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MANAGEMENT SYSTEM REPORT

1. INTRODUCTION

Background )

fhis Report is the product of an extensive educational
research and development. effort that was conducted in conjunction with
the U.S. Naval Academy and the N.Y.I.T. Learning, Management.& Resources
Center. Documented in this manual are procedures which are based on the
educational philosophy and management techniques developed during an O.E.
sponsored, three-year experiment. We do not purport to have created the
Yperfect" management system, but rather a system which contains the founda-
tion for practical implementation and the ability to evolve when dynamic
educational needs become apparent.

The Management System operates on three "levels." Tle course,
in essence, is made up of sophisticated, multimedia, multi-resources,
"independent study materials presented in a branching programmed-instruc-
tion format, with a maximqm of response demand frequency. The student's
progress through a va;ieff of learning experiences, rangiﬁg from tests
and conventional lectures to single concept audiovisﬁal materials and
tutorial sessions, is ggided by his o%n résponses and is student self-
managed to a high degféé.

The first level of management is, therefore, instrinsic in
the programmed—instruction format.

The second level of management derives from instructional.
activity focused upon tutorial femediation as indicafed_necessary by

immediate analysis of student performance on the study guide response



sheets and progress (criterion-referenced) checks. This remediation may
be individual, or grouped by student section, and may be based, in part,
upon analysis of individual student performance alone, or as related to
parallel performance of the rest of the sections or to the class as a
whole. The tools for this management are the studénts' responses and the
item analysi; performed by the clerical data management support groups.

The third level is provided by the output of the computer or
Daté Management Groupjyhich Ltilizes the performance data from the pro-
gress checks and quarteriy diagrostic exams to provide a more in-depth
prescription for indeprudent and group remediation.

The input of all student responses into the computer also
provides the basis for tlie revision guidelines for use in optimizing the
course materials.

Une of the many factors determined dufing the experiment was
that, using the system's approach, the data handling capability of the
computer in conjuncticn with the exercise of the instructor's managerial
judgment represented the best of two distinct management methods.

The érocedures set forth in this manual reflect the most cur-

rent concepts in course.management deriving from the experiences of this

contract.
Purpose

The procedures for fmplementation of the management system

are described in two sub-manualis: -

Ve

1) The Coursei& Data Management Manual, and

2) The Performance Data Analysis for Course Revision
& Optimization.
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The Course & Data Management Manual describes to the course
manager: a) requirements for planning and preparat?on needed prior to
course implementation; and b) procedures, decisions and record keeping
required while the course is in progress.

The Performance Data Analysis for Course Revision & Optimiza-
tion‘cpntains descriptions for utilizing the data generated during the
course in order to evaluate and improve the course material, material
presentation and strategies; and the management system itsz2lf.

Instruments )

In order to accomplish the several levels of maunagement, a
large number of recording methodologies, reporting devices, test forms
and instructions to the students, data manager, instructors and course
managers have been created. Examples of these instructions have been

incorporated herein, directly or as exhibits.

Associated Documents -

The following documents are a necessary part of understanding
and implementing the full computer managed portion of the system:

Course & Data Management Manual

User's Manual: A350
'Operator's Guide: A380

Program Logic Manual: A370

Systems Manual: A360 : S N

Performance Data Analysis for Course Revision & Cprimization

Systems Descroption
User's Description
Supplement

Programs



Adaitionally, many pertinent technical reports have been sub-
mitted during the course of, and as final reports to, the multimedia
physics development program. These reports contain'the rationales and
experimental data analyses upon which the management system has been
buiit. In these technical reports will be found the justification for

all the elements of the management system.

!
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2, COURSE AND DATA MANAGEMENT MANUAL

2.1 Learning Resources t+ ' Manaiced
Several purpose i the program's development
and operation. The Academy 1: :ovided with a cost-effective physics

course designed with the most modern educational technology. The experi-
ence garnefed in the construction of the program is Incorporated into a
course development model. to serve as a prototype for construction of
similar programs in other hard sclence courses. Extensive record keeping
capabilities of the program allow it to serve as a vehicle for educa-
tinnal research.

The course 1s individualized, self-paced, and self~healing.
By offering media options and optional routes through'the learning mater-
ials, each student's learning experiencé‘is individualized. Likewise,
within broad time constraints, the student can progress through these
materials at his own pace. |

The self-healing aspect of the program pertains to learning
‘materials and processes. These are improved by an iterative process of
successilve tryouts and rev}sions. In this way, the program undergeces an
empirical optimizatiop.pfoéedure.

Most standard topilcs iﬁ introductory classical physics are
included in the two-semester course: mechanics, wave phenomena, elec-
«i - trledty, magnetism, and optics. One unusual feature is the omission
ot heat and the;modynamics in favor of more intensive ‘developments in
mechanics '‘and optics to sult the Academy's particular needs. The sub-

ject matter is loosely defined as university physics with calculus at

the level of Halliday and Resnick.



Optimization of the program must be attained empirically,
since no satisfactory predictive theory of educational psychology is
known. This situation is well suited to a systems approach when the out-
put of the gystem can be fed back to modify the system input.

This approach requires that the course objectives are clearly
defined and measurablé so that the output of the system is quantitative.
Consequently, over a thousand measurable behavioral objectives (MBOs)
were developed‘to completely'specify the performance which the program
should elicit. MBOs fall into two categories: terminal objecﬁives (TOs)
which describe the desired final student behavior, and the subordinate
enabling objectives (EOs) which ére steps toward the terminal behavior.

The TOs constitute a complete description of course content
and are réprgsented in the course by cenéral core problems. When a stu-
dent can answer a core problem corréctly, hg is said to have achieved
that TO. 1In ;ﬁis wéy a student knows exaétly what is expected o. him-.as
to content aﬁd level of proficiency.

When a studemet cannot answer a core problem after a single

exposure, hév‘;ﬁ execute:mmbordinate enabling problems ‘which corresﬁdnd
to the EOs. At the epdnmﬁ:an enabling sequence, the student is presentad
with another version of-mhsﬁcoré problem to check his achievement of the
TO. All these problems are:rcontained in the Problem and Solution Book
volumes. ‘

" Videotape presentations are available for forty-nine topics.
These tapes average about fifteen minutes apiece. Illustrated texts and

talking books (taped voice-over illustrations in book form) are available

with essentially the same information content as the videotapes.



i
(Computer-assisted instruction (CAI) was initially included as a parallel

ﬂath for topics in mechanics, primarily to be compared with the other

options for cost effectiveness, and was deleted as a learning option inf
the final revision.) Conventional physics texts atre also included among :
the available levwwniu, itorials.

Each studcut is provided.with a Study Guide which directs
him ﬁhrough the problem books and various media assignments. When the
student completes a ;pecified assignment (roughly approximated by a
chapter in Hallidasy and Resnick), he schedules a Progress Check (test)
nn the material. This criterion check does not influence his grade but
is used for management and remediation purposes. Grades are determined
by quarterly tests and final examinations for each semester.

) Minor remediatiom is accompiished by distributing a remedial
sheet associzted with each pmsblem missed on the Progress Check. These
sheets have=m statement of tis=-appropriate core gwoblem together with:s
references:mm.pegtinent auxiFZrry material. Morssserious remediation
‘is provideddby individual tutmrial sessions with.a professor.

TThe labdrator%es:have as their objectives the measuremént of
fundamentaigphysical guanfities,,including the processing and recording
ofvfhis damazwithfan érror aﬁalysis. An innovative aspect of fhe dats
analysis dim=that a dialogue may be established between the student and

aon., thercompuemsrwhich wouid culminate in the student's achievement of the 't .- NTLE
objective. This computer-dialogue lab format is not an essential ele-
ment ofthexmultimedia learning materials,'and in the current imple-

mentation tie. Navy physics staff is using a conventional laboratory

experience for the self-paced. course. .
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2.1.1 Problem and Solution Book (P & S)

This is bound study material which contains the work of

forty-five (45) segments for a semester.

contains:

'Each Problem and Solution Book

"a) A problem section {n which the questions are

presented in a sequential order;

b) A solution section in which the correct method

of answering is presented;

¢) Information Panels stratégically placed through-

ont the problem section.

A description of the topics covered by the segments

is as follows:

Measmrement and Vectors

Vector Multiplicatiem: =wm Velocity
Motion in Oae and Two Bmensions
Newten's Laws of Motiem

Limecsi Motion: ¥Frdictionm

UeiForm Circular Motion

Work and Energy

Conservatiun of Energy

Motion of the Center of Mass
Iinear Momentum :
Impulse and Collisions in One Dimension
Colljisions in Two Dimensions
Gravitation ,
Gravitational Potential :Energy
Electric Charge: and Comlomb's Law
The Electric Fimld

Flectric Field Problems -
Elgstric Dipoles .and Electric Flux

Gauss's Law
Friwetric Potemtial
Elsetric Potential Energy

C: =acitance S

¥ 3y Stored in Capacitors
L. -nt and Resistance

_ T actrical Energy & Electromotiive

Force

Circuits & Kirchhoff's Rules
Ammeters & Voltmeters
Charge in a Magnetic Field
Current in:a Magnetic Field
Magnetic Flux & the Earth's

Magnetic Field
Ampere's Law
The Biot-Savart Law
Faraday's Law of Induction
Self Inductance

The RC Circuit . U"-5;v~

The LR Circuit ' Ce ke

Swenty additional segments were:prepared by the Naval Academy staff.

- 2.1.2 Remedial Sheets

The student receives a remedial sheet for each question

he misses on the Progress Check (PC). The remedial sheet contains:

10



a) A restatement of the appropriate core
problem;
b) Reading assignments, and
c) Related problems when appropriate.
The remedial sheet serves as a multi-purpose remediation
elememr sgepending upon the student's achievement level in specifically
idg problems on thas Progress Check. For example:

S¥tondent Achievement

wr=Progress Check is: Student Use-of Remedial
1) D — 100% correct Retains for review purposes
2) f— 707 correct Reviews remedial amd schedules

Progress Lheck retzke only on
appropriaee core prmblems

3) 37 or Taess correct Reviews m=medial , szfedules
tutoriaf ==ssionz=mi=Progress Check
‘retake.
It is necessary, therefiore; thatum:suffificient number of .

copfiz= Fee remmred in advancé for each Progress Check itwm to be used.

S eveesd -ermples: of remedials follow.

11




SAMPLE REMEDIAL SHEET

'SEGMENT 1
MEASUREMENT AND VECTORS

Problem 6: Addition of Vectors

6. A plane travels}éo miles due north, then changes its course to a
direction of 37°east of north and travels for 50 miles. Fimally it
travels for 30 miles due east. Its total displacemevt is:

A. 100 miles
B. 120 miles
C. 100 miles at 37° east of north
D. 120 miles at 37% east of north
Reading Assignments
Halliday and Resnick:’ Ch. 2,=wer. 1-3
Semat and Blumenthal: Vol. I, th. 2, Fr 11-18, 36-40
Related Problemsxz

Schaum:

Ch. 1,@os. 1, 2, 14

12



SAMPLE REMEDIAL SHEET

SEGMENT 1

MEASUREMENT AND VECTORS

Problem 10: Resolution of Vectors

10.

: <> ->
Find the comgoucmts B amd: of=:the vector R, where=wector R is the
resultant (sum) :6f the wectors:A, B, and C. Use tliemwcoordimate system
indicated.
A. R, =:A sinb Ry ==A casb
B. Ry =3B cosb R.y =:A sind
C. Ry =B - A sinb ERy—-—-C-Acose

D.- l& = C - B cos® R, = A~ B sind

o

Reading Ass:igmnent :

Hal¥iday and Resnick: "7 Ch. 2, Sect. 3

Semst and Blumenthal: Wol. I, Ch. 2, Fr 3k-36
| Related Problems:

Schzmm: Ch. 1, Nos. 10, 11, .




2.1.3 Audiovisuals

The Audiovisuals, representing the various media support
materials prepared for.this cqurse, consist of one cdmplete set of video-
tapes, talking books and illustrated bouls, All thic or the media have
basically the same information content and cover the topics-shown on the
list below.

The criteriamsed to determine when an Audiovisual would
be prepared for a partiemlar topic was as follows:

a) If the tomic concerned the concept of motion, or

b) If #the subject matter was rated difficult and the

text was not sufficiently elaborate, or

¢) If material for enrichmemt did nut appear in the

text at =l1.

All of tise Audiovisuals were prepared in order to pro- i
vide multimedia paths for the student tc-optimize and individualize his ot
learnimg process. | |

The videotapes contain prerecorded illustrated lectures Tl
to be Hisplayed oﬁ individual mdnitors. The average playing time is . T
about Fifteen minutes.

The talking book consists of a tape recofded lecture
Goqieither open reel or cassette) and an accompanying bookiet containing
the iliustnations for that lecture. A

The illustrated book contains the same lecture.material
sas the taliiging Eook but Is presented without the audio medium. - w::.

A videptape, talleing book and illustrated book were

prepared for emch of thee Followdimg: topics:

14 y



Sequence No.

NV

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27:
28
29
30
31
32
33
" 34
35

36

. 37
38
39
40
41
42
43

44

45
46

Title

Projectile Motion

Nawton's First Law

Newton's Second Law

Newton's Third .Law

Atwood's Machine

Circular Motion

Work Whem Force Varies in Magnitude
and Direction

Kinetic Energy

Potential Energy

Conservation of Energy

Movement of Center of Mass

Conservation of Momentum

Impulse and Momentum

Collisions

Gravitation

Angular Quantities Treated as Vectors

Moment of Inertia

Rolling Without Slipping

Angular Momentum

The Gyroscope

Simple Harmonic Motion

Energy in SHM

Pendulums

The Reference Gircle

Traveling Waves

Wave Velocity

Combination of Waves

Standing Wawves

Beats and the Doppler Effect

Reflection and Refraction

Huygens' Principle

'Total Internal Reflection

Images by Reflection

Images by Thin Lenses

Calculation of E for an Infinite
Uniformly Charged Wire

Deflection of Electroms in an
Electric Eield

Flux e

Calculation of E Using Gauss's La

Capaxitors

The: ©apacitor im Action

Kirchhoff's Rules

Defimition of & "B" Field

Force Between Pmmmallsl Current-

Carrying Conductors \
Ampere's Law Appitied to a Long \
Straighe Condunctor Ty
The Law of Biot==Savart b
Faraday's Law of Inductiom



:

Sequence No. Title

47 Motiow of an Electron in Combined E
and B Fields

48 - LR Transients

49 . RC Transients

2.1.4 Texts
.The principal text which is issued to each smmment is

Hallfﬂéy & Resnick; Physics for Students ¢ Engineering amd Science.

Supplementary reading assignments are to be found imu other t==xts. which
are made available during the classroom period. These texts zame=

Sears and Zemansky, University Physice

Albert Baez, The New College Physics—-A Spiwal
Approach '

Shortley and Williams, Elements of Physics

2.1.5 1Instructor

One of the major differences between this. course and a
convéntionally taught course is the role of the instructor. "The instruc-
tor is available during class sessions but does not give: a Eecture. His
primary function is to assist students with their problems:m-a cone-to-

one basis or to schedule additional assistance in a tutomﬁﬁi&nnnnxtraQ

instruction session. This "individualized™ instruction am
tified weaknesses or needs constitutes one of the basic foumeEtioms upon
which the course has been structured.

An average instructor/student ratio of 1=20-was-

scheduled but varied somewhat in practice because of studemt drop=outs.

Further description of the instructor”s role iszto be
found in this report under Section 2.3.2.1, entitled "Notes to the:Instruc-

tor of Self-Paced Physics."



Certain "demonstration" type lectures were prepared
because of the appropriateness of the subject matter. For the first
semester these demonstrations covered the following topics:

Linear Momentum

Angular Momentum

Wave Motion

Sound

Geometrical Optics

The second semester covered these topics:

Electrostatics

Electromagnetism

Physical Optics

Polarization

2,1.6 Laboratory Sessions

Two alternative seif-paced laboratory approaches were
-developed in conjunction with the physics course.

The conventisnial approach involved twenty (20) experi-
mental set-ups in. the laboratory at any one time. 'Durétion of the experi-
‘ments was planned to-rangelbetWeen 1-3 hours; 'hOWeVer, the experiment
need not be completed in one session. Idealiy, no more ;han two students
at a time are recommended to participate in an experiment. A coémplete
description of the laboratory procedure- and folicy is in Section..2.3,2.4
of this -report, including an identification of the twelve (12) experis.
ments scheduled for the first semester. This conventional lab procedure

was demeloped by the Naval Academy physiecs staff.

