any of the
remaining factors. For example, in a command language for text-editing the command for moving the
pointer to the left one word should differ from the command to delete to the left one word by only the sym-
bol that distinguishes the DELETE mode from the MOVE mode. Symbols representing other factors should
remain unchanged by a change in mode. Thus, an orthogonal command language would require relatively
few symbols to produce a vast number of discriminably different commands. This reduction in the overall
set of symbols required allows the designer to make best advantage of mnemonics in the selection of com-

mand names.

Although a number of researchers (Green, 1983; Green and Payne, 1984; Perlman, 1984) have men-
tioned the importance of orthogonality in the design of command languages, they appear to have over-
looked ome vital fact. By definition a command language cannot be orthogonal unless each basic factor is
represented independently of all other factors. In the domain of text-editing, most command languages use
two symbol commands (i.e. commands requiring two keys to be pressed}, yet many actions that one might
wish to perform while text-editing consist of three basic factors; those of Mode, Direction, and Unit Size.
When any language uses only two symbols in each command to express three factors, one of the symbols
will, by necessity, contain information about at least two of the three factors. Therefore, it is impossible to
change one factor independently of all other factors. This situation inevitably leads to poor use of
mnemonics in the selection of the symbels making up the commands, or, even worse, conflicting organiza-
tional rules,

Perhaps the best way to clarify this difference between a command language that is orthogonal and
one that is organized, but not orthogonal, is by use of diagrams. A command language that uses two sym-
bols to represent three factors is illustrated in Figure 1a. Apn orthogonal command language is illustrated in
Figure 1b. One indication that the orthogonal command language is more economical is that all three fac-
tors can be represented in a single dingram, whereas the non-orthogonal language requives a scparate
diagram for each change in the factor not explicitly represented on the diagram. Each additional diagram
represents an additional rule that the subject must learn.
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FIGURE 1

Diagrams representing an Organized (a) and an Orthogonal (b) command language.
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These diagrams also suggest that commands should be more easily generated within an orthogonal com-
mand language. A given command does not have to be recognized 2s a unit, but can be derived from the
point of intersection of its various factors.

The economy of an orthogonal language can also be represented with set grammars, developed by
Payne and Green (1983). Both the structure and the legal strings of a command language can be seen in a
set grammar. Maximum objective organization can be achieved by minimizing the number of rules neces-
sary to define the commands. The fewer rules, the more consistent, and therefore more predictable, the
language should be.

Table 1 illustrates that an orthogona! language can be specified with fewer rules than the organized
language. In the grammar for the organized language the mode does not have its own symbol, but rather is
coupled with the unit size. This requires an additional rule to distinguish the two modes. The user must
then know which unit size symbols are used for movement and which are used for deletion. The set gram-
mar also illustrates how a non-orthogonal language is limited in its ability to use mnemonics. As shown in
the example, the movement commands for the organized language exhaust all obvious mnemonics for unit
size, 8o that the designer has been left with poorly chosen symbols for deletion commands.

EXPERIMENT 1

Reisner (1981) equates consistency with predictability, therefore a language with consistent rules of organi-
zation should be more predictable and more readily learned and remembered than a language with incon-
sistent rules of organization. We believe that when the factors of a language are orthogonal predictability
is maximized. Users will be readily able to extract the syutax of the language as well as the mnemonics
used in deriving individual symbols, and to use this knowledge to generate the entire language. Thus, indi-
vidual commands within an orthogonally organized language should be predictable from knowledge of the
underlying rules of organization. Reisner (1981) further suggests that the predictability of commands
within a language could be one way to measure the adequacy of the language's design.

In Experiment 1 the predictability of three languages with different levels of organization was exam-
ined. Each of the experimental languages was a subset of a text-editing language. The first language was a
subset of Emacs, and had little, and often conflicting , organization. This language will be referred to as
anti-organized. The second language was taken from Language i in Green and Payne (1984). They state
that it had a consistent organization and sensible mremonics. This language will be referred to a5 organ-
ized. The third language was created for this experiment using both an orthogonal organization scheme and
sensible mnpemonics, and will be referred to as orthogonal. These languages were a subset of those
presented in Table 2.
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Table 1 : Set Erammar deacription of organized
orthogonal languages.

