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ABSTRACT

The ability of computer users to specify problem solu-

tions with the help of example solutions was investigated as a
function of the user's background 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 .ulutions
by exampIe-solutions led to low rates of errors-of-commission.
Further, the rate of errors-of-omission was significantly

affected by the degree 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 lactor 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 developed 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 I, that

explicitly recommends repeated revit"ions 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 providir new errors are not introduced
when old errors are corrected. Even moderately-sized
computer programs ,'--en require r, etitive debugging and
patchup to ma'e them acceptable; but errors in large
programs may not be discovered until the proaram has
actually been used in the field. Further, the program
development process is uncertain since program development
schedules and costs frecL_ 'y exceed estimates thought to
be more than adequate.

Tht. research reported here involved an investiga-

tion of the ability of computer users to specify n-ob!em
solutions. This ability is e'valua-cd as , '-nction of thi

user's background ar , ,' experienL.,, the complexity of the
problem to be solved, the complexity of' the avai-e 'o
processor (computer), and the avai able feedback aids.

In order to provide background information, a review
of current developments in software engin,,_.,.ing is presented.
This review indicates that developments in structured -- ogramming

are, to some extent, ba-ed upon limitations in human information
processing capabilities; bWt are mainly efforts to enhance

computer program quality, 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 descig 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 pc, 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 etorts are designed to address

such problems. These efforts fall into the following, somewhat

overlapping, categories:

1. Design methodology,

2. Programming languages,

3. Automatic programming,

4. Program test a, validation.

Design Metho-.' logy

Structured softwirr, design methodologies have been and

continue to be developed b"-sed on the belief that the process of

producing a computer program governs the quality of the program.

As described by Bergland (1979), these tructured techniques

impact on all components of the software production process.

Various princip' _, of structured design have ben

discussed by Yourdon x, Constantine (1979), and by Jensen &

Tonies (1979). Yourdon &, Constantine have indicated that the

limitations of humai, information processing should be used as

3



a basis for defining a computer program design process. Further,
they suggest that Miller's "Magical Number 7 ± 2" item limitaion
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
rulated 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 characteristL-i 0 the human prujlem-solving
process must be considered while form,',ating a software

design process. These authors h, ve suggested that software
design should be broken into chunks which are more amo-able
to human comprehension. This is gene_-- 1 ly accomplished
by attacking the problem at an abstract ' vel and then proceeding
to more detailed levels of LeSign.

Although Yourdon and ConsswrLine have nrovided what is

considered to be an initial human proces-sing capability basis
for software development, smhot-Lerrn memory is by no
means the only human information processino capability

involved in software development. Additional factors of interest
include the effect of problem and machine complexity, and the
utilization of Abstract ans concrete levels of communication in each
step of the design proce'

Programming Languaqes

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 r'r-ogram quality. Many
new programming languages are a result of previous work by Dahl,

Dijkstra, & Hoare (1972) ar. i 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 earlier ,ork. Thu-tu 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, a! men-
tioned above, the present investigation is not designed to address the

development of "correct" machine code, but rather to investigate

4



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 pro-amming language and
artificial intelligence research. This re- -rch has already
suggested a dramatic reduc.- in thk effort required to provide
machine code and has highlighted the increasing im, -tance of
adequate problem analysis and correct prc:,r-am specification.
It is generally agreed by researchers in orogramming languages
and in artificial intelligence that the process of generatina a
computer program can De logically divided into two steps:
"program specificiation" and "program synthesis" (tsiermann,
1976). Other researchers have referred to these steps by
other names: "top .,art, bottom Dart" (Prywes, 1977),
"program acquisition, program coding" (McCune, 1t77), and
"formulating the plan, formalizing the plan" ,Wile, ,

Goldmann, 1977). It is generally agreed that once a !roaram
has been specified, program coding can proceed withojt dif-
ficulty. Various program synthesis (coding) systems have been
constructed and demonstrated by the researchers cited above,
among others.

The first of the two steps, prooram specification, has
been studied from various viewpoints, includina artificial
inte'.'igenc , as reported ;n a survey by - iermann (1)7t3),
where inputs from the user might include examples, or input-
output specifications, or natural languo'o :ommands; and
the oo5nition of Wile, et al. (1977) who insist that the user is
respor," -1c for formulating the plan. At present, p- .. ram
specification is the ma' - impediment to automatic r- ramming;
yet research to d-'-e hLa_, generally concentrated on the machine
side of the man-machine interface, in which the human
programmer (user) is considered as merely an inputter
of program specifications. But since the user is the
key element in the automatic programming process,
macl-ines should be adapted to human capabilities ithor than
humans to machine processes. Major issue- here in-

volve the unique capabilities of the human user in specifying

5
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program,, -,, wet I as the influence ul machine processing
(general izaLtiuns) and feedback aids on the specification process.

Program Test and Validation

An enormous number of methods and tools for testing,
inspecting, 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 parL be problem independent
(e.g., attemjL., 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 is a function of the program; code only. r'ie
second is dependent in part on the availability of a correct
specifiP -tion of the problem solution. This is the subject of
the researci reported here.

Use of Computer Resources

bpucification, testing, and use of computer programs
require interactive communication 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 '-'ie 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-
-ormantee (speed and accuracy of communiLALion) and computer

resources in order to apply systems more efficiently to situa-
tions in which resources are limited. Determination of the

exact naLure of that tradeoff, in order to enable a system
designer to consider such issues along with all other resource
demands whet) designing the total system, is one objective of
the present research effort.

6



Need for Flexible Communication

There is another way to view the user/computer process

considered here. In the design of computer interface systems, a

desioner typically views the user with -egard only to his/ner

level of knowledge about the system. For instance, Schneiderman

(1980), in an extensive review of interface design methods, has

identified various design check lists (!nansen (1971), Wasserman
(1973), Pew & Rollins (1975), Gaines & ra-ey (1975), Cheriton

(1976), Gebhardt & Stellmacher (1978), Turoff, Whitescarver

& Hiltz (1978), and Kennedy (1974)) in which many worthwhile
suggestions are offered, yet the cardinal rule aereed 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,"

listn-g a set of typical input sea, -ices For potential use. The
experienced user, however, is typically t)rovided with , a set of

general commands, from which he can, v ah reat 'r'evdom,

design his own specific input commands.

This view, though important, neqlec.', another -"-te-face

dimension which is critical to effctcn)t _irid effectve corn- ).ccl-

tion. In every communic ttion, whct er it be between a_ )-;e r "

and a machine, or person to person, thlere is a _r Q t amount
of information left unstated: information that is assun.uc e-ther

to be known or to be irrelevant. For, instance, in user/computer

communications, much information is stored .n -)crmo.y, system

status registers, 1/O buffers, etc., t(,Lt, typical'y not corr-

municat,.d. This uncommunicated "nfornation is often the

key to such difficult-to-answer questions as: VVy didn't the

system respond the way I anticipated? If I hit anot'r' t-JRN,

will I lose Lhe data just entered? In what mode is the computer
operating? What are alternative commands? -Iow ca ' t this
system to process my data without adding 1 to each entry'?, etc.

In general, the issue at hand is: how can a user esab'ish com-

municatio) or generate commands when unsure of the correct way
to proceed?

The existence of such problems suggests that multi-
level communicat,.'n of both abstract and concrete information (i.

e., both general sl-itements and examples) may provide a method

7



for effective 2-way communication between users and computers.

In such a situation, if the effect o3f 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- -tions and with detailed solution examples.

If given general pro.-ram instructions, the computer can 'eturn

example solutions. If given detailed 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 eff,-ient compact com-

munications; examples (concrete or low-level abstraction) are used

to enh-)nce the understanding of what i communicated in olstract
terms.

With respect to the user/computer communication process

described above, we note, first, that a user's capability to soecify

a program quickly and accurately (i.e., to specify the solution to
his/her problem) is not only important, but is ' '.-ined as a

joint function of the type of problem, the avai- Ae machine capability,

and the availability of feedback aids. Second. the machine

capability necessary to support the required problem so'Ltion specifica-
tions must be translated into computer resources, and the user's

performlnce capabilities must be established as a function of these
resources. Finally, when multiple Levels of information -'--traction

are available, the capabilities of the users to specify actual programs
must themselves be specified.

METHOD OF APPROACIH

Recognizing that specification of a problem solutiun is the

first step in implementing the solution and in time may be the only

step recuired 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 ! .eed 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 speed and ac-

curacy of specifying problem solutions;

8
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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 mode' for

identifying a suitable task for the experimc )t. I, particular,

literature describing various types of pro-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 either Motley or

Thayer. For purposes of this effort, a ".ogica'. "roblem" is

defined as a problem w ,-re the solution is a logical fk,v tion of

known independent factors. Using this defini'. on, errors may

arise if one neglects the fact that a change in a -gnle 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 ar-oach presented is
provided.

Loaical lunctions
N

If N logical variable exist, it is possi "e to forrm 2

logical combinations, and 22  possible loci'cal functions of those

variables Thus, if three logical variables exist, there are eight

possible combinations of those variables. A general logical function of

three variables is given by:

D = K ABC + K 2 ABC +K, ,_; 4 ABC-

K ABC + K ABC + K 7 ABC + K 8 ABC

9
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where the bar over a letter (e.g., C) represents ".not C,"
Ki is equal to 1 or 0 depending on whether the corresponding
combination is or is not included in the logical fu 'ction, and
"+" represents the logical "OR" opera t ion.

For e> ,mple, if K is u:cual to I and all remaining
K's are set equal to 0, t-}tc function specified is:

D = ABC

In another example, with K and K 2 set equal I , and the re-
maining K's set eQual to 0, the function is:

D = ABC + ABC

which is read: "D equals A and LB 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 T

T T T F

10



Here we have two example solut. ,ns wh:ch 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 (i.e., C is false), condition D is also
true. A complete vpeci'tcation of a three-variable equation
requires eight independent solutions such as shown in Table 2. If,
however, an associated computer processor were to generalize
by the rule "The ouJ)u, - always iatse unless specitred

as being true," the tw. ,xample solutions provided in Table 1
would be sufficient t -,mpletely specify the necessary logical
function.