17 '.‘.v 3



i ' The laioratory program, in conjunction Qith the multi-
media physics course developed by New York Institute of Technology, con-

R sists of fifteen (15) independent study, computer-supported expariments,
covering the following topics:

1. Probability and Experimental Errors in Sciencé

2. 'Permutation and Combination

3. The Direct Measurement of Length

4. Electric Fields

5. Current Balance

6. RC Transients

7. Projectile Motion

8. Graphical Analysis of Data and. the Method of
” Least Squares

9. Collisions

10. Conversion of Linear Momentum

11. Potential ;
12. The Magnetic Ciréuiu and Hysteresis
13. Measurement of Frequency.Response
14, The Inclined Plane

15. Error Analysis

Plus Overview and Summary Report, Instructor's Guide—
lines and Answer Lists.

This program is described in detail in the ueparate sub—-

mission entitled "The Multimedia Labs.” B TR £




2,2 M=2nagement Devices and Controls
The management tools that were designed to operate with ;he
course material while the course is in progress consist of the Study
Guidg, the.Progress Check and the Quarterly Diagnostic. This section

more fully describes these items and includes sample reports.

2.2.1 Study Guides, Progress Checks (including remedial

progress checks) and Quarterly Diagnosticé

Study Guide

This guide is used in conjuncdtion with the Problem and
Selution Book. Its purpose is to:
a) guide the student through the course segments;
b)k pro&ide the student with a mechanism for testing
his understanding of thé subject mattér with immediate
feedback
.¢) 1indicate reading and audiovisual assignmenis, and,
d) provide péths for reinforcemeﬁt and/or remediation.
An intrinsic element. of the seif—paced concept, embodied
in the Study Guide, is the mechanism'for the student to»proéeed through
the course as fast as_hé is able to grasp a thorough understanding of the
’subject matter.

3 » It is ;ecqmmended that if a student schedules a tutorial,
he:bninglwifh him hisléémpleted Study Guides as an additional aid for the
instructor to determine the student's problem areas.

An example of a Study Guide page is included in this,

section but a. full description of its use is to be found in the Student

Manual, Section 2.3.2 of this report, Instructof/Student Orientation.

19




Progress Checks (including Remedial Progress Checks)

The Progress Check is a management device designed to
aid the student as well as the instructor and course manager.

It indicates to the student to what degrec he has
achieved a mastery of the Terminal Objéctivcs; it represents the first
formal feedback to the instructor in order to evaluate individual stu-
dent success with the course at an early stage so that he can take cor-
recfive action; anﬁ it forms the basis for the course manager to judge
overall student progress in the course and ascertain problem areas.

When a scudent completes a certain nuiber of segments
he séhedules a Progress Check with his instructor on the material covered.
(A full description of the Progress Check procedure is covered in Sec-
tion 2.4.2.1.2 of this report.)

For the initial half of the fall semester of 1970,
Pirugrsss Checks were administered on groupings of segments as follows:

' a) Segments.l, 2, 3, 4{ 5

b) Segments 6, 7, &, 9, 10-

.c) Segments 11, 12, 13, 14

The Progress Check is an "individualized" test in that
it consists of ten questions randomly selected from a large Bank of test
items but is not used for the student's grade. (Refer to Preparation of
Progress Checks below.)

~ The satisfactory completion of the Progress Check per-
mits the student to.continue with the. next series of segments.
A student answering correctly 70% or less is given a

remedial Progress Check on the particular core questions missed on his

20



first Progress Check; 1i.e., the remedial Progress Check contains vari-
ations of each item incorrectly answefed. The remedial Progress Check
is usually scheduled by the student after he h;s coﬁpleted appropriate
remediation.

If the student answers correctly on 40% or less on the
Progress Checks, he schedules a tutorial session with his instructor
priof fq taking the remedial Progress Check.

| Progress Check results are summarized by Ehe Data Man-

agement Group and submitted to the course manager for review.

The first page of a sample Progress Check is submitted
in this section.

Preparation of Progress Checks

. The preparation of Progress Checks, while done manually,

is designed to be compatible with a CMI system. That is, the questions o
'were.coded with unique numericai id:ntification and were, for the most Lo
part, multiple-choice to facilitate comput2i verification of the manual
grading.

The content of each question was determined by refer-
ence to the"core questions in the Problem and Solution Book and to the K
Terminal Objectives which the core quesfions sﬁpport.

Questions used were of the multiple-choicr, true-false,
or completion type.

Five variat:»i. . :h question were produced,usually
by rearranging numerical parameters within the text of the questior rather
than restating the question in completély different language. 'Although

the Progress Checks were not used for midshipmen's grades, and one

1
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Progress Check could have been given to all midshipmen, additional copies
were required for midshipmen who scored low enough to require retakes.

The original questions were stored ;n cards, one card
per question. The first Progress Check on each group of segments was
limited to ten questions. Tests were prepared by putting several cards
in a holder, masking off certain administrative information, and producing
a ditto master on a commercial copier. The ditto master thon was used to
produce the number of copies required. Clerical personnel! selected, from
the appropriate group of questions and versions, the specific cards that
made up a test. A pattern was set up to ensure use of 41l versions of
all questions. Questions required for retakes dependéd on vhich ques-
tions the midshipman missed on this Progress Check. Requests for those
questions were passed to the clerical persomnel in the form of graded
Progress Checks or listings of specific question numbers.

Course policy required 48 hours notice of intent to take
Progress Checks, but this lead time appeais genercus for the production
systém employed.

Time alloted for midshipmen to complete'a Progress Check
varied with inst?ucfor, but was usually -50 minutes. Many midshipmen
frequently took longer. Upon completion of the Frogress Check, the
instructor, having been provided an answer key, graded the Progress

*:Check and either returned it to the midshipman for review or passed it to

clerical personnel for statistical analysis and preparation oi retake-Pro-
gress Checks.

Juarteily Diagnostics

At four scheduled class periods during the semester, a

Quarterly Diagnostic is administered. Each studefit section receives an




individua®:.:cd t. These Diagnostics are used both for grading pur-

pbses ang s .st further the instructor in diagnosing any weak areas
of each st ..  achievement. The items thoroughly cover the Terminal
Objectives during the period. Generally, these test items are
created to v« © *°  student’s performance on general and specific con-
cepts of phyysic complex mathematical procedures are not emphasized.

The diagnostic problem types are categorized as follows:

iiagnostic Problem Types

"R Recognition of material that should have
been memorized.

‘U Conceptual understanding; single concepts
isolated from problem applicationms.

AR Conceptual relationships; recognition and/or
selection for use in problems but no actual
solution required.

At present, all Diagnostic items are multiple-choice
questions @ presh ams--to facilitate grading. At the next class period,
each studemt p. gives a personalized "Student T.0. Key Sheet" which indi-
‘cates his -z:xrz for the test. Also, the test items missed are circled,
and he is @#trceced to the Particular locations within each segment he
should review.

A fhll description of the Diagnostic procedure is
included in Section 2.4.2.1.3 of this report.)

The régults of the Diagnostic form the basis for a
couiplete evaluation of the student'and the course effectiveness. Sample

‘summary reports are included in the following section; a complete set

of report fouy to be found in Section 2.4.2.1,3.
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SAMPLE STUDY GUIDE

res. GFEF P | STEP SEGMENT 6
T.ijReading: HR 4Lfbb6; 6-~3; 11~5 $ 1} nformation Panel, "Centripstal
[ SZ 6-¢ Forze"
1 AB 9-5; 9-6, _ Y F
; 39 ul -
v W - mation Pamel, ™The Tocabu- lf
; of Circular Mer<on" ;
\ T F ,
jﬁ g_ - (ans)
t K , 9" ' correct, advance to P 1%; if
‘ mwot, comrimue sequence.
- _ @ |
o ; 10 A B Cc D
i ! L. )iInformation Pamel, ¥Ta: Character-
“srstics of Uniform Circula- Motion'
) A B Cc D T F 11 A B
] g

D —

2.31%° your first choice was correct, |12

B! afvance to 7.1; if not, con-
' : Tinue sequence. '
! ! T F . )
:% ; g* l—h, (éns
{!@ _ T F
’ : (ans) || 13
1 i
s A
3 | 2 2 (ans)
% i . ; E
14
5 A B C D -
: ! (ans)
6 A B ¢ D _ B
é 5 ‘A B C D T F
_ 7 A B C D T F
i i 16
e ~ % Al Li :
\ 7 Tmstiovisual, CIRCULARZMOETON ©. - | '
§ jﬁ? i I (ans)
? = ‘hy) " 3{16,‘1, Homework: HR Problem 4-20Q
L
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SAMPLE PROGRESS ¢ ECK (firz= pagw)

Name ) 1D Progres:s Check (1) Seg 1-5
Section . Date Rerm: ™o. Made
Broge=-s 7Z .ck Score out of 0 Digitzex Chartted A
1-1.1 The cizners o5 of the fgure shown wer= measured with different
mstrrmentss. The azea.should be cxmmessed in howmmany significant
Fpares -
A 1 2.0 in
B. %
C. ;
D. & \

.00 in

e A car nmuovimg at a constant rate R cowers a distance D dm..r’ing a time
inter~al T. Its rate can be-expressed:in
A. mi - sec
B. sec per ft
C. mdper hr
D. hx/ft B
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2.2.2 Sample Management Repaort:

This section contains sampie :rramgement reports which
reflect actual data. A complete set of mammgvmenit Teport forms are
included in Section 2.4.2.

The reports shown here m==:

a) Progress Check Summery

b) Diagnestics

(1) All Sections--Smemw DAscribution
(2) 7TO Summary Compzr:=iu- —ercents
(3) TO Summary Compa: <om—~3tudents

(4) Bar Chart Percent=ig Mistributions

26
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sepMeNt [ -2- 9 —% -5 : WUTBER OF STUDENTS: @7

COMMAECT anc INGORKECT Respwnse- om ‘rogress Check. | .

0101 030E 10501 w801 1101 127 AT HTDENTS
Y - X 4 = 2l X |/ - - X /- R
| =) | 4= =T | f- #- | 4- | 7. |37 =
| -6 l/0-2 | 7-z - Ng-s5 | G- S+ 3 -7
['=fo | 2-F | s~/ [ W2 |6y .{ o= 37
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sp211
USNA Self -Paced Physics S MPLE REPORT )
H
DIAGHESTIC T.0. STMMARY CONEARTSON :
- 1
i
Novenber 6 amd 7, 1970 i

' Secetd Quarterly Diapgnostiz Test

i ' PERCENT
f.i PERCENT WRONG BY INDIVIDUAL SECTION WRONG BY
T.0. # Gor TEST T { | R ! i
% CORE #) QUESTION # . 0101 | o301 ! 0501 | 080 , 2101 , 1201 ,ALL SECTION:
' 1
| | | ! '
3% 34 22 | 13 : 5 4 -~ 6 _,. 13 1 10
l | S ! |
| s 35 | a3 2 ' - 1oy 81 o 33 ! o
| ; | I N ! ! ! i
36 36 | 11 | 40 20 | 22 19 ) 33 . 24
- ! I ' ! | 1 :
37 37 SRS LS S TS S & N .
| I ' 1 | u
~ 38 38 - 4y 13 " 0 4 e 4 & 4 13 T' 27
; [ M
%0 P 1o 3 ' 5 B 4 13 | 20 | 20
- | | ! y | ! ]
41 21 ® 4 Y - ™ o e - 31
’ | ! 1 i ! T
- 42 42 m | 13 : oy @ oy 63 ¢ - 30
' 1
| : b ! |
f - £3 S0 | & ' T 4 6 y 13 | 13 |, 20
‘ | ' I | !
7 46 1 &b = | 33 ! 2w y mr oy 19 | 20 _!r 24
R | ' " 1 |
&7 &7 2 | 2 I 45 4 H. oy 13 | 47 _!r 26
1
o I . , \I 1| i
&8 58 w o, 27 ' 3® 4 2 ;13 | 53 | 326
' | ‘ | 1. l |
-i $45-C1 50 ® | - " - 1 = 4 = 1= i 1
§ 1 T | |
: S45-€8 | 51 - - " 2 4y % 4 - 7 3
— T 1 ) | | _
£45-C14 52 . AT : sb oy 22 g 25 .60 %9
. ‘ 1 | 1 I ’
SAS-LTS 53 l‘ m , 33 ! Wy 28 y 25 y - &7 | a9

* Diagnwstic Pest Ltems for Sepgments 45 are idemtified witis the Core Question

l af Segmemt 45.
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2.3 ZControl Points and Orientation

Incorporated in this section is a pictorial cescription (flow
chart) which reflects a general overview of the operational functions of
the course. Various control points and lines of communication/responsi-
bility have been identified in the flow chart for the bencfit of the
instructor and course manager.

Descriptions whick ampiify these items are in the Instructor/
Stuaent Orientation section and other references found throughout this

report.
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2.3.2 Instructor/Student Orientation

This section contains information which should be re-
viewed by the instructor to familiarize himself with the course. The
descriptions are divided into five parts consisting of:

a) Notes to the Instructor

b) The Mansgement Sequence

(The following three items consist of
documentation which is distributed to
the students during the orientation .
session.) . [
c) Course Policy
d) The Self-Paced Laboratory

e) The Student Manual

2.3.2.1 Notes to the Instructor of Self-Paced Physics

1. Introduction
The methods and operation of the Self—paced paysics

course may seem strange to new instructors as well as to the students. .

. This information is presented to assist the instructor in developing his

inaividual class'pélicies. It is preSumed you are familiar with the
Student Manual and Coursé‘Policy Statement.

i:. Objective

The'dbjective of the course is to enable each midchip-

man. to complete the tqéks hefined by the Terminal Objectives (TOs). If . RV

-you .have:not dnne so previously, you should read the TOs, as they consti- -

' tute: the most accurate definition of course content. Because of the way

the Proéblem and Solution booké have been constructed, successful comple-
tion of all the core questions should cover all the TOs. Since the core

questions were also designed to provide a path for fast students, they
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are frequently complex proBlems that combine elements of several TOs.
Due to the limited time available for testing, the body of TOs is sam—
Pled randomly during Progress Checks and Diagnostic Tests.

3. Class Atmosphere

There are few constraints on how you use class time
to move the students through the material. If your class size permits,
you are encouraged to us~ Room 203 as ydur regular classroom. Initially,
a certain amount of encourzgement may be neededrgo steer>the midshipmen
to the various media. You should try as.manj of the media yourself as
time permits so you can recommend a particular Audiovisual if a mid-
shipman is having trouble in a specific area. You may wish to add
additional demonstrations or conduct small topical lectures occasion-
ally. Comprehensive reviews prior to Diagnostic Tests are frequently
given.

4, IStudgnt Progress

One of the by-products of the course organization is
the eafly idénpification of potential failures, before they reach the
Diagnostic Tesfs. This early identification can be done most effectively
by careful screening of ‘Study Guide responses and Progress Check responses:.

The individual prescription for assistance is in your hands, but the early

identification of these individuals and the variety of matérials available

should provide you with considerable flexibility.

5. Areas of Concern

- a. Minimum Lecture. You, as well as some of
your midshipmen, may feel uncomfortable, initially,.because you are not
conducting lectures during most of the class time. Experience has shown

that most students adapt readily to the self-paced class routine within
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four- zo six weeks. You may choose to lecture frequently; however, you
will probably have little time left to grade Progress Checks or counsel.
slow students, except in EI (Extra-Instruction) Sessions. Another by-
product of the course organization 1s to move a substantial amount of
student counseling and remedial work into the classroom.

b. Student Progress. Because of the great amount

of material covered by the course, you will soon find students dropping
Well‘bghind the average (or, from youf view, a desirable) class progress.
Your success in keeping the class moving will be limited ouly by your
imaginatiomn. One‘reasbn tor the apparently slow class progress may be
confusiow: between a very Weak physics student and a good student who
chooses to 'pace" himself to the.speed of slower classmates. Careful
screening of Study Guide and Progress Check responses can usually separate
the two.

2.3.2.2 The Management Sequence

1. Each student is issued one prime textbook;
at least two other supplementarf texté are at all times available in the
physics room or iﬁ the library.

2.,-Eacﬁ student is issued a Student Manual
intended to supply the student with all the procedural information required.

3. Counrse work begins with. the issuance of Seg-

ment 1 of Problem and Solution Book:and thé Study Guide for the saﬁe seg= -~

ment. The Study Guide is a latent image type on which sequencing infor-

nation is revealed by means of a special pen.
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4. The Study Guide features are:

(a) A reading assiénmen; indicating prime
reading and:z=mmmlementary reading, both clearly identified.

(b) Core problems identified by score lines
over and under the problem number.

(c) Remedial loop problems ("enabling pro-
blems"). - The instructions for short-circuiting the loops, or following
them, are contained in the Study Guide fat each indiviaual set.

£d) Titles.amd directions for Information
Panels contaifmedin the Pmii¥em and Solution book.