Organized Languages

Sets
Direction:: (Meta, Esc)
Movement-Unit Size:: (C, W, L, S, |, F)
Deletion-Unit Size:: (D, Del, K Z)
Rules
Sentence ::= Direction + Movement-Unit Size
Sentence ::= Direction + Deletion-Unit Size
Selection Rule
Free Choice
Orthogonal Language
Sets
Mode:: (Move, Delete)
Direction::
Unit Size:: (C, W, L s P, F)
Rules

Sentence ::= Mode 4 Direction + Unit Size

Selection Rule
Free choice




Stanford, Bowden, Locke, and Douglas B

Table 2 : The experimental languages

Orthogonal Organized  Anti-organized

move forward a character esc = C meta C* ctrl F
move backward a character esc — C ese C ctrl B
move forward a word ese — W meta W esc F
move backward a word esc +— W esc W esc B
move forward a line esc - L meta L ctrl E
move backward a line esc +— L esc L ctrl A
move forward a sentence esc — S meta S ctrl
move backward a sentence esc + S esc S etrl
move forward a paragraph esc —+ P meta | ctrl
move backward a paragraph esc — P esc | ctrl
move forward a document (file) esc —+ D meta F ctrl <
move backward a document (file) esc +— D esc F ctrl >
delete forward a character del = C meta D ctrl D
delete backward a character del +— C esc D ctrl H
delete forward a word del - W meta del esc D
delete backward a word del — W esc del esc H
delete forward a line del = L meta K etrl K
delete backward a line del — L esc K etrl L
delete forward a sentence del = S meta Z ctrl .
delete backward a sentence del ~ S esc Z ctrl,

#Meta, esc, and del keys each required individual keystrokes. Ctrl was pressed simaltancously with its associated key.

Method
Subjects,

Subjects were 30 undergraduates enrolled in various introductory level psychology courses at the
University of Oregon. No subjects had previous experience with text-editing languages. All subjects parii-
cipated for course credit.

Procedure

Subjects were randomly assigned to one of the three experimental languages. These languages con-
sisted of anti-organized, organized and orthogonal languages. Ten subjects were tested with each language.
Subjects were tested in groups of 2 to 5. The experimenter gave subjects a brief oral explanation of text-
editing in general, and editing commands. Subjects were then given one of three single pages containing a
list of 16 text-editing actions (see Appendix A). Two of the actions were paired with their correspoading
command names. One command was chosen from each of the modes. The same command-action pairs
were given to all subjects. They were instructed to generate appropriate command names for the specified
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actions using these two command name-action pairs as models. They were allowed 28 much time as neces-
sary to complete the task. The number of correctly generated command names was recorded for each sub-
ject.
Resulte and Coneluslons

Mean number of correctly generated command names, out of 18 possible, was 0.0 (SD = 0.0), 1.3 (SD
= 1.57), and 134 (SD = 0.84) for the anti-organized, orgonized, and orthogonal languages, respectively.
Because no subject in the anti-organized condition was able to correctly generate a command the assump-
tion of equal variance was violated and statistical analysis seemed inappropriate. The differences in predic-
tability between the three languages are large enough, however, that their significance is apparent.

These results show clearly that an orthogonal command language can be generated from a small
knowledge base. Subjects can easily extract the organizational rules in an orthogonal language and then
use this knowledge to generate unknown commands. The organized, but non-orthogonal language was far
less predictable, whereas predictability of the anti-organized language appeared to be nonexistent.

One concern with this experiment might be that mnemonics were not held constant across languages.
Thus, it could reasonably be claimed that the orthogonal language was more predictable because of better
use of mnemonics, rather than the greater degree of organization. It is important to realize, however, that
the differences in the organization of the languages make holding mnemonics constant impossible. For
example, in the organized language given that meta W moves the pointer forward a word, one might expect
that W would again be used to designate word when deleting. However, if W is used to designate word in
both modes, meta must be changed or the modes will be indistinguishable. This would disrupt the
language's organization. Therefore, one cannot attribute the differences in predictability solely to mnemon-
ics. The organizational scheme of an orthogonal language allows it to make better use of mnemonics.

