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ABSTRACT

The ability of computer users to specify problem solu-
tions with the help of example solutions was investigaiced as a
function of the user's backyground and experience, various levels
of processing, and various levels of problem complexity. |

Two participant groups (programmers and bookkeepers/
accountants) working with three levels of problem complexity
and three levels of processor complexity were used. The ex-
periment task employed in this study required specification of
a logic for selection of a Navy task force.

The results showed that specification of problem -.olutions
by example-solutions led to low rates of errors—-of-cormmission.
Further, the rate of errors—of-omission was significantly
affected by the deyree of generalization of the example inputs
by the automatic processor. The results also suggested that the
strategy used in developing the example solutions may be a
significant factor in the generation of accurate problem solution
specifications.




INTRODUCTION

The processes by which computer programs are de-
veloped and tested, as well as the process of revising established
programs, are apparently so incompatible with the human
memory and information processing capabilities that computer
programs often cannot be synthesized in a precise manner.
Instead, they are often ceveloped in a "cut and try" manner, where
the development proceeds on what is essentially an iterative
refinement basis. For instance, Ramanoorthy (1978)
proposed a design methodology, shown in Figure 1, that
explicitly recommends repeated revisrions of the four elements
of the design: 1. requirement and specification; 2.
design; 3. implementation; 4. evaluation '~d validation.

A model that explains the success of a "cut and try" design
method also points out its major weakness: If program errors
are eliminated one-by-one as testing proceeds, the program
can only be improved providing new errors are not introcduced
when old errors are corrccted. LEven moderately-sized
computer programs ~7.on reguire reooetitive debugging and
patchup to make them acceptable; but errors in large
programs may not be discovered until the program has
actually been used in the field. Further, the program
development process is uncertain since program developrrent
schedules and costs fregu. 'y exceed estimates thought to

be more than adequate.

The research reported here involved an investiga-
tion of the ability of computer uscers to specify r-oblem
solutions, This ability is ovalua.cd as -~ “unction of tin
user's background ard coxperienc., the complexity of the
problem to be solved, the complexity of the availel "o
processor (computer), and the avaiiable feedback aids.

In order to provide background information, a review
of current developments in software enginceing is presented.
This review indicates that developments in structured ~rogramming
are, to sormme extent, basced upon limitations in human information
processing capabilities; but are mainly c¢fforts to enhance
computer program ouality, an issue which is conceptually
different from the specification of problem solutions. Further,
developments in automatic programming technology, by which
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computer programs can be automatically synthesized, have indicated
that ultimately the user may be required only to specify accurately
the problem solution,since the computer programs themselves

will be automatically synthesized from solution specifications.

Developments in Software Engineering

Several possible reasons exist for the difficulties
involved in the design and implementation of computer programs.
For instance, it may be that a given task requires attention to so
much detailed information and specialized knowledge of machine
information (often unique to a particular computer installation)
that the human analyst and/or programmer might have extreme
difficulty in remembering and recalling the required information.
Another po.. .ible reason may be that the step—by-step nature
of the programming task prevents adequate consideration of the
overall computer program. Wha' ver the true reason, a
considerable number of ongoing efforts are designed to address
such problems. These efforts fall into the following, somewhat

F overlapping, categories:
1. Design methodology,
2. Programming languages,
3. Automatic programming,
4, Program test a ' wvalidation,

Design Metho'»slogy

Structured software design methodologies have been and
continue to be deveioped based on the belief tha*t the process of
producing a computer pr_.gram governs the quality of the program.
As described by Bergland (1979), these structured techniques
impact on all components of the software production process.

Various princin’ :s of structured design have been
discussed by Yourdon & Constantine (1979), and by Jensen &
Tonies (1979). Yourdon & Constantine have indicated that the
limitations of humar information processing should be used as




a basis for defining a computer program design process. Further,
they suggest that Miller's "Magical Number 7 £ 2" item limita.ion
on human short-term memory capability (Miller, 1956) should be

a guiding principle in program design. Yourdon and Constantine
have identified program complexity in "human terms" as being
ruiated to program size, and have suggested that there may be

an effective limit to the number of pieces (modules) into

which a problem can be decomposed.

In a somewhat simi'ar approach, Jensen and Tonies (1979
recognized that characteristics ol the human pruslem-solving
process must be considered while formulating a software
design process. These authors hove suggested that software
design should be broken into chunks which are more amenable
to human comprebhension. This is gencer~'ly accomplished
by attacking the problem at an abstract ' wvel and then proceeding
to more detailed levels of (csign.,

Although Yourdon and Constantine have provided what is
considered to be an initial numan processing capability basis
for software development, short=lerrm memory s by no
means the only human information ovrocessing capability
involved in software development. Additional factors of interest
include the effect of problem and machine complexity, and the
utilization of ubstract anu concrcete levels of communication in each
step of the design proce-

Programming Languages

The continued development of new programming languages
is based upon a rationale similar to that given above, i.e., that
the process of generating a program, which is influenced by the
programming language,ultimately governs rrogram guality. Many
new programming languages are a result of previous work by Dahl,
Dijkstra, & Hoare (1972) ar{ by Dijkstra (1976). For example, the
PASCAL programming language (Welsh & McKeag, 1980) and its
extensions, as well as the newer ADA language (Wegner, 1980) were
both developed from this carlier .work.  Theoe approaches, which involve
the structured step—-by-step refinement of information, have con-
siderable appeal from a mathematical viewpoint and apparently en-
hance the development of "correct" machine code; however, as men-
tioned above, the present investigation is not designed to address the
development of "correct'" machine code, but rather to investigate




factors that affect the rapid and accurate specification of problem
solutions from which computer programs are generated.

Automatic Programming

Another approach, which falls into both the automatic
programming category and the program language catecory listed
above, combines results from both prog~amming language and
artificial intelligence research. This rcs orch has already
suggested a dramatic reduc. N in thc effort reguired to provide
machine code and has highlighted the increasing im: »wtance of
adequate problem analysis and correct prooram specification.

It is generally agreed by researchers in programming languages
and in artificial intelligence that the process of generating a
computer program can be logically divided into two steps:
"program specificiation” and "program synthesis' (RBiermann,
19786). Other researchers have referred to these steps by
other names: '"top ,art, bottom part" (Prywes, 1977),
"program acquisition, program coding'" (McCunc, *©77), and
"formulating the plan, formalizing the plan™ (Wile, Palzer, &
Goldmann, 1977). It is generally agreed :hat once a nroaram
has been specified, program coding can proceed without dif—
ficulty. Various program synthesis (coding) systems have been
constructed and demonstrated by the rescarchers cited above,
among others.

The first of the two steps, program specification, nas
been studied from various viewpoints, including artificial
inte'ligens -, as reported N a survey by .Jiermann (1976),
where inputs from the user might include examples, or input-—
output specifications, or natural langue~n commands; and
the nosition of Wile, et al. (1977) who insist that the user is
responi~le for formulating the plan. AL present, p« aram
specification is the ma’ -~ impediment to automatic pr- . ramming;
yet research to d-te ha. generally concentrated on the machine
side of the man—machinc interface, in which the human
programmer (user) is considered as mercely an inputter
of program specifications. But since the user is the
key element in the automatic programming process,
machines should be adapted to human capabilities @ ither than
humans to machine processes. Major issues here in—
volve the unigue capabilities of the human user in specifying

5

o e rem— et ot =




program: , ... well as the influence o' machine processing
(generalizations) and feedback aids on the specification process.

Program Test and Validation

An enormous number of methods and tools for testing,
inspectinyg, and checking computer programs have been devised
(Meyers, 1979). Such tools, however, are frequently not
geared to testing programs as problem solutions, i.e., does
the program solve the problem at hand?

Two requirements govern program test and evaluation
efforts. First, the testing must in part be problem independent
(e.qg., attem;.ts to determine whether a program will reach
completion); second, part of the testing must be problem
dependent (e.g., to determine whether a given .. ograr solves
the problem intended to be solved). The first of these re-~
quirements i35 a function of the prograr: code only. The
second is dependent in part on the availability of a correct
specific ation of the problem solution. This is the subject of
the researcl: reported here,

Use of Computer Resources

specification, testing, and use of computer programs
require interactive cormmunication between the user and the
computer system. The level of abstraction necessary to
specify a problem solution essentially defines the level of com-
munication at the system interface. But whatever the aids are
that prove to be superior in supporting the desired level of
communication, they too require 'he use of computer resources,
i.e., of processing time and memory. Thus, a need exists to
determine the nature of the tradeoff between total system per-
‘ormance (speed and accuracy of communication) and computer
resources in order to apply systems more efficiently to situa-
tions in which resources are limited. Determination of the
exact nawure of that tradeoff, in order to enable a system
designer to cunsider such issues along with all other resource
demands when designing the total system, is one objective of
the present research effort.




Need for Flexible Communication

There is another way to view the user/computer process
considered here. In the design of computer interface systems, a
desicner typically views the user with regard only to his/nher
level of knowledge about the system. For instance, Schneiderman
(1980), in an extensive review of interface design methods, has
identified various design check lists (Hansen (1971), Wasserman
(1973), Pew & Rollins (1975), Gaines & Fa.ey (1975), Cheriton
(1976), Gebbhardt & Stellmacher (1978), Turoff, Whitescarver
& Hiltz (1978), and Kennedy (1974)) in which many worthwhile
suggestions are offered, yet the cardinal rule agreed upon is
"know the user.”

Such limited views of user populations permit scaling
of input only according to user know'edge of the system. Thus,
the beginning users are typically presented with a "menu,”
listng a set of typical put sec. ces for potential use. The
experienced user, however, is typically provided with a set of
general commands, from which he can, w 1 greal ‘reedom,
design his own specific input commands.

This view, though importan, neglects another ntenface
dimension which is critical to efficicent and effective com~ mca-
tion. In every communication, whether it be boetween o user
and a machine, or person to person, there s a ¢roal amount
of information left unstaicd: information that is assumeoed oither
to be known or to be irrelevant. For instance, 1n uscer/computer
communications, much information is stored in Mmemory, system
status registers, [/O buffers, ete., ‘ol is typically not com-
municatcd. This uncommunicated ~formation s often the
key to such difficult—to-answer guestions as: Wy didn't the
system respond the way | anticipated? I 1 hit anot~or AT TURN,
will 1 lose the data just entered? In what mode is e computer
operating? What are alternative commands? *How can ' qget this
system to process my data without adding 1 to each entry?, etc.
In general, the issue at hand is: how can a user es.cblish com-
munication or generate commands when unsure of the correct way
to proceed?

The existence of such problems suggests that multi-
level communication of both abstract and concrete information (i.
e., both general stataments and examples) may provide a method
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for effective 2-~way communication between users and computers.
In such a situation, if the effect >f a general command is not
understood by a user, the computer can illustrate by presenting
examples of specific c..;es. Thus a user can be provided with
general prograr.. instr ctions and with detailed solution examples.
If given general prooram instructions, the computer can return
example solutions. If given detailcd solution examples, the computer
can generalize from them and return general instructions as well

as additional example solutions. Such multi-level communications
are used extensively and effectively in person-to—person communica-
tions. High levels of abstraction provide effi-ient compact com-
munications; examples (concrete or low-level abstraction) are used
to enhance the understanding of what is communicated in ahstract
terms.

With respect to the user/computer communication process
described above, we note, first, that a user’'s capability to specify
a program quickly and accurately (i.e., to specify the solution to
his/her problem) is not only important, but is ! “Mined as a
joint function of the type of problem, the available machine capability,
and the availability of feedback aids. Second. :hc machine
capability necessary to support the required problem sowtion specifica-
tions must be translated into computer resources, and the user's
performance capabilities must be established as a function of these
resources, Finally, when multiple .evels of information ahstraction
are available, the capabilities of the users to specify actual programs
must themselves be specificd.

METHOD OF ARPPROACIHH

Recognizing that specification of a problem solution is the
first step in implementing the solution and in time may be the only
step required for specification of a computer program, the ob-
jectives of the work reported here were as follows:

1. To determine if different levels of abstract in-
formation enhance a user's ¢« rced and accuracy in
specifying problem solutions;

2. To determine the effects of problem complexity,
processor complexity, and user population ex-—
perience and background on the specd and ac-
curacy of specifying problem solutions;
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3. To determine the computer resources required
to support high levels of speed and accuracy in
specifying problem solutions.

Since planning, designing, writing, and testing of a
computer program are all required to implement and determine
the adequacy of a problem solution, the process of actually de-
veloping a computer program was used as an initial mocde! for
identifying a suitable task for the experimc~t. In particular,
literature describing various types of prorr-amming errors was
examined in detail. Thayer (1976) and Motley (1977) for example,
have developed a technique for coding programming errors,
as well as statistics for measuring frequency of occurrence
of different types of errors. Such efforts have shown that
programming errors classified as "logical"” constitute a larger
percentage of errors than any other type. These authors have
distinguished logical errors from such other categories of errors
as computational errors, input/output errors, data handling errors,
etc. Their conclusion, however, was that by far the greatest
incidence of programming errors fell into the logical category.