(e) Titdes aﬁd directions for Audiovisuals.
These are aw=izafle in three formats:

(1) Videotapes;
Cf) Talking books;
(3 lllustfated texts

(f) Homework assignment, generally in the
form of adifiittional probi=ms in the prime text.

5. The Problem and Solution book features are:
(a) Problems and diagrams in numerical
sequence.

(b) Core problems identified by enclosing
each oné in a box.

(c)' Information Panels preceding coregroups.

(d) Scrambled problem solutions: directions
for reaching solution is revealed only in the Study Guide when correct

answer is chosen.
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(e) Each solurfion for core and core-prime
questions is followed by a true-false question whose answer is derivable
from the solution to which ié pertains. These TF's are answered in
special bﬁ#ed sections of the Study Guide. WOTE: Each core problem
which is énswered incorrectly requires tisr the student follow the
remedial or enabling loop which always womfiimses wiﬁh another problem
hav;ng the same conceptuzl basis as the come pmoblem initially misscd.
Such problems are called "core-primes."”

(f) The scr=mblims:process used for the
solutions is extremely difficult to compmmmmise. The tFfme required to

short-circuit the response pattern is expected tw be too great to make

it worthwhile,

el dds]  wmid  wsel GgN W OER W WG

6. The Progress Check. Tnis is a form of test

- which follecws a unit of work. The Progress Check is graded by the

teacher. The performance of the student is evaluated and he is then

'

-guided into one of the channels indicated bedow. To be eligible for

oy

£

the Progress Check, the student must submit -to his instructor all of

by

the relevant revealed Study Guides for that uniit.

(a) Using a predet=rmined cut-off grade,

.l'. i l ‘

the student is given the "go" signal if his performanme is above this

level. He is also given a set of enrichment suggestions in the form

Sy

cr T R el S0
of reading, programmed material', :films, etc. )

(b) If his performance falls below the

i)

cut-off, he is given a '"stop'" signal with remedials, after which he
retakes a Progress Check. Questions on these checks will be random-
ized so that no two students ever take exactly the same examination,

nor does the same student take the same check on the second rdund.'_
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(¢) 1If his performance falls below cut-off
dn the retake, he will be given individual tutorial assistance and re-
quired fo take a third test. Disposition of wie student after the third
failure will be left to the chairman of the mimysics committee at the
#cademy.

7.. Quarterly Diagno=itic Tests. These tesizs will

be carefully generated to test for recognitiom mmnd recall, understz uiing

of concept, ability to recognize concepts whitch appear in problems, and

ability to solve prwhblems. These tests will a1l be aff the multiplie-

choice variety, with a respomse mechanism sufttable Fawr computer ggading,

Bne of the Quarterly Diagnmstirs will replace the mid—term examimation

X‘f.@i\‘é“.‘

and the last of them will be administered about one week before the .

:spandard final examination.

e, j

8. At the end of each quarter the instructor

1
<

[,
€

will submit a diagnosis amd recommendations based upon Study Guide re-: -

H

sponses, performance on Progress Checks, and Quarterly Diiagnostics. Pos-

| rggdiny

‘sible recommendations include ccontinuation of :sequence, mpetition cf

specific segments, furtheq use of other program texts, adiftional tutorials,

[

.and dropping out,

A »d

.
it
frorre iy

Lo B i
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2.3.2.3 Sample Course Policy

SPZTE SELF-PACED PHYSICS

Course Policy

T. Backgroumd. This course is part of an expewimental education pro-
gram which has been conducted by the U.S. Naval Academy and New York
Tmstittute of Technolesy since summer 1967. The course is character-
ized by rather uncemwemtional teaching methods =nd, as you will see,.
emphasi zes:

Each strdent's proceeding through the course at
his owmace. )

Use of imstruction via texts, programmed problem
and solusion books, videotapes, audiotape record-
ings, an# instructor consultation.

2. Instructional:Methods. A variety of instructional methods will be
awailable to you dumring this course. The large number is provided so
tirat you can find the combinatdwsm of materials that is most efficient
fisr you. To be sure of optimfzimg: your use of classroom time, you are
urged to try each type af material at least twice. The materials avai.-

able =xe:

A. Problem and Solution Book. This book, together with the -
Situdy Guide, is the princiipal material. Description and Organ-
Izztion are contained im ithe Student Mamual.

B. Audiovisuals (AV's).. These take sewveral forms; you
should try all. '

(1) Videotapes. Prerecorded lectures on specific
topics are shown on the large monitor in Rm 203.
The schedule for this monitor is posted on the
wall. I£ you wish to look at a different video-
tape, you may check:mme out and play it on the
wideotape naphinéSiinMRm 203.

(2) Talking Book (TB). This method consists of e
a tape recorded lecture (on either open reel-or

‘cassette) and a booklet containing the illustra-

tions for the lecture.. The TB materials are

checked:out in Rm 203. Cassettes may be checked-

out overmght.,
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(3) 1Illustrated Book. This fs a short illustrated
booklet comtainimg the same lecture as the Talking
Book, but without the audio powrtion. Note that the
subject matter of the Videotames, TB, and Illustrated
Book is virtually the same.

C. Alrernate Texts. While the principal text for this course is
Halliday & Resmick, Physics for Students of Engineering and Sci-
ence, collateral text for references are jprovided on the Study
Guides. Copies of all other ‘texts mentiomed are available for
use during the classroom pericd. Because of the limited supply,
however, they must be returned to the supply room at the conclu-
sion @ff class.

D. Class Insitructor. One of the-major differemces between
this course and .a corventionally taught wourse is the role of
the imstructor. Your regularly assigned dinstructor will be
available during all class sessions to assist you with prob-
lems you encounter. He will not be lecturing.- You are en-
couraged to seek help durimg ithe regular elassroom period or
during an EI period, if yom are having difficulty with the
course content or mechanics of the course material.

3. Course Schedule. Every effort has been made for you to determine

your own speed in covering course materials. The Pregress Checks,

which will b¢ mentiemed later in detail, are taken at the completion of

a number oi Problem zmd Solution Book segments and mmt on a fixed date.
Obviously, to complete the tourse im the sixteen (IH) weeks allowed, L
some minimum rate of progeess must be maintaimed. TThis minimum rate of
progress is determined by the Test areas in the following schedule.

TEST/LECTERE SCHEDULE

9/10 Oct TEST: SEGMENTS 1-10
23/24 Oct LECTURE: LINEAR MOMENTUM
6/7 Nov " TEST: SEGMENTS 11-45
13/14 Nov LECTURE: ANGULAR.MOMENTUM
4/5 Dec TEST: SEGHENTS 46-52
11/12 Dec LECTURE: WAVE MOTION
16/17 ‘Dec LECTURE: SIBBUND
8/9 Jan LECTURE: GROMETRICAL OPTICS
19/20 Jan TEST: SEGMENTS 54-62
Progress Checks to be completed .after ths following segments: N

5, 10, 18, 46, 48, 52, 58, 62
Midshipmen who complete all of the course segments (and appropriate
Progress Checks) early will be excused from class early except for

tests and lectures noted above.

4. Testing. Two types of testing or evaluation are used in this
course.
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A. Progress Checks are completed as noted in course schedule.
Each midshipman will notify his instructor one period in ad-
vance when he wishes to take a Progress Check. Fach Check
consists of ten questions, similar to those in the Problem

and Solution Book, cowvering the material since the last Pro-
gress Check. Fiftyv minutes per Check will be allowed. The
primary purpose of :he Progress Check #s to identify areas
vhere the student is weak. Although they are scored, the
scores are not used in determining course grades. Scoring

is as follows:

Questions Correct Action
8 or ﬁore Contimuc with next segment
5-7 Schedule_recheck with instructor
Less than 5 Schedule EI period

In all cases, midshipmen will be provided references to appro-
priate course materials for the questioms they miss. The re-
check wiTl cover only items missed om the Progress Check and
must be schediuiled :in adwance.

B. Diagmostic Tests awvering more material than the Progress
Checks wiill be adminfstered as shown om the class schedule.
These tests will be wsedl for determinimg progress marks sub-
mitted to the registrar. Students who hawe difficulty main-
taining the minimum class schedule may fimd themselves tak.ng
a test for grade on.material for which they have not had a
Progress Check. 1In these cases, the test will also count as

a Progress Check. Midshipmen who mafmtaim =nm A average in

the four tests will have the test grade commted as the final
exan grade,

5. TLaboratary Work. Tﬁé operation of the 'se¥f-paced laboratory is
outlined in a separate handout. Tt is emphasized:that completed
Experiment Guides represents the work of the mifishipman whose name
appears on the cover. Material from the laboramwry will be covered
on the final examination.

6., Homework. Homework.prbblems assigned in the Study Guide are supple-
mentary. Thoy wiil not be colilected.

7. --Grades. 'Progress and semester grades remain the perogative of the
individual instructor and will be based on:

Quarterly Diagnostics
Final Examination
Laboratory

Weights assigned to each item will be detefmined‘by individual instruc-
tors.
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2.3.2.4 Sample Procedure Form

UNITED STATES NAVAL ACADEMY
Physics Department

SP211, Engineering Physics I First Semester, 1970-1971

The Self-Paced Laboratory

For the laboratory portion of SP211, Engineering Physics I, you will
be allowed to proceed at your own pace through the experiments listed be-
low. Although you have been scheduled for a particular laboratory. per-
iod, you may disregard this and report to the laboratory (Room B8,
Michelson Yc1l) at any time during the academic day (0755 to 1145 and
1315 to 1505, Monday through Firday, and 0755 to 1145, Saturday). Upon
reperting to the instructor on duty in the laboratory, you will be given
an Experiment Guide and directed to a laboratory station for the appropri-
ate experiment. On the Experiment Guide, you will record your name and
section, your insturctor's name, the date, and the times of arrival and
departure. Upon completing the experiment you may leave, but you must
give the completed Guide to the laboratory instructor who will, in turn,
give it to your instructor. Your work will be graded and ‘returned to
you.. If you wish, you may complete more than one experiment in a given
week; however you will probably find it advisable not to out-pace your
classroom assignments., Should you find it impossible to complete the
experiment in the time available, make a note to this effect on the Guida
and turn it in to the laboratory instructor before you leave. It will be
held in the laboratory so that you may return and finish it latexr. .In
any event, you must complete the experiments within the spans ol time .
given in the list below.  You must complete all experiments or stand in .
danger of receiving no credit for the course. All work is to be accom~
plished individually, but the instructor in the laboratory will answc.

" questions and try to ensure that you have adequate equipment and thac it

is working properly. Laboratory Manuals will be provided at each station,
but you should always bring your slide rule, textbook, and a straight
edge to the laboratory., '

C ~ EXPERIMENTS
e Available Must be Completed
Number Title Beginning no later than
w1 Measurement I S 14 Sep 3 Oct
-2 Acceleration 21 Sep . 10 Oct
3 " Measurement IT 28 Sep ' 17 Oct
4 Centripetal Force 5 Oct 24 Oct
5 ‘Inclined Plane 12 Oct 31 Oct
6 * Ballistic Pendulum 19 Oct 7 Nov
7 Rotational Inertia . 2 Nov 21 Nov
8 Vibrating Snring 16 Nov 5 Dec
9 Speed of Sound in Air 30 Nov : 17 Dec
10 Standing Waves ' 7 Dec _ 9 Jan
11 Single Lens 4 Jan 15 Jan
12 Lens Combinations 4 Jan 20 Jan
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STUDENT MANUAL

1. DESCRIPTION OF THE COURSE

The self-paced physics course differs from conventional courses in
a number of ways. It is largely student-managed programmed instruction.
Most of your learning will be derived from reading carefully selected
passages in excellent textbooks, simplified written discussions of the
highlights of the various subject areas, and the use of audiovisual
aids in ihe form of videotapes, "talking books", and brief, meaty illus-
trated pamphlets called Tllustrated Texts. An instructor will be avail-
able for tutorial assistance as well as diagnosis of your progress.

The format of the course permits you to monitor your performance . . -
and achievement by means of instant feedback from the visual response
mechanism to be described later.

In addition to self-paced theoretical instruction, you will also
spend an adequate amount of time in the physics laboratory and attend
a demonstration-lecture periodically.

You will always know in advance when a check quiz or an evaluaticn
test is to be given. As a matter of fact, you will determine for your-
self when progress checks will be administered to you. In addition tc
other periodic tests, a final examination will be used to evaluate your
achievement.

2, COURSE STRUCTURE
Assigned reading--From standard textbooks, coded as follows:

HR means Halliday and Resnick, PHYSICS FOR STUDENTS OF
SCIENCE AND ENGINEERING, fifth edition, combined form;

SZ means Sears and Zemansky, UNIVERSITY PHYSICS, third
edition, complete;

AB means Albert Baez, THE NEW COLLEGE PHYSICS - A SPIRAL :
APPROACH first printing; : ;

© SW means Shortley and Williams, ELEMENTS OF PHYSICS, fourth e
edition. :

The ‘required or prime reading assignment for each segment of the
course will be identified by one or more asterisks before the chapter
numbers. The remaining reading is to be considered supplementary. A
typical reading assignment and its interpretation will be presented as
a sample later in this Manual.
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2 . STUDENT MANUAL

For maximum effectiveness, all assigned reading should be completed
before you begin work on the programmed instruction. This first read-
ing need not be exhaustive because it is anticipated that you will return
to certain sections of it time and time again as you work through the
segment.

Information Panels--Aside from your textbook reading, much of
your factual and procedural information will come from Information Panels
presented in the PROBLEM AND SOLUTION booklet for each segment. Thesc
Panels are concise discusiions relating to the principles and methods of
solution involved in the accompanying problems. If you should find that
you do not fully understand the material in the Panel for a given section
of your work, you would be expected to return to the textbook assignment
for clarification.

Audiovisuals--Thase are important adjuncts to your reading and
problem solving. When you are directed to work with a specified audio-
visual, you will usually be given the option of selecting one of three
media of presentation.

Videotape: a demonstration accompanied by a discussion that
you view or the screen of a small videotape playback;

Talking Book: a set of carefully constructed pictures and
diagrums accompanied by an audiotape lecture;

Ii1lustrated Text: a set of pictures similar to those used for
the Talking Book accompanied by a formal written discussion matched page
by page to the illustrations.

Progress Checks--groups of relevant questions which you must answer
after completing a specified number of segments. These checks wi .l be
used for diagnosis, prcgress evaluation, and tutorial assistance should
the latter be needed. '

Quarterly Diagnostics--special test forms administered periodically
to assist your instructor in diagnosing possible weak areas in your
learning pattern, and to enable him to prescribe remedial work where

- required. The Quarterly Diagnostios will also be used to evaluate your -

achievement.

Final Eramination--standard examination which provides information
relative to your final grade. e ’

Enrichment Packages--for those students whose progress warrants
additional, higher level material; to be a student option.

.48
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STUDENT MANUAL - 3

3. PRINTED LEARNING MATERIALS

PROBLEM AND SOLUTION BOOK. (Hereafter referred to as the P&S.) This
is bound study material containing the work for three or more segments in
a volume. The entire course consists of 45 segments for the semester.

The P&S material in a given volume will contain blue title sheets between
segments to help you find the one you want quickly. Each P&S contains:

(a) A problem sectjon ia which the questions and numerical prob-
lems are presented in stiict numerical order, to be worked on in se-
quence.

(b) A solution section in which the correct methods of answvering
questions and solving problems are presented in scrambled order. Many
of these solutions arc terminated by additional "true-false" questions
to be answered immediately after you study the individual solutionms.

(c) TInformation Panels strategically interspersed throughout the
problem section.

STUDY GUILE. This is just what its name implies: a written guide
that you must follow step-by-step, strictly in the order presented, to
work your way through the problems, information panels, audiovisuals,
reading, solutions, and other check points. The remainder of this Man-
val will be devoted o an explanation of the way in which all these
aspects of your learning are related.

4. HOW TO USE THE STUDY GUIDE

Please refer to the sample Study Guide which is the last page of
this beooklet. It is a partial mock-up of a segment that doesn't really
exist, and will be used for explanation purposes only, If you are to
understand how the system works, if you are to avoid blunders when you
start work on your first actual segment, you must walk through the fol-~
lowing explanation without missing a step. Take your time; be abso-
lutely certain you understand each maneuver perfectly. If you need help
in interpretation, ask for it. . . :

Before you begin wogk on ¢ny segment, asceriain that you have the e
correct STUDY GUIDE by checking the-number near the upper rlght*hand
corner, then complete the heading on each STUDY GUIDE sheet.

Another preliminary step: look at the bottom of the STUDY GUIDE
sheet and note the number of pages you should have in your hand. Few
STUDY GUIDES contain more than two pages. Be sure you have what you
need before you start work.
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4 STUDENT MANUAL

. The letter P above the left column means 'Problem Number;" the
STEPS are -also numbered to indicate the sequence of things you must do
other than problem solving.