In addition, if differences in mnenomics were the sole factor responsible for differences in subjects’
ability to generate commands, one would expect subjects in the organized condition to be able to generate
about 50% as many commands as subjects in the orthogonal condition because zbout 50% of the mnemon-
ics were identical for the two languages. In fact, subjects in the organized condition were able to generate
less than 10% as many commands as subjects in the orthogonal condition. Even if problems of conflicting
mnemonics or greater memory load, for subjects in the organized condition, are taken into account one
would not expect the difference in performance to be zo large.

EXPERIMENT 2

The results of Experiment 1 suggest that the more organization there i within the structure of a commaad
language, the more predictable the language will be. It is possible, however, that the differences in predic-
tability obtained were due to inadvertent selection of command mame-action pairs that revealed the struc-
ture of the orthogonal language, while obscuring the structure of the organized language. If this is true,
then providing subjects with the entire set of commands should make any existing organization evident.
Knowing the organization of the command language should make the individual commands easier to learn
and recall because forgotten or unlearned commands can be generated from knowledge of the langunge's



Stanford, Bowden, Locke, and Douglas 10

structure. Therefore, if differences in predictability found in Experiment 1 were due solely to poorly
selected examples, they should vanish when the entire language is provided for learning and recall is tested.
If an orthogonal language is truly more predictable we would expect to find supetior recall for individual
commands. The initial part of Experiment 2 was designed to test this prediction.

Researchers in the design of command languages commonly use pen-and-paper tests to measure the
effects of manipulations. However, measures of performance are seldom used. The second purpose of
Experiment 2 was to test subject's performance, while learning, with the languages in actual text-editing
tasks.

Finally, a foreseeable criticism of the orthogonal design is that it requires an additional keystroke to
perform many actions, thus requiring additional time to complete editing tasks. The text-editing portion of
Experiment 2 was also designed to investigate whether performance, while learning, was slowed by the addi-
tional keystroke,

Method

Subjects.

Subjects were 30 undergraduate psychology students at the University of Oregon who participated for
course credit. None had previous experience with the use of text-editors.

Materials.

Materials for the recall test consisted of a single page containing a brief description of text-editing
commands and a list of 20 command names paired with their actions. The three languages are presented in
Table 2. The recall test cousisted of a second single page containing a list of the 20 actions. Each action
was preceded by a blank in which command names were to be written.

Materials for the performance test, in addition to the recall test described above, included three one-
page documents illustrating the editing tasks they were to perform. The first of these documents required
subjects to use only commands for pointer movement. The second document required the use of commands
for deletion, which, by necessity, involved the use of commands for pointer movement. The final document
illustrated more realistic editing tasks, requiring the use of all of the previously practiced commands plus
text insertion. This will be refered to as the realistic editing task. All languages were implemented with an
automatic insertion mode. Each document contained 10 editing tasks. The order in which the tasks were

to be performed was clearly specified. These documents are presented in Appendix B.

During the performance task subjecis worked at a Digital VT-100 terminal connected to a VAX 750
mainframe computer. An IBM XT microcomputer was used to collect keystroke data. Time was recorded
with a hand held stop watch.
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Procedure.

Subjects were tested individually. Each was randomly assigned to one of the three experimental
languages. The languages were taken from those used in Experiment 1. Ten subjects were tested in each
language. They were first given a brief oral introduction to text-editing. They were given the single page
of 20 command names paired with their actions and were allowed 5 minutes to study the list. After the
study period subjects were given the prompted recall form and recalled as many command names as possi-
ble. Subjects were allowed as much time as necessary to complete this task. Number of correctly recalled

command names was recorded.

Subjects were then seated at a computer terminal and were again given the list of command names
and their actions, which they were allowed to refer to at any time during the performance tasks. Subjects
were provided one at a time with the three one-page documents illustrating the tasks they were o perform.
They were not allowed any practice prior to each test. They completed ail tasks on the movement docu-
ment befare being given the document illustrating deletion tasks. When the deletion tasks were completed,
subjects where given the realistic editing document. Time required to complete each set of tasks was
recorded. Each subject’s edited document and record of individual keystrokes were saved for future error
analysis.