The term '"logical,'" as was used here, is defined in
a somewhat broader context than that of eiher Motley or
Thayer. For purposes of this effort, a "logical! ~roblem" is
defined as a problem whrore the solution is a logical fu-._tion of
known independent factors. Using this definit'on, errors may
arise if one neglects the fact that a change in a <ingle variable
may change the total result (i.e., each independ:nt variable may
be important to the solution). For background, a brief discussion
of logical functions as a basis for the arnroach presentied is
provided.

_ogica' Functions

If N logical variableg eoxist, it is possitle to form 2
logical combinations, and 22 possible logical functions of those
variables Thus, if three logical variables exist, there are cight
possible combinations of those variables. A general logical function of

three variables is given by:
D =K, ABC+K2AB(_:+KQAE\J+K4ABC+

K ABC + K _ARC + K_ ABC + K_ ABC
5 5 7 8
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where the bar over a letter (e.g., 6) represents 'not C,"
Ki s equal to 1 or O depending on whether the corresponding
combination is or is not included in the logical fu-ction, and
"+ represents the logical "OR" opera“ion.

For ex 'mple, if K is egual to 1 and all remaining

K's are set equal to 0, then the function specified is:
D = ARC
In another example, with K1 and K, set equal .. 1, and the re-

maining K's set equal to 0, the function is:
D = ABC + ABC

which is read: "D equals A and B and C or A and B
and not C" which simplifies to:

D= AB

A logical function can be specified in two ways.
One is at a general level in which the logical function is
simply written out; e.q.,

D = AB

In the second, the function is specified by giving example
solutions, such as shown in Table 1.

Table 1

Example Logical Specification

D A B C .

T T T 7T

T T T F
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Here we have ‘wo example solut.ms which state that when A and
B and C are true, condition D is true; and also, when A and

B and not C are true (l.e., C is false), condition D is also
true. A complete speciication of a  three-variable equation
requires eight indepcendent solutions such as shown in Table 2, If,
however, an associated computer processor waore to gcneralize
by the rule "The ouput is always 1alse unless speci©od

as being true,'" the two oxample solutions provided in Table 1
would be sufficient 1o - ympletely specify the necessary logical
function.

With the first method discussed above, the problem solu-
tion is complete’, specilied by the formula. With the second
mea~thod, the pre - colution is implicitly specified by example

solutions. I wr nethod can be used to communicate the
solution. e aTTer Ty with soecifying general solutions g
that, as the fur tion cocomes increasingly more complicated, it
becomes rrore AfTicult Lo Laserstand and rectify.  As

a cesull, e usor will often covertly generate for his/her
own u=e, A number of oxample solvtions which may

then be employed 0 verify the agencral solution. This process
often occurs in testing a computer program.

Table 2

Specification of Logical Function

O A B C
r I

L = : = F F
R R G §
Lo F 1 = T F
o F 1 F T T
T 1T F _F
' T T F T
LT T T F
. T | T T T
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The advantage -'rovided by a general solution is that it
is a compact way of representing and communicating the solution.
The advantage of specifying solutions by means of examples is
that they are easily uncerstood and checked. Their disadvantage
is that, as the number of variables (N) become large, the
number of example solutions r\ﬁguir‘ed to completely specify the
logical function increases by 2 ,

Dealing with logical problems of this type is believed to
be a fundamental difficulty not only in specifying problem solu-~
tions for comp ter programs, but also in many other problem
areas where there are a large number of variables to be
considered and where each can be of equal importance. These
problem arcas include specification of instructions for virtually
any purpose (e.g., instruc‘ng individuals in military, industrial,
and home situations), including instructions for developing
solutions for computer implementation as well as for using
computer systems.,

Work Completed

The portion of the ongoing research completed and reported
here consists of results obtained for two participant categories, each
worki-'g with three levels of problem complexity, and three levels
of processor complexity.

The experimental task required that the participant
enter example solutions into a computer. The computer then
examined those example solutions, and formed a general solution.
This general solution was refined by the computer as the participant
entered each new examnle solution. The participant was able
to check the computer's general solution by:

1. requesting and examining example solutions
generated by the computer in accordance
with its general solution, and

2. by examining the computcr's general solution
function.

R ST O .




The Task

The experimental task employed in this study re-
quired specification of a logic for the sclection of a hypothetical
Navy task force. The task involved choosing ships from
a ship list which identified tne ship type, the transiting time
19 (..e., time required for the ship to get from its present
position to the desired site), and stationing tinie (i.e., the
number of days the ship could remain on station with
available provisions). The participant was reqguired to
specify example ship combinations for each problem
worked. This ranged from the simple task of soeccify—
ing three different ship .. mbinations in the first proolem,
to additional, more difficult combinatior 5 in later problems.

In addition “o this specification of ship combinations,
the participant also had to specify by ex.mple Lolutions
the range of transiting and stationing times required. For
instance, if the required transiting time was 10 days or
less, the participant had to search the ship list to find
one example ship of the proper type that would establish the
degired upper limit on transiting time. Al:o, the pariicinant
had to search the list to find another ship of the proper
type which had a transiting time that established the desired
lower limit. Thus, the participant's task was not only
to establish the proper combinations of ship types, but
also, for each ship and combir tion of ships, to establish
by example solutions the desired range of transiting and
stationing times.

Eacihh articipant was also required to Zeal! with
various processor complexity levels. He/she did not have
previous «nowledge of ~ow a particular processor (computer)
would interpret the example solutions provided. For instance, at
one complexity level, the processor would generalize transiting
and stationing times over particular ship types only. At another
processor complexity 'wvel, the processor would generalize
transiting and stationi - times over all .nip types in a particular
combination.

13




The participant evaluated the general solution
(processor ship selection logic [ SSL]) produced by the
processor to make sure it was a correct solution. If it was
incorrect, the participant modified it by providing additional
example solutions. The participant could also evaluate the
processor's general solution by asking the computer to
generate its own examn»le solutions and then by evaluating the
newly generated solutions for accuracy and cornpleteness.

Design of the Experiment

The experiment us.d a repeated measures Latin
Square design (Plan #9 citced in Winer, 1971, pp. 727 - 736).
The design is shown in Table 3. The factors investigated
were:

a. 3 levels of problem complexity,® as measured
by Halstead's tI Metric, where each level re-
quired a o.%ferent amount of effort to correctly
specify the problem solution,

b. 3 levels of processor complexity® wihere each
level required thet a different amount of in"orma-
tion be provid. by the user to correctly specify
the solution.

c. 2 participant catcgorics: bookkeepers/accountants
and expert computer programmernrs,

Each factor was fixed, but the group (G) and the —articipants
within each group were random factors. (An additional factor,
various levels of feedback aids, will be naalyzed  in later ex-
periments.) The order of presentation for each group (G)
was randomized, resulting in the presentation schedule shown
in Table 4 for programmers and in Table 5 for bookkeepers/
accountants.

*Measures of problem cuomplexity and processor complexity
are discussed in subscquent scctions of this report.

14
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Table 3

Schematic for Experiment Plan

Programmers
03
G1 A1 2 AQBS A B1
e B A58 A373
A AR
C3 {178 | 21 A58,

Bookkeepers/Accountants

Rl R

, AB. | AB rA B
Ca 12 2 3 3 1
3 3 T A B
Cg A5 1 A5, A3 |
A B3 ANRE 3 i

Se 173 | 7oy "3

A, 1s a level of problem complexity.

i
Bi is a level of processor complexity.
Each combination of A, and B, is an
) i
experiment cell. ]

G

k

15 a group of 10 participants.
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Tab'e 4
Computer Programmers
Problem/Processor Order
Session #
Participant # 2 3 4 Group Order
Problem/Processor

14 31/1 15/2 52/3 1 5
15 21/3 15/1 52/2 2 5
16 3t1/2 15/3 52/1 3 5
17 52/ 31/1 15/2 1 4
18 52/ 31/3 15/1 2 4
19 52/1 31/2 15/3 3 4
20 170 52/3 31/1 1 4
21 15/1 52/2 31/3 2 1
22 15/3 52/1 31/2 3 1
23 31/1 52/3 15/2 1 6
' 24 31/3 52/2 15/1 2 6
25 31/2 52/1 15/3 3 3
26 52/3 15/2 31/1 1 3
27 5R/0 15/1 21/3 2 3
28 52/1 15/3 31/2 3 3
29 15/2 31/1 52/3 1 2
30 15/1 31/¢ 52/2 2 )
31 15/3 31/2 52/1 3 o)
| 32 15/2 52/3 31/1 1 1
! 3 15/1 H2/2 31/3 2 1
34 15/3 52/1 31/2 3 1
35 15/2 31/1 52/3 1 2
36 165/1 31/3 52/1 2 )

a7 1:/3 @ /o 52/1 3
¢ 52/3 31/1 15/2 1 4
39 52/2 a1/ 15/1 2 4
40 52/1 31/2 15/3 3 4
1 31/1 B2/8 15/2 1 6
42 31/3 SN 15/1 2 6
43 31/2 5o/ 15/3 3 6

Notes: Problem numbers were assigned randomly to conceal the

relative comploxity of the problems.

They wore:

#52, and #31 in order of increasing complexity.

#93, #15,

Session 1 = U3/3 (1 'roblem #93, Processor #3). This was
the pre—~test. Darlicipants #1 - 13 were used in the Pilot
Test, NOt in the experiment.,
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Table &
Bookkeepers/Accountants
Problem/Processor Order

Session #

Participant # 2 3 4 Group Order

44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
82
63
64
65
66
67
68
69
70
71
72
73

Notes:

Problem/Processor

31/1 15/2 52/3 4 5 J
31/3 15/1 52/2 5 5 ‘
31/2 15/3 52/1 6 5

52/3 31/1 15/2 4 "4 ;
52/0 31/3 15/1 5 4 '
52/1 31/2 15/3 6 4

15/2 52/3 a /1 4 1

15/1 52/2 31/3 5 1

15/3 52/1 31/2 6 1

31/1 52/3 15/2 4 6

31/3 52/2  15/1 5 6

31/2 s2/1 ' 15/3 6 6

52/3 15/2 31/1 4 3,

52/2 15/1 31/3 5 3

52/1 »/3 31/2 6 3

15/2 31/1 52/3 4 .

15/1 31/3 52/2 5 2

15/3 31/2 52/1 6 2

15/2 52/3 31/1 a4 1

15/1 52/2 31/3 5 1

15/3 52/1 31/2 6 1

15/2 31/1 52/3 4 2

15/1 31/3 52/1 5 2

15/3 31/z2 52/1 6 2

52/3 31/1 15/2 4 4

52/2 31/3 15/1 5 4

52/1 31/2 15/3 6 4

31/1 52/3 15/2 4 o)

31/3 52/2 15/1 5 S

31/2 52/1 15/3 6 6

See Table 4.
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Referring to Tables 4 and 5, the numbers in column one
are the numbers assigned to the participants. The numbers in
columns two, three, and four refer to the problerm number and
processor level number, - 2spectively; e.g., 31/1 = Problem
Number 31, Processor Number 1. The numbers in column five
refer to the groups to which the participants were assigned and,
in column six, to the order of problem presentation.

Each participant was given:

1. a description, via video tape, of the ex-—
periment task along with an illustrative
solution to the task.

2. a description, via video tape, of the
procedure for entering data into the
computer,

3. a pre-test problem - a low-level complexity
problem with Processor Level BS (least
generalization).

4, Test Problem #X, Processor level 1.
5. Test Problem #Y, Processor Level m,
6. Test Problem #2Z, Processor Level n.

Note that values for X, VY, Z, 1, m, n were taken from Tables
4 or 5 in accordance with the participant's group number

When Step 3 above was completed, the performance
score on the pre-test was determined. If the participant's
input example solution yielded more than one correct ship
combination and the minimum/maximum times for transiting
and stationing respectively were not equal (these two conditions
were taken as evidence that the participant understood the
instructions), the participant was permitted to entr the experi-
ment. If the participant did not input example solutions
yielding the result cited above, he/she was not permitted to
enter the experiment.

18




Pilot Test

Eight programmers and five bookkeepers/accountants
were used in the pilot test to determine suitable levels of
problem complexity. The time required for presentation of
instructions and for completion of each problem was also
determined. Each pilot participant received the test instruc-—
tions and was asked to solve four problems of different levels
of complexity. All test problems in the pilot test used
Processor Level BS'

Resul's of the pilot test indicated that:

1. The ship 'ist should be removed from the
computer. Initially, the ship list was presented
on the computer terminal, but it was found
that participants continually referred back to it
and took notes about suitable ships. This
proved to be too time consuming, so, for ref-
erence, a typewritten copy of the ship list was
given to cach participant.

