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FOREWORD

System Development Corporation submits this Final Report in conformance

to Contract No. DAHCI9-73-C-0029, Application of Tactical 
Data Systems for

Training. It is structured as follows:

Volume No. Title SDC ID No.

I Executive Summary TM-5261/000/00

II AI/DEVTOS Automation Studies TM-5261/001/00

III Development of Courseware and TM-5261/002/00

Analysis of Results for MOS 11B40

IV Development of Courseware and TM-5261/003/00

Analysis of Results of GED Math

While each document noted above is a discrete entity, references 
have

been made to other volumes when such would provide amplification of--or

information supplemental to--the topic under discussion. 
Computer listings

of the statistical results of this study are presented 
under separate

covers as Attachment to appropriate volumes.
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Section 1: INTRODUCTION

A. PROJECT BACKGROUND

The Army's current efforts to improve its overall training program, spearheaded

by the work of the Board for Dynamic Training at Fort Benning, Georgia, has

identified that future training will be increasingly decentralized, placing

greater responsibility on unit and individual training programs. It is con-

ceivable that tactical ADP systems could be made available to tactical units to

alleviate the problems each will face in meeting its increasing unit training

requirements by providing an Automated Instruction (AI) capability to supplement

training resources. Data are needed that would delineate the potential payoffs

as well as the pitfalls inherent in taking the techniques and materials of AI

from the formal school setting to the field, and attempting to implement them

using tactical ADP equipment to meet user training requirements in a tactical

unit environment. Such information would provide an empirical basis for

making broad management decisions regarding the Army's training needs of the

future and should impact on Army tactical ADP system design by specifying

"subsystem training packages" which these systems should accommodate.

In November 1971, ACSFOR requested OCRD to initiate a research effort defining

the potential roles of tactical computers in training. Subsequently, OCRD and

the U.S. Army Research Institute for the Behavioral and Social Sciences (ARI)

developed a plan which was coordinated with ACSFOR and the Board for Dynamic

Training. The plan was accepted and MASSTER Test 122, entitled IBCS: Automated

Instruction, was scheduled by ACSFOR.

MASSTER Test 122 provided for the development of two stand-alone Automated

Instruction (AI) packages--one to assist MOS 11B40 personnel in preparing for

MOS proficiency testing and one for General Educational Development (GED).

These packages were to be prepared and programmed for use with the DEVTOS

tactical system at Fort Hood, Texas.
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The decision to use 11B40 personnel was based upon Board for Dynamic Training

identification of the maintenance of proficiency by llB40s, the Light Weapons

Infantrymen, as a significant unit training problem. In addition, a CONARC

task group report on computer assisted instruction identified the 1IB40 MOS as

a top contender for attention in the "nontechnical" skills area. Within the

four 11B40 MOS subject areas, Tactics and Crew Served Weapons were prime

candidates because they accounted for most of the proficiency test failures.

The same reasoning applied to the selection of the Mathematics area for GED.

In December 1972, the System Development Corporation (SDC) was tasked by ARI

to develop and field test the two AI packages.

B. PURPOSE OF THE STUDY

The purpose of the study undertaken by SDC was to evaluate the feasibility of

using Army tactical data systems for automated instruction. Special attention

was directed toward identifying problems of user acceptance, measuring partic-

ipant improvement in performance, and defining the technical problems encountered.

C. STUDY OBJECTIVES

Specific study objectives included:

9 Deterr-ine the feasibility of using tactical computers for instruction

in MOS training, specifically 11B40.

e Determine the feasibility of using tactical computers for instruction

in GED topics, specifically mathematics.

e Determine the feasibility of using tactical computers to identify

proficiency area weaknesses and the resultant special remedial

training needed.

* Identify factors influencing user acceptability of automated

ins truct ion.

9 Provide input data for design decisions which will satisfy the stated

material need for a TOS automated instruction capability.
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Also defined were the following subobjectives:

* Determine the amount of learning derived from an Al course on the

11B40 subject matter area entitled "Crew Served Weapons."

e Compare the learning of "Crew Served Weapons" achieved via AI with

that achieved by self-study (non-Al) methods.

o Determine the amount of learning derived from an Al course on the

11B40 subject matter area entitled "Tactics."

e Compare the learning of "Tactics" achieved via AI with that achieved

by self-study (non-Al) methods.

* Determine the amount of learning derived from an AI course in GED

mathematics.

• Compare the learning of math achieved via AI with that achieved by

self-study (non-Al) methods.

a Determine if AI applies equally well to personnel with different ACB

scores.

a Determine if slow learners attain the same proficiency level as fast

learners.

e Determine if educational level is correlated with learning using AI.

* Determine user acceptance of AI by means of an in-depth interview

with each user subsequent to his training.

a Compile in easily interpretable form the results of all analyses

conducted in the course of satisfying the above subobjectives.

D. VALUE AND IMPORTANCE OF THIS STUDY

The Army has a growing computer capability, especially in the area of tactical

computers. These computers are not expected to be used full time for their

tactical mission. Concurrently, the findings of the Board for Dynamic Training

indicate that Army Training needs to be improved. The ways that such improve-

ment can take place are being examined very closely. One of these is automated

instruction (computer-assisted instruction (CAI)).
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This study demonstates that:

e A complex CAI system can be integrated within a tactical compwtet

s ys tem.

* Learning doei take place within the tactical computer environment.

While it is unreasonable to expect that a given method of instruction (i.e.,

AI) will be applicable to all Army personnel, it should at least cover a fairly

broad range of personnel with varying aptitude (GT) scores. An allied con-

sideration is what happens to Army personnel in the lower range of GT scores.

These personnel present problems in regard to training costs. While student

costs (time) is a consideration, instructor time (cost of preparation and

instructing) i; a more heavily weighted factor. A training program which has

the capability to reduce instructor time in relation to student time offers a

cost-effective, cost-saving approach to training.

The 6ta&ticat and practical rautts o6 this study indicate that:

" Leakning via Al occw with Army personnel whose GT scous cove' a

broad range.

" Atmy personnel with elatively tow GT sca can lean effectively

without high inttuctor% cost6.

One of the questions in regard to AI (and other methods of instruction) is the

acceptability of the method. Data in regard to acceptability are important in

making command decisions concerning methods of training. These data should

come from Army personnel who have been exposed to this method of instruction

in a subject area where training is needed.

Results o6 intetvies conducted d&ang thi study reveat that:

o The Al method o6 intAction is highly rega,%ded by MOS 11B40 Al
pati cipant6.

- - - -- --- - --
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In the past, typical Army classroom training has been characterized as follows:

- Geared to the slowest individuals in the class

- Few opportunities for individualized training

- Lacking the environment or opportunity for questions or clarifi-

cation during the presentation

- Boring and uninteresting

- Not necessarily accurate

- Disjointed..,little continuity

- Omission of the "why" of training, which leaves it up to the

individual student to determine the importance of the training--

an unnecessary and perhaps overwhelming burden which he (as well

as some instructors) cannot handle.

This 5 tudy identif6e :

@ Ways in which AT alleviates thezse deficiencies.
o Factou n AT methodology that lead to incneaed paticipation,

motivation and mo,' Lte--i.e., factors that accvnt for it6 effectivenss.

* SpeciaZ considerations required by combat peronnel for succesfut

GED ttaining.

Although beyond the scope of this study, the Army is also faced with the unique

problems encountered in training personnel with a limited grasp of English.

Reut o6 thiz studj indicate that:

e An AT tining proga m m~nimizes language p'oblem by providing acces
to continued and/ot itepetitiou6 inPttuctionaf materiat.
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E. PURPOSE AND SCOPE OF THIS DOCUMENT

As defined in the FOREWORD, this document is one of four volumes of a Final

Report submitted to the U.S. Army Research Office on the feasibility of the

Application of Tactical Data Systems for Training. Information is presented

in the following manner:

o Section I - provides a brief statement of the history and purpose

of this study; defines study objectives; discusses the benefits to

be derived; and outlines document structure.

* Section 2 - details the procedures involved in the design and

development of courseware for the GED portion of the MOS 11B40

effort.

* Section 3 - describes the nature and conduct of the field test.

* Section 4 - documents and analyzes the results of the field test.

Section 5 - states the conclusions drawn from this study and

recommends additional areas for future applications of study findings

as well as new areas for investigation.

Supplemental information is appended, as appropriate. In addition, computer

listings of statistical results specific to the GED portion of this study are

provided under separate cover as Attachments to this volume.
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Section 2: DEVELOPMENT OF COURSEWARE

A. BACKGROUND

This section describes the process by which AI courseware for preparatory training

in selected topics for high school equivalency mathematics was developed. The

design and development of mathematics courseware commenced in January 1973 and

was completed for transition to on-line checkout at Army Research Institute and

field trials at Fort Hood beginning in August of the same year.

Five high school level batteries constitute the tests of General Educational

Development (GED): English, social studies, natural sciences, literature, and

mathematics. These tests measure attainment of some of the major objectives of

the secondary school program of general education. Achievement in all of these

areas correlates highly with basic skills in verbal and mathematical operations

and reasoning, which are tapped by the English and mathematics batteries of the

GED. For this project, the area specified for courseware development was GED

mathematics. Of the two--English and mathematics, mathematics appears to be

the more difficult, the more abstract, and the least amenable to daily practice

in the military man's normal course of activities.

In addition, there are a number of reasons important to Army GED program managers

for determining the utility of an AI mode of GED instruction. For many years

both military and civilian personnel have earned high school and college credits

upon successful completion of correspondence or extension courses conducted by
1USAFI, including GED preparatory courses. A recent USAFI study indicates that

the organized unit or basewide GED programs may be too inflexible or selective

with respect to the target population.

iBeusse, William E. Analysis of Survey Findings Concerning the USAFI High School
GED Program. Draft report MR-73-3, Manpower Development Division, AFHRL, 1973.
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The earlier in a man's military career that the GED test is taken and passed, tWl

higher the paygrade at separation--yet those who take the tests early or as w-. rt

of an organized base program are more likely to f-il than are those who take the

tests later and on their own initiative. Also, taking a preparatory course seems

to aid low ability personnel in success on the GED, while such courses are taken

less frequently and have little or no effect on whether higher ability personnel

pass the GED. Therefore, there is a need to determine the extent to which auto-

mated instruction can enhance motivation to participate in preparatory courses,

adjust to individual differences in self-confidence and ability to master GED

material, provide more flexible options for participation than organized programs,

and make learning more effective or efficient.

For tlv approximate one-half of military GED candidates who do take some type of

preparatory course, four main types of courses are used: Army Preparatory

Training (APT), group study courses, guided self-study (e.g. , USAFI correspon-

dence), and civilian high school GED courses. For this project, the amount of

material to be developed for AI GED mathematics was to be equivalent to 12 hours

of preparatory instruction: for example, to 12 hours of self-study using correspon-

dence materials, or to 12 hours of group mode coursework. From the GED mathe-

matics preparation areas of general mathematics, graphs and averages, algebra,

and geometry, an initial selection was made to cover operations and applications

in the decimals and percent areas of general mathematics, reading bar and line

graphs, grouping and averaging data, and basic algebraic operations and expres-

sions. After a review by USAFI, the selection of units for development in the

AI mode was further constrained to approximately 12 hours of instruction in

decimals, percent, graph reading, and computing an average, with supplementary

work availabie for review and practice in whole number arithmetic. From the

Al materials developed, the approximate 4-hour unit on decimals was selected

for use in the field experiment.

,'!
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GED AI development and MOS AI development (Volume I1) proceeded in parallel

and used the same basic development methodology. The procedures followed in

developing AI courseware are well established; the specific steps are shown in

Figure 2-1.

.: 2.0 3.0 l  4.0

Aa I vs i s Reie Determine

I ,., T6.0 7.0,

S tiona I Coding & Review & Field
-'1lter ,'t n -- Offline OnlTest

ltL~ [ I Check hc

Figure 2-1. GED Al Courseware Developmental Process

As can be seen, a selection and analysis of what is to be taught leads directly

to specifying learning objectives and the test items to assess mastery of the

objectives. The process continues with planning the instructional content and

the logic for sequencing the presentation of content according to contingencies

which arise during learning and testing. Next, the CAI material is encoded,

any supporting handouts prepared, and an editorial and technical critique and

in-house checkout made of the material. This is followed by student tryouts,

analysis of lesson deficiencies, revisions to content or logic, and presentation

of completed instructional material to the target population in the AI field

experiment (Section 3). Review and revision cycles are interspersed throughout

the process, as shown in Figure 2-1.

Although the courseware developed for Crew Served Weapons and Tactics followed

the same developmental steps and occurred in parallel with those for GED, they
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are treated separately in this final report for convenience to readers. Develop-

mental activities for these steps as they apply to the GED courseware development

are described within this volume.

B. SELECTION OF SUBJECT MATTER AREAS

The initial task (Step 1.0 in Figure 2-1) was to identify subject areas within

GED mathematics from which candidate units and topics would be selected for

development into 12 hours of AI material. This was accomplished in several steps.

In a preliminary analysis, GED reference materials were used by the project staff

to compile a list of GED math subject areas and topics. The math subject

areas were weighted according to approximate percent of coverage on a sample GED

math test. Next, a set of criteria for Al topic inclusion-exclusion was formu-

lated and applied to the subject matter list. This resulted in the preliminary

selection of four math units: three from general mathematics--decimals, percent,

graphs and averages--and a unit on algebra. Detailed training analysis information,

learning objectives, and test items were developed for the four units. These

were submitted as a working paper for review by GED math subject experts at USAFI

Headquarters. From this meeting a list of subject matter topics and objectives

was finalized for Al development.

1. Preliminary Analysis

In order to define a manageable subject area boundary and to determine the

commonality and relative importance of math subject areas, SDC analyzed the

content and structure of the following GED mathematics materials.

* GED Mathematics Test, Form J, June 1969.

* Brown, K. E., Snader, D. W., and Simon, L. General Mathematics. Book i

(USAFI D151/D152). Laidlaw Brothers, Illinois, 1968.

* Brown, K. E., Snader, D. W., and Simon, L. General Mathematics,

Book 1: Manual, Tests, Answers (USAFI DlSl.4/DI52.4). Laidlaw Brothers,

Illinois, 1968.