Resulitn and Concluslons

In the recall phase of Experiment 2, mean number of correctly recalled command names was 9.10 (SD
= 3.98), 16.0 (SD = 4.35), and 19.9 (SD = 0.32) out of 20 for the anti-organized, organized and orthogonal
languages, respectively. A one-way analysis of variance revealed a significant difference in the number of
command names recalled [F(2,27) = 25.74, p < .001]. The least significant difference for the 0.05 level was
calculated to be 2.64, revealing that all differences among the three means were reliable. These results
replicate the basic findings of Green and Payne (1984) providing support for their hypothesis that the
overall structure of a language is a more important influence on easc of learning than any individual com-
mand name features.

In the performance phase of Experiment 2, mean times necessary to complete each of the three editing
tasks were calculated for the three language conditions. These data are presented in Table 3.

The experiment involved a 3 X 3 mixed design with experimental language as the between subjects
factor and text-editing tasks as the within subjects factor. Analysis of variance yiclded significant main
eflects of language [F(2,27) = 6.08, p < 0.01] and of task [F(2,54) = 27.25, p < 0.001] as well as an
interaction |[F(4,54) = 3.90, p < 0.01]. The least significant difference between language means at the 0.05
level was 183 seconds. Only the performance times of the subjects learning the orthogonal and anti-
organized languages differed significantly, and then only on the pointer movement task. Although this was
the only reliable difference in time necessary to complete the editing tasks, differences in the realistic task
approached significance (difference of 174 seconds) and subjects learning the orthogonal language con-
sistently required less time to complete ihe tasks than subjects learning either of the other languages.
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Table 3: Results from experiment 2.

I\lean times and standard deviations, in seconds, necessary for ten subjects in each of the experimental
anguages to complete the text-editing tasks.

ORTHOGONAL ORGANIZED ANTI-ORGANIZED
MOVEMENT 259 452 622
(SD = 91.4) (SD = 146.8) (SD = 183.7)
DELETION 506 602 598
(SD = 138.3) (SD = 214.4) (SD = 130.6)
REALISTIC 564 675 738
(SD = 102.8) (SD = 210.9) (SD = 197.2)

These results provide some evidence that the additional keystroke required by the orthogonal language, in
this experiment, did not slow performance.

To determine whether any relation exists between performance on the recall test and performance on
the text-editing tasks, mean times for the combined tasks were calculated for each subject. Recall scores
and mean time values were correlated, r (27) = - 0.60, p < 0.0], indicating that pen-and-paper tests can be

useful indicators of users’ actual performance with command languages.

Error rates were negligible for subjects in each of the experimental language conditions, therefore no
analysis was performed.
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DISCUSSION

The present results provide support for Green and Payne's (1084) hypothesis that consistency between
language rules is more important than the match between any one command and its name. An orthogonal
language is easier to learn and to use than either a language with conflicting rules of organization or a
language with consistent, but non-orthogonal organization. This is due to the fact that when each basic
factor necessary for the execution of an action is independently represented in the command, any command,
whether previously learned or unknown, can be derived from the point of intersection of the relevant fac-
tors.

Command Language Design

A designer who wishes to design a command language in which the commands a7e orthogonal to each
other must first identify the basic factors that are necessary for the execution of the actions. Next, each of
these basic factors would be assigned a unique set of symbols representing different values within the factor.
For example, direction is a basic factor that can have different values relative to the position of the pointer.
It is at this level of assigning symbols to the different values of a factor that mmnemonics come into play.
Finally, a consistent syntax should be used to combine the symbols.

The above steps, though simple, seem to have been overlooked by all researchers. Several have men-
tioned orthogonality as a means for increasing the internal organization of a language but have invented
commands that used too few symbols to independently represent each basic factor of the action (Green and
Payne, 1084; Perlman, 1984). As mentioned earlier, many text editing commands require the user to
specify the mode of the operation, the unit of text the operation should be performed on, and the direction,
relative to the pointer's current position, in which the operation should be performed. An orthogonal
design requires three symbols under these conditions. Commands for actions in domains other than text-
editing could be similarly broken down into their basic factors. These basic factors would then be
represented independently of each other in the command language.