With th' fir"s me'thod discussed above, the problem solu-
tion is complete',, spcc4:'ied by Uhe formula. With the second
mr0ohod, the prr _ ' ut2on is implicitly specified by example

solutions. 7 ,ncr' nethod can be used to communicate the
solution. :e "'v wi'u '-)('cifying general solutions is
that, as th;e F 'nfl :,ens b.cr-eas;ingly more complicated, it
beco e; , or' ifficut t, _rtand and rectify. As
a w'os'!:, ce U, ' wiU of'. eovertlly generate for his/her

own u-e, ,r tijre)be (,- CxarIjC sO i.ons which may
then be employed to verify the geneoal solution. This process
often occur-- in testin' a cornputer" program.

Table 2

Specification of Lonical Function

L) A B C

F F F F 1

F F T
F_- T F

F F T T
- T F F

T F T

T T F
T r T T T

11
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The advantage ,r'ovided 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 KRuired 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 com r , ter programs, but also in many other problem

areas where there are a larae number of variables to be
considered and where each can be of equal importance. These

problem areas include specification of instructions for virtually

any purpose (e.g., instructing 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 examole 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 compuLer's general solution

function.

12
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The Task

The experimental task employed in this study re-
quired specification of a logic for the selIection of a hypothetical
Navy task force. The task involved choosing ships from
a ship list which identified tne ship type, the transiting time
(_.e., time required for the ship to get from its present
position to the desired site), and stationing time (i.e., the
number of days the ship could remain on station with
available p-'ovisions). TIhe participant \&as required to
specify example ship combinatioris for each problem
worked. This ranged from the simple task of soecify-
ing three different ship -. mbinations in the first prutilem,
to additional, more difficult combinatio! 3- in lzater problems.

In addition lo this specification of ship combinations,
the participant also had to specify by ex-,mple -olutions
the range of transiting and stationing times required. For
instance, if the required transiting time was 10 days orI less, the participant had to search the ship list to find
one example ship of the proper type that would est-ablish Ith'e
desired upper limit on transitina time. Al, o, the)c pa>'-ioant
had to search the list to find anotheur ship of the proper
type which had a trans.iting 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 combr- tion of ships, to establish
by example solutions the desired range of transiting and
stationing times.

Eacih articipant was also required to -'cal with)
various procesjsor complexity levels. He/she did not have
previous \,nowledge of how 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 slhip types only. At another
processor complexity 1, vel, the processor would generalize
transiting and stationi- times over all '-Aip types in a particular
combination.

13



I

The participant evaluated the general solution

(processor ship selection logic [SSLI) produced by the

processor to make sure it was a correct solution. If it was

incorrect, the participant modified it by prt/iding additional

example solutions. The participant could also evaluate the

processor's general solution by asking the computer to

generate its own exam'>re sulutions and then by evaluating the

newly generated solutions for accuracy and cormipleteness.

Design of the Experiment

The experiment usf U a repeated measures Latin

Square design (Plan #9 cited in Winer, 1971, pp. 727 - 736).

The design is shown i'q Table 3. The factors investigated

were:

a. 3 levels of problem complexity,* as measured
by Halstead's L Metric, wher, each level re-

quired a -. ferent amount of effort to correctly

specify the prO" oem solution.

b. 3 levels of processor complexity* where each
level required thoz a different amount of in'-,rma-

tion be provid., by the user to correctly specify

the solution.

c. 2 participant catgories: bookkeepers/accountants
and expert computer programmers.

Each factor was fixed, but the group (0) and the .- rticipants

within each group were random factors. (An additional factor,

various levels of feedback aids, will be .,,ilyzed in later ex-

periments.) The order oi presentation fur each group (0)

was randomized, resulting in the presentation schedule shown

in Table 4 for programmers3 and in Talble 5 for bookkeepers/

accountants.

*Measures of problem complexity and processor complexity

are discussed in subsequent sections of this report.

14
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Table 3

Schematic for' Experiment Plan

Programmers

S AL' AB AB
1 1 23 3 1

Go A 1 , 1  AB A B
3 A313 21 32

Bookkeepers/Accountants

o4  A [L A 4  lAB
41 2 2 3 3 1

G AL A B A 3 B 3G5 3A 3

0G A B AL A 3

A is a lcve" of problem comp'uxity.i

i is a levo of t)rocessor .'omplexity.

Each com'-,inj aion of A. and B. is an

experiment Qc2l.

k s a group of 10 participan.b.

15
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Tab'e 4
Computer Programmers

Probtem/Processor Order

Session #
Participant # 2 3 4 Group Order

Problem/ rocesbur

14 31/1 15/2 52/3 1 5
15 2 1/3 15/1 52/2 2 5

16 31/2 15/3 52/1 3 5
17 52/3 31/1 15/2 1 4
18 52/2 31/3 15/1 2 4

19 52/1 31/2 15/3 3 4
20 1 /2 52/3 31/1 1

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 6
2-1 52/3 15/2 311/1 1 3
27 5/2 15/i 31/3 2 3
28 52/1 1 b/3 3i/2 3 3

29 15/2 31/1 52/3 1 2

30 15/1 311, 52/2 2 2
31 15/3 31/2 52/1 3 2
32 15/2 52/3 31/1 1 1
23 15/1 :)2/. 31/3 2 1

34 15/3 52/1 31/2 3 1
3 5 15/2 31 /1 52/3 1 2
36 15/1 31/3 52/1 2 2
27 1: /3 /2 52/1 3

sz5/3 31/1 15/2 1 4
39 52/2 31 / 15/1 2 4
40 52/1 31/2 1 5/3 3 4
41 31/1 -2/3 15/2 1 6
42 31/3 52/L 15/1 2 6
43 31/2 52/1 15/3 3 6

Notes: Problem number- wL-re assigned randomly to conceal the
relative complIxity of the nroblems. They we: #93, *15,
#52, and h31 in order of increasing complexity.

Session 1 = 93/3 ,, 'roblem #93, Processor #3). This was

the ore-test. PLWdtcipants #1 - 13 were used in the Pilot
-1estL, not in the expcriment.

,
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Table 5
Bookkeepers/Accountants
Problem/Processor Order

Session #

Participant # 2 3 4 Group Order
Problcm/Procesor

44 1/ 1 15/2 52/3 4 5

45 31/3 15/1 52/2 5 5
46 31/2 15/3 52/1 6 5

47 52/3 31/1 15/2 4 4

48 52/2 31/3 15/1 5 4

49 52/1 31/2 15/3 6 4

50 1 5/2 52/3 21/1 4 1
51 15/1 52/2 31,/3 5 1

52 15/3 52/1 31/2 6 1

53 31/1 52/3 15/2 4 6
54 31/3 52/2 15/1 5 6

55 31/2 52/1 15/3 6 6I 56 52/3 15/2 31/1 4 3
57 52/2 5/1 31/3 5 3

58 52/1 /3 31/2 6 3
59 15/2 31/1 52/3 4
60 15/1 31/3 52/2 5 2
61 15/3 31/2 52/1 6 2
62 15/2 52/3 31/1 4 1
63 15/1 52/2 31/3 5 1
64 15/3 52/1 31/2 6 1
65 15/2 31/1 52/3 4 2
66 15/1 31/3 52/1 5 2
67 15/3 31/ 52/1 6 2

68 52/3 31/1 15/2 4 4
69 52/2 31/3 15/1 5 4

70 52/1 31/2 15/3 6 4
71 31/1 52/3 1 b/2 4

72 31/3 52/2 15/1 5 b

73 31/2 52/1 15/3 6 6

Notes: See Table 4.

17

!



I7

I
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 problem number and

processor level number, 2, spectively; 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 B (least

generalization).

4. Test Problem #X, Processor level 1.

5. Test Problem #Y, Processor Level m.

6. Test Problem #Z, Processor Level n.

Note that values for X, Y, 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 ent(r- 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
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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 B3
3

Results of the pilot test indicated that:

1. The ship 'ist should be removed from the

computer. Initial!y, the ship list was presented

on the computer terminal, but it was found
that participantz- continually referred back to it
and took notes about siuitable ships. This

proved to Ye too time consuming, so, for ref-
erence, a typewritten copy of the ship list was

given to each 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 sorm cases. Therefore, it was
decided to pace the instructions by presenting
them simultaneously 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 instructiori-, and to test interpretations of

'9
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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 to problems that we specify. You will also
be asked to enter yuur example sC.utions into a computer
terminal. The example solutions Lnat you enter will be
interpreted by the computer as Instructions to be used in
solving the general probl ,  for which your inputs are example
solutions.

"Example solutions to 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 th . 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 '-tion 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 wi'l 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' JLion. During this process you will be provided

with feedback aids from the computer to assist you in your
task.

"Illustrative Probrm (A pr_ e..m and solution to show

you I- w is done)

Th, Navy h . n ordered to be ready to assemble a

task force for an extended rnr.-,sion in the Indian Ocean. In

order to identify possible ships for this task force wiiun the

assembly order is given, Harry cmith, an analyst tor the Navy,
has been asked to spi_ .6y t )e instructions necessary to scan a

file of available ships, to apply the ship requirements necessary

for the composition of the task force, and to select one or more
"solutions" (i.e., suitabl, :ts of sbps) for the missionu

"Since it is not known when the assembly order will

be given and the list of available shios changes from time to

20



time, Harry's job is not merely to select a suitable set of
ships for the mission. Instead, Harry's job is to develop
multiple example solutions that together deofine the logic (i.e.,
specify all combinations) of the ship selection process. The

objective is to spec4'y the logical rules for selecting ships; then

later, when the ship- aru 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 is to obtain the criteria for-this

task force.

i. The ships needed for the task force are:

• One (1) ijclear attack aircraft carrier (CVAN)

• Two (2) submarines (SS)

* Two (2) destroyers (DD)

* One (1) oiler (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 )criod.