2. The initial problem design required excessive
time and had to be revised so that a problem
could be completed in one hour.

3. Time required to read the instructions was
excessive in som cases.  Therefore, it was
decided to pace the instructions by presenting
them simultancously via video tape and type-
written copy - the participants could then
follow along with their typewritten copy.

The Experiment Task

The experiment task was described to the participants
as follows:

"In order to investigate the ability of individuals to
develop accurate instructior.. and to test interpretations of
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their instructions, we are conducting this experiment in which
you will be presented with several problems of various levels
of difficulty and asked to develop Instructions, in the form of
Example Solutions L0 problems that we specify. You will also
be asked to enter your example sc . utions into a computer
terminal. The example solutions that you enter will be
interpreted by the computer as Instructions to be used in
solving the general prob' for which your inputs are example
solutions.

"Example solutions ‘o problems are like specific
instructions which can be interpreted (or generalized) for broad
application. Thus, each example solution is part of a specifica~
tion of a general solution. As several example solutions are
developed and input to the computer. The computer will
begin to form a general solution. In order to evaluate the
computer's general solution for accuracy and completeness, you
must test it by commanding that the computer develop its own
solutions which you can then evaluate. If the computer's
general so'ution is wrong or incomplete, you will have to
develop additional example solutions to show ‘e computer
where it was wrong in its general solution. This iterative,
interactive process will continue until you have provided
enough example solutions, tested the computer output, and are
satisfied that the general solution selected by the computer is the
proper so'ation. During this process you will be provided
with feedback aids from the computer to assist you in your
task.

"Nustrative Prob'em (A pro..cm and solution to show
you P w it is done)

The Navy has o 1 orderced to be ready to assemble a
task force for an extended m..sion in the Indian Ocecan. In
order to identify possible ships for this task force wioen the
assembly order is given, Harry Smith, an analyst tor the Navy,
has been asked to spc. ify the instructions necessary to scan a
file of available ships, to apply the ship requircments necessary
for the composition of the task force, and to select one or more
"solutions" (i.e., suitable ..ts of ships) for the mission,

"Since it is not known when the assembly order will
be given and the list of available shins changes from time to
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time, Harry's job is not mercly to select a suitable set of

ships for the mission. Instead, Harry's job is to develop
multiple example solutions that together cdofine the logic (i.e.,
specify all combinations) of the ship selection process. The
objective is to spec’®y the logical rules for selecting ships; then
later, when the ships arc actually to be identified for the
mission, the logic can be applied to the list of available ships
and the appropriate ships selected automatically by the computer.

"Harry's fir © step i1s to obtain the criteria for - this
task force.

. The ships’ needed for the task force are:

] One (1) nuclear attack aircraft carrier (CVAN)

° Two (@) submarines (S3)

) Two (2) destroyers (DD)

° One (1) otler (AO)

2. The present position of the ships and their speed
must permit arrival at the assembly point within

5 days.

3. Fuel on board must permit stationing without
resupply for a 10 day »eriod.

"Harry's next step is to construct a list of ships which
includes the necessary data on avaitable ships. He constructs
a ship list instead of using the actual ship file because the ac.ual

file of available ships may not cont .in al' combinations of ship

types, arrival times, and fucl loads necessary to permit se'oction
of example s0’. Tons cpocifying the ncecessary combinations of
ships (t.e., necessary to specify the ship selection logic). 'He
developed the ship list shown in Table 7, and entered it into the
computer."

(End ot Lxperimoent T oask Description)

*Note: When a nuclcear ship is specified, a non-nuclear ship
1s not accepta 1 likewise, when a non—-nuclear ship

is specified, a nuclear ship is not acceptable.
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Problem Variations

Four problems of differcnt complexities were used in
the experiment. Complexity is a function of the number of
correct solution combuina. ons and is defined in the next section.
The problems were assigned random identification numbers so as
not to reveal their relative complexity to the participant. One
problem #93) was used in the pre-test an' the other three
problems were used i the experiment, The least complex
problem (Problem #93) required spc. .fication of three different
ship combinations each involving four types of ships. The next
level of problem complexity was Problem #15, which required
six ship combinations ac 'in using four Jdifferent ship types. In

order of increasing ¢/ 'rxily were Problem #52, which required
9 ship combinacwons cach v Jolving oither 4 or 5 ship types,
and, finally, Problem #31, which required 14 combinations
each using 5 ship ty; .. The four —~oblem statements are

provided in Appendix A,

Measurcment of Problem Comnlexity

T T e

Halstead's E M. ric (Halsteod, 1977) is a measure of
the mental effort (E) (i.e¢., the number of discriminations)
required to accomplic.' a task. The m tric permits decomposition
of a task into a number Hf clementary discrimnations required
by the task. ‘alstead's L. vietric is freqguently used in software
research. L permits - omparing (and in some cases combining)
results obtained by different rescarch programs. Halstead's
E Mcetric 1s given by:

[a)

E = V‘—/ \/* (1)
where: V is the "program volume”" and V* is the 'potential
program volumc." V i. Yven by:

vV = N log, n )
where: N = N1 ' N2 3)

n - N + nu 4

N1 = The total number of operator:

N2 =  The total number of operands

n1 = The un e operator count

n = The unique operand count

Yy
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V* is given by:
V¥ = n* log, n* (5)
where: n* = n1* + ng* =2+ ne* ®)
n1* = The potential operator count
n2* = The potrential operand count.

According to Halstead, the minimum possible number of oper.iors
n, ¥ for any algorithm is 2, one opcrator for the function name and
another for its assignmont. Thus n, *=0

=4

‘he minimum number of
The quantity N in equation (3) is
the quantity n in equation (4) is the
"vocabulary size;" and the guantity n* in equation (6) is the "potential
vocabulary size." All of these quantitics are abstract and may be
difficult to visualize.

Furthermor: , 0 * is evalun
different input/output parameters.
called the "program ler “h;"

In order to compute the E me: 'ic for this experiment, the
problem solutions were written in explicit logical form and the
operators and operands were counted. Thus, for instance, the solution
to Problem #93 was written:

(CVA and CVA and SS and SS)
or

(CVAN and CVAN and SS and SS)
or

(CVA and CVAN and SS and SS)

CVA is an aircraft carrier non nuclear
CVAN 1is an aircraft carrier nuclear
SS is a submarine,

wher. :

According to this solution:

The number of unique opzrators (n1) 3

i.e., "AND," "OR," "()" ~e the three unique operators
The number of unique operands (n2) =3

i.e., CVA," "CVAN," "SS" are the three unique operands
The total number of operators ’ 1) =14

i.e., there are S AND's, 2 O, and 3 ()'s in the solution
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The total number of operands (Ng) =12

i.e., there arc 3 CVA's, 3 CVAN's and 6 SS's in th.
solution.

n = 2 as indicated previously,

n = 3, i.e., CVA, CVAN, SS are the three
potential tnput/output parameters

The calculation of Halstead's L&+ .ctric for cach problem is given in
Table 6.

The Experiment Mrocessors

Based on the examp.c solutions input into the computer by
the participants, tie procossor (computer) is able to form a ship
selection logic (SSL) by which the comuuter can select ships in
a potentin! task force. The SSL consists of:

a. < et of shitp combinations,

b. minimum/maximum (MIN/MAX) values for transit
T times for each ship type tn each set of ship combinations,

c. MIN/MAX values tur stationing times for each ship
type in cach ot of ship combinations.

MIN/MAX values for tran.it . Slationing times were a function of
the procoessor generalization capability (i.e., processor complexity).
The three contlexity levels ernployved in this study were:

Leovel !51; The M0 and MAXR transit and stationing times
sy Lo all winps e Condless of type or combina-
Ltion.

Level 13 20 The MIN and MAX fransit and stationing times
- apply te all Lhips vy sach particular combination.

_evel HS: The VN and MAX transit and stationing times
apnly to cach ship type tn each combination.

A solution to an Tustrative problem showing the effect on the SSL of
each level of processor complexity is prescnted in Tables 8A to 80.
rable 7 i the list of shiLs used in the illustrative problem.

Table 8A provides the problem statement and four ex-—
ample -o' tions thal arce assumed to have been entered into
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Table 7
List of Shions
Fuel Supply
Transit Time on Station
_Shin # Ssthap ! ~eeguired (Days) (. ays)
1 CVA 5 10
2 CVA 4 20
3 CVAN ) 20D
4 SVAN 5 100
5 CA 4 3
8 CA 7 m
/ CcG 4 10
8 CcG e} 20
& CON 5 100
10 DL 5 10
11 DL 5 5
12 DO 0 10
13 PN 4 12
14 DD 7 10
15 DL & 10
16 SS & 7
1. SS ) *0
14 SS 4 10
) SS & 12
20 S5 3 12
21 SN 5 1220
22 SSN (8 200
23 SSN 4 250
24 NO . 20
25 AO 5 30
26 AO 7 20
_egend:

CVA Attack Aircraft Carrier CCN Guided Missile Cruiser

CVAN Attack Alrcraft Carrier

(Nuclear Propulsion)

(Nuclear Propulsion) DD Destroyer
CA Heavy Cruiser 5SS Submarine
Cco GCuided Missitle Cruiser SSN Submartine (Nuclear Propul-
AO Orler 510N)
20
/
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Table 8BA

An Tlustration of the  tect of
The Three |V rocessor Levels of Cunplexa.,

The criteria " the ltask torce are:
1. T ¢ ships neceded for Lhe task force are:

° One (1) nuclear attack arcraft carrier
(CVANY or altack aircratt carrier (CVA)

° Two () submarines (09)

® Two (2) destroyer  (L2)

L Cne (0, otler (AQ)

The present posttion of face shaps and thewr

speed must permit arrival at the assembly
Nt witinn S days.

3. Fuel on buard muoet permit stationing w.hout
resupply for oo 10 day period.

These problem criteria specify two distinct combinations

of wips, as follows:

Compination ':  CVAN, SS, SS, DD, DD, AO

Combination 2: CVA, sS5, S5, Db, DL, AO




Tawle 8A (Looncluded)

An Nlustration of the Effect of
The Three Processor lLevcls of Cornplexity

Suppose four example solutivns are entered as follows:

Example Tran..t Time Fuc. Supply on
Solution Ship # Ship " ype Requircd(days) Station (days)

1: 1 CVA O 10

17 SS ) 10

20 oS ~ 19

10 (B]5) “ 10

13 DL 4 102

24 AQ N )

2: 2 CVA -+ =0

17 N 5 10

4 20 55 o 0

10 N ) 10

13 Do 4 2

25 ANO . 30

3: 3 CVAN 5 200

17 =S D 1O

20 S 3 10

10 LD 5 10

13 D 4 10

24 AQ 4 20

o CVAN 5 100

17 SS 0 10

0 SS 3 10

10 DL 5 <

13 DD 4 12

Ny NO ' 30

28
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SsSL Formed by Proceon _eve ! for e 1llustrative Froblem

w of mihviey Cransit Srarioning
————— e e e e et
Pl T At o0 NN NMAN MIN MAX

e e e ———— e

Combin ton
’ TRAVIAN 2 5 10 200
Cies 2 3 10 200
. A 2 ) 10 200
1 A 2 o 10 200

Combinaiion 2
0’ 10 200
10 200

fo
I
W w

A Y 3 0 10 200
i AL 3 0 10 2C0
DY
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Table 8C

SSL Formed by Proccunor Level 32 for the Nlustrative Problem

# of Ships Transit Stationing
Reqguired Ship Tyne MIN MAX MIN MAX

Combination 1

1 CVA 3 5 10 3C
2 55 3 5 10 30
2 DO 3 5 ‘0 30
1 AO 3 5 10 30

Combination 2
1 CVAN 3 5 10 200
2 SS 3 5 1 200
2 DO 3 5 10 200
1 NO 2 5 10 200

30




Table 80D
SSL Formed by Processor Level Ba for the [llustrative Problem
# of Ships Transit  Stationing
Required Ship Type MIN MAX MIN MAX
Combination 1
1 CVA 4 5 10 20
2 SS 3 5 10 12
2 DD 4 5 10 12
1 AQ 5 20 30
Combination 2
1 CVAN 5 5 100 200
2 SS 3 5 10 12
2 DD 4 5 10 12
1 AQ Z 5 20 30
5 Note: The range of MIN/MAX v’ es arc limited by the available
ships on the ship list.
* Numbers corresn~nd to ships . list given in Table 7.
31
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the computer. Table 83 is the SSL formed by Processor Level
B1 from the four example solution:. At Processor Level B  the
processor scans the transiting and stationing times of all ships
in "1 example solution. and determines the MIN and MAX values
of the transiting time and of the stationina time. These MIN/
MAX values are then assigned to each «mp type in the SSL as
shown in Table 88. For instance, the MAX station.ng time is
the same (200 days) for all ship types in both ship combinations.