There are some situations in which an orthogonal design may be diflicult to implement. For example,
in text-editing, block manipulation actions cannot be executed with a single three-keystroke command.
Therefore, to maintain orthogonality these actions must be divided into several subcommands. To move a
block of text would require a cut command and a pointer movement command, each of which contains
three basic factors, and a paste command to insert the text at the proper location. The paste command
contains only one factor and therefore does not fit the previously specified othogonal design. To maintain
simplicity, it may be necessary to have subsets of orthogonality in which commaads with the same number
of basic factors are grouped together.

A second problem is the necessity for multiple keystroke commands. Initially this increases ease of
learning, but as the user becomes more familiar with the system, the additional keystrokes may become a
nuisance. Advanced and expert users are no longer concerned with learning the system. They are con-
cerned, however, that the language be concise and efficient. We suggest than any command language
intended for expert, as well as novice users, contain default commands based on the larger commands but
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minimizing keystrokes. For example, if all commands were to default to the forward direction then the for-
ward direction symbol could be made optional.

Another way to overcome the problem of additional keystrokes might be to allow chording. This
would allow the user to issue a command by pressing a combination of keya simultaneously. Some commmon
examples of chording are found in the performance of pianists and typists. There is some evidence that
chording is not difficult to learn (Gopher, Koenig, Karis, and Donchin; in press).

Extenslons to Programming Lengusge Design

We believe that the basic concept of an orthegonal design, 2s advanced in this paper, can be general-
ized to the design of programming languages. The use of orthogonality is not new in the domain of pro-
gramming languages. Ghezzi and Jazayeri (1082), cite the differences in orthogonality between the way
Pascal and ALGOL 68 implement parameter passing. Pascal’s lack of orthogonality leads to many restric-
tions including the fact that fles cannot be passed by value, components of a packed data structure cannot
be passed by reference, and functions can only return values of a restricted set of types; they cannot return
arrays, records, sets or files. On the other hand, the extreme orthogonality of ALGOL 68 limits the reada-
bility of the program by allowing virtually anything to be combined with anything else. This leads to
extremely complex procedures. Consider the following example from ALGOL 68 cited by Ghezzi and
Jazayeri (p. 261):

(real z,y,; read ((z,y)); if <y then aelse A1) ;=
b+1fa:= a+l;a> bthen c:=c+i; +b
else c:=c-1; 8
fi

In Ada parameter passing has been implemented orthogonally while maintaining simplicity. This pro-
gram feature is divided into two basic factors; how the parameter is to be used (input, output, or both) and
how it is to be passed {by reference or by value andfor result). Ada allows any combination of these fac-
tors. The user declares each parameter as in, out, or in out and the compiler chooses between pass by refer-
ence or pass by copying based on efficiency considerations (e.g. the number of words that the parameter
occupies and its data type) (MacLennen, 1983). By leaving it up to the compiler to determine how the
parameters are passed, the designers of Ada have reduced the complexity of this feature for users and have
prevented them from choosing an illogical combination of the two features or one that is technically
difficult to implement.

ALGOL 68's use of orthogonality has also led to the criticism that orthogonality adds to the complex-
ity of languages by necessitating the addition of combinations of features that are not useful, or are techni-
cally difficult to implement (Hoare, 1973; MacLennen, 1083). We argue that it is more important to break
s programming language down into related subsets of featurcs, and then implement each of these subsets
orthogonally, than to create useless combinations simply to maintain orthogonality across the entire
language. This could be accomplished by isolating the basic factors within a subset and changing only the
symbols identifying these factors in order to change the meaning of 3 statement.
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ALGOL 68 is also criticized for its confounding of orthogonality with generality, thereby reduciag the
language's simplicity. For example, ALGOL 68's for-loop construct can take any number of forms, allowing
a sequence of control variable values to be generated by any number of assignments, while statements, or
if-then-else statements. This greatly reduces the readability and clarity of the code. In the orthogonal
design we have proposed, the programmer would be allowed to make one-for-one substitutions within a fac-
tor, but would not be allowed to use an unrestricted number of symbols simultaneously. Orthogonality
could be carried to its logical extreme by allowing the order of factor combination to be totally unres-
tricted. Again this would greatly reduce the readability and clarity of the code. We argue that a language
should have a clear and consistent syntax for the combination of factors.