* Niederkorn, D. General Mathematics I. Study Guide (D151.14). USAFI,

Madison, Wisconsin, 1968.
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" Hockett, S. W. GED Math Home Study Guide. Barron's Educational Series,

1972.

" U.S. Dept. of Labor. AGEP High School Self-Study Program, November

1969. Booklets on: Solving Decimal Work Problems (PM 431-26), Solving

Fraction Word Problems (PM 431-25), Solving Percentage Word Problems

(PM 431-27), Tables and Graphs (PM 431-28), Line Graphs (PM 431-29),

Algebra (PM 431-57), Powers and Roots (PM 431-58), Geometry (PM 431-59),

Number Series (PM 431-60), Positive and Negative Numbers (PM 431-17),

Student's Handbook (PM 431-SH), Teacher's Handbook (PM 431-TM).

" JCMP Revision Project. Tutor Program (Draft). How to Teach Students

to Solve Math Story Problems (Unit Ml). System Development Corporation,

1972.

Working lists of units, topics, and lessons were drafted using these references.

Comparison of subject matter content and structure among these resource materials

resulted in the composite list shown in Table 2-1. The sample GED math test

(Form J, 1969) was used to obtain a gross index of relative emphasis of these

subject areas on any GED math test, resulting in relative importance expressed

as a percent of coverage in Table 2-1.

This first cut indicated that the overall inclusion priority, according to

emphasis with respect to the GED test, should be: (1) topics in general mathe-

matics, (2) topics in algebra, and (3) topics in plane geometry. Based upon

this prioritization, the staff made the tentative decision that the AI modules

would include selected topics from general mathematics and from algebra, with

the emphasis given to general mathematics.

Next, selection criteria were formulated to aid in choosing specific GED topics

for inclusion in (or exclusion from) the Al development. Strings of GED topics

were analyzed to determine the extent to which they would permit a combination

of the following:
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TABLE 2-1. COMPOSITE LIST OF SUBJECT AREAS FOR GED MATH

TYPICAL GED
SUBJECT AREA WEIGHTINGS

I General Mathematics 50% - 62%

A. Whole numbers: Review/applications
B. Fractions: Review/applications
C. Decimals: Review/applications
D. Percentages: Review/applications to

finance, taxes, buying, wages
E. Reading graphs: bar, line, circle
F. Constructing graphs
G. Computing averages: mean, median, mode
H. Metric geometry: Area
I. Metric geometry: Volume

II Algebra 35% - 25%

A. Symbols and conventions
B. Evaluating explicit expressions

with and without grouping symbols
C. Evaluating expressions with variables
D. Equations, formulae, and functions
E. Monomials
F. Polynomials
G. Products and factoring
H. Graphing linear and selected equations
I. Systems of equations
J. Exponents
K. Scientific notation
L. Progressions and series

III Plane Geometry 15% - 13%

A. Points, lines and planes
B. Relationships between lines and angles
C. Triangles: congruencies, inequalities
D. Similar polygons
E. Circles, arcs, and angles
F. Constructions and loci
G. Trigonometry
H. Logic and proof: Pythagorean theorem
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* instructional continuity -- AI topics should yield a clear sequence of

tasks and subtasks leading to mastery of objectives used as building

blocks within and between AI lessons.

* functional context -- AI GED math topics should be amenable to presen-

tation so as to emphasize steps and applications as early as possible

(rather than theory and abstraction) using problems having face validity

with respect to the GED and life situations.

* target group appeal -- AI topics should be presented at a level of

reality that provides practical interest, tutorial support, and game-

like appeal in anticipation of trainees with relatively low academic

potential or aspiration level and ambivalent motivation.

* support requirements -- Al topics should be within the capabilities of

the display device, i.e., they should not require (or only minimally

require) off-line displays, student tools, and personnel support.

e time segments -- AI topics should be attainable in the experimental

setting in a 3-4 hour time block, on the average, with consideration

given to individual differences in abilities and motivation.

@ mixed strategies -- AI topics should allow a multiple working hypothe-

sis on the utility of AI for teaching mathematics. The choice of topics

should permit an eclectic mix of learning and instructiona programming

strategies and techniques, ensuring a sample which may have wider

application. For example: (1) teaching the learner a procedural approach

to solving word problems should have applicability to decimal, perceat,

and other kinds of word problems; (2) an instructional programming

strategy which creates subroutines for generating whole number and decimal

practice problems in real-time should have carryover to generating

other kinds of practice problems or to generating pools of equivalent
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test items; (3) a strategy for moving learners into and out of

instructional segments according to their performance on a sample of

diagnostic test items, or a strategy which adjusts a learner's rate of

progress according to his preference or confidence, should enhance gain

scores and motivation and, idoubtedly, will achieve variability in

terms of rate of progress of individual students.

The topics in Table 2-i were analyzed with respect to the above criteria. The

constraint on support graphics and student learning tools, combined with the

relatively low GED emphasis and limited experimental time, ruled out including

metric geometry, plane geometry, and graphing in algebra.

Instructional continuity could be maintained by teaching a building block

string of objectives beginning with basic decimal arithmetic, supplemented by

whole number arithmetic, as required, and building into basic percent operations

and percent work problems at graded levels of difficulty. The concept of

"variable" could be introduced with percent, supporting its use later in algebra.

The skills gained with decimals and with word problems would also, in some mea-

sure, support a unit on graphs and averages. In the interest of the limited

experimental time block, it was decided to avoid teaching fractions, and

also to extend a majority of the general math topics to the level of word

problem applications without introducing unnecessary mathematics jargon.

Finally, based upon first-hand knowledge of the capabilities and limitations

of the CAI software, it was decided that a string leading from decimals into

percent, and on to data interpretation and a practical subset of algebra,

.,-uld allow ample opportunities for incorporating a variety of instructional

trategies and techniques.

Ba ed upon the preliminary analysis just described, four GED math subject areas

were selected for conversion to the GED Al instructional format. The four

t:nits and their topics were:
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1. Decimals 4. Algebra

a. Place values a. Symbols and vocabulary

b. Rounding b. Algebraic expressions

c. Basic arithmetic operations c. Order of operations--use

d. Solving decimal word problems of grouping symbols

d. Word phrases as algebraic
2. Percent expressions

a. Numeric equivalents of percent e. Simplifying expressions

b. Basic percent operations f. Solving word problems

c. Solving percent word problems using algebra

3. Interpreting Data

a. Grouping of data

b. Reading bar and line graphs

c. Computing an average

In subsequent analysis, learning objectives and test items were developed for

these four areas according to procedures described below. Decision on final

selection from among these topics was deferred until a review of the objectives

and test items for these four topics had been completed by VSAFI subject experts.

The outcomes of this review are implicit in the subsequent developmental steps.

2. Preparation of Task Hierarchy Charts

For each candidate unit in the GED Al group-decimals, percent, data, and

algebra, SDC prepared a Task Hierarchy chart. These block diagrams depict

graphically the relationships among mathematics applications tasks, task

elements, and subelements. A prerequisite, hierarchical relationship is

identified among the tasks and elements shown on the block diagrams. Level in

the hierarchy is indicated by the decimal numeration scheme and the connectors

between the boxes. This decimal numeration scheme remains consistent through

all the training analysis materials--Content Development outlines, Task

Hierarchy charts, Training Analysis Information Sheets, Criterion and Enabling

Objectives and their corresponding test items--so as to permit cross-reference.
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Figure 2-2 shows a Task Hierarchy chart for the word problems topic of the

decimals unit. Other Task Hierarchy charts prepared for the GED Al module

are contained in Appendix A.

3. Preparation of Training Analysis Information Sheets

SDC prepared a Training Analysis Information Sheet (TAIS) for each candidate

GED topic. The TAIS is shown in Figure 2-3. The major task identification

number is carried at the top, with numeration of tasks at second and third

levels appearing in the Task Element and Subelement columns. For each major

task the conditions in which task performance is embedded are stated, as are

the performance standards required to evaluate mastery of the criterion test

items assessing task performance. Supplemental training materials additional

to the Al module are also listed, as required. Only one GED unit, Interpreting

Data, requires supplementary materials--pictures of line and bar graphs. The

complete set of Training Analysis Information Sheets for the GED AI course-

ware is provided in Appendix A.

Review of the candidate topics and Training Analysis Information Sheets was

accomplished in conjunction with review of instructional objectives and test

items. Procedures and results of the USAFI review and concurrence meeting are

presented in paragraph C.4., below.

C. DEVELOPMENT OF INSTRUCTIONAL OBJECTIVES AND TEST ITEMS

The development of instructional objectives and corresponding test items

(Step 2.0, Figure 2-1) from the Training Analysis Information Sheets was the

next task performed in developing the GED AI math courseware.
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MODULE: (ED

(
1) UNIT: Decimals

4.0
Solves

/ Dcimal
- Word

Prolems

4.1 4.2

itates Correct Solves Simple
order of Steps __ IProbler
.,or Solving with Some

irob len isteps Given 4.2.1
______ Identifies

3 4.3.1 Information
for Steps if

Finds and C rNot Given

St ates - P rse .0 !4J
Important NuPhric orm

L Facts umeric r -

4.4.1

Identifies Identifies

-uestiun and Numbers f.r
,,3 Units of 'Precisio 4

Answer Words

states Type

and J
'_, Order of -

LOperations 4.5.1 4.5,2 4.5.3

ITentifies Identifies States
41Addition or Subtraction Alternative4.6 OAleratins i

I 46 Multiplication or Division Operations
Computes, ___ lRequired Required for Solutioni

Checks, .3 and Labels

Answer

EXPLANATORY NOTES:

Identification indicates the Al module as GED and the unit as decimals. The
units are: decimals, percent, interpreting data, and algebra.

(2' Maior Task the box contains a statement of the major performance task for a
(1.0... 4.0) topic within the unit. The number indicates the sequence of this

topic/task in relation to all topics selected for this instruct-

ional unit (e.g., 4.0 indicates that this is topic number 4 and
the fourth major applications task in the sequence of tasks for
decimals unit). The task number commences at 1.0 for each topic
within each of the four GED units.

(3) Task Element - each box represents one or more subtasks of the major task.
The ascending decimal number indicates the general prerequisite
relationship.

4 Task Suoelement - each box represents a subtask determined to be a prerequisite
for the task element. The ascending decimal number indicates

(1.1.1... 4..3 the general order of precedence.

Figure 2-2. Task Hierarchy Chart for the Word Problems in
the Decimals Unit of the GED AI Module

-,. . .. .. " -'- - , .
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TAIS No. 3004 M O ODULE GED

UNIT Decimals

TRAINING ANALYSIS INFORMATION SHEET TOPIC Solving
Word

1 . TASK IDENTIFICATION: 4.0 
Problem;

G 2. TASK: Solves word problems by determining and performing individual or successive

steps of decimal number addition, subtraction, multiplication, division, and

rounding of answers.

3. CONDITIONS: Given word problems with decimal numerals or quantifiable word
phrases.

4. STANDARD: No errors in last three of four criterion problems

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS D SUBELEMENTS I TRAINING REFERENCES @
I MATERIAL (_D

4.0 Solves word problems 4.1 Sequence steps into None U.S. Dept. of

and states answers to correct order for Labor. AGEP

4.6 precision specified. solving vord problem,. High School
Self Study Pro-

4.1.1 Solves simple word gram. Solvn

4.2 problems and identi- Decimal Word

fies information for Problems. -

each step where not M 431-26, 1969

given.

4.3 Finds and states Hockett, S. GED

important given facts. Vathematics
4.3.1 Converts word phrase ome Study Guid4

3 C nt wo pessons 8 and 9
of quantity to arron's, 1972.

decimal numerals. 1

4.4 Identifies question LCMP Revision

to be answered and Project. How

units of answer. :o Taach Stu-

4.4.1 Identifies numbers ents to Solve
4.. Math Story
for words specifying 

ro r
Problems (DRAFT .

precision. iDC, 1972.

4.5 States required
arithmetic operationqs)

and correct sequence~of operations.

4.5.1 Identifies where

addition or multipli

cation is required.

4.5.2 Identifies where sub-

traction or division

Figure 2-3. Portion of a TAIS for a GED AI Math Topic (Sheet 1 of 2)
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EXPLANATORY NOTES:

(i TAIS No. -- The TAIS identification number. For the GED math topics,
the sequence runs from 3001 through 3016.

2 Module -- The module identification, GED, indicates that this TAIS
Unit pertains to the GED preparatory AI materials. The unit
Topic designation indicates the four major subject areas, while

the topic for a unit corresponds to a major task;

Unit Topics

Decimals Place Values, Rounding Decimals, Basic Decimal
Arithmetic Operations, Solving Decimal Word
Problems

Percent Numeric Equivalents of Percent, Basic Percent
Operations, Solving Percent Word Proolems

Data Grouping of Data, Reading Graphs, Computing an
Average

Algebra Symbols and Vocabulary, Basic Expressions,
Order of Operations, Word Phrases as Algebraic

Expressions, Simplifying Expressions Solving

Word Problems with Linear Equations

C3 Task Identi- The identification number of the task (topic), commencing
fication with 1.0 for each GED unit. This identifier corresponds

to the highest level tasks on the Content Development out-
lines and Task Hierarchy charts, and to criterion objectives
and criterion test items.

Task -- A behavioral statement of the mathematics application skill
to be demonstrated.

Conditions -- Statements indicating the context in which the task must be
demonstrated--the "givens."

Standard -- The standard considered adequate to engure that task
learning has occurred under the stated conditions.

0 Task Elements -- A more explicit breakdown of how the task will be demonstrated,
e.g., as a set of subtasks, as a series of problems, etc.

Subelements -- Subtasks supportive of the Task Elements. The assumption is
that each must be taught or mastery demonstrated before pro-
ficiency on the task and task elements can be taught.

Supplemental -- Materials required to perform the task in the learning situ-
Training ation. SDC-produced diagrams issued as handouts in support
Material of the task Conditions.

References -- Primary source documents and materials supportive of the
training analysis and AI devdlopment.

9Figure 2-3. Portion of a TAIS for a GED Al Math Topic (Sheet 2 of 2)

• .
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Behaviorally stated instructional objectives lead directly to the development

of criterion-referenced test items. The sequencing of objectives and items

indicates the major checkpoints in the AI material and is the base from which

instructional content is developed. Two types of instructional objectives

were developed for the GED courseware: (1) criterion objectives, and (2)

enabling objectives.