"Harry's next step is to construct a list of ships which

includes the necessary daLtll on available ships. He constructs
a ship list instead of uting the actual ship file because the auual
file of available ships may not cOrV .Ln all combinations of ship
types, arrival times, an,' fuel loads necussary to permit se',,ction
of example so ' ons ;pectffying the necessary combinations _'
ships (i.e., necessary to specify the ship selection logic). 'Ac

developed the ship list -,mown in Table 7, and entered it into the
computer."

(End ut Lxpurinent 1 'k Description)

*Note: When a nuclear ship is specified, a non-nuclear ship

is not accepLL ; likewise, when a non-nuclear ship
is specified, a nuclear ship is not acceptable.

]k
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Problem Variations

Four problems of differe nt complexities were used in
the experiment. Complexity is a function of the number of
correct solution combun. r's 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 spue .fication of three different

ship combinations each involving four types of ships. The next
level of problem complexLLy was Problem #15, whicl required
six ship combinations a( tin using four difterunt ship types. In
order of increasing c,,, ',,xi~y were Problem #52, wlich required
9 ship combina.Lons cach ii w,-Ivitnj ,ither 4 or 5 ship types,
and, finally, Problem #31, which) required 14 combinations
each using 5 ship tyi 1. The four "-oblem statemnts are
provided in Appendix A.

Measurement of Problem Comro y

Halstead's E W- 'ric (Halste,d, 1977) is a measure of

the mental effort (E) (i.e., the number of discriminatio<i))
required to accompli ,., a task. The n, .trto pcrmto-s decomposition
of a task into a number ,f elementary d erimLnations r'equired

by the task. talstead's L vietric is frequently used in software
research. IL purmiu. 'mp aring (and in some cases combining)
results obtained by different research programs. Halstead's
E Metric it given by:

E = V 2 /V* (1)

whiere: V is tho "program volume" and V* is the' Dotential
program volume." V iu, ven by:

V = N log2 n (2)

where: N = N? ? N 2  (3)

n - n 1 + r (4)

N 1  The total number of operator,.

N2 = The total number of operands

n = The ur !ue operator count

n The unique operand co..,nt
2
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V* is given by:

V* = n* log2 n* (5)

where: n* l* + n.* + ' ()

nl* = Thu potential operator count

n2* = The polnntia' ipurand count.

According to Halstead, the minimum possible number of oper' Lors
n 1 * for any algorithm is 2, one operator for the function name and

another for its assignmui it. Thus n * = 2.1

Furthermort , uil* is evaluir ' 'he minimum number of
different input/output par-ameters. The quantity N in equation (3) is
called the "program let '-!i;" the quantity n in equation (4) is the
"vocabulary size;" and the quantity n* in equation (6) is the "potential
vocabulary size." All of these quanti*!e- are abstract and may be
difficult to visualize.

In order to compute the E mei ,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 OVA and SS and SS)
or

(CVAN and CVAN and SS and SS)
or

(OVA and CVAN and SS and SS)

wher,-. CVA is an aircraft carrier non nuclear
CVAN is an aircraft carrier nuclear
SS is a subma'ine,

According to this solution:

The number of unique operators (n = 3

i.e., "AND," "OR," "()" ^e the three unique operators

The number of unique operands (n2 ) = 3

i.e., OVA," "CVAN," "SS" are the three unique operandz

The total number of operators , 1) = 14

i.u., there are 9 AN D's, 2 or,,', and 3 ()'s in the solution

2LV



The total number of operands (N 2 12

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

*n = 2 as Indicated previously,

* 2, i.e., CVA, CVAN, SS are the three
2potentiL' Ltput/output porameters

The calculation of Halstead's E' , etric for each problem is given in
Table 6.

The Experiment LI)'-ocessors

Based on the exam~yp.e solutions input into the computer by
theL pjarticipants, the proc, sor (computer) is able to form a ship
selection logic (SSL) by which the comv.)iter can select ships in
a potent i' lask force. The SSL consSsLS Of:

a. ;et of ship combinations,

b. mini murmnmaxi mum) (MIN/MAAX) values for transit
times for each ship type in each set of shio combinations,

C. MAIN/MAX valous !r stationing times for each ship
typ i tLic) etofship combinations.

NAIN/VV\X values for tran_,. t. -.-.'.toning timoes were a function of
the pr~~srgeneral iz:ation capability (i .e. , nrocessor complexity).
The three corn 'exity ltev-'; terupluved in this study were:

Level 13, Tlh1 V-'~ ind MAX transit and stationino times
Y'u !A) II hip.1 r. :rdless of type or comnbina-

tion.

Level L : -te MIN and MAX '-Lns3it and stationing times
a )ply tc t .ips 11 ,tch particular combination.

L-evel i : Ti1ck_ VJN and NAN transit and stAationinc times
zapinly to each) ;hip type in each combination.

A solutioni to an "'.uistrative problem- showing the effect on the SSL of
each level of processor comyplexity is presetnted in Tables BA to 8D.

aukLle 7 it- the( li-;t of hisused in the illustrative problem.

Table B3A pr ,vidus the problem statement and four ex-
ample tions thaou arc as!-umed to have been entered into

24
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Table 7

LtLL of S :s

Fuel bupply
-1 rans it J ime on Station

Shin #t " thip !! e.quird (Days) (. cys)

1 CVA 5 10
2 OVA 4 20

C OVAN 5 2L -)

4 -VAN 5 100

5 CA 4 3
S(CA I Ic'

/ Cc 4 10
8 Cc 8 20

CON 5 100
10 DD 5 10
11 {DC 5DD 5,

DD 10

1 5 Db D 8 1 U

1 SS 7

1 SS 4 10
SSS 12

20 Sb 2 12

21 SDN 5 120

22 SSN 200

23 SSN 4 250

24 A(_) 20

25 AU 5 3U

26 AC Y 20

Legend:

OVA Attack Aircraft Carrier CON Guided Missile Cruiser

CVAN Attack Aircralt Carriur, (Nuclear Propulsion)
(Nuclear Propul; ion) DD Destroyer

CA I leavy Cruiser LS Submarine
CO Guided Missile Cruiser SSN Submarine (Nuclear Propul-

AU Oeu sion)

20(
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Table 8A

An Iluutr-ation oi t u ct of

-The Three r'oceusor L v' of Cu,, plexL,

The Cr-LLeri, )r the task .,rce are:

1 -r .u zihipL; needed for Uiu L-k force are:

" One (1) nuclear attack :i:-craft carrier
(CVAN) or attack aircralt carrier (CVA)

* Two (2) submarineu, (,S)

• -Two 2) dc--royer (L))

0 Utic (' oiler (AU)

T. e prescilt por :tiori uf ofc I i p and their

speed must oermit arrivaL a:t thu ab ,;eribly
int within 5 Ciys.

J. Fuel on board ni .,t permit stationing .out
res;-uppty for . 10 day period.

These problem criteria specify two distinct combinations

of urup , as follows:

Combination I: CVAN, SS, SS, DD, DID, AO

Combination 2: CVA, SS, SS, DD, DID, AO

:7,
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- tLjOt 8A (, uncludud)

An Illustration of Lhe Effect of
The Three Processor Levuls of Cornplexity

Suppose four example solutiuns are entered as follows:

Example Trant) Time Fuc. Supply on
Solution Ship # Ship -! ype kequird(days) Station (days)

1: UVA I

17 S 0
20 3s 12

10 D D 10
13 ID -4 12

24 A( )4

2: 2 CVA 4

17 10
20 2 12

I 10 1
13 4 !2

25 AO 30

3: 3 CVAN 5 200
17 D 5 1C
20 3 - 3 12
10 DD 5 10
13 D'- 4 1)
24 AD 4 20

GVAN 5 100
17 SS U 10

'0 SS, !

10 DU 5 -\

13 DI-) 4 12
AO 30

2k3
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I-od~ Frc Lv' 1lr * QC 1llustrativo :' oblcry

0~ Sv.~ ~Vioninc
04' 'I X ~ N'M N M A

(VA 10 20

VA 10 :00
10 200

Nj10 200

CornbniXlcr on
1 VAN 3 10 _200

310 200

210 200



T-able 8C

SSL Formed by Procu-. or Level B2 for the Illustrative Problem

# of Shi 1 Transit -Stationing
Required Ship Tyoe MIN VAX M IN MAX

Combination 1
1 CVA 3 5 10 30
2 SS 3 5 10 30
2 L) 3 5 ~0 30

Combination 2
1 CVAN 3 5 10 200
2 SS3 5 10 200
2 'DDI 3 5 10 ( '200
1 AO) 3 5 10 200



Table 8D3L

SSL Formed by Processor Level B,9 for' the Illustrative 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 AO 5 20 30

Combination 2
1 CVAN 5 5 100 200
2 SS 3 5 10 12
2 DD 4 5 10 12
1 AO Z1 5 20 30

N ote: The range of MIN/MAX vc -es aru limited by the available
ships on the shio list.

* Numbers corresp-v,'d to ships -ilist given in Table 7.
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the computer. Table 8-3 is the SSL_ formed by Processor Level
B 1 from the four example solution. At Processor Level B the
processor scans the transiting and stationing times of a l

,ionng ime ofallShLps,
in -T example solution3 and determines the MIN and MAX values
of the transiting time and of the stationino time. These MIN/
MAX values are then assioned to each Q.-ip tyoe in the SSL as
shown in Table 8E3. For in)3ance, Line MAX stationng time is
the same (200 days) for all ship tyocs in both ship combinations.

Processor Level 3,o Qeneralizes over each ship combina-

tion (Table BA) instead of o\ver all sh-) :ombinations as does
Processor Level B 1 . This restricted guneralization is illustrated
in Table 8C where the MAX station-xj time is different for the
two ship combinations. The differe. ;e occur's becajse the
ship with the greatest sta',onnao time. (AO) in Example Solutions
1 and 2, which define ship co-m.'Dination 1, has a stationing time
of 30 days. In contrast, the corresoonding MAX stationing time
in Example Solutions 3 and 4 is 200 days for a OVAN.