Processor Level ’30 generalizes over each ship combina-~
tion (Table B8A) instead of over all shin -ombinations as does
Processor Level B,. This restricted generalization is illustrated
in Table 8C where the MAX stationing “ime is different for the
two snip combinations. The differc: -e¢ occurs because the
ship with the greatest sta.l.oning time (AQ) in Example Solutions
1 and 2, which define ship combination 1, has a stationing time
of 30 days. In contrast, the correspondina MAX stationing time
in Example Solutions 3 and 4 is 200 cdays for a CVAN,

Finally, Processor ‘evel B, (Table 8D) generalizes only
over each ship type, and, as a r*esv t, the MIN or MAX tran-
siting and stationing times can eastly be different for each ship
tyoe.

The impact of the various levels of processor generalization
(complexity) on the user is that fewer examgle so' . tions may be re-
quired to establish a broad range of MIN and MAX transiting and
stationing times in the SSL with Level 3 than with Level B In
turn, Levels B  and B_ each require less information from %he user
than does Processor Level BS

In contrast, while the amount of information reauir- - from
the uscr tncreases with Processor Level ‘31 » Bo, and B_, in that order,
the amount of processing reguired decreases with that order., This is
hrecause the processor must make many comparisons of MIN and
MAX tra Liting and stationing time values for Level 81 , fewer
comparisons for Level B,, and the least number of c.mparisons for
Level B, . Increasing the computer calculation load decreases the
amount of information required from the user. As a result,
pr‘ocecsor ~omplexity can be calculated from two viewpoints: the
user'" and the processor's. Trese processor complexity measures
are discussed in the next two sections,
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Measurement of Processor Complexity (User's Viewpoint)

Proc 'ssor comnlextity, from the user's viewooint, is a
function of the amount of" information required to specify the SSL
for the computer. This amount is a Jdirect function of the level
of processor complexity and is computed in the following paragraphs
for the nroblem requiring the greatest amount of information.

Variables to b specified by the user are:

a. The number and type of ships in each combiration,
i.e., each example solution.

b. The M'N/MAX stationing and transiting times re-—
guired by the processor level.

Sice the processors at each specified level must have sufficient
storage to permtit processing of all problems, the problems were
examined to determine the maximum storage reqgu’+ed for each
of the wo items listed above.

Consider first the amo. 1t ¢ information required to
specify the number and type of ships. N.ne types of ships (see
legend to Table 7) arc available for selection. Adding "1" to
account for a specification of "NO" shin -esults in a total of
10 required items, from which 1 is selected by the user. Ten
items require 3.322 bits; however, since the computer must
deal with distinct levels of storage, this value was rounded up
to 4 Dits.

The maximum number of ships por combinatinn (whish
occurs in Problem #52) is 10, Thus, 4 X 10 = 40 bits arce re-
quired to store data for each combination. (Note that some
efficiency could be obtained by packina e data, since 4 bits have
been allowed, but that because this numbrr {s constant for all processor
levris, this efficiency was not used.)

The maximum number of ship combinations (Ffrom Prob-
lem #31) is 14, Thus the storage required for all combinations
of ships was 4 X 10 X 14 = 560 bits.

Consider next tho amount of infc mation reguired to

specify the MIN/MAX stationing and transiting times. This
amount is a ‘unction of the processor level and is computed as
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follows: since the allowable transiting times are integers
wiintn the limits 0 - 15 davs, 4 bits each (4 bits per~mit
discrimination € 145 ite ns) e assiagned to specification of
M and MAA stationint tiene s, Thue, Lpecification of MIN/
MAX teansiting values —oguires 3 Dits.  Another 106 bits are
reauired to snec’fy the MIN/NMAX values for statioming times,
yielcing a grand = *al -+ bits per specification for o set of
MIN/NMAX values. Calculations for each processor leve!l are
as follows:

i)

Level L51 regutres one specification of MIN/MAX
values per oroblem; thug, e Nnumber of bits

AR

reduirec T J9,

_evel !;-‘-) reguiees one speciitcation of MIN/MAX

valuts per o vmibinal on, timios the maximum
NnuUMYer vyt tons; L as the number of
DG roeguiret s s I,

Level B'i roostrcs. one soeaofication of MIN/MAX

values per conmbang o, fimes Lo maximum
nuMber of corniant o, Crres e maximun
NuMbber of L e e cormbhination; thus, the
AuMBer of O te regaired = 24 X 14 X 10 = 33860.

Thus, the amour' »f 'nforn g2ton recaired to form the SSL is 560
bits (which is the maxomum storace reautred for all the ship
combinations and is Lae csame for 1 orocessor levels) plus

the varying amounts of informotion mven above) reguired to

specify the limits orn ‘ransiting and ationing fimes.,

Proceasor Complexity (T oeasor v iewnoint )

[ U VT S

The Drocessor ™ hove The Mermory canactly to
store all informalion roeguired o apectfy e maximo™m amount
of ship data as we'l as e areatost variety of MIN/NMNAX ‘ransiting

and stal.onina fimea. T, e processor for each level of
complevity uses 500 Lt o store towe otata and 3300 bits to
store the NMIN/NMAX tronting and s vions - time data (based

on rhe requiremonts for the oo lome utring the largest amount

of storage).




In addition s oo mes oy storage requirements,
computer processing Loy o reauired to verform the necessary
comparison of ship ‘o Sting and stationng “fmes. These
COMDArISONS are Nece. ory ) etormene MIN/MAX transiting
and statt cna Simes andd, e oo hed previously, the number of
oo of orocesunor complexity level.

compnarisons 15oAa

Te number of reauired comboar'sons may be determined
by assuming that the aor enters She mivmum number of example

solut ons rocaired to octanhish bhe ono selection logie (SSL).

o
e user onfors e Slonal exaemple o tations, additional
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a programmer was considered an expert included: wor< with
multin’ -« languages, production of at least 10,000 lines of code,
and experience with mu.tiple computer systems. Selection
criteria for the non-programraing category (bookkeepers/
accountants) included 4 years of schooling or experience in the
bookkeeping field «nd no extersive experience as a ~om _ter
programme.~ Complete selection criteria for both participant
categories are given ... Appendix 3.

Participants were obtained Yy commercial personnel
organizations which specialize . olacing programmers and
bookkeepers/accountints in temporary and permanent positions.
Initial voreening of participants was < : by the personnel
agencies in accordance with the selection criteria provid-d them
(see Appendix B). In addition, due to a low flow rate of partici-
pants, particularly in the bookkecning/accounting arca, an
advertisement was placed in a local newspaper staling that an
evaluation of computer equipment was D0ine | onducted.
Twenty-six people answere this ad, o waoich 22 wer fou d
to be acceptable. A copy of the ad is given in Anoendix C.

A total of 75 pcople particinated tn the experimoent,
Of the 75, 15 were not used because ey did not achieve an

entry level criterion score on the pre-=tost problere #93),
Also, 13 wlditional people particivate:  mly in the 1.'of fest prior o
the experiment. All particinant: woere over 7 yeooo of age,

Participants who were obtained ‘hrough agencie:s (all
computer orogrammers and eight of the bookkeoners/accour‘ants)
were pald in accordance with the polic . of tne agercies wno
obtained them. The bookkeepers/accountants w were obtatned
via the newspaner advert sement were naid $7.50 ner bhour,

Proccedure

Participar = were . ceduled @~ ¢ilher a morning session
beginnina »t 8:00 or an afternoon sesaion LHeainning at 1:00.,
When a particty 1t arrived, he/she was orccted by name, offered
a refresrment and asked to fill « . a vioaraphical cue:.t.on—
naire (the juestionnaire (s given in Appendix D) to verify
that the participant's experience satisfied the expeoriment
entrance criteria and to oLlain additional information regarding
the level of experience in his/her particular ficld., If the
participant's experience did not satisfy the criteria, he/she

[
(o)




was not usecd in the exneriment. 1If “e participant was accept—
able, the experiment was briefly explainec, and the participant
was provided with a consent form (Apcendix E) having been
assured that no personal risk was nvolved., The participant
then signed this form to indicate that he/she nderstood these
arrangements,

The participant was next seated in the experiment
room. The room was approximately 12 X 16 feet in size,
with a video tape recorder and video monitor loca.ed on one
table, and the computer and terminal on a separate table.
Participants were asked to make themseleves comfortable and
to adjust the light and ventilation to thoiv igfaction.

Instructions for the experiment were presented » two
oarts, both of which were on video tape. The first part
described the experimont problem and gave a method for solving
the problem including an example sowtion, (7T -ese instructions
have been discussed earlier in the =o~tion o Litled "Experi-—
mental Problem.") The second part gave .nstructions on how
to enter data into the computer - and also included an illustrative
problem solution. Since this portion of the insiructior employed
a dynamic display of the operation of the computer, it cannot
be presented here.

After v instructlons were presented, the participant
was seated in front of the comnuter terminal. He/she sas asked
to use the manual key pad (consisting of keys labled O - 9 and
ENTER). The participant was asked to enter example solutions
using numbers that corresponded to a ship list (An examp'e is
shown in Appendix F) containing various types of ships ar-. their
transiting and stationing times. The participants could refer to
this list at any time during the experin ont., !n addition, a pad
of papcr and pencils were provided for notes, calculations, etc.
These sheets were kept in each participant's file for reference.

Participants were told that up to one hour was allotted
for each oroblem, and that the computer would cuotomatically
stop the problem at that time. Participants were permitted “9
take a short broak between test problems 1f they desired.

Data Entry.  Participants used the key pad to enter data
into the cuputer. A participant could select from tne following

function:..
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Function #.° Commanc he Computer o Cenerate
Solutions, As a participant enter .d sol. ~ons, the computer
gencralized them to form a sihip selection logic (SSL).

To be sure that this generalization was correct, a
varticipant could command the computer "2 generate and
display its own examole solutions. Thiz was done Dy
presssing Key #4 fol.owed by the ENTER key. After
viewing the computer's example solution, a participart
could either accept or cance’l . 7o accept a solution, the
participant pressed e ENTER key; to cancel a solu-
tion, he/she pressed Key * followed by the ENTER key.

Function #5: View the Coumrputer's SSL,  To
view the SSL formed by "~ comoputer (ased on the
example solutions ‘nout by tne Harticivant) the parti-
cipant pressed Key #0 Followed by the TNTER <ey.
Upon such a rec. .., “he computer would disolay the
various ship combination: thoel focether £ -med toe
computer's SSL.

Data Collecti

All example 2Dlurions were onterec by particinante
Y

into the computer. The compuicer © _n recorded a'll entros,
as well as the time exper .'»d for cach oroblem solution.
This method of collecting data enal | generation of a orintout

Listing detailed information on each participant's activities
during the experiment.

Performance Measures

Probability of Correctly Se'ectinc an Accepiable Shin,
Two summary performance measures were developec te ro—
vedl fow well each paricipant solved the test problems. The
two measures were identical with respect to scoring correct
ship combinations, but differed in that Perform: ~ce Measure

2 _rovided a premotty for an incorrect snio comiI CTion.

e measures we~e constructed by scoring the MIN/
MAX transiting and station-  times for each ship type. As
shown in Figure 2, the range of corrcct values for the MIN/
MAX transiting and stationing times, which is a function of
e ships on ‘ne available ship list, can be viewed as -~ area
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)
% Coordinate of a ship not selected by
XSCD _ _ _ _ participant's specification of the SSL
MAXS P
\\\Ar‘ea of
Correct
Solution
Stationin
Time ° (ACS)
Area of
Participant's
MINSP — Solution
| (APS)
MINSC — f \ 1
i , !
| : !
! ! , ! |
! , ’ ] ull
MINTC ! MAXTP Days

0
MINTR MAXTC

Transtting Time

(ACS) Area of correct solution = (MAXTC -~ MINTC) (MAXSC - MINSC)
(APS) Area of narticipant's solution =(MAXTP - MINTP) (MAXSP -

MINSF)
MINSP —— Minimum Stationing - Participant
MINSC — NMintmum Stationing - _—(;orr*ect Solution
MINTC — Ninimum T ransiting- Correct Solution
MINTP — Minimum Transiting - E’articipant
MAXSC  ——  Vaximum gtationmg - Correct Solution
MAXSH — Maximum ___b—';ntioning - F—:’articipant
MAXTR —— Max:mum T ransiting - __F_’ar‘ticipant
MAXTC  —— NMaximum Transiting - Correct Solution

-

Figure 2 Me+rhod of Computing Probability
of Accepta’. ' » Ship Selection
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in space. Every ship of a particular type whose coordinates

fall witihin that area is acceptable. However, if a particwant's
ship selection logic provides a minimum for eitrer transiting

or stationing time greater than the correct minimum, or if

the maximum for either transiting or stationing is less than

the correct maximum, tnen the "area' specified by the parti-
cipant will be containec entirely within the ~orrect "area."