All right. Let's go through the sample.

Step 0.1 The reading assignment for the segment. The required
reading is in Halliday and Resnick, paragraphs 49-3
through 49~6 and paragraph 49-9. The slash-bar (/)
always means from one paragraph through the other, in-
clusive. The supplementary reading is in Sears and
Zemansky, paragraphs 45~6, 45-7, and 45-11. This read-
ing should be gone through at least once before continu-
ing.

- i e A N

PUSREN

Step 0.2 When you have finished your reading, turn to the first
page in the P&S for this segment. Read the Information
Panel, be sure you understand if.fully, then continue.

This is the first problem in the P&S. Note the overscore
and underscore lines. These indicate that the problem

is a core type, required of all students in the cource.
You will find this problem boxed for the same reason in
the P&S. The problem you find in the P&S as number 1

paiiiiond tadiaend o 3
Ll

is:
-
]
E How many gallons of regular gasoline could you have

purchased with 5 Martian zilches in Septimus, Ohio
g’ in the year 1960 and still have some change left over?
1 1

A. 1

z~ .. B, 2
1 c. 3 —
- D. 4

i)

Now gbviously, to solve this problem you would have to -
know the price of gasoline per gallon in U.S. currency
and also the equivalent buying power of a Martian zilch.
BRI - Presumably, your reading and the Information Panel con-
tains this information but let us suppose that you
didn't do any of the reading and so didn't know the
answer. So--you're about to make a wild guess, let's
say, answer A.- At this point you rub the "reveal"
. "pen provided all over the inside of box A for the
a. ' - first question. As you do so, you will see an X appear,
showing that the selection was incorrect. Do it now;
reveal the X in box A with your pen. (Best results are
obtained by rubbing the pen lightly over the surface,
“then waiting a few moments for the revealed information
to darken.)

P ;iﬁ{(ﬁ. l
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Let's go down to

Step 1.1

Making another stab at it, you choose answer B and use
the pen bringing out another X. Trying C, you find that
the pen reveals the characters 29[{a]. This tells you

to turn to page 29, item [a] in the P&S where you will
find the full explanation of the method used to solve
the problem. For this core question, you will also

find a very short true-false question immediately after
the correct solution. This question reads as follows:

A Mart.an zilch is the rquivalent of three U.S.
nickels. True or False?

You must now use the reveal pen on either the T-box
or the F-box for question 1.

If you make the correct true-false selection, a Vwill
appear in the box. If you choose incorrectly, an X will
appear irn the box. The true-false questions are usually
so simple that you will be permitted few, if any, errors
in this part of the work. Getting one of these T-F's
wrong is a pretty sure indication that you are not read-
ing the solutions. You must avoid this.

the next step.

You are now being given an option. If your first choice
was correct, you will be permitted to skip over the next
four questions and advance to the next Information Panel.
If you answered incorrectly, even once, you must go
through the remedial loop consisting of questions 2
through 5.

We are assuming that you missed question 1; so let's

go through this loop together.

Problem 2 iu the P&S. It is not scored, hence it is
not a core problem. It reads as follows:

It is predicted:that a gallon of regular gasoline
will sell for $1.05 by the vear 1998. 1If this is
roughly 3-1/2 times the price of gasoline in 1960,
how much Jid one gallon cost in 19607

' This is 7ot multiple-choice. It's a completion type of

question where you must write in the answer. So, write
your answer on the line below the rectangle for question
2. The answer is, of course, 30¢ because $1.05 is 3-1/2
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STUDENT MANUAL

times 30e¢. After writing it in, reveal the answer in
the rectangle with the pen; the answer 30¢ will appear
accompanied by the referral page and item 1l4[c]. Turn-
ing to the referral, you find the solution worked out
for you to check your own thinking. Problems that are
not core types are not accompanied by true-false check
questions, so you're ready to go to question 3.

Let's interrupt the sequence for a moment. Fven if you
were able to answer the original core question correct’y
the first time, you should go through the remedial loop
anyway if you have any doubt at all aboui the method of
solution or the answer. You may have guessed at the
right answer, or you may have made tws errors that can-
celed out. In any case, if you feel that vour choice

of the right answer was a fluke in any way, we urge you
to go through the remedial loop.

Problem 3 in the P&S; it is not a corc problem. Here
it is: )

Ten Martian zilches will buy exactly the same number
of 2-1/2 inch McIntosh apples in a given market on a
given day as two U.S. dollars. Thus, one zilch is the
equivalent of

A. 10¢
B. 20¢
C. 40¢
D. 60¢

A glance at the STUDY GUIDE corroborates the fact that
this is another multiple-choice question. Apparently

10 zilches is the equivalent of $2.00, so one zilch
must be worth 20¢, This is answer B, so if you use the
reveal pen in box B you will bring out the instruction
18[b] indicating that page 18, item [b] in the P&S has
the solution. Whether you were right or wrong. in your
selections, it is important that you read andiunderstand
the solution. If you had chosen any answer other.than
B, you would have revealed an X as before. There.is no
true-false question, hence you can now gu-on to.question

4.

Here 1s your first modified true-false question:

True or false? Five martian .zilches will purchase
more milk than 20 U.S. dimes.
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Note the italicized word. Read the statement and (a)
if you decide it is true, simply ink the T-box on

the STUDY GUIDE; (b) if you feel that it is false,
write a word that can replace more and thereby make

the statement true. After you have written the correc-
tion word on the line under the F rectangle, then, and
only then, you are to reveal the answer with the pen.
In this particular instance, the correct answer is
"false" and you would write in the <word ‘‘less" in place
™ of more. Your reveal pen will bring this out, too.

If you had selected "true" as your ansvar, the pen
would have revealed an X inside the T-box. So, after
— writing "less" you would see revealed: '"less (21[d])."
; ' At this point in an actual lesson; vou would turn to
this page and item in the P&S and read it carefully
before continuing the sequence.

Sdtemmanad P |

,w(

k3 . Continuing with the remedial loop:

7 5 Another multiple-choice question:

In order to have fillead your 18-gallon tank with
. gasoline in 1960 in Septimus, Ohio, you would have
spent at least

T

A, 15 zilches
B. 21 zilches
c. 23 zilches
D. 27 zilches

L]

Vo aaiay

The correct answer is, of course, 27 zilches since each
zilch is worth 20¢ and each gallon costs 30¢, so you

- . ' would reveal box D and find inside the instruction
"27[bl." After reading the solution, you again encounter
a check' T-F question which is then answered as before by
revealing either the T or F box in question 5. Any
answer other than D above would have revecaled an X just

- - o as described for the previous multiple-~cheoice question.

i K Step 5.1 Everyone is now expected to devote some time: to :the.
Information Panel, "The Currency of Venus" and then.

. Step 5.2  select the medium he wants for running through the - audio-
visual, COINAGE AND BILLS OF THE INNER PLANETS.

After that is finished, everyone stargs once again on an
equal footing with the core question 6.

- A

And so forth.
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U.S. NAVAL ACADEMY STUDY GUIDE SELF-PACED PHYSICS
P | STEP | NAME P | STEP | SECTION SEGMENT 60

y 0.1 | Reading: HR*49-3/49-6;%*49-9
]'; SZ 45-6, 45-7; 45-11
Note: 1In this sample '"waiu

‘ through", we have not in-

]ﬂ cluded the Information
Panels nor any set-up P & &,
; A B ¢ b T F The probi-:ms that would no, - .
. : mally appear in the P & S |

]‘ are given in the Student |

Manual for explanation pur— |

poses. ‘

0.2 | Information Panel, "The Currecncy
of Mars"

e e

)

advance to 5.1; if not, continue
sequence.

j 1 L1.1 | If your first choice was correct.

Lintibeiar !

(ans) AND SO FORTH

Eemin|
¢
r———

B < D

A
[‘ﬁ r'-‘i
I T L‘j
T e l:l
a A~ B c_ Db - T F
5.1 |Information Panel, "The Currency
{ of Venus" :
{

ivkddigat |
————

5.2 {Audiovisual, COINAGF AND BILLS
-l OF THE INNER PLANET3 1

|

6.1 {If your answer was correct, ad-
. . ’ vance to 9.1; if not, continue’
; with sequence.

F

o]

(ans)

15 '\P:

(ans)
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2.4 Information and Data Handling Procedures

A complete definition of the course content is necessary and -
was accomplished by the identification of over one thousand MBO's. These
are to be found in the two volume MBO documentation.

2.4.1 Data Preparation Prior to Course Implementation

2.4.1.1 Establish Course Structure

1. Student Background and Enrollment rile - Prepare

“a student background card for each student to be enrolled in the course.

See Exhibit "A" for data and format. Under CMI, there Is an allowable
maximum of one-hundred and eighfy—five students per (ML course.

Purpose - This data registers a student in the
course and provides the basis to accomplish thé follouing:

a) Assignment of Couise Student Number

b) Creation of Student Roster |

c) Co;putation of Capability Index

d) Storage of Background . Data

2. Preparation of Course Header File - Prepare a

course header card (Port-A-Punch format) for each test (or Study Guide)
to be administered during the course. See Exhibit "B" for data and format.

There is an allowable maximum of 48 questions per test.

Purpose - This data establishes th¢ correct answer

” matrix for each test to be computer graded and provides certain -lesson

identification data.

3, Preparation of Question (MBO) Description File -

Prepare a question description card for each question within a test (or

Study Guide). See Exhibit "C" for data and format. Following the basic

1
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structure of the course, each question should be designed to test the
student's knowledge of a specific Terminal Objective (and Enabling Objec-
five where applicable).

Purpose - This data will be used in the prepara-
tion of the individual student performance feport (Refer to Exhibit 'D™)
and the TO analysis reports (as described later).

The pfescriptioné (remedial assignment for a
student) for each question =hould be carefully constructed and will be
printed for the student only when the question is answered incorrectly.
See AIMS III Systems Mznual for more detailed information on these files.

Non-CMI Procedure - If the CMI is not utilized

for generating prescriptions, then a TO Key Sheet should be prepared
as in Exhibit "E." These sheets are issued subsequent to each Quarterly
Diagnostic. Section 4 contains a detailed description of this procedure

and tue Progress Check procedure.

2.4.1.2 Data Verification and Updating

Once the data files have been prepared, CMI reports
are generated *tc reflect what data has been entered into the system.
These reports should be reviewed to verify accuracy of the data.

1. Student Background and Enrollment

Printad reports consist of the Class Roster
(Exhibit "F") and Course Background Rester {Exhibit "G").

The Course Student Number (CSN) is created by
the system and is printed on the Class-Roster. The CSN is the identifying
number to bé used subsequently on all student response input data.

To add a student to the file, prepare a student
background card as above; to drop a student from the file, prepare a

student drop card as in Exhibit "H."



i (‘I,

1

2. Course Header

Certain types of errors input to this file, will
automatically be printed by the CMI; however, the temporary (or
Permanent, Header File Listing (Exhibit "I') should be reviewed for
completeness and accuracy. The AIMS III User's Manual contains detailed
instructions on the method of updating this file.

3. -Question (MBO) Description

The Course Structure Summary Listing (Exhibit "J")
provides a line-by-line printout of the MBO descriptions. Review of the
listing is necessary to verify all question description data, Additional
information is contained inathe AIMS III User's Manual.

2.4.2 Course-in-Progress Procedures

} 2.4.2.1 Student Data

1. Data Preparation

Under CMI, two forms of collecting test data are
possible:

a) Port—-a-Punch and

b) Optical scanning form

S;e Exhibits EK" and "L" for Port-a-Punch formats
and descriptions. See Exhibit "M" for Opscan data.

: If -the non-CMI procedure is utilized, the Opscan

form is-also utilized'But as described in Exhibit "N."

Note that "completion time" data is an optional

data requirement.
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2. Progress Check Procedure

Responsibility

STUDENT 1.

INSTRUCTOR 1.

COURSE MANAGER - 1.

DATA MANAGEMENT GROUP 1.

Procedure

Schedules Progress Check (PC) with instruc-
tor upon completion.of appropriate segments.

Submits Study Guide to fnwir wmeitor.

Revievs student’'s Study Guide just prier to
PC.

Administers PC to student.

Grades PC "on-the-spot."

Takes followiné action:

a) if 40% or less cwrrect: schedules
tagkarial sSesston & Jgsues remedial

waterial . Studawny widll rvetake PC.

by If 30-70%: issues remedial material;
may reschedule PC.

¢) 1if 80-100%: issues remedial material:
and new Stuwdy Guide.

NOTE: Instructor Option:
Examines Study Guide as aid to diagrosis
of student weakness; may conduct immacdi-

ate tutorial if warranted.

Issues a "filled-in" Study Guide teo the
student for each one he turns in finaliy.

Forwards PC responses to Course manager.

Forwards graded Progress Check to Data Man-
agement Group. Do not include "retakes."

Prepares Progress Check worksheet (See fol-
lowing sample.)

When approximately 33% of all students have
taken the PC, prepares Progress Check-sum-
mary report (See following sample.)

Forwards summary report tO course manager.
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2. Progress Check Procedure (cont'd)

Responsibility Procedure
COURSE MANAGER 1. Reviews summary report with instructor.

2. Determines remedial strategy.

el el e WS G SR

b

Lt gai |
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PRGGRESS CHECK -- SUMMARY REPORT

NAVY PHYSICS - PS211

SEGMENT

SAMPLE PROGRESS CHECK - SUMMARY REPORT

DATE

7 TAKEN

% ACHIEVEMENT

CORE PROBLEMS SECTION

0101 0301 0501

0801

1101

120]

AVERAGE %
ACHIEVEMENT

+ umainind i PESOTEE — e a—

Lagiges ,

[

bomtaiiior. §

Fiataagni§

AL A

* | Total %
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SAMPLE PROGRESS CHECK WORKSHEET
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3. Quarterly Diagnostic Procedure

Responsibility Procedure

COURSE MANAGER -1, Prepare a random question Diagnostic for
each section, consisting of one question
for each TO, drawn from a Multi-Version
Question Bank.

2., Prepare sufficient dopies of Student TO
Key Sheets.

Lt Ganmpiotd L) alnad -

3, Prepare sufficient copies of each Diagnostic.,
4., Prepare correct answer key.
INSTRUCTORS 1. Administer the Diagnostic.

2. TForward the Student Diagnostic Answer
Sheet to the Data Management Group.

Prepare make-up Diagnostics, administer
and grade them.

'DATA MANAGEMENT GROUP 1. Sort Diagnostic Answer Sheets into sections.

(See following procedures for items 2-5)

-M gy eorwre o o e t
w

2. Prepare Student TO Key Sheet (one per stu-
" dent) for Diagnostic.

-
w

Prepare Diagnostic TO Summary Report for
each section.

’ » 4. Prepare Diagnbstic Score distribution (Histo-
’ gram) by section.

5. Prepare Diagnostic T.0. Summary Comparison
Report.

6. Forward TO Key Sheets and Reports to
course manager

 S———ity M

‘COURSE MANAGER 1. Distribute appropriate reports and TO Key
S:.eets to instructor.

2. Review Comparison Reports.

INSTRUCTORS 1. Distribute TO Key Shcets to students.

[ v 2. Review reports to determine remedial strategy.
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SAMPLE PROCEDURE

Procedure for Marking
Student TO Key Sheet and 10 Section Summary Worksheet

1. ©Post student's last name and Academy # to TO Key Sheet from
his Diagnostic Test.

2. Review each Student Diagnostic Test Sheet to determine incorrect
ansvers.

a. For each incorrect answer, use cross-reference list to
determine appropriate TO; circle that TO on the TO Key
Sheet.

b. For each incorrec- answer, post a check mark to the TO
Section Summary Worksheet.

' o Total wrong
. C ost % g = : : -
4 alculate and p § Y?ong Total students this section taking test

5. Also post % wrong to the Diagnostic TO Summary Report for the
appropriate section and the Diagnostic TO Summary Comparison.

Total wrong answers for TO
—~h e, - . - =
6. Calculate % wrong - all sections = 30\ 3 ctudents taking test

and pret to Diagnostic TO Summary Comparison.

[ ! P ;! i ; ‘l_ . . i» L ‘
W

— i -

,
]
i
i
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SAMPLE PROCEDURE
Procedure to Prepare Diagnostic Score Distribution
Count the number of correct answers on each student test sheet
and post the # correct on upper right corner of his test sheet.

When all student tests have been marked as in (1) above, complete
the Score Conversion Table .as follows:

a., Place a mark in the check box for each student
opposite the appropriate "# Right' line;

b. When all student tests have been checked as above,
post the total for each line in "Total" column.

Draw Bar Chart for section on Score Distribution Form.
Post totals from "Total" column to "All Sections'" Score Table.

When all sections have been posted as in (4) above, add and post
totals to "Grand Total" column.