Criterion objectives are end objectives associated with a specific task, each

objective specifying the type of performance required and the information given

to prompt the performance. They were derived from the Task Elements on each

TAIS. Enabling objectives are the objectives to be mastered enroute to the

criterion objectives. They are specified in the same form as criterion

objectives, but were derived from the Subelements column of the TAIS.

1. Development of Course Outline

As a first step, the SDC staff developed a Content Development Outline for each

unit within the GED module. This outline presented topics, subtopics, and

teaching points in parallel with specific tasks and subtasks from the Training

Analysis Information Sheets. Production of these outlines forced a basic

structure and sequence to the mathematics content and, thereby, to the objec-

tives and test items that were developed from the TAIS. Part of the Content

Development Outline for the decimals unit is shown in Figure 2-4. The outlines

for all four GED units are presented in Appendix A.

2. Development of Instructional Objectives

criterion objectives were developed for each Task Element specified on the

Training Analysis Information Sheets. Enabling objectives were developed for

Subelements on the TAIS to indicate, on a more detailed level, the knowledge

and skills required of an individual to master the criterion objective. Each

instructional objective was stated in behavioral terms. Figure 2-5 shows a

sample Criterion and Enabling Objectives Worksheet. Additional Criterion and

Enabling Objectives Worksheets were used, as required, to cover all of the

tasks on the TAISs. Refer to (Appendix A) for a complete set of Criterion and

Enabling Objectives Worksheets developed for the GED math courseware.
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MODULE GE __

UNIT Deciaais

CONTENT DEVELOPMENT (Cont'd)

Subject Matter Outline General Task/O, j cLlves

D' IWhere divisor is larger 3.4 Obtains quotients from deci; al
than dividend, dividends divided by whole number

and decimal divisors.
E. Rounding off uneven

quotients.

IV. Solving Decimal Word Problems
4.0 Solves word problems requiri.g

A. Examples: GED and life individual or successive stups
analogy, of adding, subtracting, mulciplying,

and/or dividing decimal numerals.
B. Five steps in procedure for

solving word problems. 4.1 States correct order of steps in
problem solving.

C. Reading problem carefully
to find important words. 4.2 Identifies and performs problem

solving steps in problems of

D. Picking out and stating the increasing difficulty.
facts; converting word
phrases to numbers in finding 4.3 Identifies important problem facts.
facts.

4.4 Identifies question to be answered
E. Finding the question to be and answer units.

answered and the answer
units; recognizing the 4.5 Decides type and order of
precision required for an arithmetic operations required.
answer.

4.6 Obtains and labels the answer.

F. Deciding upon the type of

operation(s) required; word
clues to determining if things
are coming together, separating,
coming together in equal sized
sets, or separating into equal

sized sets.

G. Problems where more than one
type and sequence of operations
is possible.

H. Working the problem; computing,
checking, and labeling an
answer.

Figure 2-4. Portion of Content Development Outline for a GED AI Math Unit

,' ~.
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TAIS No. 3004 MODULE G ). .....

UNIT Deci-%, , I ,;

TOPIC So]vi :; , .'ord

CRITERION AND ENABLING OBJECTIVES Problems

Q TASK IDENTIFICATION: 4.0

O TASK ELEMENTS: 4.1 - 4.6
4.1.1 - 4.5.3

CRITERION OBJECTIVE(S) Q ENABLING OBJECTIVE(S) (

4.0 Given three word problems, each re- 4.1 Given a scrambled list of the five
quiring a different series of arithme- steps for solving word problems,
tLc operations with decimal numbers, ORDERS the steps into the correct
SOLVES the problems and STATES the sequence for problem solving.
answers obtained to the precision
specified. 4.2 Given two word problems, one requirin

4.1.1 a subtraction and the other a multi-

4.5.1 plication of two decimal numbers,
student: (4.3) reads the problem
and IDENTIFIES important facts; (4.4)
STATES the question to he answer'ed;
(4.5) STATES the type of arth mctic
operation to be performed; (4.6)
solves the problem and STATES the
remainder or the product with named

units of measure.

4.2 Given a word problem requiring a divi
4.1.1 sion of decimal numbers, studert:
4.5.2 (4.3) STATES the important facts;

(4.4) STATES the question to be
answered; (4.5) STATES the operation
to be performed; (4.6) solves the
problem and STATES the quotient in
minutes.

4.2 Given a word problem where the solu-
4.1.1 tion is either by a division and a
4.5.3 multiplication, by two divisions, or

by addition, student: (4.5) STATES
correct sequence of one set of
operations; (4.6) solves problem and
STATES answer in minutes.

Figure 2-5. Portion of Criterion and Enabling Objectives
Worksheet for a GED AI Math Topic (Sheet 1 of 2)
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EXPLANATORY NOTES:

Q TAIS No.-- Same identifications as appear on the TAIS.
Module Each TAIS has a matching Criterion and Enabling
Unit Objectives worksheet.
Topic
Task Identification

Task Elements Numeric code identifying the range of TAIS Task
Elements and Subelements covered by these objec-
tives.

Criterion Oblectives -- Criterion objectives are prepared for the Task
Element(s) as identified on the corresponding
TAIS. A Criterion Objective may be prepared for

each Task Element or may include all Task Elements.
The number associated with the Criterion Objective
identifies the Task Element(s) for which the Crite-
rion Objective corresponds.

Enabling Objectives -- Where appropriate, one or more Enabling Objectives
are prepared for each Criterion Objective. The
number indicates the Criterion-Enabling Objective
correspondence and sequence in which the Enabling
Objective is to be presented within the instruc-

tional material.

Figure 2-5. Portion of Criterion and Enabling Objectives
Worksheet for a GED AI Math Topic (Sheet 2 of 2)

3. Development of Criterion and Enabling Test Items

SDC developed criterion and enabling test items which were keyed directly to

the criterion and enabling instructional objectives. Since test items can

serve as indicators of how well the student masters instructional segments,

considerable attention was given to their development. To aid test items

specification, the following guidelines were adopted and attempts made to

judiciously adhere to them.

e Whenever possible, test items should be performance oriented and

require that the student demonstrate skills and knowledges directly

related to the criterion objectives.
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* Each test item should elicit measurable behavior.

* The structure of the test item should be positively oriented.

* Test items requiring constructed responses are preferable to multiple-

choice items because they require the formulation of a response and

a commitment, rather than a "best guess" from a menu of choices.

* Multiple-choice items should be used when selecting or discriminating

is central to the objective, or where AI software or instructional

programming limitations preclude adequate evaluation of a constructed

response.

" The test item must be amenable to AI presentation.

Figure 2-6 shows a Test Items Worksheet. Correct answers to Criterion and

Enabling test items are indicated by a constructed response or multiple-choice

letter enclosed between parentheses and underscored. Where multiple-correct

constructed responses were anticipated, these are entered between parentheses,

with each response underscored. Additional Test Items Worksheets were used

as required to cover all of the objectives on the objectives worksheets.

Appendix A contains the complete set of Test Item Worksheets for the GED AI

math courseware.

4. USAFI Review and Final Selection of Subject Matter

Work efforts in the selection of GED AI topics, including preparation of

instructional objectives and test items, culminated during the month of March

1973 with the production of a working paper titled, "Automated Instruction

Training Analysis for the GED Mathematics Module." This working paper under-

went review (Step 3 of Figure 2-1) by mathematics and curriculum experts at

USAFI Headquarters, Madison, Wisconsin.

L. ~7 77
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Participants at the USAFI review meeting included:

Dr. Clay Brittain, Director of Research and Evaluation

Dr. Brothers, Deputy Director, USAFI

Ms. Bouri Davis-Flesch, Education Specialist

Dr. Donald Niederkorn, Edlcation Specialist-Mathematics

Mr. Ripley Sims, Education Specialist

SDC Project Staff

The content and structure of the working paper were described for the committee

and they were then asked to perform three tasks using materials provided by

SDC. The tasks were:

Task 1: Determine the relative importance of the GED mathematics subject

areas (those shown in Table 2-1) for inclusion in the AI experiment.

Task 2: Prioritize the four units and unit topics covered by the SDC Al work-

ing paper for inclusion and relative emphasis in the AI experiment.

Task 3: Review the SDC training analysis working paper for completeness,

content, difficulty, and accuracy.

To facilitate the two prioritizing tasks, SDC produced two rating scales: one

for the GED Mathematics Subject Areas (Tzsk 1) and one for the Automated Instruc-

tion Modules (Task 2). Each of these made us of a five-point scale whereby

topics could be rated from "Highly Suitable," through "So-So," to "Not Suitable."

A sample qet of the rating materials is contained in Appendix B.

The USAFI reviewers first concurred that the SDC rationale for subject matter

selection had resulted in the most appropriate choice of four units from among

the potential GED mathematics subject matter, and that the priority for unit

inclusion should be: the three General Mathematics units--Decimals (priority 1),

Percent (priority 2), Interpreting Data (priority 3)--and the Algebra unit

(priority 4). This obviated the task of rating all the GED math subject areas

9independently.



2 J nnuary 197 t~ 2-20 

TAlS No, 3004 

TEST ITEMS 

TASK IDEN1IFICATION: 4.0 

TASK 1\Lt::MENTS: 4.1- 4.6 
4.1.1- 4.5.3 

CR ITE!HON ITF:H (S) 

4.0 1'hink cnrcfully and take your time on 4,1 
the!\c last throe problems. I want 

i 

y0u to get at least two right, 

Jim enrns $24.53 per day, Each day 
he spend $.80 on carfare, $4.50 
en food nnd drink, $.10 on a 
newspaper, and $.45 on cigarettes, 
and at night he rents a hotel room 
far $8. At th~ end of a day and 
a nir,ht, how much money does Jim 
have'! left? ($10.1\8, 10.!1B 1 10 68) 

A &Lnrogc room measures 15,6 feet 
by 10.2 fact. Another storage 
room rncn~ures 20.9 feet by 14.4 
fc(!t. Find tho total storage 
space for the two rooms combined to 
the ncnres~ tenth of n squarn foot, 
{/<60.1 sgunre> fee~, 460.1, '•60.08) 

Truck No. 1 11! able to travel 
tlrlrtt,c:m nnd eight tenths miles 
on n gallon o[ HOSoline, ond its 
tnni< can liold eighteen ond four 
t.::ntlw p,.11lons, Truck No, 2 is nblo 
to crnvcl fourteen and three 
tenths miles on n gnllon of goao­
lina, nnrl its tnnk cnn hold sixtaon 
nnd nina tanths gallons. M1ich 
truck io able to travel farther on 
o full tonk of gasoline? (}._, ~) 

How much farther cnn truck 1 travel? 
(12 .7.5 miles) 

L __ . 

4.2 
4.1.1 
4.5.1 

System Development Corporation 
TM-5261/003/00 

MODULE C!tl 

UNIT Decirul1 

TOPIC Solving Wotd 
Problpt 

ENABLING !TEM(S) 

Here are the 5 steps for solving word 
problems, 

A Decide which operations are to be 
performed 

B Pick out the impertant facts 
C Read the problem carefully 

D Compute, check, and label the ansv~r 

E Pick out the question to be answered 

Put these in the order in which they 
should be performed (type the letters 
on a single line) 

(C B E A D , CBRAD) 

A carpenter needs a wooden brace to fit 
between two studs that arc 16.35 inches 
apart. lie has a piece of lumber :!0.9 
inches long from which to make the 
brace. After making the brace, how 
much lumber will. he have left over? 

There are two important facts in this 
problem 

What is one fact? (key words & numbers) 
The other fact is ••• ? 

(brace 16.35 lumber 20,9, 
16.35 20.2. 29.9 16.35) 

What is the question being asked? What 
docs the problem want to know? 

(lumber left, inchet, lgft ove~ 
leftover) 

Whn\: arithmetic operation must you 
uae to aolve thia prohlom? 
(20.90-16.35, 20.9•16.35, aubtraetion, 
subtrl!.£!, ~ • .:.• take awav) 

Now compute your anawor. 
(4,5S tncho~. 20,9o-16~3~j 

Figure 2-6. Portion of Teat Items Worksheet for a OED AI Math Topie 
(Sheet 1 of 2) 



System Development orporation

2 January 1974 2-21 TM-5261/003/00

EXPLANATORY NOTES:

TAIS No. Same identifications as appear on the TAIS and on

Module the Criterion and Enabling Objectives Worksheets.

Unit

Topic
Task Identification

(2 Task Elements -- Same numeric code, identifying the range of TAIS

Task Elements and Subelements, as appears on the
Criterion and Enabling Objectives Worksheet.

3 Criterion Item(s) -- Criterion items are prepared for each criterion

objective. The criterion item may correspond to
one or more Task Elements on the TAIS. There may
be more than one item to measure a given criterion

task. The statements labeled TASK and CONDITIONS

on the TAIS are used to derive the content and con-

text of the test item(s), while STANDARD denotes

criteria for mastery. The number of the Criterion

Item identifies the associated Criterion Objective.

Enabling Item(s) -- Enabling Items are prepared for each enabling

objective and serve as diagnostic checkpoints to

test a skill or knowledge that is required for

successful performance on each criterion objec-
tive. The number indicates the Enabling Objective--

Enabling Item correspondence.

Figure 2-6. Portion of Test Items Worksheet for a GED AI Math Topic
(Sheet 2 of 2)

Next, the three USAFI education specialists assigned relative emphasis indices

to each of the topics within the four AI units. Instead of using the five-

point scale, for eacn of the topics within a unit they assigned a relative-

percent-of-emphasis figure such that their total for each unit would be 100

percent. Table 2-2 shows the composite results of their ranking as an

average percent emphasis and a corresponding rank order for relative emphasis

of topics.
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TABLE 2-2. TOPIC EMPHASIS RANKINGS FOR GED AT MATH

COMPOSITE COMPOSITE
AI UNIT PERCENT RANK

1 Decimals

Place Values 10 3
Rounding Off 5 4
Basic Operations 50 1
Solving Word Problems 35 2

2 Percent

Equivalency of Numbers 25 3
Basic Operations: Simple Word Problems 40 1
Solving GED-type Word Problems 35 2

3 Interpreting Data

Grouping Data 4C 2
Reading Graphs 45 1
Computing an Average 15 3

4 Using Algebra

Algebraic Symbols and Vocabulary 17 2
Basic Expressions 14 4
Grouping Symbosl 12 5
Words as Algebraic Expressions 10 6
Simplifying Expressions 15 3
Solving Word Problems 32 1

The implication of these rank-orderings on subsequent AI development was that

the total instructional burden--the number of objectives and test items, and

the amount of time for student instruction and practice--was adjusted according

to the weighting implied by the rankings. However, the rank-orderings were

ot treated as priorities for exclusion where some coverage of lower priority

topics was necessary for higher priority topics. Moreover, it was decided

during the review meeting to drop the unit of Algebra from the AI development,

as well as the topic on grouping of data (Task 1.0) from the unit on Interpreting
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Data, because it was highly unlikely that the 3-4 hour Al experimental block

could include all four units and because these could be dropped without dis-

rupting the instructional continuity among the remaining topics.