As a result, it is possible that a ship with acceptable coordinates
might not be selected according to the SSL specified by a giv
participant. The probability that an eligit o shio of - given

type (denoted for convertence Ly the uboeript 1) will be selected
by the participant's SSL is the ratio of the areas just ' >scribed.
That is:

p = APS
i = ACS )

Area of participant's SSL for ship type i.

where: APS

Area of correct SSL for shnip type t.

ACS

The probability of selecting all eligible ships for

a correctly specified combiiation of ships is Lhe product

of the M, over all the ship types in that combination. That
i

is:
PCK =’ITF’i over all i in combination k €2))

th . . .
where: K represents the k= correctly specified sinip combination.

If a problem requires N correct ship combinations, the average
probability of selecting an eligible ship regardless of typc,
which we shall call Performance Measure 1, or PM1, is:

N
F’M1=1N 2 PC )

k=1

Performance Measure 1 reflects the orobability that acceptable
ships are in fact accepted by the SSL specified by t-2 parti-
cipant. If a particular ship combinatior is not specified by
the parti~ipant, the curresponding PC  value is zero. Note
that PM 1 does 1ot carry any penalty séor specifying incorrect
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ship combinations. A measure that does penalize for incorrect
combinations, PM2, is given as follows:

N
1 .
k=1

where: [ is the number of incorrect ship combinations.

PM1 and PM2 were the two summary measures us
to analyze participants’ ¢ ..t

Procecore Measure

Two participant strateoy measures were developed to
test the relatimrnship between the strategy used by participants
in developing example solutions and their resulting performance
acores. One strategy measure, termed a procedure measure,
was desiqned to examine the pattern cof choices among tne options
available to participants for working with the computer.
Referring to Figure 3, it can be seen that, once a participant
entered an example sc ution into the o~outer, Foo/she had
three choices for the next step. Cne cioice was to input another
example solution. Another choice was to review the computer
ship selection logic (SSL) to determine the e -ct of all example
solutions entered up to the present time. The third choice
was to reqguest that the computer generate its own example
solutions. The relative frequency of these three choices is

represented by the Probabilities PT’ P2, and PS, respectively.

The value of P, reflects the propensity of the participant
to input either a single example solution or multiple exam~le
solutions in sequence. If a participant's P, has a low value -
near 0 - it may be concluded that the participant tends primarily
to input single example solutions. The participant then either
requests a display of the SSL_ or requests that the computer
generate example solutions. If P ‘s very high - rear 1.0 -
then the value indicates that multiple examples were input before
proceeding to ¢ - of the other input states. In fact, the value
of P provides an estimate of the mean number ©of times example
solutions are input ‘~ seauence, as follows:

Mean number of entries in sequence = . an

- [N R 1

~——.—




' Review of L: -
— |
Computer SSL ] ‘
| 1.00 j
l |
b P1
|
f Enter Example
| Solution F
Request ] |
Computer ! 1.00 l
Generate :
Examplc e B
Solutions ; a
Figure 3. PFar.cipant Procedural Strategy
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In a similar way the values of P, and PS reflect the
propensity of a participant to view the SSL or to request the
generation of sample solutions, respectively. A large value
of P_,, for instance, indicates a strategy of inputting a sinale
(or only a few) example solutions and then reviewing the effect
on the SSL. A large value of P_ incicates a propensity to
input one (or only a few) input examples and then to recuest
the computer to generate example solutions.

Since the three alternatives represent all of the avail-
able chotces, the sum P+ P+ P will always eqgual 1.0.
Thus, as P, increases, the sum PO + P_ will automatically de-
crease. As a result, the three variableg are correlated, and
any two may be used in a regression as independent variables
to investigate the relationshi~ between participant strategy and
.8k performance.

Combinational Measure (CM)

Another meas. e of participant strategy involves the

nature of “he relationsinin between one example solution and the nrevious

solutions input by a participant. In each problem logical OR
conditions are specified which force a participant to develon
several different shin ombinations in order to compleinly
specify an SSL. Many of these combina* ons requive variations
witnin one shio type - submarine, (or example, either nuclear
(SSN) or non-nuclear (S5S) - while others may require variations
over more than one type. ‘

If two submarines are specified in conjunction with
other ship types, then each specific cor nation of the other
shins must be associated with three possible variations of
SSN's and SS's, as follows:

2 $S and (other ships)

OR

1 S5 and 1 SSN and (other ships)
OR

2 SSN and {ther ships)
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Similarly, if 3 submarines are specified, then each specific
combination of other ships must be associatcd with four varia—
tions of SS's and SSN's as follows:

3 SS and (other ships)

OR

2 SS and 1 SSN and (other ships)
OR

1 SS and 2 SSN and (other ships)
OR

3 SSN and (other ships).

Often, variations (i.e., "OR" c~nditions) within one ship type
(e.y., submarine) will be specified in combination with variations
(OR conditions) within one or more of another type of ship (e.q.,
nuclear or non-nuclear aircraft carrier). Variations over
multiple ship types reguire the generation of numerous combina-
tions, and it is difficult to generate all such combinations in

the absence of a systematic method.

The combinational stratecy measure is designed to detect
whether a participunt tenc . to construct example solutions
systematically by effecting changes only within one ship type
(e.g., SS or SSN) in successive example solutions and by
providing all such reguircd variations within one ship type in
sequence befor> proceeding to the next type.

The measure is computed as follows:

1. If on two successive solution examples more than
one ship type is changed - score O.

2. If on two successive solution examples changes
occur only within one ship type - score 1.

3. If on three successive solution examples changes
occur only within one ship type - score 1 for the
first change (according to condition 2 above) anc
2 for the second change.

a5
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4. In general, for multiple successive solution
examples where changes are made only within
one ship type - score 1 for the first change,
score 2 for the second change, score 3 for
the third change, etc.

5. The total score is the sum of the individual
scores divided by ti*. maximum score possible
for the problem.

This measure is termed 'combinational," since the extent to

which ship combinations are gunerated in a systematic manner
is the area of interest. A low value of the measure reflects
the frequent use of input examples in which changes are made
successively over more than onc ship typc.

DATA ANALYSIS

The term 'treatment”" in the paragraphs below refers
to the effect on the purformance data of variations in eithenr
problem or proccessor -omplexity. Two treatments may thus
be applied, either individually or in co~ bination, %o the aralysis
of the performance of participant categories-

The following analyses wnrre conducted:

Analzsis 1

An ANOVA was used to detwrmine the significance of
the effect on performance of the *wo participant rategories and
the two trectments. Two ANOVASs were _onducted, one each,
for F ~formance Measures 1 and 2.

Analysis 2

An aposteriori multiple comparison of means test
(Student-Newman-Keuls [ SNKY) '-as used to de* ‘»mine whether
the means for Performance Measure 1 for each level of the
two treatments per participant category were significantly different.
In addition, the SNK test was applied to the performance means
for the nine treatment combination cells for each participant category.

46




Analysis 3

A performance count was conducted to determine the
number of participants that achieved perfect scores in each
treatment combination cell.

Analysis 4

Two-tailed t-tests were used to determine whether the
performance scores achieved by participants assigned to various
participant categories differed significantly.

Analysis 5

A univariate linear regression analysis for
five independent demographic and two inc sendent treatment
variables was conducted. The variables were, in the order
mentioned:

1. Participant group

2. Participant pre-test score

3. Participant age

4, Part.cipant years of professional experience

5. Participant years of higher education

6. Problem complexity leve!

7. Processor complexity level
The dependent variable was the score the participants achieved

on each test problem using Performance Measure 1. Also, a Step-
Wise Linear Regression was conduc.ed using the seven variables,

Analzsis ~

To the variables in the analyses above were added the
three independent strategy measures, P, , P_, and Combinational
Measure (CM). (Note that 7 1s not an indcpendent variable since
P, + P2 + P_ = 1). The complete list of all ten independent
variables therefore concluded with:

47




8. P1
Procedural Strategies
e,

10. Combinational Measure (CM)
Univariate linear regression results were obtained for these
additional variables, and a second Step-Wise L inear Regression,
over all ten of the variables, was conducted.

RESULTS

Summarized RPerformance Data

Mean performance scores using Performance Measure 1
(probability of selection of an acceptable ship) for each experiment
cell (i.e., each combination of the trcatments) and each participant
category are given in Table 9. Similar data were also obtained
using Performance Measure 2 (probability of selection of acceptable
ship minus a penalty for selecting an unacceptable ship).

These data are giver in Table 10,

Performance Measure 1 results achieved by programmers
show "~ decrease in performance with increasing levels of problem
and processor comolexity. Performance Measure 1 scores
achieved by bookkeepers/accountant. are lower in every cell
than those of the programmers, but do not reveal a monotonic
decrease with increasing problem and processor complexity., Al o,
the participants in group 5 (bookkeepers/accountants) (reicrence
Table 3) "appear!" to have higher scores in cells A B_, Aqu
A_ o, than would be expected if the three bookkeeper/acco. -aht
groups (4, 5, 6) had included individuals of equal caoability.

This result is further evaluated in Analysis 4.

Comparison of the performance scores obtained with
Performance Measure 1 and Performance Measure 2 (Tables
9 and 10) » veals that performance evaluated with and without a
penalty for errors of commission differs only slight'y and shows
the same trends in effects for both participant categories, ~~d
for both problem and orocessor complexity levels. The reason
for this is that only a few errors of commission went undetected
(and thereiore not corrccted) Yy the participants. An error of
commission results when the SSL. specifies one or more ships
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that are unacceptable according to the problem instructions.
The performance scores that result from Performance Measure
1 are a more direct measure of the effects of errors of omission -

a more serious problem.

Plots of mean scores using PM1 for the three experiment
probloms versus the pre-test sco-~e for each participant category
are shown in Figure 4, and plots of mean performance scores
(PM1) f~r each participant category versus problem complexity
A similar plot for processor complexity

are shown in Figure 5.
These data

from the user’'s viewpoint is given in Figure _.
suggest that there is a positive correlation between scores on
the experiment problem and pre-test score, and that increasing
problem complexity resul's in an initial reduction of performance
fol'owed by a leveling o .. higher complexity levels. In
contrast, the effect of increvasing processor comopolexity is an
apparent monotonic decreasec in performance.

Analysis . ANOVA

ANOVA results for the probability of selectin. an accept-
able ship (Performance Measure 1) are shown in Table 11. In
this analysis, the main effects of participant category, problem
complexity, and processor complexity were all found to be sig-
nificant: F (1, 54) = 21.38, p —~ .001; F (2, 108) = 7.53, p
.005; and F (2, 108) = 35.02, p = .001, respectively. -

ANOVA results for the probability of selecting an accept-
able ship minus the paenalty for selecting an unacceptable ship
rPerformance Measure 2) are shown in Table 12. Again, sig-
nificant main effects fo~ »narticipant category, problem complexity,
and processor comple wy were found: F (1, 54) = 21.96, p «
.001; F (2, 108) = 8.34, p < .005; and F (2, 108) = 30.32; p =
.001, respectively. No significant interaction c¢™ects were found
in either analysis.

The probable reason that similar results were obtained
in the two analyses is that very few errors of commission were
made. Thus, the measure that penalizes for such errors (PM2)
provides results that are essentially the same as thosc that
are provided by the measure that ignores such errors (FPM1).
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ANOVA Results

Table 11

For Performance Measure 1

Source of Variation

Between Subjects
C (Participants)
Rows
C X Rows
Sub Within Group

Within Subjects

A - Problem

Complexity
B - Processor
Complexity
AC
BC
AB
ABC

Error (Within)

5SS Dt MS F
17,4020 59
4,755 1 4,755 01,382*%*
L2502 2 . 126 .567
. 404 2 .202 .910
12.010 54 202
SPRARE 120
LGB0 2 L3315 7.537*
2,030 o 1, a05 35,024**
L00Y 2 L0032 .787
L0106 2 .008 .194
.078 o .039 .940
. 000 2 . 000 . 009
4.518 104 . 041

p < .0C05
**p L0017
Ref: Plan #9, pgs. 727 - 730, Statistice! Principles in Experimental
Design, Winer J971).
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Table 12

ANOVA Results For Performance Measure 2

Ss DF MS =
Source of Variation
Between Subjects 17.389 59
C (Participants) 4.834 1 4,834 21.0065**
Rows .243 2 121 . 553
C X Rows . 425 2 212 L2066
Sub Within Group 11,885 54 .220
Within Subjocts 8,642 120
A - Problem .763 2 .38 8.344%
Complexity
B - Processor 2.776 o o 20, R2B**
Complexity
AC . 061 2 L O80 LG68
BC .02 2 .00 .230
AR .056 2 .028 JRER!
ABRC .020 D .C10 L.219
Error (Within) 4,943 104 RN
p <« .005
E o o~ L0001
Ref: Plan #9, pgs. 727 73¢, Statistical Principles i~ Txperimental
Design, Wincer (1971). N
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Analysis 2: Aposteriort Test:
Comparison of Treatment Means

Tables 13 and 14 shnow the results of Student-Newman-
Keuls (SVK) tests (Sokal & Roh'®, 1969) on the mear scores
across all levels of problem complexity for programrme rs and
bookkeepers/accountants, respectively., Tables 15 and 16 show
results of the SNK tests on the mec.. scores across all levels
of processor complexity for programmers and bookkeepers/
accountants, respectively. Tables 17 and 18 show SNK results
for *..o-way comparisons of the mean scores for the programmer
and bookkeeper/accountant experiment cells, respectively.