CONCLUSIONS

The results of the present studies suggest several major conclusions. First, findings in psychological
research of a relation between the degree of organization and later memory performance can be extended
into the domain of command language design. Second, orthogonality as a principle of design, can contri-
bute positively to the user's ability to learn the command language. Third, there are general steps that
should be taken when attempting to build a high degree of consistency into a command language. Fipally,
pen-and-paper tests of recall and predictability can be useful in predicting performance with a language on
real-life tasks.

Jorgenson, Barnard, Hammond and Clark (1983) have shown that designers normally deal with com-
mands individually, rather than designing the language as a whole. In this paper we have argued that a
language that is easy to learn and use cannot be created simply by combining various mnemonic symbols.
Mnemonics and organization are not mutually exclusive principles. The use of well chosen symbols without
explicit consideration of the overall organization of the language cannot lead to a good language, however a
language with consistent organization can take full advantage of well chosen symbols.
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APPENDIX A

Experimental Materials Used in Prediction Test, Experiment 1

We are interested in how people generate text editing commands.
The following is a list of operations you might want to do when
text editing. Look at the following two examples and fill in
the blanks below.
ESC — C move the pointer forward a character
DEL ~ W  delete the word to the left of the pointer
move the pointer forward s word
move the pointer forward a sentence
delete the character to the right of the pointer
delete the document to the left of the pointer
delete the line to the right of the pointer
delete the word to the right of the pointer
move the pointer backward a paragraph
move the pointer forward a paragraph
move the pointer backward a word
move the pointer forward a line
move the pointer backward a line
move the pointer backward a character
delete the character to the left of the pointer

move the pointer backward a sentence

19
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APPENDIX B

Experimental Materials Used in Learning Performance, Experiment 2

NOTE: The documents used in Experiment 2 were chosen from Roberts, T.L. (1979)Evslustion of Com-
puter Text Editors, Technical Report SSL-70-0, XEROX Palo Alto Research Center, p. 145, 148-149.
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Movement Tasks: Instructions’

Move the pointer to each of the numbered spots, in the order indicated.

Move forward one word

Move to the end of the line

Move to the end of the document (file)
Move to the beginning of the line

Move to the beginning of the paragraph
Move to the end of the sentence

Move backward one word

Move backward one character

©® ® NP ek WD

Move to the beginning of the document (file)
10. Move to the end of the paragraph

* The numbers associated with these tasks correspond to those on the decument., They can be considered a
description of the task the sabject is to perform.
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Movement Tasks: Document

1 DearI Madam:

I am taking the liberty of writing this letter to you, the Editor-in-2
Chief, because I believe that you personslly may be interested in my
services.

I am twenty-four years old, unmarried, a graduate of Columbia
University, School of Journalism, 1969, rating among the first five of a
class numbering one hundred. During my college years, I worked for
three summers in the Production Department of Rivers and Company,
assisting in various capacities and learning methods and techniques in
preparation for an editorial career. In my junior and senior years, I
was Assistant Editor of the college newspaper, The Spectator.19

After my college graduation, I worked three years for the Benson
Publishing Company, in the Assistant Editor’s office. My work comprised
editing manuscripts of many different types, helping in the interviewing of
prospective authors, conferring with the Assistant Editor about the
acceptance of manuscripts, and doing considerable research and rewriting
on some of those that were accepted.

For the last two years, I have been Assistant Editor at Wesley House.

In that capacity, I have handled a great deal of the fiction that

the firm has published during the past year.

Here, again, I have worked with authors, including much consultation and
collaboration while they were writing their manuscripts. This procedrue
saved the firm considerable editorial expense after the manuscripts were
accepted for publication.