During review of the SDC working paper, all of the reviewers agreed that the

SDC approach of teaching students a stepwise strategy for solving word problems

was essential and that, because of their heavy emphasis on the GED, practice

with word problems should be spread as evenly as possible throughout the AT

topics. Some of the specific suggestions which emerged from the review were

as follows:

e Drop two of the more difficult word problems from the Percent unit

(Task 3.0, TAIS 3007) or make them optional for the students performing

to criterion standard on the less difficult problems. The latter

strategy was used in the final AI materials, lesson PERC3.

* Adjust distractors on several multiple-choice questions to make them

less alike or more realistic (e.g., Percent test items 3.1 and 3.2,

TAIS 3007).

e Add whole numbers'drill and practice for slower learners on naming,

borrowing, and carrying whole numbers as optional prework for decimals.

This was done by incorporating lesson DEC 3 into the final A materials.

e Tie the SDC approach of breaking word problems down into components of

part, whole, and percent to the P=BRT formula.

In addition, guidelines suggested by reviewers for the subsequent development of

materials included using the cadence of speech to enhance readability, keeping

the pace fast and reducing student tension with easy frames, keeping related

ideas together in word problems and emphasizing the pattern and syntax form for

different types of word problems, and keeping motivation to master the GED as

the student's primary goal.
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This review activity led SDC to make changes to the TAISs, instructional objec-

tives, and test items as needed to delete material or to review the relative

emphasis, as well as to incorporate some of the suggestions on style and tech-

nique. This updated material is contained in Appendix A. Training analysis

information for Algebra and for the data grouping topic in the unit on inter-

preting data are included in Appendix A, even though they were dropped from AI

development and remained unmodified subsequent to the review meeting.

Following this review meeting and the corresponding adjustments noted above,

SDC's GED courseware development focused entirely on Al materials for decimals,

percent, and interpreting data, including the on-line pretests and posttests

for each of these units.

D. DEVELOPMENT OF COURSE MATERIALS

The development of instructional materials proceeded from layout of lesson

content and sequence, through incorporation of instructional strategies and

encoding of the AI material, to technical critique and preliminary on-line

checkout (Steps 4.0 through 7.0 of Figure 2-1). This phase of GED AI materials

development took place during the April through July 1973 time period.

SDC was to develop 12 hours of GED AI material from which approximately 4 hours

would be selected for use within the experiment. The material was to be individ-

ualized for self-paced presentation within the AI field experiment setting. The

instructional sequences were to be specified in a manner consistent with the

goals of:

* Demonstrating successive mastery of enabling and criterion objectives.

* Achieving variability in time-to-mastery as a concomitant of the

student's own pace and the extent to which lessons adjust to

accommodate students of higher and lower abilities.
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Two additional factors had considerable impact upon the design and development

of AI courseware--the capabilities and limitations of:

* PLANIT, the AI applications software and user language

* The student communications device (cathode ray tube display with

alphanumeric keyboard).

1. Development of Lesson Content and Sequence

To begin production of the GED AI materials, SDC examined the topics specified

for each of the GED units to determine how the 12 hours of total instructional

time should be allocated. The USAFI priority rankings (Table 2-2 above)

provided the basis for adjusting and constraining the objectives for certain

topics. Analysis of the topic content, the relative number of enabling and

criterion objectives in each unit, and the possible strategies for adjusting

the topics to individual student abilities indicated that the bulk of instruc-

tional time would go into the units on decimals and percent, as follows:

EST. OF
UNIT ON-LINE TIME

Decimals (with whole

numbers supplement) 3-6 hrs.

Percent 3-5 hrs.

Interpreting data 1-3 hrs.

Two types of instructional materials was required: AI lessons, and--for the

unit on interpreting data--printed bar and line graphs to support the on-line

instruction and testing.

Each major task (topic), as specified on a Training Analysis Information Sheet

(TAIS), became the basic instructional production unit. For each task, the

associated content development outline, task hierarchy diagrams, TAIS, crite-

rion and enabling objectives and test items were reviewed. A basic instructional

-.



System Development Corporation
2 January 1974 2-26 TM-5261/003/00

sequence was determined for the task which proceeded from one criterion test

item to the next, with enabling objectives appropriately interspersed according

to the prerequisite order diagrammed on the task hierarchy charts. In this

way, a basic lesson structure was developed.

A series of frames was prepared in conjunction with each enabling or criterion

test item in the lesson sequence. Each frame was designed to perform one or

more of the following functions:

a Present content information, examples, test items, practice problems,

instructions, or lesson control choices to the student

* Evaluate student response as correct, incorrect, neutral, or

unanticipated

e Provide feedback messages appropriate to the category of response

and, in many cases, to the particular correct or incorrect response

given

* Decide on the next action to be taken, i.e., await another response,

proceed in sequence, skip elsewhere in the lesson, or skip to another

lesson.

These basic frame capabilities were exercised by the SDC lesson author using

character presentation, answer matching, and lesson control statements of the

AI user language, PLANIT.

A number of resources were used at this stage in determining the basic content

information and style suitable for the target group of students. In addition

to the non-SDC and SDC Job Corps mathematics revision materials cited earlier

(paragraph 2.B.1) and the suggestions which had emerged from the aforementioned

uSAFI review meeting, the following material provided useful examples of style,

-achniques, and vocabulary level:
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" Mathematics for Adults. Self-study pads under development and

evaluation by USAFI

A038.04, Addition and Subtraction of Whole Numbers

A038.05, Part 1: Multiplication of Whole Numbers

Part 2: Division of Whole Numbers

A038.12, Part A: Solving Verbal Problems

Part B: Sizing upMultiple Choice

(Mixed diagnostic p.oblems in fractions, decimals, mixed

numbers, volume, measurement, rounding, etc.)

" Post, D. (ed.) The Use of Computers in High School Mathematics.

Chapters 5 and 6, ENTELEK Inc., Massachusetts, 1970.

In creating the frames of content information, an attempt was made to adhere

to several groundrules of instructional style, i.e., to

* Let the student know where he is going and why that is important,

as a goals and context organizer at the start of each lesson

* Inform the student how he has done over sets of subgoals

* Provide clear instructions--avoid ambiguity of what is required

* Keep information and feedback as straightforward and concrete as

possible

9 Wherever possible, avoid use of mathematics terms which do not

appear on the GED test (e.g., numerator, denominator, dividend,

divisor, etc.)

a When feasible, use diagra3 on the display scope to enhance verbal

comprehension

* Try to teach students how to break word problems into components,

and a step-by-step procedure for solving the problems



System Development Corporation

2 January 1974 2-28 TM-5261/003/00

Techniques were used to gain and sustain student confidence and interest. An

attempt was made to keep the material light by introducing concepts, proce-

dures, and problems in the context of the infantry MOS, money, common tools,

cars, sports, and girls. For the topic on rounding decimals, it was decided

to introduce the main examples through a gamelike interaction. A very modest

attempt was made at humor in occasional lead-in phrases and in feedback to

certain unwarranted responses. However, most of the forms of humor originally

considered were dropped later in the development phase, due to an ambivalent

expectation with respect to effects. Frames for enhancing motivation and

gaining learner interest through games with payoff (e.g., "you can become a

percent sharpshooter or percent expert and receive a certificate that proves

it, if you get three of the next four word problems") were dropped for similar

reasons.

The composite of frames constructed for each task became a named AI lesson,

except where software limitations necessitated breaking a logical lesson into

two parts. For example, task 1.0 of the decimals unit became lesson DECi on

place values, topic 2.0 for the decimals unit became lesson DEC2 on rounding

off decimal numbers, and so forth. Where it became predictable that software

limits for an Al lesson would be exceeded, as w ' task 3.0 of the decimals

unit, subobjectives dealing with optional prework on whole number arithmetic

were broken out into a separate Al lesson. Thus task 3.0 comprises AI lessons

DEC3 (whole number arithmetic) and DEC32 (decimal arithmetic).

2. Development of Instructional Strategies

The next step was to develop instructional strategies as overlays incorporated

into the basic sequence. The main aim of these strategies was to let the most

able or most confident students progress as fast as warranted, while providing

tiers of help and review for those students who evidenced predictable difficulties

or opted for more help. Another purpose of these strategies was to maximize

the lesson coding efficiency for information display within constraints of the

student communications device.
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SDC viewed the formulation of instructional strategies from two broad levels.

This encompassed strategies that would have application across as well as

within lessons. Further, it was SDC's desire to capitalize upon those capabil-

ities of PLANIT that are provided to assist both the author in preparing the

instructional material and the student in receiving it. Decisions were made

which governed presentation, answer-matching, feedback, entry point control,

enroute control, and lesson-to-lesson control for each lesson. In some cases

these decisions on strategy were lesson-specific and in other cases they applied

across lessons. The strategy designs employed are discussed in the following

paragraphs.

a. Presentation Strategies

* As noted earlier, a straight instructional path was prepared for each

topic which led the student through the enabling objectives to the

criterion objectives. An attempt was made to hold the language level

constant for any path taken in a lesson, introducing specialized terms

only when needed to most clearly present instructional content, or

where they might aid in comprehending or working the types of problems

encountered.

* In nearly all cases, on-line representations of instruction, examples,

and problems were used. Where this was impractical, adjunct materials

were prepared for use by students.

* In presenting drill and practice on whole numbers and decimal arithmetic

operations, a strategy was used which specified the form and boundary

values of the problems to be generated, letting the AI software gen-

erate the actual numeric values for each student and for each iteration

of the problem. This technique was not applied to criterion problems

in the GED AI lessons because of the need to ensure adequate experi-

mental control over test items. However, the technique could be used
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to generate test items equivalent in syntax and boundary conditions

when using AI for testing.

e Special strategies were employed to control the amount and mix of

information on the student's display screen. The student's UIOD

(User Input/Output Device) limited Al presentations to the top 18 lines

of the CRT screen. This meant there were 17 lines for lesson pre-

sentation, because line 18 was reserved for automatic printout of

an asterisk (*) from the AI software to cue the student when a response

was required. A "roll-up" function caused old information on the

screen to be completely or partially removed, depending on the number

of new lines of information requiring display, and no hardcopy output

was available. Therefore, Al frames were developed to contain no more

than 17 lines for any given presentation. Two techniques were employed

for special cases:

- Whenever two related and successive presentations would exceed

17 lines, the first presentation was held on the screen until

the student indicated that he was ready to go on. This required

a number of neutral response frames which merely accepted the

response of "GO."

- When the same information needed to be retained on the screen

along with the presentation of a series of questions about that

information (e.g., word problems requiring 12 lines with a

question requiring 2 lines), frames were prepared that would

cause the Al software to retrieve the problem information and

then select the next question in sequence. These iterations

of displaying information from one frame mixed with a question

from another frame were continued until the student had answered

all pertinent questions. There was no loss of information to the

student as long as the combination of feedback, problem informa-

tion, and the next question did not exceed 17 lines.
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b. Answer-Matching Strategies

" The large majority of GED Al materials asked for constructed responses--

numbers, numeric expressions, single words, combined text and numbers,

key words, short phrases, and even one-line sentences. Where phrases

and sentences were possible responses, every attempt was made to detect

key words and numbers.

" Both for frames requiring constructed responses and frames requiring a

multiple-choice selection, correct as well as incorrect response

variations were anticipated, to assist the student in mastering the

material by providing appropriate feedback. Incorrect responses

served a diagnostic purpose for selecting the next action on the basis

of a specific difficulty.

" Answer-matching service routines of the AI software were used to the

greatest extent practical in order to detect and correctly match cor-

rect, incorrect, and neutral responses. This included:

- Matching phonetically equivalent responses to permit students

to receive credit for those answers in which correct spelling

was not essential.

- Matching key words and numbers in phrases so as to detect

correct, partially correct, and incorrect responses; where

order of the key words was considered unimportant, a match

would occur no matter what the order of key words in the

student's response.

- Matching numeric answers and numeric expressions as algebraic

equivalents of the author's numeric expressions. This was

useful where the problem data were generated by the software

during lesson execution.

t

* .4
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- Automatic matching of equivalent numbers, but only where this

was desirable. For example, in some problems the student was

automatically considered correct when he answered 2.5 or 2.50.

Automatic matching of numeric equivalents was not used, however,

in topics where it was critical that the student round his

numeric answer to a given place value.

- Matching numeric answers automatically within a specified

tolerance. This was useful when, for example, a problem asked

the student to give a number which was then used as a parameter

in generating his unique problem. For example, in asking the

student his current weight and then using that value in a word

problem concerning an increase in weight of a given percent

after his next vacation, it was possible to detect weights

given that were unwarranted.

- Automatic matching on one or more key characters entered by a

student in a string of characters so as to detect partially

correct or incorrect answers. This was later found to operate

unreliably in on-line tests and was, therefore, removed from

the lessons.

c. Feedback Strategies

e The ,tudent received feedback for each response entered. The feedback

was positive or negative according to whether it was for a correct,

partially correct, or incorrect response. Neutral, innocuous, or

tutorial feedback was provided in an attempt to avoid nonsequiturs

when the student's response did not match an anticipated response.

* Prompts were inserted within the instructional material to cue students

as to possible available answer choices, to obtain the remaining part

of a partially correct answer, provide additional information, or to

indicate that a response was required after a time interval had elapsed.