Draw Bar Chart for all sections on each Score Distribution Sheet.
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SAMPLE FORM

SCORE CONVERSION TABLE

DATE
SECTION
# RIGHT (inclusive) SCORE -\/@H?GK BQY) ’ TOTAL

31 100%

28 - 30 ° 90

25 - 27 86

22 - 24 70

19 - 24 60

16 - 18 _ 50

13 - 15 40

10 - 12 30

7-9 20

4 - 6 10

0-3 > 10
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3 SAMPLE FORM
DIAGNOSTIC T.O. SUMMARY REPORT
SECTION | . DATE
r '
él
” _ SECTION 4 ALL SECTIONS
. T.0.# % WRONG ‘ % WRONG
1
1
: L2
R
4
5
5
6
' 7
8 —

28 )
: 29

30
31 ‘
r .
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SAMPLE FORM

domatior wh

DIAGNOSTIC T.O0. SUMMARY COMPARISON

‘5 DATE .
: % WRONG

_ T.0.#| ° 0101 | 0301 | 0501 | 0801 | 1101 | 1201 | A1l Sections
]

1

; 2

' 3

i

1 4

% 5

! 6

§' 7

’ 8

} .9




gen

-

Sumcaakal Ay

.0, SECTION SUIMARY WORKSHEFRT SAMPLE FORM

DATE N
SECTION Total

Students

This Section

Taking Test

CHECK TOTAL A%

1
2 .
3
4
5




X SAMPLE FORM
:
- QUARTERLY DIAGNOSTIC - SCORE DISTRIBUTION
- NAVY PHYSICS - PS211
DATE
i ALL SECTIONS
| 120 -
? 100 -4 @
§ v, 80 -
Hi
[ Z !
} als0
A
. =1
; 5;: 40 -4 |
. ,I&
1 20 - /
?' 0
! | >10 10 20 30 40 50 60 70 80 90 100
i PERCENTILE |
} SECTION
\ 25 -
1’ ml 20 —
! £
:
[l 15
S . Ql
-l
§* - wl 10 -4
i 0 - ‘
§~ >10 10 20 30 40 50 60 70 80 90 100
Q PERCENTILE \
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2.4,2.1 (Cont'd)_
4, Study Guide
For a detailed listing of the multiple responses
selected By all students, an item analysis report is available., Under

e e

CMI, the report is prepared via the computer and is described iy the
AIMS III User's Manual. Descriptions for the course revisions are con-
tained in the Empirical Course Deve10pmeﬁt Model and the Revis'ons Pro-
ce;s Documentation.

| Under CMI, Study Guide responses are also used in
the determination of a student's understanding of a specific TO.

2.4.2.2 Report Descriptions
The non-CMI reports have been described in the pre-

ceding sections. The student orientea CMI reports available are briefly
described.below and are also contained in the AIMS III Systems Manual,
and incorporated in this report as:

Exhibit "O" Individual Student Analysis; student's per-
' performance on each individual TO.

Exhibit "P" TO Remedial Summary; listing by TO of
all students who performed above the
error percentage set for a particular
"TO., '

Exhibit "Q" Remedial Session Lesson Plan; TOs as-
signed to a session (and instructor)
according to the number of students who
performed above the error percentage.

Exhibit "R" Remedial Session Roster; a listing of
students assigned o remedial sessions
based on their TO 2rror percentzge.

Exhibit "'s" Volume Summary; a listing of all the
total performaance for all students by

section.
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EXHIBIT "A"

STUDENT BACKGROUND AND ENROLLMENT CARD

Column Number Heading.

1-25 Student Name

26 - 34 . Academy Alpha Number
35 - 37 SAT - Math

38 - 40 SAT - Ve?b :

52 -~ 53 Calculus

54 - 55 : Chemistry

56 - 58 Math Achievement
61 - 63 . Rank

64 - 78 Comments

78 - 80 Course Number (;)

NOTE

If this number is input as zero, the system assigns the student

- a course number; if not, it considers this card an update.

12



j
=~ EXHLBIT ''B"
é’é
5 COURSE HEADER CARD
% Column Number Heading
T 2, 6, 8 Number of Selections
; 24, 26 . Number of Questions
g 42, 44 | Course Number
: 48, 50 | Sequence Number
. i .54, 56 . Type Number
; 60, 62 Volume Number
' 65, 68 ) Segment Number
3 80 Siﬁgle or Double

‘
l /
1:" DATE | TowsLETION COURSE 51 T ) yoLu Sg‘l STUDENT
i MD oav] YR ARG MIN et b 10. 80D
[ <y QI s S Tl TS : A BRI~ I
2 ou LI | e w{f- gpo s 38)}.. «"fies et n M owom 8
i‘ b B IR 0 R | (e | ST (e 1L IR (et | FR | %< 11 1 [cR1IER] 7 | L
; m /T o IR e o/ | B 1y | RO PR N .:Lm;-;m;r-
< el gt T Jieetl] ~;$ 3j& . Ayl eyl
L id i O : C‘J 4 4 (\\l . $ -
FL:{ j_‘ . —(2 :-D H —: LI - :; ¢ oJ - P_(;\JJ_ 3
=) ol e | P =) | =2 Ale]l- sleall
g {84 (] (4 L € r : it..“) (0 (]
i !
m n (o m (53] A siﬁ
- . i : ’ H
} PR . 1 U -1 R
) _': ""ij H
SRS B MGV NN | R - ; S
= (W H N i |' v l .Ll ’ l :I M ]I L] LTI M .:“;.;”a'])ur e,

1
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EXHIBIT "'C"

QUESTION (MBO) DESCRIPTOR CARD

Column Numbers

49, 50
51
52 - 78

79, 80

74 -

Heading

Volume Number
Segment Number

TO Number

. EO Number

MBO Description
Lea;ning Category
Type

Question Number
Correct Answer
Prescription-

Course Number
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- EXHIBIT "E"

STUDENT TO KEY SHEET

n | SEGMENT NUMBER -~ CORE PROBLEM NUMBER*

! | 'NAME ACADEMY NUMBER
! 0 SEG. # - CORE PROB. 10 SEG. # ~ CORE PROB.
1 1-13 "16 4-16

i 2 2-17 17 5-5
{‘ 3 1-1 18 6-1; 6-2
4 2-1; 2-6 19 6~9; 6-14; 6-15
;H 5 2-10; 2-14 20 7-2
. 6 3-1; 3-6; 3-9 .21 7-1; 7-5
% 7 3-1; 3-6; 3-9 .22 7-10 ‘
i- 8 1-13 _ 23 7-15
‘ 9 3-1; 3-6 24 8-1
V 10 3-17 - 25 7-18
. 11 2-14 T .' " 26 8-9
L 12 3-12; 3-18 27 8-5; 8-18
[ 13 4~1; 42 // - 28 9-7; 9-2
' 14 4~5; 4-6 . 29 9-3
}7 15 4-11 ) | 30 10-1; 1045
; | 31 10-13
i
*Core Problems Most Closely Keyed to Diagnostic Questions.
§> The TO number circled was answered incorrectly on the Diagnostic
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EXHIBIT "H"

STUDENT DROP CARD

Column Number Heading
1~ 20 : | A Student Name
21 - 77 - Blank
78 - 80 | Student Nm'nbcr
'

79



3 v Q 8 g G 7 ) v Q § v
42 £2 ce 12 02 61 81 L1 91 . S1 %1 el
! 0 v ! v ! 8 ! v 8 $ 2
21 11 o1 6 8 L 9 s . v € A |
*SNG1L7_13S 3161SS0d 96 3¥v IY3IHL  °030VE9Y 38 111K %2  °SHUIMSAV ¢ 01 dN 40 HOV3 *SNOILS3NO %¢ 3dv 3¥3IHL
9 0¥D23y “0%¥v) 1 40 S1SISNGID 4 3dAl Z__1N3NW93S 1__NOSS3T _ 12 3530032
v ) Q 2 3 ¢ v ] 8 B} ]
R 1- 22 12 02 61 . 8% 5 S} SO -5 SR 3 SN -§ S
o I 8 v 3 a v U 2 | 8
= 11 o1 6 8 L o9 LS & A e R S
in T 777 esNO1123713S 3161SS04 96 3¥V 3¥IHL  *Q30VY¥O 33 VUM Y2 *SUIMSAV & Dl dN 40 HIOV3 “‘SNOILS3ING %2 3dv 3d3Ml
- £  0¥0J3v *0¥V) 1 40 S1SISNG) Y 3dAl . 1 __1N3W93S 1 NOSS31 12 353¥N0CD
&
o e e e . ) . - S U
= 2
= e - - . S o e - _
eS|
v v v v
L . : S 91 o st 2 D 4 S
v v v v v v .V R | v v ]
n 1 S 6 8 L 9 s Y € - S
. “SNOIL1D373S 318715504 %9 3uv 3¥3HL °030vud 29 11IM 91 °SYIMSNV S. Ol dnN 30-HIV3 *SNOILIS3NO 91 3dv 3¥3HI
. 2  (0¥023¥ "gy¥vd 1 40 S1SISNOID 2 3dAl 1 IN3IW93S - 1-"NOSS31 12 _353N0Y
R 2 ) ) v v v v v v v v v v
[4 S 11 o’ 6 8 L 9 .S 4 . € 4 1
TTUTTTTTTTTTTT T esNOT123713S 3181SS0d 8% 3V IW3IHL C030VYE9 38 11IM ZI 0 CSY3IMSNY & Ol dN 40 HOv3 “SNU11S3N0 21 J¥v 3usHl
1 __ CY0)3y *U¥vD 1 40 S1SISNOD 1 3dAl 1 __IN3W93S 1 _NOSS3IN 12 358Ng)
A o 1 39vd 3714 IN3NVRY3d

90°%€°11_69/90/01 _ zloole

|0r

#s3 NOI11dl¥S30 3STN0D SWIV »9s

3 v

s ton] Qe e Py ] p— | I

O
.RJ/‘n

.fa:_uﬂ. a o !

-

L

i
i



ONISSd508e 4L UN3

v H=1-HE2-05/6-¢-U%-U%S S36IVA INIWAINGT 160€ St € o1 < 1
i@ S7-1-8€2-08/9=1 U%Z -GS JUIXIWUL"1IVB4"aU¥dN] 3UNVHI Su0t 2y ©¢ b P4 1 .
a L=9=11/6=1-v%¢-U% SNUILIVYS ¥3a0¥anWl UNIHUNU UbOT v 21 8 < i .
. ) S-1-20¢-08/6-2-0¢-0% SNULLIVES NUWWDD UNILUY ohue w¢ 22 L v E 1 .
a 9-€ 11/6-¢ 11/9-1-0v1-0¢f /% -t~y 2-06 WoUd 1S37dni1S 660t  $¢ 24 9 3 1 -
- T W-E-LeH-US/ - H-(5 SNUTL3vad NunmUy UNIUOVY €¥O0L €¢ ¢!l S 4 R oo
p] €=T1-612-0%/¢~-1 +:2-06 SNUTL2vdd LINO 40 2C~»~cc< b€ le ¢ k4 4 1 4
. 3 ) 7=1-102-08/1-y%¢-0Y° 13VY3 NGWnUII*13vdd 1IN UGY <bUL 22 ¢¢ ' ¢ ¢ i v
P} 21-2 11/el=L 1l /91-5 11/6-1-981-U¢ “GTU¥Y VLo 61 1< b4 ¢ - t 7.
] m-N;:}!w.‘wTo-m.-.mE e .A..-;E.h.uf_.u_. INIIVALNGS ol ol 12 1 ¢ 1 Y
0 B--l91-0%/6-1-%0¢-0v 3 04X TWI 15vdd dCadn] “ATHOS 180¢ Gt £2 0T Z i T
S S 9-1-922-0%/5-1-L8c-05503IXIn UL 13VYd “dUddn] IINVHI SHOL A Y) 6 I 1 t
g Cl-6-11/1-90G¢-0€/L-9-11 SNOLLIDVbBd ¥3d0U¥dW] YNI vHUBU 0HOL %2 21 ] ¢ 1 t
L L 3 S=e-11/%-1-L12-0%/9-€-i 1/9-1-1¢<¢~0% bbut Se ¢2 L 4 i t
v §-1-6£2-06/9~1-%22-0% SNOI1IV¥d NUWWLD 46 NUIIIOLY %50t %Z ¢2 9 ¢ 1 £
a €-1 122-00%/¢-1= —05¢-06 SNULLIIVYS NUWWUD dU NULLIUQV tbO: £d ¢l S 4 1 t
8 L-1-¢8~02/9-%-L0Z-0eN0T1IVHd NUWhUD GV LINO SGGY 780 22 22 3 2 1 T
. I A . 7-1-102-0€/2-1-5€¢-0n SNULLOVEd LINN 40 NOIL1QUY 690% 1¢ ¢¢ £ b4 1 ot
9 S—1-€02-0t/9~1~L1¢-0%/%-2-11 NOTLOVYS AIN3IVALINOG 00t 01 1¢ rd ¢ 1 £
) .0 I-l-11/9-T-162-06/21-4-11 /9-1-1-902-u¢ *LJ* 7 oLot Bl 17 1 ¢ 1 €
U ) 6=1-261-08/1-22L-0¢ /9-¢ S0<¢-06 YULVNIWUN3G 950¢ A TR o b4 1 4
5 _ d S-1-01€-0€/L-1-¢61-0t /¢~ _mmm-c:..,v| _BULVBININ SSue 11 11 ) Z 1 ¢
= a 9=1-1%2-06/6"e-T1 “WUNFGTONV TWIN WG1IVT 150¢ T T2 = 4 T <
= v 2-1-261-0%/2-1-161-0%/9~-1-122-0% ANU A8 A4117W 8%0E vl 12 e 1 2 <
— 3 Y=1-L-981-0¢/2-1-11 SNOTLOvdd 3I%]7 ON1u¥3Q80 %0t 2¢ 21 : b4 1 ¢
ant o ] o %-1-012-0%/L-1-€61-0¢ SNOI112Vds IX1T 9ONIu30wu £%0¢€ 12 ¢1 S 4 1 2
= b) H=1-512-05/91-06-11 SNOTLDVYd 3XNIING ONIu4UNHU 820t e 1 Y b4 1 <
o v %=-1-102-0t /e ~-1-L£2~-0% SNUELDVYS 3X1 1 INIUUYV e80% 2 22 £ P4 1 b4
) 9-1-262-06/6-1 16¢<GC¢ TIT-1-t5Z2-0% "W "1 990¢ <1 1¢ < < H 2 -
¢ o E-1-18-06/9-¢t-11 /8-1-1-06-0% "3°3°9 .40t 112 H ¢ 1 <
3 I~ 1~9€2-09/€~1-61¢-0% SNOTL2VYEd 3%11 00V LHUL €¢ ¢2 0 oov T ¢ | S |
2 S-e-11/9-e-11/9-2-11/8-1-02-812-0¢ SWY3I1 1$3M07T 10¢ IS ER A A 1
) 9-1-61~H1¢-US /7£-2-11 AND AQ ATdIL U B%0% %1 1¢ /s 4 1 1
Y C-1-11/%-1-481-0t  SNOILJvyd 317 IN1d3080 %40t ¢ 2 L - < 1 1
p) S-T1-6%1-0%/91-6-11" " SNOIIJVyd 3IX1INA ONI93Gu0 BL0% €C (1 9 ¢ 1 1
a . &=1-%12-006/%-1-981-0¢ SNOIL12Vdd 3IxI71 YNI¥3IQuU ¢40¢ 1z 21 sz | S S
J £E-1-L€¢~06/6-1-261-0¢ /2-1-€61-0¢€ SYOLVNIWUNEG 960 1 11 5 Z 1 “1
_u . 5=1-502-0%/€~1-122-0% /9-1-612-0%  SuULVedhlN §50¢ 1113 € KA 1 ) 1
v €-1-122-0%/6-1~-4%4¢-00% /€~2-69-0%/%1-8-11 *w"3"1 990¢ 21 12 b4 2 1 {
Y B-1-65-0%/8*L*6'2*1-16-06 /6-£~-11/5-1-£02-0¢€ *4°3°%9 6¢40¢€ 11 1¢ 1 b4 1 1
dINSNV NO{1d1dIS 344 T T TTNUT1dT 93530 03 01 NDT1S3ND 3dAL INInO5S SNOTCA
T 1125 SJISAHa 3IWYN 3SEnUd. Z€ "ON 4Sunud ) ’
] AuVWROS 380L208LS 3San0) ’
S | ¥43uUNNN 39vd 214227177 - 3a1vu d2122417 - 3wll s*¥e G HAHWON 1¥UGIY sess nULVHINGD 1Y0A3Y “S n” I sses ]
@) :
—— e e e e = - e m— e —— . a - &l W
i
e S . LR
R . i \ - N F Uy Py | T rem—— o