Results shown in Tables 13 anc © indicate tnhat problem
complexity affected the performance of programmars significa~tly,
but that processor complexity did not have a significant effect.

In contrast, the results shown in Tables 14 and 16 suggest that
problem complexity did not effect the performance of bookkeepers/
accountants significantly, but that processor complexity did sig-
nificantly affect their performance. Table 17, which is a more
detatled analysis dealing with individual treuatment cells (i.e.,
combinations of processor and problem complexity levels),
indicates that the performance of programmers was significantly
better with Processor Level B, at all problem levels than with
Processor Level 3 at Problem Levels AO and A_. Wit Processor
Leve! B_, significant'y better performancé is achieved only at
Problem Levels A,  and A2. These results suggest two principles
of problem/procussor usage:

1. A high level Jf processor generalization (i.c.,
low complexity from the 'ser's viewpoint) aids
a computer user in accurately specifying problem
solutions.

2. As problems become more complex, there must be
a corresponding increase in processor generaliza-
tion capability to support superior norformaonce,

It is apparently important for the experienced computer user to

be able to sclect processor generalization capability as a function
of the complexity of the problem solution to be specifiec.

57




T or e -

Table 13

Studer. — Newman - Keuls Test
Results For

Problem Complexity~Programmers

A A A
Problem 2 2 1
Means * . 504 .520 L6706
| ! i
| -J f
A. .504 f 000 3
3 | i
l | :
1 ; - !
| |
A, 520 f L0161 .000 )
; | |
A, 676 S e B I RoTE .000
| | |
. ; !
i . |

*Mean of all programmicrs’ nerformances on each problem, i.e.,
A, A, A using PM?*.,
1 » 2) 8’ g

A, A, A are the problem complexity levels (in increasing order
of complexity)

Each ma' ~ix entry = row va' ~ - coli'nn value (e.g., entry ir the
third row, first column is 172 = (G676 - .504)

**Indicates row value is significantly different from column value
p<.05.




Table 14

Student — Newman = Keuls Test
Results For

Problem Complex: '.__y—Bookkeeper‘s/Accountants

Problem A A A

2 3 1
Means * .205 .220 . 300
i
| |
A 205 | .000 |
2 , |
| z
!
! i
} '
n/:; ‘i
Al .220 L0156 . 000
}
n/ ’\/ri
A, .300 . 095 ; .080 000
J |
*Mean of a1' hookkeepers'/accountants' performances on cach
problem, i.e., A1, A /\q, using PM1,

A,s A_, A_ are the problem complexity levels (in increasing order
of complexity)

Each matrix entry = row va'e. column valu . (e.g., entry in the
third row, first column is .095 = ,300 - .205

n/s = Not significant
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Table 15

Student = NewmaniKculs Test

Results For

Processor Zomplexity-Programmers

Processor i
Means * .544 L5611 .595
! )
; |
B1 .544 . 000 i
|
n/s
B, .561 .017 ' ,000 ‘
' ' ‘\
i
’ |
n/s | n/s % i
82 . 595 .051 . 034 | . 000 i
! ] f
| | |
| | ‘;

*Mean of all programmers' performances on each processor leve!
B1, 82, BB’ using PM1.

81 s Bas Ei:E are the processor complexity levels (B, having the most
generalization and B3 having the least generalization)

Each matrix entry = row value — column value (c.g., entry in the
third row, first column is .051 = .595 - .544)

n/s = Not significant
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Table 16
Student - Newman - Keuls Test

Resu'ts For

Processor Complexity-Sookkeepers/Accountants

Procesanr =) B’ B
Level 3 2 1

Means* .151 .256 .351

) t
B 151 f ‘
i |
3 |
i * %
B, 256 | .105 .000
%k * %
81 . 351 OO0 LR L QOQ ¢
L j

*Mean of all bookkeepers'/accountants' performances on each

processor level, 1.e., L', Bo, F. ., using FA

81 » By, B are the processor complexity levels (1R, having the

most generalization and ‘_%3 having the least generalization)

Each matrix entry = row value - column value (e.g., entry in the
third row, first column is .200 = .351 - . 151

**Indicates row value is significantly different from column value P
<< .05.
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Table 17
Student -~ Newwman - Keuls Test

Results for Programmenrs

Problem/
A B A B B A_B A B A A B
Processor AZBS 383 A1 3 3 2 A2 2 2 1 31 182 1

Level

1

Means* ,298 .332 .519 .521 .612 .643 .658 .675 .833

A_B .298] ,000

2 3
B, .332] .034|,
AgB, 000
ABy .519 .221].187 | .000 |
- |
F_ AgB, 521 .2231.189 | .002 | .000 ﬁ
|
BEXE]
A B, .619/ .321.287 | .100|.008 | .000
% % % %
A,B, .643 .346|.312 | .125 .128 | .025 .oocj
* % * x t
A R, 658 .360.326 | .139.137 | .039 | .014| ,000
* *x
A.B, .675 .877].343 | .156..154 | .056 | .081|.017 | 000

A B .B33] .535].501 .314 {.312 214 .189, .175 .158 4,000

|
!
* % * % i
!
{
'

3 *Means of all programmers' performances in each cell, i.e.,
i.e., A B , A B_, etc., using PM1,

A, A2, A_ are t?’\e prob'em complexity levels

8., B, B are the processor complexity levels

Each matrix entry = row value - column value (e.g., entry in second
row, first column is .034 = ,332 - .298).

**Indicates row is significantly different from column value p =<.05.
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Table 18
Studer. — Newman - Keuls Test

Results For

Bookkeepers/Accountants

Problem/
Processor
Level AB AB AB A B A AB A B A B A
© a-a 1P MoPg M5B A8y 181 AP AgB,
Means* .031 .075 .139 .15t .,225 .250 .338 .435 ,478
] ]
A_B_ .030 I ' ' ’
353 . 000 N }L l 3 !
! | | ' |
A B .075 .045! .000 | ’ |
13 | —
! {
A_B 39! .10 34 | ‘ | '
5By -1 .109 | .064 | .oooi | B
T
i .
~ 4 - :
A3l32 L1511 121 .O7bi 012 f . 000 |
T T
A B, .225| .195|.150 .086 |.074 | ,000 ) ]'. ;
T T
A282 250 .220 .175J! L1111 1.0990 . 025 ., 000 ‘{
¥ % * % T ‘ }
A B, .338|.308 |.260 | .199 |.187 |.133 | .880] .000
| L
* K * % Dk * % {
A1!32 .435| ,405 | .360 - 0901 .284 | .210 | .185].047 ! .000 |
* % * % - I;* | j
AB, .478| .448 |.403 ‘ +339 1.327 | .253 .2281.090 | -043 | 000
*Means of all bookkeepers'/accountants' performance in  cach cell,
i.e-, A1B1, A1B2, etC.’ using PM‘]
Ay, A2, A3 are the problen complexity levels
By, Bo, B4 are the processor complexity levels

Each matrix
(e.g., entry

entry = row value - column value
in second row, first column is

.045 = ,075 - .03t

**Indicates row is significantly different from

column value P = ,05
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Data presented in Table 18 indicates that performance
with Processor Level B_ for all problem levels for book-
keepers/accountants is significantly lower than for problem/
processor complexity combinations A B_ and A_B_. Table 18
also contains other treatment combinations that provide statistically
significant differences in performance, such as cell (treatment
combination) A B, which leads to significantly improved per—
formance over that of cells A BS and A BS' These results are
more difficult to summarize tﬁan those 110r~ programmernrs;
however, they support the suggested principles of problem/
processor usage giver above.

Analysis 3: Percentage ~¢ Participants
Achievinag a Perfect Score

Table 19 shows the percentage of participants (both
programmers and bookkeepers/accountants) who achieved a
perfect score for each experimer' treatment combination. This
table indicates that on Problem/Processor Combination A B, 80%
of the programmers achieved a perfect score, with a lower
percentage achieving perfect scores in other cells. It was
possible for participants to achieve a perfect score on any of
the problem/processor combinations presented.

Analysis 4: t-Test of Group Mean Scores

Table 20 shows the results for t—tests performed to de-
termine whether the mean scores for the three groups in each
participant population were different. No evidence was found to
reject the null hypothesis that the participant groups did not
differ.

Analysis 5: Step-Wise Linear Regression Analysis #1

Each of the seven variables was tested in a univariate
regression with results shown in Table 21, Among the seven
variables, pre~test score was the best univariate predictor of
performance, suggesting that initial participant capability had
a strong influence on performance scores. Next in importance
in score prediction, as determined by the amount variance
explained in a univariate regression, were: participant cateogry,
participant age, processor complexity, and participant years
of experience, in that order, followed by years of higher
education and problem complexity.
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Table 20

t-Test for Diffeorences in Participant Groups

Programmer Groups DF t-Score
Group 1 compared with Group 2 18 .1980 n/s
Group 1 compared with Group 3 18 .2020 n/s
Group 2 compared with Group 3 18 .0227 n/s
Bookkeeper/Accountant Groups __l?f t-Score
Group 4 compared with Croup 5 18 1.4209 n/s
Group 4 compared with Group 6 18 6152 n/s
Group 5 compared with Group 6 18 1.1960 n/s
Note: n/s = Not wigtuficant

Two~-tailed t-score required for significance at the

.05 level = 2,101

Group 1 and Group 4 used problems 15/2, 52/3, 31/1
assigned 1n random order.

Group 2 and Group 5 used problems 15/1, %52/2, 31/3

assigned tn random order,

Group 3 and Group 6 used problems 15/3, 52/1, 31/2

assigned in random order.
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Table 21

Univariate Analysis of the Independent Variables

Pearson!s~-R
Correlation with

the Dependent Variance
Variable Explained F-Ratio**
Pre-test Score 674 46% 143.382
Participant Category .437 19% 40.515
Participant Age -.35¢ 13% 25.423
>
3
Processor Complexity -.335 1% 21.681 (%
Participant Years n
Experience -.206 4% 7.657 [o
Participant Years
Higher Education . 196 4% $.889
Problem Complexity -.156 2% 4.289_]
| Combinational
; Measures (CM) . 796 63% 296,542
p2* -.527 28% 66.125
P_* .384 15% 29,752

1

*Procedural Measures; see p. 42.

**All scores are significant a* the < ,001 level
F .001{5,168] = 4.10.

—
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Table 22 provides the results of a Step-Wise Linear
Regression analysis using performance scores on PM1 as the
dependent variable and seven candidate independent variables.

The seven independent variables tested in the Step-Wise Linear
Regression were: pre-test score, processor complexity,
participant category, problem complexity, participant years of
experience, participant years of higher education, and participant
age. The first five of these accounted for 55% o' _he variance;
the addition of the remaining two incrcca.ed the amount of variance
explained by less than 1%.

Table 23 shows a regresswon table for the “irst five of the
independent variables listed above. The addition of the remaining
variables, participant age and higher education were found not to
increase the variance explained. In this table it can be seen that pre~
test scores correlate very highly with the dependent variable experiment
scores (.674). Also, participant category correlates highly with
the dependent variable experiment scores (.437). In the uni-
variate regression, the coefficients for pre-test score were found
to be highly significant (¢ /173) = .24, p - .001), as were
those for participant group (L (173) = 4.663, p -~ .001) and
processor complexity (t (173) =-7.367, p <« .001). Alco found
to be significant were the coefficients for problem complexity (t
(173) ==3.175, p < .01) and participant experience (t (173) =
-3.604, p < .001). The regression equation was also - .anificant

(F (5,168) = 61.511, p < .001).