..... .. ..: ... ...
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d. Entry Point Strategies

The instructional starting point within the first lesson of each unit

was the same for each student. Three of the five decimals' lessons

were designed to locate an instructional starting point based on

student performance over a diagnostic sample of test items, or upon

student choice. For example, after looking at types of whole number

problems, confident students could opt to go directly to decimal

arithmetic. Otherwise, they stayed in the whole numbers lesson to see if

they were able to correctly answer the arithmetic test items. If

they could not do so, they were allowed to choose among types of whole

number drill exercises. Having reached the decimals arithmetic lesson,

students took a diagnostic sample of test items to see where instruction

should begin, allowing them to go directly to the criterion items should

they answer correctly each of the diagnostic items. For the lesson on

decimal word problems, students were allowed to choose one of three

routes based upon their entry level confidence with respect to the

stated goals: they could opt to try the criterion problems immediately,

take the slowest route of small steps, or take an intermediate route of

guided practice on word problems.

* The points of student reentry into a lesson were controlled to maintain

instructional continuity in the event that execution of a lesson was

interrupted and then resumed, e.g., at a lunch break.

e. Enroute Strategies

9 Decision points within the instructional material were specified where

the next step was contingent either upon student performance, student

choice, or a combination of both. This permitted exposure to additional

material or review of previous material, or allowed instructional seg-

ments to be skipped subject to a subsequent assessment of performance.
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@ The number of tries to correctly answer a criterion item or to correctly

answer a specified ratio of items in a set of criterion items was speci-

fied. Students who failed to meet standards of performance in the

designated number of tries were given feedback concerning their perform-

ance, followed by exposure to remedial material. The student was then

given another opportunity to meet criterion standards of performance.

* If the student was unsuccessful after a review, he was either exposed

to additional help material or, if all the material had been seen more

than once, he was either taken to the next instructional sequence or

allowed to make one of three choices: go back through review, try the

criterion problems again, or move ahead. This caused a few students who

had not completely mastered a previous sequence to be moved forward to

the next instructional segment. However, this approach also caused

certain students to be exposed to greater amounts of instructional

material than might otherwise have occurred during the 3 or 4 hours of

on-line work. The opportunity for added exposure to instructional

material, based upon the student's own perception of his needs and

confidence, was considered to be of more benefit to the student at this

point than was sole reliance on the logic of the lesson. Rather than

require a student to cycle repeatedly through the same instructional

material until he met criterion, the above strategy was adopted. It

was considered impractical to provide unlimited remedial material and

still be able to meet project commitments.

* The normal progression is for students to move forward through the

objectives, from lesson to lesson and unit to unit. In one case, the

percent unit, lessons were linked for movement backward to a decimals

lesson and return. If a student repeatedly showed inability to find

a given percent of a number, or to find what percent one number is of

another, he was looped back for review instruction and drill in decimal

multiplication or division, and then resumed where he left off in the

percent lesson.
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3. Preparation of Al Material

The AT applications software used for encoding instructional materials was

PLANIT (Programming Language for Interactive Teaching). PLANIT permits AT

lesson authors to construct sequences of frames. There are four types of frames,

each type permitting a user to specify instructional functions. Each frame

contains groups which accomplish a class of subfunctions (e.g., presenting

information, evaluating responses, taking the next action, Ltc.). Groups, in

turn, contain one or more lines of information to be presented, and PLANIT

control statements. Instructional content, answer-matching instructions, feed-

back, and decision rules were encoded as PLANIT frames according to prescribed
1

rules and conventions Volume II of this report contains details concerning

the survey and recommendations made by SDC to the Army for selecting AI system

software, and provides amplifying information on how the PLANIT AI software

and courseware were integrated to run under the DEVTOS operating system during

this project's life cycle.

SDC's commitment was to deliver the completed AT material as card decks to

ARI, who would then use the PLANIT off-line lesson-building capability to

generate the AI materials as lessons for on-line presentation. Frames contain-

ing the course content and statements for control of strategy discussed above

were prepared on worksheets from which cards for input to PLANIT could be

readily keypunched. The structure of the frames adhered to the PLANIT rules and

conventions for developing off-line instructional materials as specified in

the PLANIT Language Reference Manual, with one exception: The ampersand (@)

was used in place of the backslash (\) as the character for causing a carriage

return/line feed, as the SDC IBM 029 keypunch does not contain a backslash.

In constructing AI lesson frames, care was taken to ensure that presentations

did not exceed the display screen capacities mentioned earlier. This required

'Bennik, F. D. & Frye, C. H. PLANIT Author's Guide. SDC TM-4422/001/01,

1 October 1970.

Butler, A. K. & Frye, C. H. PLANIT Language Reference Manual. SDC TM-4422/002/01,

I October 1970.

-
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the author to be constantly cognizant of the line length (maximum of 50 char-

acters) and the number of lines required to present a display, accept a student

response, and present feedback and any subsequent instructional display before

the next response was required.

For control purposes it was decided to number the frames within each AI unit

in ascending order, even though frame numbers that appear within named AI

lessons are treated independently by PLANIT. That is, frame 10.00 can appear

in any PLANIT lesson, but may not be duplicated within a given lesson. Frames

representing enabling and criterion test items were labeled with a mnemonic

formed from the identifier that appeared on the criterion and enabling objec-

tives worksheets; for example, the frame for criterion Item 4.2 might be labeled

C42, while the frame for enabling test Item 3.1.1 might be labeled E311. This

served as a control feature for branching internal to the lesson and for quick

reference to ensure that all test items were included. Other frames were labeled

at the discretion of the author to serve as reference points within the instruc-

tional material. This was useful when lesson listings were used to observe and

monitor student progress during the AI field experiment.

When a set of frame worksheets constituting a task was completed, it was sub-

mitted to keypunch operators for conversion to punched cards. A special sheet of

instructions was prepared to facilitate standardization of effort among several

keypunchers. Figure 2-7 depicts a completed GED AI frame encoded in the PLANIT

user language and ready for keypunch. A listing was then generated from each

set of cards. The author and other project members reviewed the listing for

errors and logical inconsistencies. Corrections made to the listing were

resubmitted for keypunching and the card decks updated accordingly.

This production cycle was repeated until AI frames had been prepared for all

tasks within a unit. Card decks of frames representing these tasks were then

grouped to form PLANIT lessons from which another listing was produced. PLANIT

limits each named AI lesson module to a maximum of 100 PLANIT frames. There is
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no PLANIT limit to the number of named Al modules which can be linked to form

a logical lesson unit or course: this is limited only by capacity of the on-

line, high-speed storage available. Therefore, a logical lesson was sometimes

named as two AI lesson modules in the interest of avoiding the 100-frame limit.

This process was repeated for each unit within the GED Al courseware. Table

2-3 displays the structure of that courseware.

1 28.00 Q E121

21N THE DECIMAL NUMBER 35.0621, THE
NUMBER 6 IS IN WHAT DECIMAL PLACE?

30 KEYWORD ON
0 PHONETIC ON

A+SECOND
B+HUNDREDTHS
0 PHONETIC OFF

A+2ND
A+2
B+lOOTHS
B+100

4A F:YES, THE 'SECOND' PLACE.
B F:YES, THE SECOND POSITION IS THE 'HUNDREDTHS'

F:PLACE VALUE. YOU SEEM TO BE ON TOP OF THIS.
F:LET'S SKIP AHEAD. B:AHEAD

-R:FIRST, SECOND, THIRD ... PLACE ?

-F:IN 35.0621, THE 6 IS IN THE SECOND
F:DECIMAL PLACE. B:29

Figure 2-7. Example of a Completed GED Al
Frame Ready for Keypunching
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TABLE 2-3. GED AI COURSEWARE STRUCTURE

GED PLANIT TOPIC NUMBER OF NUMBER OF TOTAL
UNIT LESSON AND FRAMES BY FRAMES BY FRAMES BY

(MODULE) NAME TAIS NO. FRAME NUMBERS TAIS LESSON UNIT

Place
Values

Decimals DECI 3001 10,00-87.00 91 91

DEC2 Rounding 100.50-141.00 56 56
3002

DEC3 Whole & 301.00-334.00 157 59
DEC32 Decimal 335.00-396.00 98

Arithmetic
Operations

3003

DEC4 Decimal 401.00-498.00 100 100
Word
Problems

3004

404

Percent PERCI Numeric 10.00-83.00 71 71
Equivalents

3005

PERC2 Basic 101.00-152.00 53 53
Percent
Operations

3006

PERC3 Percent 201.00-284.00 92 92
Word
Problems

3007

216

Inter- DATA Reading 1.00-48.00 47 69
preting Graphs
Data 3009

Computing 51.00-70.00 22
an Average

3010 69

p6
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4. Lesson Content and General Design

The overall sequencing of GED AI lesson materials is shown in the following

diagram.

DEC1 DEC 2 DEC3 DEC32 DE4PERCi PERC2

PERC3 
- DATA

As can be seen, nrogression through the nine AT lessons allowed buildup of

skills from decimals to percent and interpreting data. One percent lesson

(PERC2) called upon portions of a prior decimals lesson as a subroutine

(DEC32) to the extent that students could not master basic percent onerations

requiring a single multiplication or division. In addition, AI test modules

were created for use in the field experiment which would measurf, the criterion

skills possessed by students prior to entering a unit (deci-1 ercent, and

interpreting data) and after completion of a unit. Thest- r ?ssinent and

postassessment materials are discussed in paragraph 5, beluw.

The content and general design of each lesson prepared for GED AI mathematics

are indicated below.

a. Decimals Unit

o DEC1 -- Reading and Writing Decimal Numbers
TAIS 3001--Place Values

Content: The goals for the decimals unit are stated at the start of

the lesson, and the studentfs common sense application of

decimals is assessed by seeing if he can place the decimal

point numbers such that three sentences will make sense.

If he cannot, after instruction and criterion items he is

returned to these questions before exiting the lesson. The
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student is tutored successively through concepts of a decimal

number, decimal point, decimal place position, and decimal

place value. The 'place value line' is used to show the

relationship between a decimal digit's position and its place

value. When the student can recognize digits for given place

values and can name the place values for given positions, he

is shown how zeros in a decimal number do and do not change

its value. Next, the student is tutored on how decimal numbers

can be stated as equivalent fractions and as mixed numbers.

The student receives examples and practice items in selecting

and writing decimal numbers for quantifiable English phrases,

and in writing fractions or mixed numbers for decimal numbers.

Design: The lesson is generally linear in design with only a few oppor-

tunities to accelerate past instructional material. If while

answering questions on naming the decimal place position (first,

second.. .etc.) the student can aleo show he can name place

values (tenths, hundredths,...etc.), he is skipped past some

25 frames giving instruction on place values. The lesson style

is mainly expository, with examples and tutoring. Remedial

help is provided as required. If the student fails to show

mastery of criterion items, he is returned selectively to

review portions in the lesson which address those points that

are giving him trouble. If performance is below par after re-

view, he is allowed to select from more review, another try

at the problems, or moving on to the next lesson.

DEC2 -- Rounding Decimal Numbers
TAIS 3002--Rounding Off

Content: This lesson builds upon the skills in naming place positions

and place values from the prior lesson, DECI. MOS and other

life examples are used where the student sees that "close"

(rather than exact) measures are normally made. He learns

that a measure becomes less exact as proximity of the last

i~ L§>izy~~-7~.
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decimal digit to the decimal point increases, and that limiting

the number of decimal places in an answer is called "rounding."

The major rules of rounding are introduced in a series of

gamelike interactions between student and computer. The

student is presented a number and asked to give the place

value to which he wants the number rounded (hundredths,

tenths, etc.) Each iteration of the game shows him the number,

rounded as he has specified. Each game is designed to illus-

trate rules for one of the following: (1) rounding where the

decision digit is >5; (2) rounding where the decision digit

is < 5; (3) rounding where the decision digit = 5; (4) how to

handle trailing zeros when rounding. After each game inter-

action, the student is asked questions which build up to a

generalized statement of the rounding rules. Finally, the

criterion items require the student to apply these rules in

rounding decimal numbers to specified place values.

Design: The strategy of the lesson guides the student linearly through

introductory frames, game interactions illustrating the

primary rules, questions to draw out rule generalizations,

and application of the rules. The student receives a summary

of his performance over nine criterion rounding problems. For

cases where he has trouble, a reiteration of the appropriate

rule is given. If he misses four or more problems, he is

looped back for review beginning about midway in the lesson.

If criterion performance is still substandard after review,

he can opt for more review or another try at the criterion

problems before going on to the next lesson.

* DEC3, DEC32 -- Basic Decimal Operations
DEC3 -- TAIS 3003--Whole Number Arithmetic
DEC32 -- TAIS 3003--Decimal Arithmetic

Content: Lesson DEC3 introduces the learning goals as building skill,

9 accuracy, and speed in decimal arithmetic--addition, sub-
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Lraction, multiplication, and division. The enabling and

criterion items, instructional frames, and numeric drill for

decimals are contained in lesson DEC32. Because whole number

arithmetic skills are an assumed prerequisite, lesson DEC3

serves a remedial role in allowing less confident students to

gain (or regain) skills with whole number arithmetic before

going on to decimal arithmetic. DEC3 provides diagnostic

testing, numeric drill, and instruction in how to check whole

number arithmetic.

Lesson DEC32 is organized into similar sections as the whole

numbers lesson, but with more depth of instructional coverage,

more examples, and more diagnostic testing and tutorial

practice for all types of operations. Successively, the stu-

dent must show mastery of decimal addition, subtraction, multi-

plication, and division as described below. If he can evidence

mastery on a sample of enabling items, he goes directly to

the criterion items and no instruction is given; otherwise,

the start point for instruction will depend on the type of

operations giving him difficulty.

Design: The amount of time spent in these lessons will depend first

on whether whole numbers review is needed and second, on

the extent of instruction in whole numbers and in decimals.

The decision on whether to spend time on whole numbers in

DEC3 depends upon whether the student has prior practice

with decimals and, if so, how recently. If he says he has

done decimal arithmetic in the past year, he is branched

directly to DEC32. If not, he is shown examples of whole

number problems in order to determine his level of confidence.

If he says "none" of these would give him trouble, he is moved

directly to DEC32. If he says that "some" would give him

trouble, he is considered cautious and put onto a potentially

• . . .. , _ _ .. . . - . . .. '.. . . . .. . ..
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faster DEC3 track than the student who indicates pessimism in

that "all" would give him trouble. The cautious student is

given several whole number test items and, if he passes these,

he is sent on to DEC32; if not, he is allowed to choose whole

number drill problems to a maximum of three right or five tries

for each type of problem. The student can choose to receive

drill in vertical or horizontal formats. Whole number drill

problems are generated dynamically during lesson execution

by drill subroutines in the Al lesson. Cautious students

then indicate when they are finished with drill and ready

to try the test items again.