Finally, Processor Level 13 (Table 8D) generalizes only

over each ship type, and, as a res_ .t, the MIN or- MAX tran-
siting and stationing times can easily be different ?or" each ship
type.

The impact of the various levels of processor generalization

(complexity) on the user is that fewer examp'.e so'. tions may be re-
quired to establish a broad range of M'N and MAX transiting and
stationing times in the SSL with Level '% Ihan with Level B . In

turn, Levels B and B each require less information from he user2
than does Processor Level - .3

In contrast, while the amount of infor-mation requir- -- from
the user increases with Processor Level B 3,Y and B3, in that order,
the amount of processing required decreases wtlh that order. This is
because the processor must make many comparisons of MIN and
MAAX tra- >ting and stationing time values for Level E3, fewer

comparisons for Level E 2 , and the least number of c,-Tmparisons for
Level B . Increasing the computer calculation load decreases the

3
amount of information required from the user. As a result,
processor ,-omptexity can be calculated from two viewpoints: the
user'" and the processor's. These processor complexity measures

are discussed in the next two sections.

32
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Measurement of Processor Complexity (User's Viewpoint)

Proc ,ssor comolexity, from the user's view,)oint, is a
function of the amount o" information required to specify the SSL
for the comouter. This amount is a Jirect function of the level

of processor- complexity and ;s computed in the following paragraphs

for the eroblem reau'irina the ao-eatest amount of' information.

Variables to b specified by the user are:

a. The number- and type of ships in each combir ition,

i.e., each example solution.

b. The MP,-/MVAX stationina and transiting times r'e-

quired by the processor level.

Si,:ce the processors at each specified level must have sufficient

storage to permit processing of all problems, the problems were

examined to determine the maximum storage reqL)-ed for each

of the two items listed above.

Consider first the amo'. -'t c information required to

specify the number and type of ships. N.ne types of ships (see

legend to Table 7) are available for selection. Adding "1" to

account for a specification of "NO" shix ,-esults in a total of

10 required ite,,s, 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 bits.

The ma-ximum num-ber of shis pr combinal,)n (wi,-h

occurs in Problem #5-') is 10. T'VU;, 4 X 10 = 40 bits arc re-

quired to store data f'or, each combination. (Note that some

efficiency coold_, be obtained by nacking the data, since bits have

been allowed, but that because this numrrb,, - is constant for all processor

levrs, this efficiency was not used.)

The maximum number of ,;hip combinations (from Prob-

lem #31) is 14. thus the ;torage required for all combinations
of ships was 4 X 10 X 14 = 560 bits.

Consider next th-o amount of inft. nation required to

specify the MIN/MAX stationing and transiting times. This

amount is a cunction of the -rocessor level and is computed as

33
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follows: since the allowable transiting times are integers

wi~n1.n the limits 0 - 153 day';,, 4 bits each (4 bits pe-rmit

disc rimination If itm; 11, -- -ssianed tc specification of
M~ an MA~s~a '~ir' ti' ~is, -Pecification of V'\/

MAX -'ansitinci va'uet7 -,u:e!, bits. Another 1C) bits are

reau'ired to sr:-cc y 'he M'N/MAX values for stationino 's

yieloing a arand t bit s oer specification for a - et ol-

M!.N/M.AX votues. Cu'atosfur each ot-ocessor !l.ve' are

as follows:

Level B3 requ-Ires one apecif,,cation of MVN/MAX
ya[-,s out-r -o roLNIUm; tutenumber of bits

_ 'evu-e' one -,ocifhcai,,on of MIN/MAX
va,,e - por ~un;itmsthe maximum
nlurm') c r I-' ~u- the number of

Levl reiurN.on 'a>! zat~nof MIN/MAX

vatues L'e-r cet;'i.'' . maximum
number ,f* *i i n-, mi nemximurr;
nun-b er ' ' 'ncnxtLo;thus, the
numblzer (0 j Xo~1e. j 14 X 10 =3360.

Thus, the amWour' -f 'n' eoni ot--(N W~o6t form the SS L is 560

bits (which is the malx-"'jm oraere.:u'red for all the ship
combinations and is t'e am or - rect'; -,or levels) plus
the varying ,,rlour-; of'' ora in ven Ai)OVC) required to

specify the 1hmits on rastn inj irn~tms

Proco's~or Complex'lv 0.ev~n

The oroccaaor C v - eo~ aoIc'ty to

store all inform-atifon reu ed t ;eu i4y t 'rraxjrxI-v amount

of ship dat-a as-- we''. I,-,~'':ea vair,.ety o'- VIN/M.A-X transiti.na

and stat-.-ninin ti-.ix.te ;)o'--o or each level. of
comple'-,Ity u I-, 'QS ai~' '' ~ t and 33W0 bits to

store t -u Pv*TN/.VAX tr~ ;i-a ad o> :m data (based

on 'orequjirt:ment2r; for :NY jia'e ur,,no thie largest amount

of storage).



In ad'tion si-'y ur-ag.Q requirements,

Computer oroce5srQ i m. 1o r'eaijircC- t.o oer-form the necessary

Comparison o' hL '-r.,'t ~ an tai-rn 'es. These

comar~~fl ar OK'J r-v'i~'~trm~c IN/M.AX transiting

Lind p~t~'o r n' "' r-viouisly, the number of

como,,ariscins i,,a onrcen"complexity level.

ti umbe-)tr of r-a.le orfl)ar' sons myay be determined

by issuminc, that:eci' -erLr2~emou numbetD of example

so'ut'ons; -e,~ 'c to '& stre.re cto c>(SSL).

c~~~~fl~~~~~pi cn_~r- n> '' ~K'' '" unto ,de'-c in the

tol low 1.oe- a

''." C ''aoo e ''."x ' r''u'on '-o a nroblem,

'- j~ e''m\ 'p'V n VAX) and

eve " -~i"' curr a'l in n u ~~'Virres of all

Lu""*n. ~ o (K 'rco'T.arisons

,are(',' ''I. 2 ' a ,r '0) ta'rr9<'. *" comnbi-a-

K . - j Il)" -v"" i"' ~ ur- d. A

'~ '' .''~e v'~* a a AN a 'V! .. (-),)ing.

Partir" o'',

The- two rt'') -~a~.: o:o~dOf comnnuter

programner , adn '' 'tC ,J11I)I'rQ/1cU vio wterc not

expert p-r'v' 1
' ' 1..'-I )'"l o"er tb jn'ri'n whther



a pror'ammer was considered an expert included: wor< wi-th
muli~o -languages, production of at '.east 10,000 lines of code,

and experience with m,_'tiple compujte-r systems. Selection
criter ia for the non-prograrnr-,-iing ateaory (bookkeepers/
accountants) included 4 years of schooling or experience in the
bookkeepiny field -nd no exte .2 ve exuerience as a crm _.ter
programme- Complete selection criteria for both part ic ipant
categories-. are given .. Appendix L-.

Participants were obtained 1 commercial personnel
organizations which specializc olacing programmers and
bookkeepers/accounl-sints in temnporary and permanent positions.
Initial s-,reening of participants was - by the personnel
agencies in accordance with the selection criteria orovid -d them
(see Appendix B). In addition, Olic to a low flow rate of partici-
pants, particularly in the bookk<ecoi.nq/accountina area, an
advertisement was placed in a loca. newsuaoer tanqth-at an
evaluation of computer equipment was berw )nductcd.
Twenty-six people answore th)is a(-, oJ_ wvich .2 wer 4'ou 'd
to be accept~able. A copy of tHie ad is, a'.ven in Apnendix C.

A total of 75 people p)articipated in th)e exper, ment.
Of 'he 75, 15 were not use-,d bucause_- oy did not. achieve an
entry level criterion _score- on the re-'-st problemr '#93).
Also, 11 _,Jitional people part-icioat. ,)'y in th-e f_,_'ot tost orior to
the experiment. All part ic i santts were over 2 yt> S of~.

Participants who were obtained through ariencies, (all
computer orogrammers and eionht of '-he b)ook' ,,oe(rs/acc ou -ants)
were patd in accordance with the olic- of- toe a-aen- e; %-vno
obtained them. The bookkeepers,/accoun)ta nts w were obtained
via the nwperadver'"-,;cment w- r ,)aid $7. 50_) iocr o

Proceds _re

Participa' - were -edi'led - '_ a morr-*nc' s3ession
beginning ;1' thCO0 or an afternoon iesnbuin~ t 1 :_0.
Whjen a cpa-tic2 -)t arrived, he/she was -nree~ed Leoffered

a refreshm-rYent C1'd asked to fill .. a 'oraphtca1, cue .ton-
naire (thec _ijestionnaire is given in Arpendix 9) to ver-ffy
that theu oarticioant",; experience satisfied the experiment,
entrance rtei and to o )ain additional information regarding ,
the level of' exnerence in his/her particular field. !f the
partictoants experience did not satisfy the criteria, he/she



was not useC in the exnerrment. Ir :he oarticipant was accept-
able, the experiment was briefly explainec, and the participant
was provided with a consent form (Aocendix E) having been
assured that no personal risk was invo'ved. 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 163 feet in size,
with a video tape recorder &rd video rmonitor locat.ed on. one
table, and the computer and termi.na. on a separate table.
Participants were asked te) make themsuleves comfortable and
to adjust the light and ventilation to th-- l.isfaction.

Instructions for the experiment were presented ;, two

carts, both of which were on video tape. The first cart
described the experiment problem and gave a method for solving
the problem) including an examP'.l solution. C-Q-ese instructions
have been discussed earlier in _--e ion '. ed "Experi-
mental Problem.") The second part nave .nstructions on how
to enter data into the compute- - and also included an illustrative
problem solution. Since this por-tion of the instructio!- employed
a dynamic display of the operation of th, tomuter, it cannot
be presented here.