Analysis 6: Step-Wise Linear Regression Analysis #2

Table 24 provides the results of a second Step—-Wise
Linear Regression analysis using scores on PM1 as the de-—
pendent variable and the following independent variables:
procedure measures F’1 and P , combinational measure (CM),
pre—-test score, age, experience, education, problem complexity
and processor complexity., Of these independent variables,
combinativnal measure was the best univariate predictor of
performance, explaining 63% of ' nerformance variance.
This suggests that the method used to < ystematically develop
ship combinations has a strong influence on performance scores.
Next in importance in score prediction were procossor
complexity, and pre-test score. '’ se Of additional variables
tncreused the percentage of variance explained by lews than 1%.

Table 25 shows a regression tah':: for the indepcndent
variables. ‘ombinational scores correlate very hig 'y with the
08




Table 22
Step-Wise Multiple Linear Regressions
for

Seven Independent Variables

Number of

Independent Independent Variables Variance
Variables Explaining Largest Variance Explained
1 Pre~test Score 46%

2 Pre~test Score, Processor 57%

Complexity

3 Pre~test Score, Processor 680%
Complexity, Participant
Category

4 Pre~test Score, Processor 62%

Complexity, Participant
Category, Problem Complexity

5 Pre~test Score, Processor 65%
Complexity, Particinant
Category, Problem Complexity,
Years Experience

6 — ¢ Less than 1% increase in the
amount of variance explained




Table 23

Correlation and Step-Wise Regression with Five Independent Variables

Correlation®* Regression
Independent Standard
Variable Coefficient Coerficient Deviation t—Value
Participant Categ. .437 .200 .043 4,663*%*
Pre~test Score .674 .475 .049 9.694%*
Experience -.206 -.022 .006 -3.604**
Problem Complexity —.156 -.082 LO26 -3.175%**
Processor ~-.335 -.009 . 001 -7.367%*
Complexity

Intercept = .216
Multiple Correlation Cocefficient = .804
Explained Variance = .647

Standard Error of Estimate = .230

Analysis of Variance Explained

Source Sum Sq DF Mean Sq F-Ratio
REG 16.220 5 3.24403 61.511 **
RES L .80 168 .05274
P *Correlation with Dependent Variable: Scorc on Each Experiment
Problem
** £ (178) = 4.663, p < .001
} t (173) = 9.694, p ~ .00t
t (173) = -7.367, p .~ .001
t (178) = -3.604, p « .001
F(5,168= 61.511, p .~ .001
**¥* £ (178) = -8.175,p < .Of
:
| - 70
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Table 24

Step~Wise Multiple Linear Regressions

for

Ten Independent Variables

Number of

Independent Independent Variables Variance
Variables Explaining Largest Variance Explained
1 Combinational Measure (CM) 63%
2 CM, Processor Complexity 72%
3 CM, Procevsor Comnlexity,
Pre~test Score 80%
4 - 10 Less than 1% increase in
amount of variance explained
71
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Table 25

Correlation and Step-Wise Linear Regression with Three Independent Variables

et

—

g o

Correlation Regression
Independent Standard
Variable Coefficient Coefcivnt Deviation  t-Value
Combinational
Measure 796 L758 .056 13.584*
Processor Complexity -.335 -.008 -.001 - 8.821%
Pre—test Score 674 .304 .038 7.921*
Intercept = .142
Multiple Correlation Coefficient = .891
Explained Variance = .795
Standard Error of Estimate = .174
Analysis of Vartance Table
Source Sum Saq [BIE Mean Sg F-Ratio
REG 19.927 3 G. 4240 219.140*
RES 5.163 170 0.03031
*t (173) = 13.584, p ~ .001
t (173) = - 8.821, p « .001
£t Q73 [ 0= 7.921, p - .0O1
F (38,170 219.140, p « .001
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dependent variable test score (.796). In this recression the
coefficients for combinational score were f .nd to be highly
significant (t (173) = 13.584, p « .001), as were those for
pre-test scores (¢ (173) = 7.921, p =« .001) and processor
complexity (t (173) = .. ',p -7 _001). The regression eguation
was also found to be :ulgﬂlflc-dﬂt (F (3,170 ) =219.140 , p < .001).

DISCUSSION AND CONC'L_USIONS

BBased on the data analyses reported in the previous
section, the fo''"owing counclusions are offered:

1. Specification of problem solutions via example
solutic 5 results in a !'ow rate of errors of com-
missic = as evidenced by the similar performance
resulls obtained from Performance Measurement
1 and RPerformance Measurement 2. These re-
sults do not suggest that input errors were not
made in the experiments. Indeed, input errors
were made, but most were detec's | and corrected
as work on the problem continucd.

Additional work is planned to compare subject error
rates using example solutions, as in uis study, to
other ways of specifying problem solutions.

2. Programmers as a group performed sianificantly
better than o1 bookkeepers/accountuls on problems
studied in this effort. Fhis 1

s evident both frrom
the ANOVA results and from a stmp'le inspection
of _ie raw data. The experimon. proulem format
was designed to be neutral; i.e., fi.oring neither
programmers nor bookkeopers/accountants. SBoth
participant categorics arce fomiliar with
accurate and detailed work; however, LOOkkecpers/
accountants may be used to mor  ixed or structured
problems whereas programmers may oe more at
ease with a variety of problems. Thus, the
novelty of the problem may have Javored program-
mers over bookkeepers/. countants. Further,
programmers may be more comfortable with
computer displays; however, bookkeepers/accountants
may be more familiar (and may tcrefore enter
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data faster) with a key pad. (A Key pad has only
numerals arranced in the calculator "materix"
format.) [Programmers appear to be more familiar
with “ypewriter—like key arrangements, often using
two fingers to cnter data. The extent to which
these aspec.s of the situation have affected the
results is not known. However, since the combinational
measure 1 . univariate regrc:.sion explained more
variance than did participant category (i.e.,
programmers, bookkeepcors/accountants), the use of
systematic methoe o of generating ship combinaticons
i1s more important for perfurmance than participant
category; and a high percentayce of programmenrs
used that systematic method. Further, it is likely
that progr.-mmers would be more familiar with
efficient combinatiorngenc ~iting analogs such as the
binary number system. Aduitional work is planned
using f.-cdback aids which present combinations in
usable forms to participants to determine if per—
formance in both participant categories can be
improved.

It is clear that problein complexity and processor
complexity significantly affect performance. In
ition, the two-way multiple comparison test
results (SNK) reveal that the level of processor
complexily was the dominant factor affecting
performance of both participant categories.
Programmers working with Processor Level B
which provides very little automatic processing
and thus little generalization of t! input data,
experienced a s:ynificant reduction of performance.
This reduction of performanice occurred for all
levels of problem complexity. Programmers
performed significantly better with Processor Level
B,, which provides considerable generalization
of1 the input data. Also, prourammers performed
significantly better with Processor ' vel B,
provided that the problems were not difficult,
i.e., provided that Problem Levels A and A
were used. In contrast, the bookkeepers/accountants
performed significantly better with Processor

Level L31 on Problem Levels /-\1 nd A3 only.
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Bookhkeepers/accountants failed to show a sig-
nificant improvement in performance with Processor
Level '3 over PProcessor Level B . A low rate

of error:. f commission was obseérved from both
participant categories using example solutions. Thic
may be a property of specifying solutions wiin
examples instead of a more general specification.
However, the performance measures used (PM 1

and PM 2) combine the effects both of the selection
of ship comoinations and the development of a

range of transitu. and stutioning times in combina-
tion to form the SSL. It would be expected that
the use of ‘creased processor generalization might
improve the continuous or parametric portiors of
the specification (i.e., the correct range of transiting
and stationing times), but would not affect the
frequency with which f .ctors are incorrectly

omitted (errors of onussion) or incorrectly

included (errors of commission). It is

further expect tnat, as stated previously, the

use of feedback aids structured to encourage systematic
generation of fuctor combinations (i.e., ship
combinatior: .} might aid in reducing errors of
omission. Additional analysis and experiments

are planned to furthicr investigate those areas.

| he flrst regression analysis (Analysis 5) showed

that pre—test score vias the single most

im-~ortant factor of the seven factors analvzed in
predicting perfor: ance scores. Pre-test score,
obtained on a common problem and problem complexity
cell, may measure inherent participant ability

and is a strung factor in prcdicting performance.

It is interesting to note ' .at participant experience,
measured in years of professional .aining (and/or
work) was not a strong factor in predictinc the
performance score variance. This result
suggests that the skills required to perform well
on the ex ..riment problems are not skills
naturally devcloped by years of training and

wOork experience. But, it may also indicate

that skills taught some time ago, plus skills
learned over years of experience, are of equal
value to skills 1.:wned recently,
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Participay procedural strategies measured by
Pl and P explained a substantial portion of
the score variance in a univariate regression.

However, since P, was positively and P, negatively

correlated with performance, it appears that
most participants tended to generate and enter

multiple nput examples before checking the effect
of these inputs, li.e., successful participants
developed a ‘lan and correctly interpreted the
effects of entering multiple example solutions.

Since the combinational measure explained 63%

of the score variance and together with processor
complexity and pre-test score explained 80% of
the score variance, lthe use of a systematic
method for identifying and generating combinations
of ships must be a key skill in solving the ex-—
periment prosiems.  Indeed, the ~ombinational
strategy measure has a higher correlation with
the performance score tlhian does participant
category. Apparently, thereforc, a systematic
strategy was used both by successful programmers
and bookkeepers/accountants to achieve high
scores.
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TEST PROBLEM # 93

Now suppose the mission has been modified. You are
asked to develop the example solutions required to specify the ship
selection logic for the modified mission. The selection criteria for
the task force has been modified to:

1. The ships needed for the task force are:

) 2 Attack Aircraft Carriers (CVA or CVAN), and

® 2 Submarines (SS)

2. The present position of the ships and their
speed must permit the ships to arrive at the

f assembly point within 5 days.

3. Supplies on board each ship, including fuel,

must permit stationing without resupply for

a 10 day period.

This task force criteria specifies 3 combinations of ship
types as follows:
o 2 CVA and 2 SS
or
e 2 CVAN and 2 SS
or

® 1 CVA and 1 CVAN and 2 SS

You must develop example solutions for each ship combination using ships

with suitable transit and stationing times.

. A-1
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Harry's example input list has been expanded and input
to the computer. Please use the expanded example input list (to
identify ships by their item number) to develop example solutions,
enter the solutions into the computer, and test the computer's gen-—
eralization of your examples by requesting additional solutions for
the computer. If a computer solution is in error, develop and
enter additional solutions using the aids the computer automatically
provides. Continue this process (inputting example solutions and
testing the computer) until you are satisfied that the computer has
properly generalized your solution examples, i.e., it uses your
examples to provide its own correct solutions.

PLEASE START NOW.,
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this test:

CVA

CVAN

SS

SS

WHEN YOU HAVE FINISHED:

When you believe the computer SSL is correct, give it

Would the SSL select the following ships for the

task force?

Transit Time

3 days
2 days
3 days
S5 days
Yes
No
A-3
. ——————

daa

Stationing Time
17 days
75 days
11 days

25 days




TEST PROBLEM # 31

Now suppose the mission has been modified. You are
asked to develop ‘he example solutions required to specify the ship
selection logic for the modified mission. The selection criteria for
the task force has been modified to:

1. The ships needed for the task force are:

® 2 Attack Aircraft Carriers (CVA) or 1

Nuclear Attack Aircraft Carrier (CVvAN), and

™ (2 Submarines (SS or SSN) and 3

Destroyers (DD)) or (3 Submarines
(SS o~ SSN) and 2 Destroyers (DD))
and

) 1 Oiler (AOQ).

2. The present position of the ships and their

speed Mmust permit the ships to arrive at the
assembly point within 5 days.

3. Supplies on board each ship, including fuel,

must permit stationing without resupply for
a 10 day period.
Harry's example input list has been expanded and input

to the computer. Please use the expanded example input list (to

. il




identify ships by their item number) to develop example solutions,
enter the solutions into the computer, and test the computer's gen-
eralization of your examples by requesting additional solutions for
the computer. If a computer solution is in error, develop and
enter additional solutions using the aids the computer automatically
provides. Continue this process (inputting example solutions and
testing the computer) until you are satisfied that the computer has
properly generalized your solution examples, i.e., it uses your
examples to provide its own correct solutions.

PLEASE START NOW,




AD=-Al08 570 PERFORMANCE MEASUREMENT ASSOCIATES INC VIENNA VA F/6 9/2 .
EFFECT OF AUTOMATIC PROCESSING ON SPECIFJCATION OF PROBLEM SOLU==ETC(U)
MAR 81 E M CONNELLYs» R F COMEAU, P JOHNSON NODO14=79=C=0739

UNCLASSIFIED PMA-81-361 NL




=z iz

I EL
3 .
\J
o
S s e |
= E—— == ld
N 'MICROCOPY RESOLUTION. TEST CHARI
NADONAL RUKEALL O ‘~I’\Nl."z"'i‘“- P A ' 1

i




Now suppose the mission has been modified. You are
asked to develop example solutions for the modified mission. The

selection criteria for the task force has been modified to:

1'

Harry's example input list has been expanded and input )

to the computer.

identify ships by

—

TEST PROBLEM #15 ]

The ships needed for the task force are:

1 Attack Aircraft Carrier (CVA or CVAN), and

2 Submarines (5SS or SSN), and

4 Destroyers (DD), and

1 Oiler (AO) !
The present position of the ships and their
speed must permit the ships to arrive at
the assembly point within 5 days.