The pessimistic student is never tested diagnostically in

DEC3--he is sent directly to select from among the four types

of drill. Both the cautious and pessimistic students, in

electing to move ahead from drill to the test items, are

given the opportunity to see instruction for how to check

addition, subtraction, multiplication, and division before

going on to the whole numbers test. Students who are coming

into the test items after drill proceed through the test

sequence and on to lesson DEC32; otherwise, substandard per-

formance causes a loop back from the test items into the drill

and checking frames. Students on the pessimistic track are

given extra instruction in how to divide two whole numbers for

an even decimal quotient, before they are moved on into DEC32.

In DEC32, the student is tested with a sample from the pool of

enabling test items to see where instruction should begin.

Instruction begins from the type of decimal operation where

the student first evidences difficulty--addition, subtraction,

multilication, division by a smaller decimal number for an

even quotient, or division by a larger decimal number for an

even or uneven quotient. Each instructional segment is

----- -.
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followed by drill (student's choice of format for all but

division), the problems generated dynamically during lesson

execution by drill subroutines in the lesson. The student

must get at least three correct in five tries, otherwise

he is sent back to the appropriate instruction. 'iaving mas-

tered the drill, the student goes back over the enabling

items that led him into instruction and then on to seven cri-

terion test items. The student receives feedback tailored

to three levels of performance on the criterion items and is

moved on to the next lesson.

* DEC4 -- Solving Decimal Word Problems

TAIS 3004--Word Problems

Content: The student is shown a GED-like word problem as a goal and

is asked to choose a slow, intermediate, or fast route to

the goal. The lesson is divided into three successive con-

tent sections, as follows:

Explicit instruction on applying five steps to solving

word problems. The steps are: (1) read all words for

meaning; (2) find all the facts given; (3) find the

question asked and answer units expected; (4) decide on

the arithmetic operation(s) needed; (5) work the problem,

and check and label the answer. Instruction in this section

treats each step painstakingly and tutorially through a

sample problem.

Guided practice in applying the five steps to the solution

of four sample problems, each requiring different operations.

Three criterion word problems incorporating minimal guidance.

Students choosing the explicit instruction route receive in-

depth instruction for each of the five steps, ending with

a review of the steps, and then go on to the guided practice

and criterion items.
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Design: The student elects to start the lesson from any one of the

three points noted above, based solely upon confidence

in his abilities withrespect to the word problem presented

as a tangible goal. The amount of time committed to this

lesson will, therefore, depend substantially upon this initial

choice.

If he feels confident, he will elect to try the three cri-

terion word problems. At a midlevel of confidence, he will

undergo tutorial instruction on a sample of problems similar

in operations required to the set of criterion problems. The

least confident students will end up traversing the entire

linear sequence of frames, including special help sequences,

as required.

The lesson adjusts to the student's performance on the criterion

problems, depending upon how he started. If his performance

is to standard, he is commended and asked to sign off of deci-

mals irregardless of his track. If he was on the fast or inter-

mediate tracks and his performance is below standard, he

receives appropriate performance feedback and udergoes instruc-

tion on the next slower track. If he was on the slowest

track, the next move is selected from a menu by the student:

review options beginning about midway in the lesson, try the

criterion problems again, or end the decimals lessons.

b. Percent Unit

* PERC1 -- Equivalence of Fractions, Decimals, and Percent
TAIS 3005--Numeric Equivalency

Content: After an overview of the goals of lessons in the percent

unit, this lesson tutors students on equivalent ways to express

the same value by converting words and fractions to decimals

and percent. First, the meaning of the percent symbol is

given and the student is shown how a number of "hundredths"
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can be expressed in words, as a fraction, as a decimal, and as

a percent. The utility of using percent as a common basis

for comparison is highlighted through an exercise where the

student attempts to arrange scrambled decimal numbers into

ascending order of magnitude. After this, the student must

select in which life examples it would or would not be appro-

priate to use percent. Next, the student is tutored on how to

convert decimals to percent, and vice versa. After practice

exercises, he is taught how to convert fractions and mixed

numbers to decimals and percent; first, by rewriting the

fraction as a base-l00 fraction and, second, by long division

when the base of the fraction is not a factor of 100. Before

the criterion exercise, the student is given a list of fractions,

English phrases, decimals, and percents, and is asked to match

these to an equivalent number as it appears. The criterion

exercise requires the student to convert five commonly used

fractions and mixed numbers to their decimal and percent

equivalents.

Design: The style is expository and tutorial, with linear progression

through each of the conversion topics: decimal to percent,

percent to decimal, and mixed fractions to decimal or percent.

For each of these topics a conversion rule and worked examples

are given, the student answers questions which restate the

rule, and he is tutored through practice problems. Each of

these conversion topics ends with a review loop for students

whose performance is below standard on the enabling objectives.

At the end of a matching exercise on numeric equivalents, the

student with substandard performance chooses from four types

of review or going on to the criterion exercise. Students

who miss three or more of the seven criterion conversions are

looped back for review on using division to convert fractions

6- ,
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and mixed numbers to decimal and percent before trying the

criterion exercise one more time.

9 PERC2 -- Basic Operations in Percent Work Problems
TAIS 3006--Basic Operations

Content: The student is presented two word problems which illustrate

the two basic types of operations covered by this lesson:

(1) to find a given percent of a number, and (2) to find what

percent one number is of another. The student is taken step-

by-step through the first type of word problem using the

five steps to problem solving introduced in DEC4, the lesson

on decimal word problems. Next, the rule for finding a

percent of a number is stated and the student is given numeric

problems of the form "find X% of Y" for computational practice.

Finally, he is shown the general sentence syntax for this

type of word problem and is tutored through working a word

problem of this type. Then, he tries the criterion word

problem.

For the next topic, asking what percent one number is of

another, the student is shown that this is comparing two

values--comparing a part to a whole--the "is" portion of

the sentence to the "of" portion of the sentence. The analogy

is made that comparing part to whole means division--divide

part by whole, or divide "is..." by "of...". The student is

tutored in a sample word problem to give the numbers that

should be divided and in the computational steps for working

the problem. Then steps of the computational rule are restated

and the student works numeric problems of the form "what % is

X of Y?". Finally, the student is shown the general syntax

form of this type of word problem, is tutored through a

practice word problem, and tries the criterion word problem.
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Design: The student is stepped linearly through the sequence noted

above. For substandard performance on numeric practice

problems of the first type, the student is recycled back

through instruction and practice oncc before going on to the

practice word problem of this type. Substandard performance

on the criterion problem causes the student to be cycled

back for review, unless he has already seen the review mater-

ial. If so, the student selects from another try it the crite-

rion problem, trying both practice and criterion problems, or

moving ahead. Students who get the criterion problem right

are given the option of trying a more difficult word problem

of this type before moving on.

For the second type of problem, the student who cannot pick

the right numbers to divide or who divides incorrectly is

tutored through two more word problems before moving into

further computational practice. Substandard performance on

numeric practice problems causes one review cycle. If the

student has trouble with the criterion word problem, he chooses

among full review, trying the practice and criterion word

problems again, or moving ahead.

For either of these problem types, the student who cannot

correctly perform the requisite computational steps of multi-

plying or dividing is asked to choose among several remedial

options; one of these choices loops back to portions of lesson

DEC32 for instruction and practice in multiplying or dividing

decimals, as appropriate.

e PERC3 -- Solving Percent Word Problems
TAIS 3007--Solving Word Problems

Content: This lesson builds upon the five steps for solving word problems

introduced in the decimals word problem lesson, DEC32. Over-

layed onto this is the concept of structure in a percent word
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problem, such that problem components are a total value, part

value(s), and percent. The student's attention is focused on

finding which of these components are missing and which are

given in percent word problems. The lesson then steps the

student tutorially through finding the facts, the missing

component, and working a sequence of percent word problems.

This sequence of word problems builds as follows: finding a

part value from percent of total and total value; finding a

total from a part value and percent increase (or decrease)

with respect to that part; finding a part value from a total

and percent of total for each of the other parts; finding

percent profit (or loss) from buying and selling prices;

finding percent of a part from the total and the value of the

other part; finding total price from a reduced price and

percent discount; and, finding pretax price from a taxed

price and percent taxation.

Design: Substandard performance on each type of enabling problem

causes at least one review loop before moving on to the next

type of problem. Several remedial sequences are also acti-

vated under certain conditions. Substandard performance on

the four criterion word problems results in selective review,

according to the type of problem missed, and then another try.

The student who gets all criterion problems right is given

the option to try more difficult word problems involving

multiple steps in solving for pretax price or a partial dis-

tance.

Two of the word problems in this lesson are tailored in

accordance with numeric data given by the student. In one,

the student is asked for his weight. The lesson then builds

a word problem with this data wherein the student must find

how much he will weigh given a 10% weight increase. Another
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problem asks the student his monthly earnings and, from this,

gives a word problem stating monthly wages and the percent for

each of several deductions. The student must compute his

take-home pay. Subroutines in the Al lesson compute the

tailored portions of these problems and the correct answer,

against which the student's answer is matched. This lesson

also contains many presentation loops to keep each word problem

on the screen while presenting a series of questions about

the problem.

c. Interpreting Data Unit

0 DATA -- Reading Graphs and Computing an Average
TAIS 3009--Reading Graphs
TAIS 3010--Computing an Average

Content: The two parts of the lesson--reading graphs and computing

an average--are stated, and the student's learning goals are

organized. The lesson determines if the student has the

offline support materials (Figures 2-8 and 2-9). Using a bar

graph (Figure 2-8), the student is given tutorial instruction

and practice questions on information shown by the title, the

scales and scale units at left and bottom, the height of each

bar, and the overall shape of the graph. Building upon these

skills, the student next uses the line graph (Figure 4-9) to

learn to draw conclusions on trends over time. Tutorial prac-

tice problems successively cover information on the scales,

locating values at the top and bottom and the leftmost and

rightmost points of the trend line, and comparing the upward

and downward line slopes overall and for given segments of

time to derive information. Criterion problems require the

student to select conclusiors justifiable only from information

presented on the graph, and to use a formula to compute rate

of change based upon information shown on the graph.
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problems in computing the mean of 10 numbers. This subroutine

generates the lesson problem data online, and the student gets

three tries to get two problems right. if the student fails

the criterion item on averages, he is looped back to this drill

subroutine if he has not already seen it; otherwise, he is

allowed to choose between more drill or trying the criterion

problem again.

5. Preparation of Assessment Materials

On-line AI materials for preassessment and postassessment of student performance

were prepared. Using the Criterion and Enabling Test Items Worksheets, a list

of items was prepared. From this li't, two test versions for each GED Al unit

were prepared. The test item count by unit and pretest/posttest (version A/B)

was as follows:

NO. OF ITEMS NO. OF FRAMES
PLANIT

UNIT NAME VERS. A VERS. B VERS. A VERS. B

Decimals TADEC 32 35

TBDEC 32 35

Percent TAPERC 13 19

TBPERC 13 19

Interpreting TADATA 4 9

Data TBDATA 4 9

Pretest and posttest each comprised versions of items appearing in the AI

lessons of the corresponding unit. These items were developed as follows, with

respect to each other and to comparable items in the Al lessons:

e Decimal and percent word problems were modified with respect to numbers

or to the words naming numbers. Na-es of objects, units, and proper

names were also changed (e.g., "bowling team" or "volleyball team,"

"Sam" or "Joe," etc.). The problem syntax and key words denoting

facts, question, and units of measurement were not changed.
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In the second part of the lesson, the common notion of average

is recalled for the student and he is provided a definition

of this as the concept of "mean" average. He is then shown a

worked example and receives tutoring in a practice problem.

Next, he shows that he can recognize the computational steps

by selecting from three descriptions (mean, median, mode) the

description for computing a mean. The student then receives

practice in applying the component steps of summing unordered

data items and dividing by the number of items. Finally, the

student computes the mean average of eight unordered data

items presented in a word problem.

Design: The basic lesson style is tutorial through a linear sequence

of examples and practice problems. This lesson has a higher

ratio ot multiple-choice to constructed responses than do

other lessons for GED AI math. Several remedial help sequences

are embedded in the sequence for those students who evidence

a need for special help on answering questions based upon the

height and distribution of heights of bars on the bar graph.

The student is sent through one complete review loop on bar

graphs if his answers to criterion problems are below stan-

dard; he is taken on to the topic on line graphs after this

review and another try at the criterion problems. Students

are carefully tutored through all the major line graph ob-

jectives.

Examples and problems for the topic on computing an average

are straightforward and linear. There is a review loop for

the student who cannot select the computational definition

for the mean average after seeing a worked example and under-

taking a practice problem. Later, if the student cannot

apply the computational rule to select the correct multiple-

choice answer to a problem, he is given numeric drill
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" All constructed response items were changed such that the numeric content

was varied; key numbers in the problem and the required numeric answers

retained the same number of whole and decimal digits among items, and

the same arithmetic operations were needed.

" In several multiple-choice items, the form of numbers in the alter-

natives remained the same but the numbers were changed, as was the

position of the correct answer alternative. In two multiple-choice

items, relational words of the stem (rise/drop) or in the answer alter-

natives (increasing/decreasing) were changed such that the correct

answer alternative became different among items.

As with the production of AI lesson materials, the tests were encoded in the

PLANIT language and keypunched. Listings were prepared for each test and

version, reviewed, and modifications made as required. These test materials

were not used for differential initial placement into the AI lessons, nor for

diagnostics of other kinds.

6. Delivery of Materials and ARI Technical Review

Completed sets of course and test materials--decks, listings, and adjunct

materials--were shipped to ARI in June and July. ARI converted the card

decks into the character set required for use at the test facility at Fort

Hood, Texas. As a backup, a set of course materials was also sent to Fort

Hood.

During July, ARI conducted an on-line check of lessons DEC1, DEC2 and DEC3.