EXHIBIT "K"

PORT-A-PUNCH

5 Choice Format

SATC oM Tive : :
- | oar 'R. HRS. LD e o l TPt [reunt
IR B HER SRET 1R PR O T LR TR T R TR 3
= Al : b
- et Hh H e SRR L { EI I R 1 B! I i
A ) ' , P
(o) R o | P T L O O o 1 i g
15 R O Y | -1
73« (0.3 1IN R ICNC] 1954 INCRC § FHE | K1 M k) S KA
i - -,. o N
4 ; o st sflagdle sbadls
<r ({24 <
S\menls sl ol S L
_ ‘ 5 sIfells sIERf: s|ffedfs slafis sifis 5
3 ‘ Fr". o e B ; —.'_., N o |
; - o R oL 5 & Y (e[RRI eS|y BTl £ 6 5w
=2 e . . . il T < Bt &
‘a\ ]| i R l“. , « . . - ;.. ¢ A .:, - ..-{J I "
f) | HM roq (o i fist PACCHYT w1 1
- B - ] - 3 ' L l
- = . . . - w{ |- . at - ey - - a v - . - a
{ () ol |s 5 jesi] |+ symills slelie el silgille elimis ¢ o5 ¢ o
! . - N . : . . it : '
-1 s siblle ollaily cfells o :_abatle sl sifalls allalis olladls o s o s
il wTw % % 2 G I TLU Uy GBW 1= Rws G soab == il R RBRBBI TR
i ro w e P ) D NN ua 4 bT [ SV VR IRNY 86 &) R R N ER NI RER 1)
= (PRINT) % 093245 - : - - =™ o~ YR ’
3
3
: .
;x
K2
1
3 -

4 Choice Format

B ]

;:W:
o
>
-
m
Ex)
a
o

=
P
=
=
>
<
~

COMALETION
tine’ ste ¢ STUDENT

E T [o_n }m A3 | N " W P, "u,' 'f.' 1D.NO
.' - B _
'

iy i b m— — — % s LR BT ol =t ——— —
- oy g =k l-!i = e () ] o ) e r A
1 RIS i ool (P ow ll:s ol s s s lso 96 39 e s 62 7oK B oW oW
i 0 vl ) ) i o (1A i) ) ) " | A

)

iZ, lﬁ -a:l LN
_. 5 iw L]

@

e v ———ae = R

posmi$
=)
> Dlal;
o
0
Ul

Sizagn’d

LA

A

2}

B
SCEIEIrS
5 & B]14[a B

@ - ol ol el o)

,
| i
;O |
i ) iU A
n» (T ___41'-3,_,_,‘___ !'E._i,___“ 1f§_ - -C'.I‘ Q01 :9';- a_«{
N HE Haeed B LR | D ] 1o

-— ,f")'l W T m; ot )" T

SV (ORI S | SRR S AU F U | N A ‘.._.'.L....' It 1 - N .
3 (PRINT) | KT X Ir JC B O Y AT PR N R ]:-; SIS |-5 e e 0 M TRTRE T T
] | | l 1 ! : L3097

Q : \

ERIC , | 82 v

. :



- ennd

o Gt

ROeN

LeyresT

,
e ‘..‘..5

fawss

1

EXHIBIT "L"

PORT-A-PUNCH STUDENT RESPONSE CARD

Column Number . Heading
2, 6, 8 ' CSN (Course Student Number)
Date
12, 14 | . Month
18, 20 Day
24, 26 Year

Completion Time

3u, 32 Hours
36, 38 . Minutes
42, 44 Course Number
48, 50 Sequence Number
54, 56 Type
60, 62 Volume
66; 68 Segment
1

72, 74, 76, 78, 80 - Student I.D. Number

Shaded Columns
Between Columns of Data Xesponses

The student's answer tp'eaéh question is punched in the shaded column on
the card.
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 EXHIBIT "

Student Recsponse OpScan Form

DATA CONTENT

Student Namé

‘ Data
Social Security Number
Course Number

Completion Time

A el e e WENA O SR OWE

Volume
a1 Segment
% ’ ’ Type
E' Page Number

S !

The student fills in the answer by marking
the appropriate box (multiple choice) with a
dark pencili -

|
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EXHIBIT ''N"

arnied

INSTRUCTIONS FOR COMPLETING
STUDENT DIAGNOSTIC ANSWER SHEET

T (STUDENT RESPONSE)

(Sample attached)

1. Print name in space provided (last name first).
T 2, Write date in space provided.
3. Write Academy student number below name.

4, Write Section Number below data.

“Crubaovia il

_‘5. Familiarize yourself with the answer sheet. Record your answers
in pencil by placing a mark in the appropriate box. Note that
only the first 31 responses apply to this diagnostic.

~
{
\

6. If the multiple-choice answers are A, B, C, D, use box 1 for A;
box 2 for B, etc. o
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SYSTEM MANUAL

Annapolis Evaluation

I. INTRODUCTION

lv 3.1 SYSTEMS DESCRIPTION

This document is intended to describe the structure and opcra-
} tion of the Evaluaticu System gencrated for use with Annapolis
’ data files. The system has been designed to isolate, subject

§ to constraint, desired variable subsets and to perform a wide

range of statistical analyses and tests pertinent to evalua-

tions of experimental results.

e idigasnd
H

II. STRUCTURE
- The Evaluation system consists of three major components,

Data Files - ceontaining all information generated
in the course of the experiment.

Accessing Routine - Program for generating any -
constrained subset of data from the files.,

ﬁ ) Statistical Routine - Permits user selection of

desired statistical tests and summaries pertinent .
to data evaluation,

II.1  DATA FILES

All information gathered in the course of the experiment is

contained in eight master data files. The structure of these

s

files is listed in Table II.1 - II.8 as well as array dimen-

4

B

sions needed to write out the fields and frequency of recording

£

data (See Appendix 1).
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II.2

I1.2.1

ACCESSING ROUTINE

OPERATING CAPABILITIES

This segment can be defined as the interface betwecn the user,
éhe data files, and the statistical compénents of the system.
Its purpose is to retrieve information from the files to the
dégree of specification or constraint required by the user.
The system is‘able to:

A. Retrieve the observations stored on any one or

more than one requested variable. These requested

vafiables méy be of:

~i. The sane type; i.e., student average con-
fidence for posttest A, for posttest C,
and for posttest I——ﬁere student average
confidence is the variable and there are
three variables of the same type requested
for each posttest.

ii. Different tipes; i.e., retrieve averagc
student confidence and the average student
log confidence for posttest A--here there
are two variables, average student confi-
dence and average student log confidence.

B. Treat aii constraints on variables sequentially in the
order that they are imposed by the user. There are
two types of constraints, descriptive constraints

and limiting constraints. (The descriptive con-

. straints should be specified first sequentially by

‘the user.)

94



1. Descriptive constraints are constraints
necessary to define the proper subset of the
desired variable.

ii. Limiting constraints are necessary for iso-
lating or partitioning the subsect of the
desired variable;

i.e., retrieve the pogttest scores of the
audiovisual group, for posttest D, for stu-
dents who scored under 80 for that test and
where IQ was in the range of 100 to i30 and
whose SAT Math marks weré under 100,

In this example the variable is posttest scores.
There are two descriptive constraints, the

group of students (audiovisual) andfgbg.paf—

Je s

ticular posttest (posttest D) and three limit-

ing constraints, the actual score for the test

—

(only students who scbred less than 80), the

b

students IQ and the SAT Math scores.

C. The maximum number of constraints that can be placed on

$oi _.v‘l .

a particular variable is twenty (20). Any combination

»

of descriptive and limiting constraints which add up to

>IN

twenty or less will be acceptable.

by Q ‘ 95
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IT. 2.2 USER INPUT

PP | ]

The following is a definition of user input required for

retrieval of data

cmd

X - the quantity X is the variable under

-‘«-nm'J‘

consideration, for example, post scores
- : or average student confidences

Z.

i - where. i can go from 1 to 20. The quan-

i : tity Z; is the ith parameter

either limiting or descriptive, to be held in constraint

Heth

in a definition of the group X.

%

t

Ay; - the lowver limit for the ith constraint

g |
-

Ay - the upper limit for the ith constraint

such that

[STSN |
.

Ali 225 < A9

-7
e A

uwu;fa,

For each variable, the user must provide a variable

~ definition card containing the numerical value of X

(LN |

and alphanumeric informaticn which will be a defini-

tion. of X. For each constrajint (limiting or descrip--

i)

4
]

tive) to be placed on that variable, the user must pro-

vide one card containing the numerical code for the Zj

P

and the upper and lower limits under which Z; will be

~l ‘l

held, A;; aﬁd'AZi and alphanumeric information descrip-

tive of the constraint.

PR

The above definitions are straightforward when the user

3 ‘MJ‘%

requests a single set of data. When, however, he wishes

to retrieve more than one group, each group must be separ-

ately defined by a variable definition card and a set of

constraint cards pertaining to that group.

- i-”v,

IERIC | %
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I1. 3.

I1. 3.1

STATISTICAL ROUTINE

OPERATING CAPABILITIES

It is the purpose of this portion of thec system to per-
form required statistical-tasks on the accessed data as
specified by user imput. In the performance of these
tasks the system will
A - set an output "Flag'" if the user re-
quests a listing of the accessed data
B - compile a list of statisticg (i.e., mean,
standard deviation, range, etc.) to be
computed in the statistic generation
routine. The sourcés of this list are
the direct and indirect commands by the
user.
i - The direct commands require a card
input by the user identifying each
statistic to be computed.
ii - The indirect commands result from the
user specification'of a statistical
test to be performed (i.e., if the
user determines that a "t" test should
be performed on two sets of data then
the means, standard deviations and sample
sizes of each of the sets are computed
and entered in the call statement for fhe
"t" test subroutine. Thesc three statis-

Al

tics will then be compared to the existing



? : list of statistics and added ﬁo that

list as required).

C - Call the statistic generation routine, indi-
cating in the call statement the statistics
to be computed and whether or not a listing

T : of the data is requested by the user.

D - Call cach of the requested statistical sub-
routines, setting in the call statement the

magnitude of the statistics which have been

et

FRr

computed for that test.

i ) IT. 3.2 USER INPUT

1Ty

There are three types of user input required for the selec~

tion routine:

A. A zero-one indication for "no-listing" of the data
that is being processed.

f . B. A list of all statistics to be computed (this is

required only for direct statistic specification

described apove). Table II.10 contains list of

possiblg'stétistics that can be computed for a

single variable, and Table II.1l those statistics

applicable to two variables.
C. A list of statistical tests to be performed on
g_ ' the accessed data. Table II.12 contains a list

of possible tests, as well as a summary of in-

ternal quantities calculated for each test and

transmitted to the particular test subroutine.

Q 98
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TABLE 11.10 - STATISTICAL COMI'UTATIONS

s

~ SINGLE VARIABLE

. 1 - Count - to count the numBer observations in a set
E‘ 2 - Sum of the observatious
. 3 - Sum of the squares of the observations
; 4 - Mean value of the set
E 5 -'Variance of the set
: 6 - Standard deviation of the set

i

7 - Minimum and maximum values of the set

[RTERRN

8 - Range of observations in the set

Ve

9 - Ranks of each observation in the set

i

j

§~ TABLE T1I.11 - STATISTICAL COMPUTATIONS
N -~ TWO VARIABLES

E .

1 - Sum of crossproducts of two vériables

«

Garipes

2 - Correlation coefficient between two variables

]

e B T e

[ 257
)

i s
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i , TABLE II.12

AVAILABLE TESTS AND ASSOCTATED
- INTERNAL STATISTICAL COMPUTATIONS

et | ¢ swratrs |

Foagns b

1deapie y [

e

AL

4

Fing

i

TEST DESCRIPTTION

Student's t Test

F Test:

One-Way Analysis
of Variance

Wilccxen signed
Rank Test

Kendall coeffi-
cient of concor-
dance

Chi-Square Test

Cochran's Test

Least Significant
Difference Test

STATISTICS T0 BE COMPUTED

Sample size
Mean
Standard deviation

Sample size
Standard deviations

No. of groups to be
tested; for each group:

sample size

sum of observations

sum of the squares of
observations -

Sample size for each
group.

No. of groups _

Sample size of each group

The rank of observations
within each group

No. of groups

No. of cells in each group

No. of observations in
each cell ‘

Sample size
Standard deviations

Sample sizes

Means
Variances

100

ADDITIONAL DATA
TRANSMITTED

None

None

Set of observa-
tions to be
tested



- "II. 3.3 STATISTICAL SUBROUTINES

~

The following part of Section 3 contains the detailed specifications

N

! for each of the statistical subroutines listed in Section 3.2. The

specification includes required input, computations made within the

aaig

subroutine, and the output. In addition, a reference text for each
statistical test is included.

(1) Student's t test

;’ Reference: John E. Freund, Mathematical Statistics, Prentice Hall, 1963.

To test the hypothesis that two sampled means are equal
Input:

. (E}, ;;) the means for the two samples,

AT |

. (612, 622)'£he variances for the two samples, and

LRSE AP

. (nl, n2) the number of observations in each of the two samples.

3 Computations:
* Degrees of freedom of thé test = n; + n, - 2
X T %
* The t statistic =
. ‘ \/Tn1 - 1) s12+(np - 1) sp2 17 1
; —_—t
*- nl + n2 -_ 2 nl n2

Output:

+ The summary statistics (mean, variance, and sample size) for each
of the two samples:

ey

Degrees of freedom of the test,

* The t Statistic.

——

(2) F test - for testing the hypothesis that two variances are equal

§> Reference: Same.
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Input:

st

. (512, 522) the variances for the two samples, and

caa

. (nl, n2) the number of observations in each of thc two samples.

Computations:

g Maximum (512, 522)
* » F statistic = > 5
Mininum (s] » S5°)
? + Degrces of freedom of numerator = nj - 1, wher¢ i is equal to oue

or two, corresponding to which of the two sampled variances is the

largest.

Degrees of freedom of the denominator = ny - 1, wvhere i corresponds

¥ o]
:
.

to the smaller of the two.

v. -

Output:

* The summary statistics (mean and variance) of the two samples.

+ The F statistics.

g *+ The degreces of freedom of the numerator and denominator.

(3) One-way analysis of variance program

Reference: Johnson & Leone, Statistics and Experimental Design, John
. Wiley, 1967.

Input: Each of the h vectors to be compared

t =1 t w2  ees t sh
T ———
{ 1=1 X311 X231 o X1
T 1=2 X12 X22 Xh2

SNt
*
n Yows
-
-
-
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Compute:
S SRR
* Xyes X2., "%, Xp. wWhere xjp. = YN n
| . )
© S, = SQRT | I (Xqq - X7.) /0
-7 1 i=1 1 /
7
h - 2 2 2 2
3 " CTL = . . L i . . Xei® = X" H Xt o A Xy
1
[ h n 12
'? +C=(ah)"1| & £ X
h : [t =1 i=1 ]
E ¢« GT = (n)~ L I X, .
| =1 i=1 ')
: -1 'R 2 R (R 2
g (m)=" [(Xqp + Xy, + + xln) + + (Xhl + + Xp ) 2]

Sudas]

Oytput:
¢ Listing of data in columus, listing of mean and standard deviation of

each column at the bottom of each column,

g‘ * Table of the analysis of varilance as follows:
One-Way Analysis of Varlance of the Measured Parameter

iﬂ Sum of, - Degrees Mean
' Source Squares Freedom Square F-Ratio
i' Total GTI-G nh-1

Between Groups GT-G h~1 E%ig

Within Groups GTI-GT nh=h 9%%531 E%%%ET
| b

(4) The chi~square test - for K independent samples
1 Reference: Siegel, Non-Parametric Statistiecs, McGraw-Hill, 1956,
] \

l]: Q ' 103
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- Output: : \:

Input:

K = No. of columns (no. of independent samples)

R

1

X a KR matrix with elements

[xij] = No. of observations falling into the ith category of the jt

NOTE : xij

Compute:

* Degrees of fredom

* Each row sum RSi 1

]
" ~MR
o

« Each column sum- CSj =
i

[ I

1

* Sum of all rows or columns

T8 =

o™
=
0
|
L o I

CS. =
J

1=1 i

No. of rows (no. of categories)

xij

i

(R-1) (K- 1)

N ™

1

3

™R

* Compute expected frequency per cell (Eij)

_ (Rs;) (csy)
Eij = TS

* Compute the chi-square:mest statistic

)2

(t}_:j - Eij

No. of independent samples (K)
No. of categories per sample (R)
Degrees of freedom

Chi-square test .statistic

104
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e
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!

(5)- Kendall coefficient of concordance - to compute the concordance

(agrcement) between K rankings of a set of information

Referen;e: Siegel, Non-Parametric Statistics, McGraw-Hill, 1956.