After I 'nstructions were presented, the participant
was seated in front of the comn)uter terminal. He/she ,,as asked
to use the manual key pad (consist.nc of keys labled 0 - 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 a-. their
transiting and stationing times. The participants could refer to
this list at any time during the experin L-t. I.n addition, a pad
of papL.<- and pencils were provided for notes, calculations, etc.
These sheets were kept in each particioant's file for reference.

Participants were told that up to one hoL.r was allotted
for each oroblem, and that the computer would a'tumatically
stop the problem at that time. Participants were permitted lo
take a short brik between test problems if they desired.

'Data Entry. Partieipants used the key pad to enter data
into the cctipu.er. A oar..cipant could select from the following
functions..
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Function -*. Commanc _! )Comouter 'o Gcnevate

Solutions. As a participant enter -d so'- .ons, the computer
generalized them to form a ship selection logic (SSL).
To be sure thaL this generalization was correct, a
participant could command the compute~- ',) generate and
display its own examole solutions. Th s. (vas done by
presssing Key #4 followed by the :NTER key. After
viewing the computer's example solution, a parnticipart"
could either accept or cancel . o accept a solution, the
participant pressed ' - EN_77_R_ key; to cancel a sol-
tion, he/she pressed Key 'followed by t ,e ENTrER key.

Function #5: View th-e Cum-oute-'s SSL_. To
view the SSL fo-mced by cmtron) tn)e
example solutions inut by 'li~atc~at)te oart_ -
cipant pressed Key rO,vvW2u by th NZ ey.
Upon such a rec~,_ ")e comfputer woulCd disolay t)e
various ship co-binat.o- th- o-he-'i~ed '_,e

computer's SS I.

Data Collect-)

AZ! example olu-ions were, .ntered by oart ~t
into the computer. Thne comopute- t_ -) vecorLded a'.l en-.els,
as well as the time exper.", for eacn 'jrob'om) solution.
This method of collecting daita enal i! generation of a orintout
Ilisting detailed information on each oarticipant's activities
durina t-he experiment.

Perfo--mance Measures

Probability of Conrectly ::,'ectinc an Acceotabl~e S - .
Two summnary performrarL reasures weure cevolopuc to re-
vec7.l ;!,, wetl each paricipant solved the t-est o-oblemL_ The
two measures were identi-a with- respDect to scoring correct
ship combinations, but differed in th-at cDerformJ -ce Measurye

2 _rovided a ,Dr,--'ty for an incorrect s~ocomb l on

re measures we~e constructed by scoring the MIN'/
MAX transiting and statio-4 , tir-r- fo- each ship type. As
shown in Figure 2, the range of correct values for the M'N/

MAAX transiting and stationing times, which is a function of
Lne ships on ''-e available ship list, can be viewed as -- area
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>1 Coordinate of a ship not selected by

Q participant's, specification of the SSL

Area of
Correct
Solution

Stationing (AC S)
Time

Area of
Participant's

MINSPSolution
(APS)

MINSC

I~N C VMAXTP Days
0M NTF 7MP AXTC

(ACS) A\rea of correct solution =(M.AXTO -NMINTC) (MAXSC - MINSC)
(APS) Area o ricnrjssolution =(MAXTP - MINTP) (MAXSP-

MLNSP - MinimurLm Stat-ioning - Participant
MlNSC - Mni),munm Slationlng - Correct Solution
MINTC - V;-nimrn -ransiting- Correct Solution
MINTP - M i q nmumr Transiting- Participant
MAAXSC - Maximnumy Stationing - Correc: Solutio-n
MVAX SF-I - aximumy Statoioning - Participant
MAXTP - Max, -nw m Trans~ing - P articipant
NAAXTO ,).x -;rr -:m ransiting - Correct Solution

Figure 2. Meth,-od! of Computing Probability

of Accepta'-'- Ship Selection
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in space. Every ship of a particular type whose coordinates

fall witiin that area is acceptable. However, if a partitcL ant's
ship selection logic provides a minimum for eit L.r transiting

or stationing time greater than the correct minimum, - if

the maximum for either- transiting o- stationing is less than

the correct maximum, then the "area" specified by the parti-
cipant will be containue entirely within thu -orrect "area."
As a result, it is possible that a ship witLh acceotable coordinates
might not be selected according to the SSL specified ty a giv ,

participant. The probabhity that an e'igii 2 shio of Qiven
type (denoted for conver-unce by thqe u),,.criplt ) wi ll be selected
by the participant's SSL is the ratio of the areas just c' iscribed.
That is:

AP,
= ACS (7)

where: APS = Area of participant's SSL for shio tyoe i.

ACS = Area of correct SSL for ship type i.

The orobabilifv of selectino a'! el.ible s-hios for

a correctly specified comb' iation of ships is L. ie product
of the P over all the ship types in that combination. That

is:

PC =TFP over all i in combination k (8)
k

where: K represents the kth correctly specified sip combination.

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

N

PM1 =1 PC - (9)
N
k=1

Performance Measure I reflects the .robability that acceptable
ships are in fact accepted by the SSL specified by t'-? parti-
cipant. If a particular ship combinatior is not specified by
the parti-;pant, the -- rresponding PC value is zero. Note

that PM I does iot carry any penalty or specifying incorrect

41



ship combinations. A measure that does penalize for incorrect

combinations, PM2, is given as follows:

N1
PM2 - [( Pk)-I] (!0)

k= 
1

where: I is the number- of incorrect ship combinations.

PM1 and PM2 were the two sum:ar'y measures u- j

to analyze participants' c t,

Proced.-re Measure

Two participant strateny meas'-res were developed to

test the relat ,--ship between the strategy used by oarticiants

in developing example solutions and their resulting performance

scores. One strategy measure, termed a orocedure measure,

was descined to examine the pattern c choices among tnqe options

available to participants for working with the computer.

Referr ig to Figure 3, it can be seen that, once a participant

entered an example s, J.tion into the , 'euter, - ./she had

three choices for the next step. One c ',)ice 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 request that the computer generate its own example

solutions. The relative frequency of these three choices is

represented by the Probabilities P1, P2P and P., respectively.

The value of P reflects the propensity of the particioant

to input either a single example solution or multiple exam'-le

solutions in sequence. If a participant's P1 has a low value -

near 0 - it may be concluded that the participant tends primari_'

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 c. of the other input states. In fact, the value
of P provides an estimate of the mean number of' times example

solutions are input '- secuence, as follows:

Mean number of entries in sequence . (11)

1
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Review of __________________

Computer SSL
1 .00

Enter Example
Solution

kRequeLst
Computer 1.00
Generatt
ExamnplL
Solutions

Figure 3. Par.-C'ipant Procedural Strategy

43



In a similar way the values of P2 and P 3 reflect the

propensity of a participant to view the SSL or to request the

generation of sample solutions, respectively. A large value
of P 2 , for instance, indicates a strategy of inputting a single
(or only a few) example solutions and then reviewing the effect
on the SSL. A large value of P inoicates a propensity to

3
input one (or only a few) input examples and then to requjest

the computer to generate example solutions.

Since the three alternatives represent all of the avail-
able choices, the sum P + P + P will always equal 1 .0.
Thus, as P1 increases, he sum P 3+ P will automatically de-
crease. As a result, the three variables are correlated, and
any two may be used in a regression as independent variables
to investigate the relationshi- between participant strategy and
_,.sk performance.

I, ~ ~Co mbtn,!tional .Mea;ure r(tM)

Another meas- o of participant strategy involves the

nature of" tm_) rlatiorv;h: between one example solution and the t-evLois
solutions in;)ut by a particiuant. In each problem logical 0t
conditions are specified which force a participant to develo-D
several different shin ombinations in order to completely
specify an SSL. Many of these combina'ons requi-e va -ations
within one shio type - submarine, for example, either nuclear
(SSN) or, non-nuclear (SS) - while others may require variations
over more than one type.

If two submarLnes are spe.;ified in conjunction witkP
other ship types, then each specific coP" nation of the other
shios must be associated with three possible variations of
SSN's and SS's, as follows:

2 SS and (other ships)

OR

1 SS and 1 SSN and (other ships)

OR

2 SSN and ,'her ships)
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Similarly, if 3 submarines are specified, then each specific

combination of other ships must be associattd with four varia-

tions of SS's and SSN's as follows:

3 SS and (other ships)

OR

2 SS and I 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-,ditions) within one ship type
(e.(., submarine) will be specified in combination with variations

(OR conditions) within one or more of another type of ship (e g.,

nuclear or non-nuclear aircraft carrier). Variations over

multiple ship types require the generation of numerous combina-

tions, and it is difficult to generate all such combinations in

the absence of a systematic method.

The combinatlnal strateCy measure is designed to detect

whether a participant tent to construct example solutions
systematically by effecting changes only within one ship type

(e.g., SS or SSN) in succutsive example solutions and by
providing all such required variations within one ship type in

sequence befog', proceedima 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 0.

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) anr'

2 for the second change.
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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 t',h maximum score possible

for the problem.

This measure is termed "combinational," since the extent to
which ship combinations are generated 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 one ship tytae.

DATA ANALYSIS

The term "treatment" in the paragraphs below refers
to the effect on the prrforrnance data of variations in either
problem or processor omplexity. Two treatments may thus
be applied, either- individually or in co- 'Dinati.on, to the. anatysis
of the performance of participant categories.

The following analyses wore conducted:

Analysis

An ANOVA was used to deo,,rmine the significance of

the effect on performance of the two participant -atoaories and
the two treatments. Two ANOVAs were -onducted, one each,
for r,'formance Measures I and 2.

Analysis 2

An aposteriori multiple comparison of means test
(Student-Newman-Keuts [SNK) ,.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.
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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 assig:-ed to various

participant categories differed significantly.

Analysis 5

A univariate linear regression analysis for
five independent demographic and Lvo in< '.endent treatment

variables was conducted. The variables were, in the orderFmentioned:
1. Participant grouo

2. Participant pre-test score

3. Participant age

4. Part.-.pant years of profestional experience

5. Participant years of higher education

06. Problem complexity level

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 Zoaression was conduc~ed using the seven variables.