Telephone communications in July indicated that these runs were uncovering

problems with numeric answer-matching and decision statements based upon

cumulative lesson records; it could not be determined that the problems were

in the AI software or the courseware. During the first week of August, Major

Ken Fearing, a mathematics teacher and Army reserve consultant for ARI, con-

ducted an extensive content review of the GED AI lessons. Working closely with

the SDC lesson author, Major Fearing conducted a page-by-page review of the

five lesson listings for the GED AT decimals unit and made working notes for

A , A.
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frame revisions, additions, and deletions. The major portion of the changes

suggested was to serve the following purposes: (1) making instructions to

students more explicit; (2) clarifying content passages or examples; and (3)

filling gaps with transitionary content. ARI staff personnel also tried lessons

DECI and DEC2 during the SDC author's presence at ARI. These on-line tryouts

served to suggest changes needed both to the AI software and to the courseware.

Some of the changes resulting from this technical review were incorporated

into DEC1 and DEC2 by the SDC author using PLANIT in the on-line edit mode at

ARI. The remaining suggestions for DEC3, DEC32, and DEC4 were incorporated

via keypunch or on-line edit after arrival at Fort Hood, Texas early in August.

The decision was made during this work to use the GED AI decimals unit as the

lesson materials for the Fort Hood Al field experiment.

-____-_____--_________-____5
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Section 3: CONDUCT OF THE FIELD TEST

A. PRELIMINARY ACTIVITIES

1. Identification and Selection of the Subject Pool

The study was directed toward 11B40 personnel. The problem was to both identify

11B40 personnel and determine those who would need or benefit by MOS training

in crew served weapons or tactics or in GED mathematics. The approach used was

to obtain the personnel data on 11B40 personnel from the PA6 tapes covering the

2nd Armored Division and 1st Cavalry Division at Fort Hood, Texas. Listings of

summary data were prepared and carl decks containing identifying information

were punched from the tapes. These card decks were sent to the Enlisted Evalua-

tion Center, Fort Benjamin, Harrison, Indiana to obtain the 1972 MOS proficiency

test scores. Updated listings (Figure 3-1) and card decks were then prepared.

In August 1973, a month prior to the start of MASSTER Test 122, the card decks

were run against the SIDPERS personnel system (which replaced the PA6 system at

Fort Hood). Two critical pieces of information regarding the listed 11B40

personnel were obtained from this run: (1) whether they were still at Fort Hood;

and (2) their current education levels. On the basis of this information,

listings (Figure 3-1) of the subject pool were prepared and delivered to

Headquarters MASSTER.

Those with GT scores below 88 (8th Grade Level is 90) were eliminated. Frequency

distributions were plotted of 1972 MOS Proficiency Test Scores. An upper and

lower cut-off score on the total test of 79 and 40 (score of 31 on the 125-item,

multiple-choice MOS Proficiency Test is chance) was established for inclusion

in the sample population. These cut-off scores represented breakpoints on

the distribution where the curve showed a marked change. In the 2nd Armored

Division, approximately 4% of the lower end of the distribution and approximately

15% cf the upper end of the distribution were eliminated by this process.
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The above process provided a pool of 11B40 subjects for whom training was needed

and whose education level (8th grade or higher) indicated attainment of the

minimum reading skills required for this training medium.

Preliminary analysis of the 11B40 subject pool indicated that a substantial num-

ber of 1IB40 personnel had neither obtained their high school diploma nor met the

GED high school equivalency requirements. However, experience with 11B40

personnel during the first 3 weeks of MASSTER Test 122 showed that almost all

of those selected from the pool for the test had now met the GED requirements

(only four had not, one of whom had scored very high on the pretest).

Consequently, a subsequent list of Army personnel with GT scores of 78 and above

and an education level of 7th, 8th and 9th grade was developed. All of the

GED subjects except three came from this list. Most of these subjects were

Privates or PFCs, were considerably younger than the llB4Os, and had lower GT

scores than the llB40s.

There is a probable tendency on the part of the Army to volunteer subjects who

are least important to the operation of the unit or organization. This probably

would have resulted in the subject pool for this study being more representa-

tive of nonkey personnel in the organization, i.e., personnel at the lower end

of the distribution. Therefore, by identifying the subject pool in advance, it

was felt that a better quality of participating subjects would be ensured than

were the organization free to send whomever it pleased. An example of this

occurred when one of the GED subjects 1'-ned out tQ have 2 years of college, was

not on the selection list, and had 'er -nt to fulfill the required number of

"bodies" for that particular da,-

2. Computer Checkout of Course Materials

Prior to the field test, 10 subjects were obtained for a period of 5 workdays

for course checkout. These subjects comprised 11B40, 11B20, llBlO and other

personnel. Because of system problems, the arrival and use of these personnel
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were delayed until Wednesday, 22 August 1973. Throughout the remainder of the

week a variety of system problems, e.g., not enough storage for student records,

caused computer breakdown or many restarts, which negated the effective

use of these subjects. On Monday and Tuesday, 27 and 28 August, although system

performance improved, many problems still existed, e.g., unreliable subsystems

communications. An attempt was made to increase the availability period of

the 10 subjects in question, but this was denied by the unit concerned.

SDC, ARI, TSDG and BRC personnel continued to check out the system and course

materials throughout the week, and by 31 August the system was considered

reliable enough to start MASSTER Test 122 on schedule.

Despite the limited opportunity for using personnel for tryout, many valuable

insights were obtained into 11B40 personnel requirements for taking the courses.

For example, one major effort involved updating the courseware to provide ad-

ditional specific cues indicating that a response was required and the form

of that response (e.g., on a multiple-choice question, select a letter). Based

on experience with the 10 subjects, a second major effort was to incorporate

additional anticipated incorrect responses into the course materials and to

provide specific feedback on why they were wrong.

In addition, it became apparent that on-line pretesting and posttesting of

subjects during the experiment would be impractical, as the average student

test execution time was 30 to 40 minutes. This would have reduced the avail-

able on-line computer time for AI to approximately 3 hours, which was in con-

.lict with the 4 hours allocated for the Study and Control Groups. A decision

was made to create paper and pencil tests, designated Versions A and B, for

each group, i.e., AI, Study and Control. These tests contained the same test

item as those incorporated in the on-line pretests and posttests described in

Section 2. (These tests are available at the U.S. Army Research Institute

or SDC.) Student execution time as measured by this checkout also gave indica-

tions as to the amount of AI materials that could be executed by "average"
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students during 4 hours of on-line time. Based upon these execution time

estimates, the structure for the AI courses to be used in the field experiment

was finalized as follows.

CSW TACTICS GED

LAW1 iNDIVl (1) DEC1
LAW2 INDIV3 DEC2
LAW3 SQUADI (2) DEC3
LAW4 SQUAD2 DEC32

SQUAD21 DEC4
SQUAD3
SQUAD31

A short introductory lesson called INTRO was also developed which showed the

types of questions being asked in the courses and the various methods of re-

sponding. Refer to Appendix C for a listing of lesson INTRO.

The net effects of these changes were to make the mechanics of taking the

courses simpler for 11B40 personnel so that they could concentrate on the

learning process without the frustrations entailed in not knowing how to

communicate with the computer.

B. CONDUCT OF THE EXPERIMENT

1. Experimental Design

The experimental design for each of the two MOS portions and the GED portion of

this study is shown in Table 3-1.

(1) The Lopic "Challenge and Password" in this lesson was not used during the
experiment.

(2) Instruction in the lesson concerning "Review of the Organization of a
Combat Rifle Squad" was not used during the experiment.
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TABLE 3-1. EXPERIMENTAL DESIGN

PRESELECTION PRETEST RANDOM SELECTION TRAINING POST- NTERVIEW
OF GROUPS TEST

MOS:

1IB40 personnel who Low to AI n = 30 AI Training Yes Yes

are relatively low Middle C n = 15 No Training Yes No

on MOS Proficiency Range on S n = 15 Study Training Yes No

Subtest for either Pretest

Crew Served Weapons

or Tactics; GT score

of at least 88

(slightly below 8th

Grade Level of 90).

GED:*

1IB40 personnel who Low to Al a = 30 Al Training Yes Yes

have not graduated Middle C n = 15 No Training Yes No

from high school or Range on S n = 15 Study Training Yes No

met high school Pretest

equivalency require-

ments; minimum GT

&-ore of 88.

*Apparently Fort Hood has an extensive GED program and many of the 11B40 personnel

wiio were expected to be part of the GED portion of the study had already met their

hii school equivalency requirements. Therefore, the preselection criteria on GED
*, modified during the course of the study to include any Army personnel who had
a GT score at or above 78 (slightly below the dull normal level of 80) and an
,iucation level of 7th grade or above.
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The Al Group of 30 and the Control and Study Groups of 15 each were selected

to provide the minimum number of subjects required to: (1) thoroughly sample

learner characteristics and reactions to the system; (2) show not only statis-

tically significant differences, should they occur, but also a substantial

supportive set of practical differences; (3) provide some stability to the

analysis of results by reducing the chance effect of one or two individuals

who may deviate markedly from the performance of the group as a whole.

While further increases in this minimum sample size would have been desirable

from a statistical viewpoint, a balance had to be maintained between computer

console availability and total experimental requirements. The above sample

size was considered a good compromise between the two.

2. Initial Planning

The agencies involved in the planning and conduct of the field test were:

U.S. Army Research Institute, Washington, D.C.

U.S. Army Research Institute Field Unit, Fort Hood, Texas

Tactical System Development Group (TSDG), CSC, Fort Hood, Texas

ARTADS Field Unit, Fort Hood, Texas

Headquarters MASSTER, Fort Hood, Texas

System Development Corporation, Santa Monica, Calif.

Planning activities centered around the following areas:

Computer Operation

Personnel Support

Physical Facilities

Test Subjects

Test Monitors

Test Logistics - transportation of students, messing, latrines, etc.
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The DEVTOS computer facility is a tactical system comprising a CDC 3300 central 

computer and four CDC 1700 computer RSDTs (Remote Station Data Terminals), 

each connected to five UIODs (User Input/Output Device). Both the central and - · 

remote computers have cryptology equipment attached which encodes and decodes 

the messages transmitted. Each UIOD comprises a display station (CRT and key­

board) and an IBM selectric typewriter for hardcopy output. For the purposes 

of this study, only the display station ~.ras used and the typewriters were 

"capped" with their field covers. 

1ne cenua.i computer, each RSDT and the 20 UIOD CRTs are housed in separate 

vans. (Figure 3-2 depicts the central computer.) Communication between the 

vans is by a voice "squawk box." Whenever the TOSSOC (Tactical Operations 

System Sector Operations Center), a double van which houses the 20 UIODs, is 

used, a crypto operator is required to be in attendance when the crypto equip­

ment is in use. Use of the crypto equipment increased the communication tim~ 

for transmit tj_ng and receiving messages and increased the difficulty of resolv­

i:lg problems regarding the communication hardware and software interfaces of 

the system. 

:\!:ZI had respC'r-.sibility for the PLANIT, installation, including reprogramming of 

the central comput:q· and system checkout. TSDG (assisted by BRC) was respolf­

s:.de for interfacing the CDC 1700 to accept PLANIT inputs and outputs and for 

oper~tion ~,f the system. SDC was responsible for computer on-line checkout 

of the courseware. Several factors served to further confound the situation: 

the PLANIT AI System was still in the developmental stage during the July­

August 1973 time period; th'2 RSDT hardwere and communications interface software 

hnd neve~ been run r...;~ttinuously over a prolonged time period and its reliability 

was 't'l.en .. f•Jre in question, especieJ.ly with regard to the effect of the number 

~r users (students) and with regard to the !/0 characteristics of AI messages 

(hf'.,.ry output loads with highly variable input loads); and t:he effects of 

run11:1 ng PLANIT courseware and maintaining student records on the system over 

n long period of t:f.me were unkncwn. Esrlt of the organizations involved required 

BEST AVAILABLE COPY 
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Figure 3-2. Tactical Computer Van, Comuter nperator Console
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good system analysis and careful allocation of available computer time, espe-

cially since the activities of all three agencies were taking place during the

August time frame. Complete checkout of course materials could not take place

until the various parts of the system and their interfaces were made operational.

Unique to this situation was the use of course materials to check out the various

CAI and computer software programs and their interfaces.

b. Personnel Support

ARI and TSDG personnel assigned to MASSTER Test 122 included computer operators,

crypto personnel, RSDT personnel, TOSSOC personnel, computer programmers (includ-

ing Bunker Ramo personnel assigned to TSDG), system analysts, TSDC project offi-

cers, appropriate support personnel, and ARI scientists. SDC project personnel

completed the test team.

c. Physical Facilities

Physical facilities were carefully reviewed. TSDG has only one classroom,

used periodically for briefings and other activities. Moreover, this limited

space is at the end of a 1/4-mile tunnel, which meant a minimum travel time

of 15 minutes each way. The use of Portavans placed adjacent to the TOSSOC

was considered a better solution. Three Portavans were obtained--complete

with lighting, heating and air conditioning--and located adjacent to the

TOSSOC. Field tables and folding chairs were then acquired for use within

each Portavan.

These Portavans were used for the pretests, Study and Control Group activities,

posttests, and interviewing. They provided for fairly close control of subject

activity, minimized the time lost going from one phase of the field test to

another, and resulted in a reduction of the number of test monitors required.

Telephone communication between the Portavans and TOSSOC facilitated the

smooth scheduling of test subjects into the various test phases within each

day's activities.
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d. Test Subjects

Test subjects were lIB40 personnel, Light Weapons Infantryman, except for

variations occurring in order to obtain sufficient subjects for the GED pool.

A rigid paper control was established on personnel in the subject pool. Lists

of eligible personnel in the pool were furnished to Headquarters MASSTER and

checks made to ensure that these personnel were the ones reporting as test

subjects. One of the unknowns was how 11B40 personnel would treat the CRTs in

the TOSSOC. A short preliminary instruction sheet was prepared to facilitate

getting on the computer and a short introductory lesson, INTRO, developed to

provide subjects with experience in interacting with the computer. Procedures

for handling the subjects through the various phases of test activities were

developed to ensure that their time was fully occupied in test activities.