Input:
X-matrix - which can ' o t 1 set of K vectors of observations or ranks
of observations. The nuub.. of observations in each vector must be equal.

N = No. of subjects ranked

K

No. of different rankings

NOTE: The numerical value of the elements will probably be something
other than ranks (i.e., test scores).

Computations:

Convert each of the column vectors into a column vector of ranks; i.e.,

if X (ith element (row) in the jth column) is the minimum value in that

ij
column, then it s assigned a ramz. riy = 1.

If Xj4 is the maximum value in the column, then it isassigned a rank,

The remaining rﬁﬁes for ranking amd for settling ties are exactly the
same as for the@lcoxen signed rank test.
NOTE: Each colmm must be ranked independently of the other columns,

The resulting matmrix (noted R) is

Ty, T T 1K |
oy Ty cee . Where T is the rank of
. . X;s - the rank of the ith
R = J ‘
d . element in the jth column,
N1 B TNK
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Compute:
K

gi = i z 1 ij.

N

L Ry
Ay = Ry - EQE%JL
Compute:

3 -

Tj - z(tl2 t)

t = no. of observations.in a group tied for & given rank. The compu~

tation of Ti is best explained through an example:

and (44)2

4.5

7.5

7.5

10

2.5

3 . 3 _
Therefore, T; = S2~—*‘221%;£2——-—JEL =1

106
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For j = 2 zwre are three sets of rank ties, i.e.,
2— 2.5's
2—4,5"s
Z—6.5's

(2 -2) + (28 -2y + (23 -2) _

.5
12

Therefore,, T, =

For j = J tifiz;=xe are two sets of rank ties,

dee—14  5's

5;\
- —8's
T 3 _ 3 _
i Therefore, T, = (4 4) + (3 3) =7
= 12
Y E
EO * Computer Z  T.
|
=1
-+ Compute= 5= I (&;)2
< * Kendali :mmmik ctivfficient of concordance
&
; N=" N
Vmmey?a -m -k & Ty
-jxw i=1
1
. * The test s#afistic is the chi-square
g chiismmi: test statistic (C) = K@ - L)W
degre=s== i’ freedom (DF) = N - 1
? ! ’
? Output
- * Alphabesri—trmscerfigtrion of the data
3
- * Listing cofshe dmput matrix X
% * Listing =< ther rssked matrix R and the computations B;, 4;, and
] Ty-
- O ' . 107
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i=1 r11 r1) ri3 1K

i . i _ )
[V
L]
N
[

; T, T, T, R
. Kendall rank coefficient of concordance (W)
1 » Chi-square test statistic (C)

T - Degrees of freedom (DF)

(6) Wilcoxen matched pairs signed rank test

Reference: Siegel, Non-Parametric Statistics.

Input:

Two vectors (sets) of numbers:

jﬁ Set A Set Ei
b1 X1
X2 | Xo7

]ﬁ Computations:

! Count the number of items in each set,
n; = no. in Set A; n, = no. in Set B.

] NOTE: If nj =n, set ny =N'

1

i

If ng # ny, terminate the subroutine wizh the following message

and output:
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ERROR MESSAGE: 'SAMPLES A AND B ARE NOT OF EQUAL LENGIH - WILCOXEN SI1GNED

RANK TEST REQUIRES A COMPLETE SET OF MATCHED PAIRS OF DATA"
* Compute the differences (dj) - where dg = X1 - Xo4
* Compute the absolute walue of differences ldil

* Numerically order the Idi]‘by magnitude

* Compute dummy ranks by assigning 0 when ldil = 0 and by assigning

— P e onamd  WeamN

the numerical count to the remaining crdered |dik[ >0
* Compute actual ranks via the following rules:
< 1f ldil =x0;. rank = 0
. IF Idil # iédi - 1;] i Idil # Idi + 1! 3 rank = dummy rank

- . E]dil = jdg lﬂf ar ldii = ldi + ll or both, count the

nmmber of dy's that are equal to B, sum over the associated
] dmemy ranks., then

a 1 ragk-= Sum over 1c;urmny ranks

(see examples: A and B on previoms page)

* Signed “ranks — associare-the sign of the oritginal difference (plus or

minus) :to the artual T=nks

* Sum up the positive ramks = Tl

] ‘ * Sum up ‘the negative ramks = T,

* Determine T ninimum:(T;, T2)

*"Determine N = N' - number of pairs having .azero difference

- Computer Up = }‘I_(NZ‘LI)
N(N + 1) (2N + 1)
aT = 24
T - yr
Z="57T

109




T Output:
* List of the two input vectors X; and X,

* The sample size for each vector

« Wilcoxen Signed Rank Test

q * Data table:
- - Differ- ' Signed
g Set A Set B ences Ranks Ranks
- X1 %21 d 1 try
| X2 X2 dp I
i XN XZN dN N trN
EH _ * Number of pairs (N')
:; * Number of pairs with zewo diffcrence

* Test sample size (N)
& * Sum of positive ranks (T3)

'+ Sum of negative ranks (T3)

* Small sample size test statistic (for cases when < 25)

-

~ Wilcoxen test statistic (T)

. Large sample size test statistic (N > 25)

¥

%~ T Mean:(pmg ; :

* Standard deviation (67)
* Normal amproximation - Wilcexen test statistic (2)

{7) Cochram's Test - to compare K variances for homogeneity.

Reference: Statistics and Pxperimental Design, Johnson & Leone, Wiley

1957
Im test the hypothesis theat K sampled variamces are estimates of the

same populations variance.
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Input:

* (S1, S, ..., Sg) - the sta-lard deviations fo rach of the

ed

K samples

« (ng, n,, ;.., ng) - the sample sizes for each of the K

samples

,j

Computaticns:
+ Compare K sample sizes for equality,

n1='112 = ... = O = N

.(.N..I..“:-.é

* Degrees of freedom =N -1

bedidancr}

* Cochran test statistic

T MAXIMUM S, .
:f C = -k

e -t i 1 St

]

‘ Output:

f- * Summary statistics, sample size and standard deviations for each
; of.the K samples

% * The Cochr#n test statistic.

(8) Least Significant Differemce Test - to compare K means for equality

s

Reference: Expérimental Statistics, M.G. Natrella, AMCP 706-110.
Input:

. (Slz, 822, cens SKZ) ~- the variances for each of the K samples

I
i

. (ii, ié, cees ik) - the means for éach of the K samples

* (n1, ny, ng) - the samples sizes for each of the K samples

Computations:

. , m -1) 532+ ..+ g - T) S¢?
pooled variance S, ° = (g *+... ta0 — K

' - B K.
* harmonic sample size Ty =
(1/ny + ... +-lquQ

b

* degrees of freeslom w» =
i

(i - 1)
1

111 )




w = maximum difference tcotween any two of the K means
q = maximum difference converted to units of the standardized range
statistic
YRy X w
e
Output:

« Summary statistics including Sez, ng, v, w, and q.

« Table of differences between means.

]

ERIC

Aruitoxt provided by Eic:



APPENDIX 1

AIMS DATA FILES

]
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7 ol d

TABLE IJ.la - STUDENT BACKGROUND FILE T

,«.ga‘_,-\,

- QUANTITY LENGTH . DINENSTON
ﬁ SS No. _ 4 1
by Acad, Id. No. 2 , 1
¢ ‘

’ *#Stud. Name 16 1
T

g Group 'No., 1 1
- Sect. Né. 2 ‘ 1
gw i SAT Math 2 | 1
%‘ SAT Verbal 2 1
| CEEB Math | 2 1
%v CEEB Verbal - 2 1
- Rank ' 2 : 1
g Sec. Sem. Qpr. .' 2 -1
§ Thrd. Sem. Qpr. 2 1
a 'Oﬁe Such Record Per Student.

*This field is EBCDIC (the only non-binary field in all 8 files).
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TABLE II.1b - STUDENT BACKGROUND IT

UANTITY LENGTH _ DIMENS ION
OSPE ' 2 4
OSPE ' 2 4
OSPE . 2 4
OSPE ' 2 4
Strong Sc 17 ' 2 65
Strong Sc 2 ) 2 65

2 65

. 2 65

Strong Sc 65 2 65

" EPP 2 , 2 ' 16

EPP 16 S 2 ' ' 16

Results of Physics :
Validation.Test 2

This is a continuation of the first file.
One Such Record Per Student.

i

|

i

]

|

i

i

i

| I, : | 1e
o
i

|

|

|

3

!

I

ERIC 4' s




TABLE 11,2 = STUDENT PERFORMANCE 1

1 QUANTITY LENGTH ‘ DIMENSTON
: Stud., Id, | 2

} Group No. 4 J

? Sect., No, 2

;' Vol. ' 1

j No. Ques. 2

f— Corr/Inc, 1 ‘ 20
- Conf. 2 20
'é' Log Conf. 2 : 20
;_ Diff. 2 ' 20
? Tot. Corr, -2

?" Avg. Conf, 2

} Avg. Log Conf. 2

3{ Avg. Diff, 2

Sort Stud. Id., Vol.

e B

One Such Record Per Volume Per Student.
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TABLE TT.3 - STUDENT PERFORMANCE 1.1

et W oPad S

QUANTITY LENGTH ' DIMENSION

Stud. Id.. 2

Group No. 1
a Sect, No. 2
,’ Vol. ' S ) 1
? No. Ques. 2
- Corr/Inc. 20
| Conf. 2 20
%I Log Conf. _ 2 . 20
N Diff. 2 : 20
3 .Tot., Corr. - .2
T Avg. Conf. 2
g Avg. Log Conf. ' 2

Avg. Diff. 2

Sort by Stud. Id., Vol,

dne Such Record Per Volume Per Student

; - \!( - i - . i K
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[ 4

¢
4

TABLE IT.4 - STUDENT PERFORMANCE II1I

QUANTITY

Stud. Id.'
Group No.
Sect, No,
Corr/Inc,
Tot. Corr. 1
Tot. Corr. 2
Tot. Corr. 3
Tot. Corr. 4

Tot. Corr.
Sort by Stud. Id.

One Such Record Per Student.

LENGTH

118
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TABLE IT.5 - MATERIAL RATING I

S wiind ol g

QUANTITY LENGTH DIMENSTON
Vo. o 1
Div. Nos. 2 3
'i No Yes 2
Term Obj. : 2 20
‘ Item Class 2 ZQ
- Cocc/prin 2 ' 20

FER.

ke 3
- *

Sort by Vol., u»  ‘io.

gy

One Such Recorxd =+ Question Per Volume.

anE) vl

s
L

2
KA
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i TABLE TI.6 - MATERUAL RAI &6 71

- TN TY LENGTH DIMENS I'ON

) Ligemn 7o s 2 20
. Crore prin 2 ) 20
Yoo Fac. 2
“Betimy ki, 2
&, Scoming 1 2 20
- 2 20
. 2 20
‘ Yo. Soorisgg 7 2 _ 20
Ho. Sewrimg Conc. 2 : 20
No.. S&zoring TO 2 20
Saoxtz. by Vol., Div. No.
i One ‘Sucir Record Per Question Per Volume.

e

]
q
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ZE3LE TI1.7 — MATERIAL RAT. 11T

—— el e WD

QUAKRTITY _LENGTH ’ DIMNENSION
No. Ques. 2
Term. Obj. 2 60

‘-i Ques. Type 2 60
Sub Id. 2 60

‘i. Corr. Anms. 2 60

- Fac Mth 2 ' 60

} Fac Conc. ‘ 60

B No Scor. z 60

PO |

[SIYRYS :3

Sort by Term, Qi

One Such Record Per Ouwestion Pexr Volume.

e ame) el




. TABLE II.8 - STUDENTS TINT ~ . 1

' QUANTITY LENGTH ' DIMENS10N
Stud. Id.

' (Acad. No.) 2
Group No. 1

] Week No. 2

‘ Stud. Time 2
Mean Time 2

1 Overall Time 2

T Sort by Stud. Id., Week, Group No.
3
; One Such Record Per Volume.

i
:
1
gi.
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3.2 TSER'S DESCRIPTI .

II.

I1.3

AXNNAPCILT : EVALUATION SYSTiy

VOL.. 2 - ESER'S MANUAT.

INTRODUCTION

This document iz ‘intzmded to provide the inf ~xmution necessarv
for the preparation of imput to the Ammapol:.s Ewaluation Sys-

tem. For a description of the contents of .e sysitem as well

as a description of =he mature ol the tests Znvelwed, consult

the "“System Manual — Ammapolis Evaluatior ."

USER INPUT SPECIFICATIMN

A complete wmser input specification consi=ms of twe fundamental
input data blocks.

Accessing Input - needed to defime the comstrmined data

subset to be used fior evaluation.

Statdstical Input ~ needed to defime the statistics .and’

or tests to be pmerformed.

ACCESSING INPUT

Accessing input consists of namimg the cesired warisble as w=T1
as specifwing the comstraints which serw= to deTime the data
subset. Par each comstraint a separate camd mmust be submifsted.

There is am alfiowahle maxdmum of 20 different cdmstraints For

each vector of outpmt dints.

The first of sach sett @f conditions is thewsmted variable auc
each successive card @effines one constradmt. The format i =s

followsz
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File Co . wmms:: 1

AC o 3 -4

Dimemsion 1 " 6 -7

Dimemsion 2 B 9 — 10
Minimmm ™ 12 -- 14
Aaximum " 16 - 18
Volume " 20 — 21

miero: File, AC, Dimenz. >z 1, and Dimensic:, 2 are described on
the fiollowing pages.

Mimimums and maximuns wzre the lower arc: =pper bounds desired
by the mser. The compur:r will use thr minimum as the lower
bouwnd zmd the maximum as the upper bound (i.2., they will be
uszd I the test, and if one is hit, the teziz will be consid-
ered .swccessful)., Volume selection goes —rom 1—I5 covering
volipmes A thromgh O,

If zan alphabetic charmrter is wanted as either an upper or
lower bound, its egmivalemt number must be used where A = 1,
B=2, ..., 2 =26, 2= #a ‘the woi me desigmatiam.

To signiffy one set of t==ts is owmr, the user mmst put 2 nine
In thwe file posiitiom: .mad JIeave the rest of~the .card blank.
Miifs wine WSt o2 wsed evem if thes user is.sgecifying the maxi~
amor: mumber of rests (i.e., 20).

The fiollowimy peges ghive the File, AC, Dimemsion 1, and Dimen-
siom 7 for eack piece @f information. A dash signifies that
tivst  pawrticular fiedd..szannot be umed in a-test, |

WOTE 1: The input camiEs must be Iar sequemce ovder, ascending

ng to the files {i.e., first, all the tasts for file i,
them fHike 2, etc.). Hmowever, the First c.:x wmust desigmate the
wamtzed variable regardiiess of what file it is contained din (i.e.,

thirs card is not imeluded in the aforementimmed sequence).
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NOTE 2: For a giwen vari thle constraimts can be d¢fined on

e

either files 1-6 or —9 (mmterial ratimg files), but mot both.

ansnd et - ——y e W

<agapene {

T |

l;gh»d,

a4 |

125




1 File AC Dim 1 Dim 2 Field

1 1 8S Number
1 2 Academy Number (Id.)
- 1 - Student Name
' ‘ 1 4 Group Numbder
'{ 1 5 Secticn Nmmber
1 6 - SAT Math
T 1 7 SAT Verbal
- 1 8 CEEB Math
1 9 CEEB Verbal
§ 1 10 Rank in Class
) 1 11 Second: Semester Qpr
g .1 ' 12 . | Third Semsster Qpr
+ 1 -1 1 OSPT #1
3 1 -1 2 ‘OSPE #2
T 1 -1 3 'OSPE #3
i
) 1 -1 4 OSPE #4
1 -2 1 - 65, Strong Scores (1 - 65)
— 1 -3 1.- 16- Edwards Pewsonnel Preference
i (#'s 1 - 16)
1 12 Physics Validation Test Re-
5' . sults
COMMENT :

This record occurs amce per studlemt amd is serted by student 1Id.
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File AC Din 1 Din 2
2 1
2 2
2 3
2 4
2 5
2 -1 *1 - 24 1
2 -1 *1 - 24 2
2 -1 %1 - 24 3
2 -1 *1 - 24 4
2 6
2 7
2 8
2 9

Field
Student Id
Group Number
Section Number
Volume
Number Questions
Correct/Incorrect

Confidence

’ Log Confidence

Difficulty

Total Number Correct
Average Confidence
Average Log Confidence

Average Difficulty

*This corresponds to the question number since these four fields

occur for each question.