Analysis

To the variables in the analyses above were added the

three independent strategy measures, P P and Combinational

Measure (CM). (Note t-'.t -13 is not an independent variable since3-
P1 + P2 + P3 = 1). The complete list of all ten independent
variables therefore concluded with:
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8. P1 %
Procedural Strategies

9. P2 f

10. Combinational Measure (CM)

Univariate linear regression results were obtained for these

additional variables, and a second Step-Wise Linear Reares6ion,
over all ten of the variables, was conducted.

KLtU L-TS

Summarized !--lcrformance Data

Mean performance scores using Performance Measure 1

(probability of selection of an acceptable ship) for each experiment

cell (i.e., each combine'tion of the treatments) and each participant
_Ategory 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. A. D,

the pa,-ticipants in group 5 (bookkeepers/accountants) (re' crence

Table 3) "appear" to have higher scores in cells A B 2, A B R

A 3, 1 than would be expected if the three bookkeeper/acco,..7 ,'t

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 comrmisqion differs only sligh-'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 therefore not corrected) by 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

prob'-1ms versus the pre-test scoe for each participant category

are shown in Figure 4, and plots of mean performance scores

(PIM) f-" each participant category versus problem complexity

are shown in Figure 5. A similar plot for processor complexity

from the user's viewpoint is given in Figure 9. These data

suggest that there is a positivc correlation between scores on

the experiment problem and pre-test score, and that inc,-asing

problem complexity results in an initial reduction of per -ormance

fotlV.wed by a leveling o" ,'_ higher complexity levels. In

contrast, Lhe effect of increasing processor comolexity is an

apparent monotonic decrease in performance.

Anc,'.ysis ' ANOVA

ANOVA results for the probability of selectir, an accept-

able sk o (Performance Measure 1) are shown in Table 11. :n

this analysis, the main effects of participanL 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, resipectively.

ANOVA results for the probability of selectIDM an accept-

able ship minus the penalty for selecting an unacceptable ship

(Performance Measure 2) are shown in Table 12. Again, sig-

nificant main effects fo- i)articipant category, problem complexity,

and processor complt ty were found: F (1, 54) = 21.96, p e-

.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 those 'hat

are provided by the measure that ignores such errors (PM1).
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Table 1 1

ANOVA Results For Performance Measure 1

Source of Variation SS DF MS F

Between Subjects 17.42'-! 59

C (Participants) 4.75 1) 1 4.755 21.382**

Rows . 252 2--) .126 .567

C X Rows .404 2 .202 .910

Sub Within Group 12.010 54 .222

Within Subjects C.2-11 120

A - Problem .20 1.35 7.537*

Complex ity
B - Processor 2.92 0 2 .4L5 35.024**

Complexity

AC .px Oty2 .032 .787

BC . 1, "2 .008 .194

AB .07b 2 .039 .940

ABC .000 2 .000 .009

Error (Within) 4.51H 1 0 .041

p < .005

p .001

Ref: Plan #9, pgs. 727- 730, Statistic- Principles in Experimental

Design, Winer ,1971).

55



Table 12

ANOVA Resultt, For Performance Measure 2

Sb DF MS F

Source of Variation

Between Subjects 17.389 59

C (Partictpants) 4.834 1 4.834 2 -.935"*
Rows .243 2 .121 .553

C X Rows .425 2 .212 06c

Sub Within Group 11.885 54 .220

Within Subjects 8.642 120

A - Problem .763 2 .38' 13.344*

Complexity
B - Prucessor 2.776 > ?-, IC. _28*

Complexity

AC .061 2 . -J .668
BC .021 2 .0'0 .2,30
A .056 2 .028 . C 4

AUC .020 2 .010 .. 219

Error (Within) 4.943 108 .0O-I

p - .005

p - .001

Ref: Plan #0, pos. 727 73', Statistical Principles - I-xperimenta

Design, Winer" (1971).
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Analysis 2: Aposterior Test:
Comoarison of Treatment Means

Tables 13 and 14 show the results of Student-Newman-

Keuls (S"\K) tests (Sokal & Roh'., 1969) on the meat scores
across all levels of problem complexLy fur prooramrre -s and

bookkeepers/accountants, respectively. Tables 1 5 and 1(3 show

results of the SNK tests on the m .,- scores across all 'eve's

of processor complexity for programmers and bookkeepers/

accountants, respectively. Tables 17 and 18 show SNK results
for t.,o-way comparisons of the mean scores for he p'-ogrammer

and bookkeeper/accountant experiment cells, respectively.

Results shown in Tables 13 ane -. indicate tnat problem

complexity aflected the performance of prugrarmrmers significa-t7y,

but that processor complexity did not have a significant effect.

In contrast, the resu ts 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

detailed analysis dealing with individual trettment 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 E3 at Problem Levels A and A . WiW' Processor
3 2 3

Level B 2 , significantly better performance is achieved only at
Problem Levels A and A These results suggest two principles

1 2"
of problem/procussor usage:

1. A high level ,- processor generalization (i.e.,

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 correspunding increase in processor generaliza-

tion capability to support superior ,-,rforrnc-ce.

It is apparently important for the experienced computer user to
be able to select processor generalization capability as a function

of the complexity of the problem solution to be specified.
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Table 13

Studr". - 'ewman - Keuls T-st

RQsults For'

Problem Comptexity-Pr-ogrammers

A A A
Problem A- 2 1

Means .504 .520 .670

A 3  .504 .000

A .520 .01tC .000
2

A 1  676 .172 1 , .000

*Mean of- At prugramnmr i' ,)crformances on each problem, i.e.,

A 1 A 2, A3, using I'M!.

A 1 , A 2 , A are the problem complexity levels (in increasina order

of complexitty)

Each mat -ix entry = row v&' - co!,mn value (e.g., entry ir the
third row, first column is .172 .676 - .504)

**Ind4caotes row value is significantly differ'ent from column value

p --. 05.
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Table 14

S~udent - Newman - Keuls Test

Results For

Problem Complex '.y-Bookkeepers/Accountants

Problem A A A
2 31

Means * .205 .220 .300

A .205 .000
2

n/t;

A 3  .220 .015 .000

n/b.,,/

A .300 .095 .080 .000

*Mean of 0' u)ookkeepe2rt,'/,a-:eountLnLs' performances on ctch

problem, i.e., A 1 P A2, /\,, utng PM1.

A 1 , A 2 , A 3 re the problem complexity levels (in increasing order3
of complexity)

Each matrix entry = row vaW,.. ,olumn vat.', (e.g., entry in the
third raw, first column is .095 = .300 - .205

n/s = Not significant
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Table 15

Student - Newman-{Keuls Test

Results For

Processor Complexity- Programmers

Processor
Level B 1 D 2

Means * .544 .561 .5U5

B .544 .000

n/s

B .561 .017 .000
3

n/s n/s

B .595 .051 .034 .000
2

*Mean of all programmers' performances on each processor levc!'

B 1 , B29 E3 using PM1.

B1 , BO, are the processor complexity levels (B1 having the most
generalization and B3 having the least generalization)

Each matrix entry = row value - column value (L-. g., entry in the

third row, first column is .051 = .595 - .544)

n/s = Nut significant
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Table 16

Student - Newman - Keuls Test

Resu' ts For

Processor Complexity-Bookkeepers/Accountants

Processor B B B

Level 3 21

Means* .151 .256 .351

B 3  .151 .000

B .256 .105 .000
2

B .bl .20(0 .01

*Mean of all bookkeeport'/accountants' oer'formances on each

processor level, i.e., L'J, Li'), , u1.n" PM I

B 1 , Bf, B tire Lhe Drocu,,-,or con)lexiy Luvoe ( 1 having the
most generalization and -3 havig 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 - Newman - Keuls Test

Results for Programmers

Problem/ ABE A B A B AB A B AB A B A8 A B
Processor 2 3 3 3 1 3 32 22 2 1 31 12 11
Level

Means* .298 .332 .519 .521 .619 .643 .658 .675 .833

A B 3  .298 .0001 _

AB .332 .034 .000 I

A B .519 .221 .187 .000
131

A B .521 .223 .189 .002~ 000

A2B .619 .321 .287 .W8 .000
22** ** .1019

A2B .643 .346 .312 .125 .123 025 .00

A .658 .360 .326 .139 .137 .039 .014 .000

A B .675 .377 .343 .156 154 .056 .031 .017 .000

A B .833 .535 .501 .314 .312 .214 .189 .175 .158 .0

*Means of all programmers' performances in each cell, i.e.,

i.e., A 1 B 1 , A B 2 , etc., using PM1.
Al , A A 3 are tne probem complexity levels

B 1 , B 2 , B 3 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 ruw is significantly different from column value p t- .05.
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Table 18

Studer- - Newman - Keuls Test

I-esults For

Bookkeepers/Accountants

Problem/
Processor

Level A3B 3 AB 3 A2B 3 A3B 2 A2B 1 A2B 2 A 1 B 1 A 1B 2 A3BI

Means* .031 .075 .139 .151 .225 .250 .338 .435 .478

AB .030 .0001

A B .075 .045 .oo

A13 139[.1 .004 000"

A B .139 .121~ .0764.o0 0023 2_ _ _ _ _ _ _ _

A3B .151 .121 .076 .012 .000 00

2 __ _ _ _ _ _ _

AB .250 .220 .175 .111 .099 .025 .000

AIB 1  .338 •.308 2 C, 2 .199 .187 .133 .880 .000

.435 .405 .360 .296 '84 .210 1.00&1lE2 __ ._ _ 4__ ._ 10_ •185! °047 .001

31 .478 4 i i

AB . .327 .253 .2281 .090 1 .043 .000

*Means of all bookkeepers'/accountants' performance in each ccll,

i.e.1,11 A 1 1. 2 , etc., using PM1

A 1 , A 2 , A 3 are the problem complexity levels
81, 2, B3 are the processor complexity levels

Each matrix entry = row vatue - column value
(e.g., entry in second row, first column is
.045 = .075 - .031

**Indicates row is significantly different from

column value p i .Ob
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Data presented in Table 1e indicates that performance
with Processor Level B a for all problem levels for book-

keepers/accountants is significantly lower than for problem/
processor complexity combinations Al1B2 and A B1. Table 18
also contains other treatmu,'t combinations that provide statistically
significant differences in performance, such as cell (treatment
combination) A 1 B which leads to significantly improved per-
formance over that of cells A B and A B These results are
more difficult to summarize t~an' those o 3 programmers;
however, they support the suggested principles of problem/
processor usage giver above.