My relations in my present position are mutuallly pleasant, but I feel I can
use my ability to still better advantage. I believe that my services are
worth $200 a week.

SI should sincerely appreciate the courtesy of an interview at your 8
7convenience® In that event, I shall of course bring with me the best of

references,

Very truly yours,
1 Kelly M. Starr 3
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Deletion Tasks: Instructions®

Delete each of the sections within the boxes, in the order indicated and from the position of the naumber

9.

Delete one word
Delete a line

Delete one character
Delete a sentence
Delete one word
Delete one character
Delete a sentence
Delete one character

Delete a line

10. Delete a line

* The nambers associated with these tasks correspond to those on the document. They can be considered a

description of the task the subject s to perform.
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Deietion Tasks: Document

I
| Dear[Sandy,

’ I just can’t get used to the fact that you're not in our old home town
any more, nor in the office with me. How long is it now

since you left here? The calendar says it is eight months, and you
can't argue with the calendar, though I'm inclined to do just that.

Neither of us is a very good coerﬁmpondent but I think it is my turn to
write, and first of all I want to say, give me more news about yourself.

Is the new job out there on the Coast proving worth your having made the
move! Is the manager easy to get along with, and does he appreciate

your talents and ability? I've heard he is rather “hardboiled.” Have you
found a good apartment? Last time you wrote, you were still looking. How
about recreation? Is there a good bowling club for you to join? I I know

you'd be lost without oneﬂ

As for me, you'll be glad to hear that I am to be promoted next month--
Assistant Sales Manager, no less! You'll have to address me as “Ma’am’ after
this. I'll get considerably more salary and that will be mggst welcome,

|with the cost of living apparently going up!lﬁldeﬁnitely.q[Lou Mayer and I |
plan to spend our vacation together next summer at Lake Placid. He likes
the outdoors as much as I do.

Chris Turner in our office-you remember her--has at last become engaged to
Par Macy, the Personnel Manager. We all saw that coming—or perhaps she

kkdidn’t. And, oh yes, the town has condemned the property at 12 Walnut

Street. About time, everybody says. It certainly was an eyesore.

5 3
Well, that's labout|all. (How am I doing? @lease do at least as well
when you answer, and let that be soon, Sandy.

As always,
Lee
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Realistic Tasks: Instructions®

Change ‘e to “‘a”

Change “Ninth" to “Tenth”
Change ‘“‘for” to “'because”
Correct spelling of “old”
Insert “our”

Insert ‘‘many”

Delete “‘are the”

Delete “that”

Delete ‘‘’s"

© ®© N e & e W N

10. Correct spelling of “‘opportunity’

* The nnmbers essociated with these tasks correspond to those on the document. They can be considered a
description of the task the subject is to perform.
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Realistic Tasks: Document

4 November 1051
1_!
Deer Customer:
.. 2 : X
This is our Tenth! Anniversary—but you are having the party!

- 3 -
After all, that's absolutely appropnate, it's you, and other good
and loysal customers like you, who, by their generous and continual
patronage, have made our mail-order business flourish, so that each of our

anniversaries has been bigger and better.

4,
All our patrons,jodl/and new, can enjoy the party for the next two

weeks. And it will really be a party—with a dozen great bargains for

you and hundreds of other friends.
S

The enclosed post cards, which can be used for your orders, give you an
idea of what is in store for you.

Note, for instance, how we have slashed prices on men's fine
handkerchiefs with corded borders and rolled edges; spun nylon socks;
three-year-guaranteed stainless-steel cutlery; long-wearing auto-seat

covers; and,other items.
6 7

Look over the enclosed cards now, and find out what|are the|articles
you want and need. We may not be able to offer you these
wonderfully low anniversary prices again—these phenomenal savings for
you, your family, your home.

q
You have a weekE] trial, free, of any starred article you select.
Merchandise is prepaid to your door. If you're not entirely satisfied, or

return the goods, and owe us nothing.
Thisoportutiny; may not occur again. Mail your order cards IMMEDIATELY?
s oportuting

Yours for anniversary savings,
Dana Eliot Hastings

President, Buy-Mail Corporation
Enclosures