LOMMENT :

This record occurs once per question and is sorted by Student Id.,

Volume.
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File AC Dim 1
3 1
3 2
3 3
3 4
3 5
3 ~1 *1 ~ 24
3 -1 *1 ~ 24
3 -1 *1 ~ 24
3 -1 *1 ~ 24
3 6
3 7
3 8
3 9

Dim 2

Field
Student 1Id.
Group Number
Section Number
Volume
Number Questions
Correct/Incorrect
Confidence
Log Confidence
Difficulty
Total Number Correct
Average Confidence
Average Log Confidence

Average Difficulty

*This corresponds to the question number since these four fields occur

for each question.

COMMENT :

This record occurs once per question and is sorted by Student Id.,

Volume.
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#This corresponds to the question number since this

each question.

COMMENT :

File Ac Dim 1 Din 2 Field
| 4 1 Student Id.
4 2 Section Number
4 -1 *1 - 64 Correct/Incorrect
4 -2 1 Total Correct Subtest #
4 =2 2 Total Correct Subtest #2
4 =2 3- Total Correct Subtest #3
4 -2 4 Total Correct Subtest #4
4 -2 5 " Total Correct for Test

field appears for

This record occurs once per question and is stored by Student Id.
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File AC
5 1
5 -1
5 2
5 -2
5 -2
5 -2
5 -2
5 -2

COMMENT :

Dim 1

Dim 2

Volume

Division Numbers
Number of Questions
Qu¢stion Number
Form -

Terminal Objective
Item Classification

‘Concept/Principle Code

This record occurs once per question and is sorted by Question #,

Volume, Form.
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File AC Dim ] Dim 2
6 1

6 -1 1 -3
6 2

6 -2 1

6 -2 2

6 -2 3

6 -2 4

6 -2 5

6 3

6 -3 *1 - 7
6 -4 *1 - 7
6 4

*This corresponds to the category numbers.

COMMENT :

Field
Volumg
Division Number
Number of Questions
Question Number
Fofm
Terminal Objective
Item Classification

Concept/Principle Code

Number of Faculty Rating
Difficulty

Number Scoring Math Category
#1-7

Number Scoring Concepts
(Physics) .

Number Scoring Inappropriate
for TO

This record occurs once per question and is sorted by Question ##, Volume,

Form.
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File AC Din 1 Din 2 Field

} | 7 1 » Number of Questions
]‘ 7 -1 1 Question Number

7 -1 2 , Terminal Objective

7 -1 3 ’ Question Type
- 7 -1 4 Subtest Id.
% 7 -1 5 : Correct'Aﬁswer
g 7 -2 *1 - 7 ' Faculty Math Difficulty
: 7 -3 *1 —.7 Faculty Math Concepts
g— 7 2 Number Scoring Inappropriate

for TO

*This corresponds to the 7 categories.

COMMENT:

This record occurs once per question and is sorted by Question number.

|
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¥ File AC Dim 1 Dim 2 Field

8 1 Student Id.
j" 8 2 Group Number
~ 8 "3 Weck Number
g 8 4 Student Time
g' 8 5 ' ‘ © Mean Time
8 6 ' ‘ Overall Time

This record occurs once per week and is sorted by Student 1Id, week.

L

I
|

- 133




IT.2 STATISTICAL INPUT

Statistical input consists of seclecting the desired tests and
computations to be performed on the accessed data as well as

naming the accessed variables to be used in cach test.

The following contains the detailed instructions for use of
the statistical package including a list of all required and

optional data cards, variable definition, and card format.

BOTE: If the statistical generation routine is called, all
of the single variable computations will be made, except for
ranking and sorting. If the user desires ranking and sort-

ing for each vector, he must set ICODEl = 1 in card (4).
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Card
No.

Requzmd.

Cols.

Format

Variable
Name

Variable
Description

NOTE:

Yeu:

Yes:

Yes

Data cards 2 and

GN-=) -

(38-3)

12

IT

12

12

12

F4.0

4.0

135
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LIST

IR(1)

IR(2)

IR(N)

X(1,J)

The number of
vectors to be
included in this
sequence of anal-
ysis.

= 1 Print out a
summary of the
vectors to be
analyzed and a
complete set of
summary statistics.

= 0 Do not pzxint
out the abowve
summary.

The number of
observations in
Vector 1.

The number of

@bservations in
Vector 2.

The number of
observations in
Vector N.

The Ith data
print observation
in the Jth vector
where

J=1, ..., N and
I=1, ..., IR(D.

.3 will be included only when inputed from cards.
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Code Variahile Variable
No. Required = Cols. Format Name Description

4 Yes 1-4 14 IND = 0003 Compute all
of the sunmary sta-
tistics for each of
the N vectors being
analyzed.

!. # 0003 Do not compute
the summary statistics
for each of the N vec-
ﬁ rors.

NOfE: If a statistical test requires the oompwimrIen of summary sta-
tistics, and IND # 0003, the control progm=me =il wet IND = 0003.

4 Yes 5-8 I4 ICOMEL == 0 Do mot compute the
=S or sort each of
e W wectors.

= 1 @ompute ithe rank
of =ach observation

. “#m emch vector and
numerically sort each
vector.

5-12 I4 ICODE2 = 20 Do not compute the
crossproducts or corre-
latioms between any of
the vectors (called two-
| ‘vector computationms).

= 21 Compute only the
crossproducts between
ithe vectors.

=22 Compuite the cross—

iq;cnducbszand the corre-
I=tions: between the vec-
tors.

13 - 16 I4 INDIC1 = 0 The two-vector compu-
tations will be performed -
between all combinations
of vectors (i.e., to give
a complete correlation
matrix). s

= No. of pairs. 1If INDIC1
#+ 0 then it must be set
equal to the no. of pairs
of vectors for which the
two~vector computations
will be made.
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Card
No.

Requircd

Cols.

Format

Variable
Name

Variable
Description

NOTE :

OPTIONAL

Card No.

YES

YES

(6INDIC1
-5 -
(6INDIC1
-3

(GENDICL |
-I‘) - |

(&INDICL):

5 is optiomal.

1-2

I2

I2

It is

I2

12

137
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v(1,1)

v(1,2)

V(INDITI,

V(IRDICL ,
2)

only requ

NSTAT

NVECIL

i The first set of vec-
{ tors for which Pair 1
| two=vector computations

will be made.

Pair INDIC1l, the

‘last set of vectors

| for which the two—wsu -
| tor emmputations wfll
‘he e .

ired if INDICI # 0.

The code no. for each of
the statistical tests
that can be performed per
the following list:

40 - t-test

41 - F-test

| 42 - One-way analysis

of wariance

|43 - Wikcomen Signed

Rank: st

| 44 - Kendz8T Coefficient

of Cmmrcordance
45 - Chi Sguare test
46 - Cochram's test
47 ~ Least Significant
Diffexence test

The number-of the first
vector to be tested. For
statistical test routines
40 (t-test) and 41 (F-test).

The number of vectors to
be analyzed in each of
‘the other test routines.
For test routines (42-47),




Card
No.

Required

Cols.

Format

Variable
Nanme

Variable
Description

YES

| OPTIONAL

e T

I~ 80

I2

20A4

INOT¥E: The description is optional;
user decides not to use the description option.

NVEC2

NAME

a blank card

The number of the
second voctor Lo be
tested for statistical
routines (40 & 41).

This ficld is blank
for all of the other
statistical test rou-
tines (42-47).

User supplied des-
cription of variables
(vectors) being tested
withip a particular
test routine

must be substituted if

8 “YES 3.- 4 12 NN(1) The number of each of
- the vectors to be in-

7 -8 i NN(2) cluded in the analysis
for each of the statis-
tical test routines.

(4NVECT

-1) -

(4NVEGl); 12 NN (NVECI1)

NGEE: If statistical test routines 40 or 41 are spec1f1ed do not in-

clwmie control card 8 or @

NOEE: Control card 9 is only required for statistical test routine 45
(Chi Square test). This card provides the user with option of defining
the cell size for the Chi Square test or the option of selecting the
number of cells to be used in am=mlysis.

=1 If the user desires
to define the limits
for each cell (define

. the cell size).

9 YES 1 I LL

= 2 If the user does
not define the limits
for each cell.

—
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Card
. No.

Reguired

Format

Vamiable
Name

Variable
Description

12

The number
to be used

. Chi Square

of cells
in the
analysis.

If LL = 1, K must be
specified. If LL = 2,
K need not be speci-
fied (see Chi Square
note at emd of this
table.

5 - 10 F6.0 LI(1,1) Lower limit for the
first cell if LI
F6.0 LI(1,2) (1,1) = 99999.

; lower limit for
’ first cell = -00

11 - 16 The

the

(128~2) -
(121+4) F6.0 er limit for the
. 8 cell (imterval),
' if TI(K,2) = 99999.
The: wpper Iimit for
the Kth interval is

set tw +00.

NOTE: On Chi Square card, #f the user selects LL = 2 and sets K = 0,
‘then the program will assume six cells for the Thi Square analysis by
selecting the minimum (MIN) and maximum (MAX) observations from all of
the observations available (under analysis) and define the cell width.
1
A = MAX - MIN
===

and define each of the six cells as follows:

Cell 1 . , Cell 2 Cell 6
" Lower Upper ' Lower Upper Lower Upper
Limit Limit Limit | Limit see | Limit Limit
MIN MIN+A "MIN4A MIN+24A MINF5A MAX
MAX-A
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If the user selects LL = 2 and specifies K (the nunber of cells) as some
integer 1 then the cell width A will be defined in a like manner,

_ MAX - MIN
- —

and cach of the I cells will be defincd as follows:

Cell 1 1 Cell 1
Lower Upper Lowver Upper
Timit Limit ¢ . . Limit : ELimit

|
. MIN MIN+O MAX-2 l MAX

Example Set of Control Cards

Test case given 10 vectors of data (J =1, ..., 10) each of size IR(J):
1. Compute summary statistics and IEst.

2. Compute correlation for vectmr sets (1 and 2), (3 and 4), (5 and 6),
(7 and 8), (9 and 10).

3. Perform t-test om vectors 2 amd 4.

4, Perform Kendall Coefficient of Comcordance on vectors 1, 3, 5,
and 9.

5. Perform Chi Square [with 8 unspecified intervals (zells)] for
all 10 vectors.

6. Chi Square test (same vectors with 3 specified fintervals (0,10)
(10,40) €40 ,00).

A coding sheet is attached with the 16 control cards necessary to perform
the above amalysis. ) .

NOTE: Control (data) cards 2 and 3 for the number of observations in each
vector have mot been :included.
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3.3

IT.

I1.1

SUPPLEMENT

ANNAPOLTS EVALUATION SYSTEM

VOL. 4 - SUPPLEMENTARY WORK - ITEM ANALYSIS, PMPG

INTRODUCTION

In the course of the Annapolis experiment, programs were generated
to perform specific evaluative tasks not included in the main-
line system (Annapolis Evaluation, Vols. 1, 2, and 3). It is

the purpose of this document to describe the nature and use of
these programs, the Item Analysis Program, and PMPG (Percentage

Maximum Possible Gain) Program.

ITEM ANALYSIS

Program Description
The program performs the following analyses for student response
data: a) for all stgdents or keyed groups of students, and b)
on all of the test questions or any keyed subset of questions.
A. Summary Statistics:
1. ijﬁﬁEéwghe number of students taking the: test.
2. Computes- the raw score (no. of items correct)
for each student. The raw score is computed
based on the number of keyed items. .
3. vComputes the average raw score fo& all stu-
dents (test average).
4. Computes the standard deviation of student

scores.
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B. Ttem Statistics (for each keyed item):
1. Computes the freguency and percentage of the
upper 50% of students' responses for each
cateéory of response.

Categories of Response

rill-in questions X - Correct
0 - Incorrect
M - Blank

Multiple-choice questions

A
B Standard multiple
c choice categories
D
E

M - Blank

2. Computes the frequency and pcrcentégd of lower
50% students for each category of response.

3. Computes the frequency and percentage over all
students for each category of response.

4. .Computes the difference in percentage between
upper and lower students for each category of
response.

5. Computes the averagé raw score for students who
answered the questionicofrectly (AC).

6. Computes the average raw score for students who
ansvered the question incorrectly (AILC)

7. Computes the proportion of stuﬂents who answered

the question correctly (PPS).
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8. Computes the item (question) standard deviation
s = [(PPS) (1.0 - pps)]l/2
9. Compute the point biserial correlation

S
est standard & deviation

PBC = (AC - ATC) 7

Additional computations and processing:
1. Computes the Kuder-Richardson reliability (KR20)

N . (s8)? - ssT
KR20 N -1.0 (sS)?

N = number of keyed items.
Where : S8 = test standard deviation
S§SI = I (PPS) (1.0 - PPS)
2. Sorts the proportion passing for each keyed item
into ascending order. |
3. Sorts the point biserial cprrelation for each
keyed item into ascending order.
4. Sorts all participating students into descending
order by grade.
IT.2 Program Use
The item analysis ‘program was developed specifically for anal-
ysis of the Final Examination. The program via user control
cards can perform an item analysis'on'ény subset of keyed
questions for all students or for groups of students. The
program was written in Fortran IV for use on the IBM 360/65
unde; 0S. The control and data cards for analysis of the

Final Exam are as follows :
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Card No. Col. No. Description

1 1-60 Literal description of the test to
be analyzed.

2 1-2 Number of questions on the test.
3 The corrcet responses, one for
cach question on the test. The
4 following are acceptable data

values for cach question: TFill-
in question: X - sywbolically

. for the correct answer. .

62 Multiple-choice question: A, B,
C, D, or E - whichever is the
correct responsec.

3 1-4 The section number of the students.
(one card »
for each 7-10 The student's identification no.
student) 11-12 The raw score for the student (no.

of questions answered correctly.

13 Student's response to each question
corresponding to the following cate-
14 gories:
Fill-in questions: X - correct re-
. sponse, 0 - incorrect response, M -

no response.
Multiple-choice questions:

A, B, C, D, or E - whichever the
student responded, M - no response.

NOTE: After the last student card, a card with zero's in Columns 7-10
is required to indicate that the last student has been processed. ‘

S

4 1-2 The number of questions to be analyzed.

5-6 The number of class sections to be
included in the analysis. '

NOTE: 1If all students are to be included in the analysis columns, 5-6
should be left blank.

5 1-2 The first question .to be analyzed.
3-4 _ The second question to be analyzed.
79-80
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NOTE: 1f all the guestion on the test are to be analyzed, card 5 is not

required.
Card No. Col. No. Description
6 1-4 The first class section to be inclu-

ded in analysis.

5-8 The second class section to be inclu-
ded in this analysis

77-80

The card sequence (4, 5, 6) can be repeatéd as often as required by the
user.

ITTI. PERCENTAGE MAXIMUM POSSIBLE GAIN

I111.1 Introduction

A computer program to calculate the percentage of maximum possi- '
ble gain (PMPG) was developed per the specifications contained
in a memo by Robert L: Brennan, entitled "Statistical Techniques

for Measuring Effectiveness and Gain with Instructional Programs."

I11.2 ~Program Description

The PMPG program computes the following statistics for student
post- and pretest‘data for each week (or course unit)
A, Summary Statistics:

1. The number of questions on the test

2. The number of students taking each test

3. A frequency histog?am of student scores

for each test

4. The computed PMPG
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B. PMPG Computation
As specified in the above referenced document, the
percentage of maximum possible gain is computed from

the following equation:

1
Yy (i)
0
1
¥x (1)
0

y

Bote

2
E]
Nt

1i

where: Nx = no. of questions on the pretest

x (i) =P x =1 = probability that a
student scores i questions right on the
pretest

Ny = no. of questions on the posttest

y (ij =P Y=1i = probability that a

student scores i questions right on the

posttest. :

II1.3 Program Use
A. The PMPG program requires two magnetic tape files, one

for pretest data and the other for posttest data. The
program was written for the specific case of the pre-
and posttest magnetic tape data files that were created
for the Annabolis evaluation. The student records were
sorted on tape alphabetically by volume (for volumes A
through 0). 1In additiom, a test value of -1 separated
each volume (the student records for each volume from
the student records for the next volume).

‘B. - The program'was written in Fortran IV for use on the IBM

360/65 under DOS.
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C. The following are the input card and tape formats uscd:

1. Card Format

Card No. Col. No.

1 1

3-5

6-8

Description

Vol. = The volumc to be
proccssed

NPRE = no. of questions
on the pretest

NPOST = no. of questions
on the posttest

2. Tape record format (for both post- and pretest

tapes)

Record Format

A2

3X

Al

140X

A2

O ‘ ) .148

DescriEtion

The end of volume test value

(= -1 indicates the last re-~

cord for that volume has been
processed

The volume letter of the cur-~
rent record

The student's score (no, of
questions answered correctly
for this volume.



O

3.4 COPIES OF PROGRAMS

Copies of the programs were submitted by
contractural requirement on 1) a magnetic
tape and 2) hard copy listings. Copies
of the programs are referenced as Auna-
pelis Evaluation, Vol., 3.
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