Supplies on board each ship, including fuel, h

must permit stationing without resupply for

a 10 day period.

Please use the expanded example input list (to I

their item number) to develop example solutions,

enter the solutions into the computer, and test the computer's gen-

eralization of your examples by requesting additional solutions for the

computer. If a computer solution is in error, develop and enter ad-

ditional solutions using the aids the computer automatically provides.

A-6




Continue this process (inputting example solutions and testing the
computer) until you are satisfied that the computer has properly
generalized your solution examples, i.e., it uses your examples
to provide its own correct solutions.

PLEASE START NOW.
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TEST PROBLEM #52

Now suppose the mission has been modified. You are

asked to develop example solutions for the modified mission. The

selection criteria for the task force has been modified to:

1.

The ships needed for the task force are:

1 Attack Aircraft Carrier with Nuclear Propul-
sion (CVAN), and

2 Guided Missile Cruisers (CG or CGN), and

2 Submarines (SS or SSN), and

3 Destroyers (DD), and

2 Oilers (AO)

The present position of the ships and their speed
must permit the ships to arrive at the assembly
point within 5 days.

Supplies on board each ship, including fuel,
must permit stationing without resupply for a

10 day period.

Harry's example input list has been expanded and input

to the computer.

Please use the expanded example input list (to

identify ships by their item number) to develop example solutions,

enter the solutions into the computer, and test the computer's gen—

eralization of your examples by requesting additional solutions for

AR e
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the computer, If a computer solution is in error, develop and
enter additional solutions using the aids the computer automatically R
provides. Continue this process (inputting example solutions and
testing the computer) until you are satisfied that the computer has
properly generalized your solution examples, i.e., it uses your
examples to provide its own correct solutions.

PLEASE START NOW.
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Programmer Selection Criteria

Aenlige -

Programmers selected to participate in the experiment
should have the following experiernce:

1. Coding and Testing Experience:

Participants shall have experience in at least two
higher level languages from among the following list:

a. BASIC

b. FORTRAN

c. COBOL
d. PL-1
e. ALGOL

f. PASCAL

Participants shall have been responsible for the entire
process of coding and testing the programs and shall
have produced at least 10,000 lines of program code
(100 programs of at least 100 lines each).

2, Computer Systems:

Participants shall have programmed with two different
computer systems, i.e., OS and DOS, or equipment 'l
from different manufacturers, such as Honeywell, IBM,
DEC, etc.

3. Timesharing

Participants shall have at least 160 hours of on-line
terminal usage on a timesharing system.

4, Application Systems:

Participants shall have coded at least two systems of
programs of at least ten programs each.

B-1
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Participants shall have been responsible for at least
twenty programs.

Participants shall have used "modular” or "structured"
programming techniques.

Each participant must be over 18 years of 'age.

English must be the participants' native language.




Bookkeeper/Accountant Selection Criteria

Bookkeepers and accountants selected to participate in
the experiment shall have the following experience and qualifica~

tions:

1. Participants must be over 18 years of age.

2. English must be the participants' native language.

3. Participants should never have been a professional
computer programmer,

4. Participants should have at least 2 years of book-~
keeping/accounting schooling AND 2 years of book-
keeping/accounting work experience,

OR

}" 5. Participants should have at least 4 years of book-
keeping/accounting work experience,
OR

6. Participants should have at least 4 years of book-

keeping/accounting schooling.
B-3
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NEWSPAPER ADVERTISEMENT

Accountants/Bookkeepers

A firm in Vienna needs the help of accountants and bookkeepers
in evaluating a computer system for use by non programmers.
4 - 5 hour evaluation. 4 years bookkeeping/accounting schooling

or experience needed. $7.50 per hour. 938-1600.




APPENDIX D

PARTICIPANT BIOGRAPHICAL FORM

—————— - ———y




B A

J———-————.—...________m

C-36
FOR OFFICIAL USE ONLY
- === = == |
| Participant No. |
:Date: :
e e e o e e e e—m e = E— o — — ——d

PARTICIPANT BIOGRAPHICAL FORM

Name:
Age: Sex:
Education: High School Graducte:  Yes No
years of higher education Degree:
Major: Minor

- e e e e e e e e e e e e e e . e e e i e e e e e e = e - . m e . - e —— e - —- —— -

Bookkeeping and Accounting Experience
Please check all areas in which you have worked and enter the number
of months of full-time experience 1n that area (2 years part time = 1 year
full time).

Accounts Payable/Cash Disbursements

Accounts Receivable/Cash Receipts

Trial Balance Preparation

Preparation of Periodic Reports (Income Statement,
Balance Sheets, etc.)

Accounting for Inventory
Payroll
Taxes

Circle the number of years in which you have worked ag a full-time
bookkeeper or accountant: 1 2 3 4 5 6 7 8 9 10 10

Please make any additional comments you believe best describes your
professional expertise.
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Higher Level Language Programming Experience
Please circle all languages in which you have programmed and check
your best estimate of the number of programs coded in that language.

TYPE 1-10 11-20 21-30 31~50 51-100 100+

BASIC

FORTRAN

coBOL

PL~1

ALGOL

PASCAL

I

Circle your best estimate of the total number of programs you have
coded (any language, any computer).

0 1-100 101-200 201-300 301-500 500

e e o mn - o e e maa em mmm e s e e G e e e e e e e e e e A e e e e mma e e e e v

Data Prucuvssing Experience

Check all areas in which you have worked and enter the number of
months of full-time experience in that area (2 years part time = 1 year
full time).

___ Data Entry . ______System Analysis .
Production Control o __Data Base Administration
Operations e ___Data Communications o
Applications Programming _____Other(s)

System Programming

Circle the number of years in which you have worked as a full-time
data processing professional: 1 2 3 4 § 6 7 8 9 10 10t

D-2




Circle your best estimate of the number of programs for which you
have coded the Job Control Language (JCL.) necessary for testing or produc-

tion runs.

e e e o mm o wm v o R . ma wmm mm es me mw ar e e w e me et e e s emm e v e e mm e e e G m -

Please list up to 5 computer/operating systems on which you have
worked which you believe best represents your experience. Examples:
IBM 370/155 0S, PDP-11 RT-11.

Please make any additional comments you believe best describes your
professional expertise.

W
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CONTRACT TO ACT AS A RESEARCH SUBJECT
FOR THE DEPARTMENT OF THE NAVY

NAME OF PARTICIPANT DATE:
(Please Print)
ADDRESS: TELEPHONE:
1. I authorize Mr. Edward M. Connelly who is the Principal Investigator for this
project or his representatives, Mr. Bob Comeau or Mrs. Joanne Connelly
to collect and analyze my examples of solutions to test problems.

2. This project has been explained to me by . ;
(Print) |
It has been pointed out to me that my solution examples will not be made known

to any individual , other than appropriate members of the research team, or

for any pur‘pbse other than the data analysis to be performed by the research

team. No information concerning my performance on the experimental task
will be disclosed to anyone other than the research team without my written
permission.

8. 1 understand that there are no special risks of any kind associated with my
participation in this study.

Principal Investigator

' 4. 1 understand that the project may further the understanding of how various
P programming aids can assist a programmer or other person to specify a
computer program.
' 5. I understand that Mr. Edward M. Connelly, Mr. Bob Comeau, Mrs.
Joanne Connelly will answer any questions | may have about the project.
6. 1 understand that by signing this form, 1 have waived none of my legal rights
that may be associated with liability for negligence on the part of Performance
Measurement Associates, Inc.
7. 1 state that I am 18 years of age or older.
Subject: Witness:
} (Signature) (Signature)
i
E Edward M. Connelly Y
f
|
:
f
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Ship ID Number
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SHIP LIST
Ship Type Transit Time Station Time
CVAN 2 11
CVAN 5 1
CVAN 2 19
CVAN 2 112
CVAN 4 10
CVAN 4 176
CVAN 1 43
CVAN 3 72
CVAN 3 200
CVAN 2 148
CVAN 3 168
CVAN 3 10
CVAN 3 69
CVAN 1 158
CVAN 2 193
CvAN 4 69
CVAN 3 145
CVAN 3 149
CVAN 5 179
CVAN 3 200
CvA 2 20
CvA 3 15
CVA 2 16
CVA 4 17
CVA 3 17
CVA 3 13
CvA 5 17
Cva 2 16
cvaAa 4 18
cvaA 2 16
CVA 1 14
cvaA 2 10
CVA 4 18
CVA 5 12
CVA 2 18
CVA 4 19
CVA 1 19
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i ke e




—y

Ship ID Number

a8
39
40
41

42
43
44
45
46
47
48
49
50
51

52
53
54
55
56
57
58
59
60
61

62
63
64
65

66
67
68
69
70
71

72
73
74
75
76
77

Ship Type

CVA
CVA
CVA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
CA
cA
CGN
CGN
CGN
CGN
CGN
CGN
CGN
CGN
CGN
CGN
CGN
CGN
CGN
CGN
CGN
CCGN
CGN

Transit Time

RV OPODEDNVDONONVNDAEBRE2DMOHEOODD= =P RDDNNEELODHEEDDIPUN

Station Time

11
10
20
29
30
29
23
24
14
22
10
30
26
29
28
29
19
19
10
23
28
20
26
289
155
46
228
147
215
300
10
17
148
243
290
150
101
10
300
237




!
Ship ID Number Ship Type Transit Time Station Time
78 CGN 3 154
79 CGN 1 194
80 CGN 5 102
81 CG 3 20
82 CcG 3 14
83 CG 2 14
84 CG 2 16
85 CG 2 28
86 CcG 5 14
87 CcG 2 18
88 CG 3 10
89 ceG 2 30
90 CG 4 30
o1 CG 3 25
92 CG 2 21
g3 CG 5 18
. 94 CG 4 10
r_ 95 CG 2 27
96 CG 2 14
a7 CG 2 16
98 CG 1 27
39 CG 1 14
100 CG 4 29
101 DD 3 10
102 DD 5 26
103 DD 2 19
) 104 DD 2 24
105 DD 3 26
106 DD 4 27
. 107 DD 1 21
108 DD 2 24
109 DD 2 11
| 110 DD 2 29
9 11 DD 4 23
i 112 DD 2 30
| 113 DD 3 21
; 114 DD 4 17
1; 115 DD 3 30
116 DD 4 10
l 117 DD 1 12
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Ship ID Number Ship Type
118 DD
119 DD
120 DD
121 DO
122 Do
123 DD
124 DD
125 DO
126 nD
127 (18]
128 DG
129 DD
130 DL
131 DD
132 DD
. 133 Do
134 DO
' 135 DD
136 DD
137 DO
138 DD
139 DD
140 DD
141 SSN
142 SSN
143 SSN
144 SSN
145 SSN
L, 146 SSN
147 SSN
148 SSN
149 SSN
150 SSN
151 SSN
152 SSN
153 SSN
154 SSN
155 SSN
156 SSN
. 157 SSN
- F-4
M‘W—“

Transit Time

BN QWDPLPONNNHEONUONIDTIDLEL2 QOO N=UBA,LDDLEOOCD LN

. .

Station Time

19
19
13
19
25
23
29
16
29
30
18
29
23
15
30
10
22
10
1
28
19
19
16
226
192
17
10
152
210
300
111
136
229
181
156
148
300
10
295
47




Ship ID Number

158
159
160
161

162
163
164
165
166
167
168
169
170
171

172
173
174
175
176
177
178
179
180
181

182
183
184
185
186
187

188
189
190
191

192
193
194
195
196
197

Ship Type

Transit Time

SSN
SSN
SSN
sSS
SS
SS
SS
SS
SS
SS
SS
SS
Ss
SS
SS
SS
SS
SS
SS
SS
SS
SS
SS
AO
AQO
AO
AO
AQO
AO
AO
AO
AO
AO
AQ
AQ
AO
AO
AO
AO
AO

3
5
4
2
4
1

3
3
4
2
4
2
4
5
3
1

2
2
A
a4
5
a
a
2
a4
a4
3
a4
5
2
1

3
4
2
3
3
a4
3
4

Station Time

206
12
198
10
10
20
29
19
22
15
27
28
16
11
17
16
26
17
17
30
as
29
30
50
46
10
28
50
11
17
40
19
39
27
20
23
15
10
27
12
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Transit Time

Station Time

Ship ID Number Ship Type
198 AQ
199 AO
200 AO

—_

30

25

45
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