Analysis 3: Percentage ,- Participants

Achievina a P:erfect 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 60%: 1 1
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 fur Dift-rences 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 DF t-Score

Group 4 compared with Group 5 18 1 .4209 n/s
Group 4 compared with Group 6 18 .6152 n/s

Group b compared with Group 6 18 1.1960 n/sI
Note: n/s = Not tgrFticant

Two-tailed t-score required for significance at the

.05 level 2.101
Group 1 and Uroup 4 used problems 15/2, 52/3, 31/1

at-signed in rand,)m order.

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

assigned in 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 Exotained F-Ratio**

Pre-test Score .674 46% 143.382

Participant Category .437 19% 40.515

Participant Age -. 35' 13% 25.423

Processor Complexity -.335 11% 21.681

Participant Years ("

Experience -. 206 4% 7.657 l

Participant Years
Higher Education .196 4% 6.8891

Problem Complexity -. 156 2% 4.289

Combinational
Measures (CM) .796 63% 296.542

P2 -.527 23% 66. 125

P1 .384 15% 29.752

*Procedural Measures; see p. 42.

"*All scores are significant al- the <.001 level

F .001[5,168] = 4.10.
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Table 22 provides the results of a Steo-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 catego-'y, problem complexity, participant years of

experience, participant years of higher education, and participant

age. The first five of these accounted for- 35% o -he variance;

the addition of the remaining two incrcL"-_d the amount of variance

explained by less than 1%.

Table 23 shows a regression tablL for the irst five of the

independent variables listed above. The addition ul the remaining

variables, participant age anu 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 depnnde, it 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 (p (173) = -.J4, p. .u01), as were
those for participant group (t (173) = 4.663, p .- .001) and

processor complexity (t (173) =-7.367, p _/ .001). At.ao found

to be significant were the coefficients for rroblom complexity (k

(173) =-3.175, p 1-: .01) and participant experience (t (173) =

-3.604, p < .001). The regression equation was also _J-rLficant
(F (5, 1 (j) = 61 .511 , p < .00 1).

Analysis 6: Step-Wise Linear [ egression Analybss #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 P and P), combinattonal measure (CM),

pre-test score, age, experience, education, problem complexity

and processor complexity. Of these independent variables,
combinational measure wa , the best univariatt prudictor of
performance, explaining 63% of to rerformance 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 proc.2ssor
complexity, and pre-test score. ' .e of additional variablus

increased the percentage of variance explauied by lez- than 1%.

Table 25 shows a regression tah1 , for the independent

variables. '6 ombinational scores correlate very hi' '.y with the
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Table 22

Step-Wise Multiple Linear Regressions

for

Seven independent Variables

Number of
Independent Independunt Var IWJ.C(L, Variance
Variables Explaining LaryJe!b VAr'iancc Explained

1 Pre-test Score 46%

2 Pre-test Sc.ore, Processor 57%
Complexity

3 Pre-test Score, Processor 60%
Complexity, Participant
Category

4 Pre-LeSt Score, Process-or (32%
Complexity, Participant
Category, Problem Complexity

5Pre-test Score, Pru~ussor 65%
Complexity, Particinant
Category, Problem Complexity,
Years Experience

6 -/Less than 1% increa-se in the
amount of vuriance exptkiined
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Table 23

Correlation and Step-Wise Regrension 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 .026 -3.175***

Processor -.335 -.009 .001 -7.367**

Complexity

Intercept = .216

Multiple Correlation Coefficient .804

Explained Variance = . 647

Standard Error o Estimate = .230

Analysis of Variance Explained

Source Sum Sq DF Muan Sq F-Ratto

REG 16.220 5 3.24403 61.511 **

RES U.660 168 .05274

*Correlation with Dependent Variable: Sco- on Each Experiment

Problem

•* t (173) = 4.663, p - .001

t (173) = 9.694, p _ .001
t (173) = -7.367, p - .001
t (173) = -3.604, p . .001

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

•** t (173) - 3.175,p < .01
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Table 24

Step-Wise Multiple Linear Regressions

for

Ten Independent VariabDles

Number of
Independent Indtependent Variables Vari~ance
Variables Explaining Largest Variance Explained

1 Combinational Measure (CM) 63%

2 CM\, Procussor Cum-plexity 72%

3 CM, Proce _.sor Corn-exity,
Pre-test Score 80%

4 -10 Less t-han 1% increase in
amount of variance explained
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Table 25

Correlation and Step-Wise Linear Regression with Three Independent Variables

Correlation Regression

Independent Standard
VariabLe Coefficient Coef c4, cit Deviation t-Value

Combinat onal
Measure .796 .7583 .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 Variance Table
Source Sum So ) Mearn Sq F-Ratio
PEG 19.927 3 G6. 4246 '219.140*

PIES 5.153 170 0.u3031

*t (173) 13.584, p .c 00 1

t (173) - 8.821, p -'.001
t(173) 7.921, p -. 001

F(3,170) -219.140, p <- .001
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dependent variable test score (.796). In this ruc,ession the
coefficients for combinational scor(, were f, _ind to be highly
significant (t (173) = 13.584, pD .001), as were those for
pre-test scores ( (173) -- 7.921, p _.001) and processor
complexity (t (173) .. :. , -) .001). The regression equation
was also found to be -a(jtniifcant (F (3,170 ) =219.140 , p .001).

DISCUSgION AND CONC'_USIONS

Hased on the (da1ta atnalyses reported in the previous
section, the fo"awin, CUruclubions are offered:

1. Specification of problem solutions via example
soluti, results in a 'ow rate of errors of com-
misst, - as evidenced by the similar performance
resulLs obtained from Performance Measurement
1 ati Performance Measurement 2. These re-
suits do not SL!Jgest that input errors were not
made in the experiments. Indeed, input errors
vvure made, but most were dutec". ' and corrected
as work or the problem continued.

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

2. Programmers as a group performed significantly
better than ' I bookkeepers/aucounw itts on problems
studied in this effort. I his is evident both from
the ANOVA results and from a simp e inspection
of - e raw data. The experim,_ti proulem for-maL
was designed to be neut'ral; i.e., fc .ring ne'ther
programmers nor bookkuuurs/accountants. Both

participan1t categories are fo-iliar with
accurate and detailed work; huwever, book',-,kcpers/

acu,_untants may be used to me, ixed or structured
problems whereas programrm~er', may ),-, more at
ease with a variety of problems. Thus, the
novelty of the problem may have _avored program-

mers over bookkeepers/. -countants. Further,
programmcrs may be more comfortable with
computer displays; however, bookkeepers/accountants

may be more familiar (and may tirefore enter
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data faster-) with a key pad. (A key pad has only
numerals a,,ranQod in the calculator "matrix"
format.) Programmers appear to be more familiar
with -ypewriter-like key arrangements, often using
two fingers to enter data. Fhe extent to which
these aspec's of the situation have affected the
results is not known. However, since the combinational
measure if . univariate regrei sion explained more
va-iariace than did particip~Ant category (i.e.,
programmers, bookkeeup( rs/accountants), the use of
systemaLLc rT-o__. of generating ship combinations
is niore important for performance than participant
category; and a high percenLLty of programmers
used that sysLematic metiod. Further, it is likely
that progr" .qmers would be more familiar with

efficient combination-gen -tting analogs such as the
binary number system. Aduitional work is planned
using f'-:udback aids which present combinations in
usable forms to participants to determine if per-
formance in both participant c-itegories can be
improved.

3. It is clear that proble,,i complexity and processor
complexity significantly affect performance. In

ition, the two-way multiple comparison test
results (SNK) reveal that the level of processor
complexity was the dominant factor affectTing
performance of both participant categories.
Programmers working with Processor Level B
which provides very little automatic processing

and thus little generalization of t! innut data,
experienced a s!gnificant reduction of performance.
ThuL reductL-n of performanc:e occurred for all
levels of problem complexity. Programmers
performed significantly better with Processor Level
13 , which provides considerable generalizattcn
o the input data. Also, proqrtammers performed
significantly better with Processor vet B,),

provided tha the proble.,m~s were not diflcutt,
i.e., provided that Problem Levels A and A

1 2
were used. In contrast, the bonkkeepers/jccountants
performed significantly better wtth Processor
Level B3 on IProblem Levels, A 1 rd A 3 only.
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Bookkcepers/accountants failed to show a sig-
nifi __nt improvemerL in performance with Processor
Level A, ovr Processor Level B . A low rate

of error'S'-. )f commission was observed from both
participant categories using example solutions. ThiF
may be a property of specifying solutions witn(

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 cornuinations and the development of a

range of transit, ,g and sttioning 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 portio-s 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 omission) or incorrectly

included (errors of commission). It is

further expec'. LfaL, as stated previously, the
use of feedback aids structured to encourage systematic
generation of fLcLor combinations (i.e., ship
combinatio..) might aid in reducing errors of
omission. Additional aialysis and experiments
Lre planned to furt i.| invebLigate those areas.

,. I u fir,t r rsion analyic (Analysis 5) showed

tat pru-tc.At scoru v.L. tkc cingic most

ini-ortant frator of L!,,_ .v~n factors analvzcd in

predicting perfor! ince scores. Pre-test score,
obtained on a common prubum and problem complexity
cell, may measure inhurent participant ability
and is a strong factor in predicting performance.

5. It is interesting to note "aL participant experience,
measured in years of professional raining (and/or
work),was not a strong factor in predictire the

performance score variance. This result
suggests ti ,L the skills required to perform well
on the e>, .r-iment problems are not skills

naturally devuLoped by years of training and

work experience. But, it ,may also indicate
that skills taught some time ago, plus skills
larned over years of experience, are of equal
value to skills 1- 1-ned recutiLly.
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6. Participan rrocedural strategies measured by

p 1 and P2 explained a substantial portion of
the score variance ihi a univariate regression.
However, -tnce P was positively and P negatively1 2
correlated with performance, it appears that

most participants tended to generate and enter

multiple riput examples before checking the effect
of these inputs, i.e., succe sful participants
developed a !an and correctly interpreted the
effects of entering multiple example solutions.

7. Since the -ombinational measure explained 63%

of the score variance and together with processor
complexity and pre-test score explained 80% of
the score variwnce, the use of a systematic
method for identifying and generating combinations
of ships must bc a key skill in solving the ex-
periment prm)',!cmb. Indeed, the r-ombinational

strategy measure has a higher correlation with

the performance score tihan does participant
cate-gory. Apparently, therefor.-, 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

a 2 Submarines (SS)

2. The present position of the ships and their

speed must 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.

This task force criteria specifies 3 combinations of ship

types as follows:

0 2CVA and 2 SS

or

0 2 CVAN and 2 SS

or

0 1 OVA and 1 CVAN and 2 SS

You must develop example solutions for each ship combination using ships

with suitable transit and stationing times.
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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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WHEN YOU HAVE FINISHED:

When you believe the computer SSL is correct, give it

this test:

Would the SSL select the following ships for the

task force?

Transit Time Stationing Time

CVA 3 days 17 days

CVAN 2 days 75 days

S5 3 days 11 days

SS 5 days 25 days

Yes

No
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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:

0 2 Attack Aircraft Carriers (CVA) or 1

Nuclear Attack Aircraft Carrier (CVAN), and

• (2 Submarines (SS or SSN) and 3

Destroyers (DD)) or (3 Submarines

(SS ,-- SSN) and 2 Dstroyers (DD))

and

* 1 Oiler (AO).

2. The present position of the ships and their

speed must permit the ships tu 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
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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 We computer automatically

provides. Continue this process (inputting example solutions and

testing the computer) unti! 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.

IA
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TEST PROBLEM #15

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 (CVA or CVAN), and

* 2 Submarines (SS or SSN), and

* 4 Destroyers (DD), and

* 1 Oiler (AO)

2. The present position of the .hips and their

speed must 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

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 ad-

ditional solutions using the aids the computer automatically provides.
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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.

A-7



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:

0 1 Attack Aircraft Carrier with Nuclear Propul-

sion (CVAN), and

* 2 Guided Missile Cruisers (CG or CGN), and

& 2 Submarines (SS or SSN), and

0 3 Destroyers (DD), and

* 2 Oilers (AO)

2. The present position of the ships and their speed

must 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

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
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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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Programmer Selection Criteria

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

1. Coding and Testing Experience:

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

a. BAS IC

b. FORT1RAN

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
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.
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5. JC L:

Participants shall have been responsible for at least

twenty programs.

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

7. Each participant must be over 18 years of age.

8. English must be the participants' native language.

B
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Bookkeeper/Accountant Selection Criteria

Bookkeepers and accountants selected to participate in
the experiment shall have the following experience and qualifica-
tions:

I. 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.
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NEWSPAPER ADVERTISEMENT
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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.
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C-36
FOR OFFICIAL USE ONLY

1Participant No._______

Date:_______

*-- -- -- -- -- -- ----

PARTICIPANT B31OGRAPHICAL FORM

Name: ____________________________________

Age: __________Sex: ________

Education: High School Cradu, le: Yes No___

_______years of higher education Degree:_________

Major: ____________Minor:___________

Bookkeeping and Accounting Experience

Please check all areas in which you have worked and enter the numberI'of months of Full-time experience in that area (2 years part time 1 year
full time).

Accounts Payabl ,/Cash L)L3bbrsements___

___Accounts Receivablu/Cash Receipts ___

Trial Balance Preparation___

___Preparation of Vperiodic Reports (income Statement,
Balance Sheets, etc.)

Accounting for Inventory ___

___Payroll

T axes

Circle the numnber of years in which you have worked a4 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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I
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

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+

Data Pru ;ssing 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 Data Base Administration

Operations Data Communications

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 5 6 7 8 9 10 10+

- D-2
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I
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.

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

Please list up to 5 computer/operating systems on which you have

worked which you believe best represents your experience. Examples:

IBM 370/155 OS, PDP-11 RT-11.

Please make any additional comments you believe best describes yourI professional expertise.
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SAMPLE RELEASE FORM



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

4. I understand that the project may further the understanding of how various
programming aids can assist a programmer or other person to specify a
computer program.

5. 1 understand that Mr. Edward M. Connelly, Mr. Bob Comeau, Mrs.

Joanne Connelly will answer any questions I may have about the project.

6. 1 understand that by signing this form, I 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:V itness:
(Signature) (Signature)

Edward M. Connelly

Principal Investigator
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I

SHIP LIST

Ship 10 Number Ship Type Transit Time Station Time

1 CVAN 2 11
2 CVAN 5 11
3 CVAN 2 19
4 CVAN 2 112
5 CVAN 4 10
6 CVAN 4 176
7 OVAN 1 43
8 CVAN 3 72
9 CVAN 3 200

10 CVAN 2 148
I I CVAN 3 168
12 CVAN 3 10I 13 CVAN 3 69
14 CVAN 1 158
15 CVAN 2 193
16 OVAN 4 69
17 CVAN 3 145
18 CVAN 3 149
19 CVAN 5 179
20 CVAN 3 200
21 CVA 2 20
22 CVA 3 15
23 CVA 2 16
24 OVA 4 17
25 CVA 3 17
26 CVA 3 13
27 OVA 5 17
28 CVA 2 16
29 OVA 4 18
30 CVA 2 16
31 CVA 1 14
32 CVA 2 10
33 CVA 4 18
34 CVA 5 12
35 CVA 2 18
36 CVA 4 19
37 CVA 1 19
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I

Ship ID Number Ship Type Transit Time Station Time

38 CVA 2 11
39 OVA 2 10
40 CVA 4 20
41 CA 4 29
42 CA 4 30
43 CA 4 29
44 CA 4 23
45 CA 3 24
46 CA 5 14
47 CA 4 22
48 CA 4 10
49 CA 2 30
50 CA 4 26
51 CA 3 29
52 CA 2 28
53 CA 2 29
54 CA 1 19
55 CA 1 19
56 CA 4 10
57 CA 3 23
58 CA 3 28
59 CA 4 20
60 CA 5 26
61 CGN 4 289
62 CGN 1 155
63 CGN 4 46
64 CGN 4 228
65 CGN 2 147
66 CGN 5 215
67 CGN 2 300
68 CGN 3 10
69 CGN 2 17
70 COGN 4 148
71 CGN 3 243
72 CGN 4 290
73 CGN 3 150
74 CGN 2 191
75 CGN 2 10
76 CGN 2 300
77 CGN 3 237

F-2
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Ship ID Number Ship Type Transit Time Station Time

78 CGN 3 154
79 CON 1 194

80 CON 5 102
81 CG 3 20
82 CG 3 14
83 CG 2 14
84 CG 2 16
85 CG 2 28
86 CG 5 14
87 CG 2 18
88 CG 3 10
89 CG 2 30
90 CG 4 30
91 CG 3 25
92 CG 2 21
93 CG 5 18
94 CG 4 10
95 CG 2 27
96 CO 2 14
97 CG 2 16
98 CO 1 27
39 CG 1 14

100 CG 4 29
101 DD 3 10
102 DD 5 26
103 DD 2 19
104 DO 2 24
105 DD 3 26
106 DD 4 27

107 DO 1 21
108 DD 2 24
109 DO 2 11
110 DD 2 29
111 DD 4 23
112 DO 2 30
113 DD 3 21
114 DD 4 17
115 DD 3 30
116 DO 4 10
117 DD 1 12

F-3
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Ship_ ID Number SiTpe Transit Time Station Time

118 DD 5 19
119 DD 4 19
120 DO 3 13
121 DO 4 19
122 DO 3 25
123 DD 5 23
124 DO 4 29
125 DD 4 16
126 DD 4 29
127 DO 4 30
128 DE) 4 18
129 DO 2 29
130 DU 5 23
131 DO 1 15
132 L D 2 30
133 DO 2 10
134 DD 2 22
135 DD 3 10
136 DD 3 11
137 DO 1 28
138 DO 4 19
139 DD 4 19
140 DO 4 16
141 SSN 2 226
142 SSN 3 192
143 SSN 2 17
144 SSN 3 10
145 SSN 4 152
146 SSN 2 210
147 SSN 2 300
148 SSN 3 111
149 SSN 4 136
150 SSN 4 229
151 SSN 3 181
152 SSN 1 156
153 SSN 4 148
154 SSN 3 300
155 SSN 2 10
156 SSN 4 295
157 SSN 5 47
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Ship ID Number Ship Type Transit Time Station Time

158 SSN 1 206

159 SSN 5 12
160 SSN 4 198

161 SS 2 10

162 SS 4 10

163 SS 1 20

164 SS 3 29

165 SS 3 19
166 SS 4 22

167 SS 2 15

168 SS 4 28

169 SS 216

170 Ss 4 16

171 SS 5 171

172 SS 3 16

173 sS 1 26

174 SS 2 26

• 175 SS 2 17

176 SS 4 17

177 SS 4 30

178 SS 4 29

179 SS 5 29

180 SS 4 30

181 AO 4 50

182 AO 2 46

183 AO 4 10

184 AO 4 28

185 AO 3 50
186 AC 4 11
187 AO 5 17
188 AO 2 40

189 AO 1 19
1 90 AC 3 39

191 AO 4 27
192 AO 2 20
193 AC 3 23
194 AO 3 15
195 AO 4 10

27
196 AO 3 12

197 AO 4
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Ship ID Number Ship Type Transit Time Station Time

198 AO 1 30

199 AO 5 25

200 AO 2 45
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