The waiting period between the pretest and assignment to AI, Study or Control

Groups was designated as a coffee break, which also provided time for subjects

to peruse personal data on the test record sheet in their test folder. This

folder was retained by the subject during the day's activities and showed his

progress through various phases of the test. This served as a control measure

in that it identified the subject to the test personnel who, by looking at the

test record sheet, could determine if the subject was in the right place and

if he was working on the correct activity, e.g., Version B of the posttest.

e. Test Monitors

The test monitors were four NCOs, paygrade E4, who were trained to administer

and score the p-etest and posttest, conduct the Control Group activities, and

monitor the Study Group. During their training process, they took the tests,

took portions of the AI courses, and generally served as a checkout group for

the procedures used. Some consideration was given to the possible situation

of E4 personnel monitoring the activities of higher ranking NCO test subjects,

but this was not felt to be a potential problem area.



System Development Corporation
2 January 1974 3-12 TM-5261/003/00

f. Test Logistics

Test logistics involved: (1) transporting the test subjects from Fort Hood,

main post to the test area at West Fort Hood and return; (2) messing facilities

for the noon meal; and (3) toilet facilities during the day. Arrangements were

made for an Army bus to deliver the students each morning and to return the

students in the afternoon upon completion of test activities. Coffee and water

were provided to the test subjects throughout the day. The noon meal was pro-

vided primarily by the Post Exchange food truck on its regular run to the TSDG

area; the appearance of the truck signaled the noon lunch break. At the morning

briefing, subjects were offered the option of eating at the mess hall at West

Fort Hood. Those few who accepted the offer were transported to the mess area

by private car, driven primarily by test monitor personnel. Toilet facilities

comprised two portable latrines located behind the Portavans.

3. Training of Monitors

Four NCO monitors from the 163rd M.I. Battalion (C) at West Fort Hood were used

throughout the study. These were Sgts. Crane, Rains, Shaw and Skrine. They

arrived, as scheduled, on 4 September 1973 and were briefed on the purpose of

MASSTER Test 122 and the procedures to be used. The monitors were then used to

test out the procedures. They filled out the Introductory Form, the Test Data

Questionnaire, took the LAW pretest, and went on-line with the LAW course.

On 5 September, specific monitor assignments were made and the procedures-

introductory form, initial briefing, pretest, scoring, assignment to groups,

AI Group activities, Study Group activities, Control Group activities, posttest,

scoring, interview and release were dry run several times. Instructions for

use of all materials, forms, and tests were covered.
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4. Physical Layout

MASSTER Test 122 was conducted at West Fort Hood in the TSDG area, which is

somewhat removed from other activities conducted at West Fort Hood. The

physical layout is depicted in Figures 3-3 and 3-4. As noted previously,

three Portavans were obtained for MASSTER Test 122. These had windows, electric

lights, air conditioning, electric heating, field desks and folding chairs.

Portavans 1 and 2 had telephone hookups into the Fort Hood exchange; long

distance calls could be received--but not sent--from these phones. Portavan

2 contained the Alpha Dot communication equipment for the Control Group.

Pallets were used to construct walks between Portavans and the parking areas

and roads.

Portavan 1, the headquarters van, was used for scoring tests, interviewing

subjects, and briefing visitors; Portavan 2 for Control Group activities, test

administration, and interviewing subjects; and Portavan 3 for filling out the

Introductory Form, briefing on the study, Study Group activities, test adminis-

tration, and interviewing subjects.

The AI (CAI) Group activities took place in the TOSSOC van (Figure 3-5). Al

students were restricted to the guard post and TOSSOC areas.

Two portable latrines were obtained and serviced weekly.

As described in paragraph 2 above, an Army bus provided subject transportation

from Fort Hood, usually arriving between 0800 and 0830 hours and returning

around 1600 hours. Messing facilities were provided by means of a PX lunch

truck, which usually showed up around 11:15 A.M., or by transporting students

by private cars to the 163rd M.I. Bn (C) mess hall at West Fort Hood, about

2 miles away.
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Figure 3-3. Facility Layout for MASSTER Test 122
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Figure 3-4. Diagram of the Facility Layout for MASSTER Test 122
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Figure 3-5. TOSSOC Van
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5. Procedures

a. Initial Test Assignment: CSW, Tactics or GED Math

Subjects (maximum of 12) were met on arrival and directed to Portavan 3. They

were asked to fill out the Introductory Form (Figure 3-6), and were then briefed

on the purpose of MASSTER Test 122 (Appendix D contains this orientation brief-

ing). While the briefing was being conducted, student record forms were pulled

(Figure 3-7) and assignment made to one of the three subject areas based upon

MOS Proficiency Subtest Scores for CSW or Tactics (usually the lower of the two)

or, for GED, not having achieved a high school equivalency diploma (as shown on

the student form and in the subject's statements on the Introductory Form). The

appropriate pretest (half Version A and half Version B) was then pulled and

inserted into the subject's manila folder along with the student record

form.

b. Pretest

After the briefing, the 12 subjects were divided into two groups, six remaining

in Portavan 3, and six going to Portavan 2. The pretests, half Version A and

half Version B, were administered at this time. Figure 3-8 shows the instruc-

tions provided. Subjects were allowed as much time as they required to take

the pretest. For each subject, the monitors noted the start time and end time

on the test cover sheet. When finished, subjects were given a coffee break

outside the Portavan. Subjects were not told their pretest scores until after

the day's activities had been completed.

c. Assignment to Groups: AI, S or C

The pretests were scored (Figure 3-9). Those scoring too high were automatically

assigned to an XC Group and treated as other subjects in the Control Group.

The remaining subjects were assigned at random to the Al, S and C Groups by

pulling a slip of paper from a cup and assigning the subject to the group

specified on the slip. One stipulation was that there would be at least five

(sometimes four) Al Group members each day in order to maximize use of computer

L100-!
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T E ST D AT A QUE ST LG',; 'A I RE

~.jt~ ~hw22.~*%DATE 7 C2/73

hJ oSS No. )9s7- 7j 24;> RECORDED BY_______

E5 TIME IN GRADc 2P GSA!5en AGES2f

J iYK I S L- a g ED6CATION__________
~,i.~/ .(Grae cop eu or degre)~

Are you in the USAFI GED
_________________________________ High School Equivalency

'Gi R O 3Program? Yes No 41-

Figure 3-6. Sample Introductory Form



~1

System Development Corporation
2 January 1974 3-19 TM-5261/003/00

10 NUIf3LhRZ 1. S77tb75 2. LA.c

hs4 SANMI.UEL JUAN 6kALE: E05 SS, AI S I76T7J

PRIMARY 00J5: 1164C DUTY 14LS: 11840 RANK SGT

';T SCGRE: 1. C88 2 ECUCATION: A DATE Jf- BIRTH: I (j,f 47

h() S I 0e UN Ir: ADO

P(- S d: iI

14L., 3: 18

M:,_S 4: I FCNE NUMEER:

P5T: 55

- /1 .

t.CURSE: cC:.s TJTAL TiME: START IE: NC TIMf: 117/-

MLOULE: NUMBOER OF FFAMES: ~5

PRE; / vER: TIME: START TIME: EhG TINE:

PC T: o( VEt: 7 TIME: START TI,4E: /3s END 1%iE:

(,luUP A3SICNEO: fI) S C ACm I %k

Ltb.CN 1: TIME: NUM8ER OF FRAMES: I. *.

LESACN 2: TIMe: rNUNBER CF FRAMES: 1.

LESSCN 3: TIM'.: NUMBER CF t-AM:S: 1.

LES:,CN 4: TiME: NU06EA CF FRAMES: I.

LL3SN 5: TIM, NUMBER CF *RAMES: 1.

1N~ih VILW: LATE: STAR TIPE: ENC TIME: IhTtAVIEkR:

RE(.RDS: HAROCUPYS CATE:

TAPE: TAPE NUdgER: DATE:

tie4. 7.

so do

Figure 3-7. Sample Student Record Form
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_____ _____ _______________START I E ____

U IT ________ _____ END TIME: ________

DECIMALS TEST

VERSION A

I NS IN'LJCT10NS:

1.PLEASE ENTER YOUR NAME, SOCIAL SECURITY NUMBEfR, UNIT,

AND DATE AT THE TOP OF THE PACE,

2. V.A)1l F-OR 111L~ MOrifOR TO TELL YOU WHEN TO SAR.H

14ILL. ENTER THE START TIME,

~.LEI' 11!E MIONITOR KNOW WHEN YOUJ HAVE FINISHED BY RAISING

YOUR H!AND. li WILL ENTER THE END TIME.

L USE YOUR SCRATCH PAD WHENEVER YOU WANT TO.

% VORK AT YOUR OW~N PACE AND CHECK YOUR ANSWERS AS YOU GO.

";:E~N YOU HAVE COM'PLETED PUTTING IN YOUR NAME,, SSAN NUMBER, UNIT

AIND DATE, AND ARE READY TO TAKE THE TEST, LET THE MONITOR KNOW BY

R A I S I IS1 YO0UR 1;AN D

Figure 3-8. Sample Pretest Instructions
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Figure 3-9. Scoring Tests in Portavan 1
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consoles, and this many AI slips were always included in the cup. S and C

slips, which constituted the remainder of slips in the cup, matched the number

of usable subjects for that particular day, e.g., if 2 subjects out of 11 for

a particular day were XC subjects, the cup would contain 9 slips broken down to

5 AI, 2 C, and 2 S slips. Assignment of the 9 subjects to the AI, S and C

Groups was on a random basis.

d. Test Period

1. AI Group. The AI Group was signed in and given a security briefing

at the guard post, and then taken to the TOSSOC. After assignment to

a console (Figure 3-10), students followed the printed instructions

(Figure 3-11) and logged in with their student ID number, took the

short INTRO lesson to become accustomed to the computer console, and

then took their assigned course--Crew Served Weapons, Tactics or GED

Math. Subjects remained on console until they had completed their

course or the time period (average approximately 4 hours on console

for all Al subjects) had elapsed (Figure 3-12). Students logged out

for lunch when the PX truck arrived; after lunch, they logged in again

and resumed where they had left off. They were free to take coffee or

latrine breaks whenever they so desired during the day. Student activi-

ties were monitored and logged by the AI Group monitor.

2. Study Group. The Study Group was sent to Portavan 3 (Figure 3-13) and

given the instructions and study group materials for their assigned

study--Crew Served Weapons, Tactics or GED Math (Appendix E). These

Study Group materials covered the same lesson areas as those taken by

the AI Group on the computer; however, specific subject matter areas

and field manuals or texts giving paragraphs and page numbers to be

studied were cited for the Study Group.

Subjects remained in the Study Group for approrimately 4 hours, which

was the same amount of time that the AI Group averaged on the computer.
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Figure 3-10. CRT Console in TOSSOC



System Development Corporation
2 January 1974 3-24 TM-5261/003/00

When you see Type (Exactly as spaced)

LOG IN OR END (Your I.D. - example H2304163)
then press the black SEND Button

ENTER COMMAND GET INTRO - then press the black SEND Button

IDENTIFY YOURSELF (Your I.D. - example H2304163)
then press the black SEND button

When you take a break )FINISHED - then press the black SEND button

When asked what course A for Crew Served Weapon (LAW)
B for Tactics
C for GED Math
THEN press the black SEND button

Figure 3-11. Instructions for AI Group
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77A

Figure 3-12. AI Group Taking Course

|=I
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Figure 3-13. Study Group in Portavan 3

___ A
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As in all groups, they were free to take coffee and latrine breaks

whenever they so desired, and broke for lunch when the PX truck arrived.

The Study Group monitor remained in the Portavai during the study

period but was instructed not to offer help or assistance on the

materials studied.

3. Control Group. The Control Group was sent to Portavan 2 (Figure 3-14)

and given instruction in the Alpha Dot Code (Figure 3-15), an experi-

mental method of providing battlefield data to a computer data base

using a small, cigarette package size electronic device containing

six dots. (Refer to Appendix F for sample instruction and code sheets.)

The subjects learned the alphabet, numerals, and punctuaLion marks

using combinations of the six dots that resembled the way they normally

would be printed.

After learning the alphabet, each subject practiced writing scripted

messages on paper and pencil forms (Figure 3-16). When the required

number of messages had been satisfactorily completed, the subject went

on-line with the Alpha Dot Equipment, which was linked by phone line

to the ARI center in Washington. Rate of transmission and error scores

on each ,iiject were then obtained.

Subjects spent approximately 4 hours training time on Alpha Dot, the

same amount of time as the AI and Study Groups spent on their activities.

Basically, the Control Group activities during the 4-hour period kept

these subjects occupied in activities unrelated to training in Crew

Served Weapons, Tactics or GED Math. The Control Group also served

the practical purpose of furnishing the U.S. Army Research Institute

with subject experience in the use of the Alpha Dot system. Essen-

tially, this was a partial study within a study, and the Alpha Dot

results will be reported separately by ARI under the overall study

of which it is a part.
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Figure 3-14. Control Group in Portavan 2
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e. Posttest

At the end of the test period, subjects were administered the posttest in

Portavans 2 and 3. They took the opposite version of the pretest, e.g.,

Version A on pretest, Version B on posttest, and vice versa. Subjects were

allowed as much time as they required to take the posttest. Monitors noted

the start and end times on the test cover sheet for each subject. Monitors

remained in the Portavans throughout the entire test period.

f. Interview

Following scoring of the posttest, subjects in the Al Group were interviewed in

depth in regard to their experience with computer-assisted instruction (CAI)

(Figure 3-17). SDC and ARI personnel conducted the interviews, using the inter-

view form as a basis. The interviewer filled out the form based upon the sub-

ject's responses. Some questions were open ended and others required a specific

answer. Two versions of the Crew Served Weapons and Tactics Interview Form were

used: The second updated version changed the positive end of some questions

from the beginning alternative to the end alternative and revised slightly,

dropped or added certain questions. A separate questionnaire was used for the

AI subjects taking GED Math. These interview forms are shown in Appendix G.

Interviews were recorded on SONY and CRAIG cassette tape recorders unless the

subject objected to being recorded (one subject did object).

Interviews took place in each of the three Portavans, behind the Portavans and

in cars parked near the vans--wherever space and sufficient quiet were avail-

able. At the beginning, two interviews were occasionally recorded in the same

van at the same time. This resulted in some overlap of voices on the two

concurrent interviews being recorded; furthermore, occasional telephones

ringing, helicopters passing overhead, and trucks passing by on the road would

be picked up by the sound track. These, however, were not disruptive.
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Figure 3-17. Interviewing Al Group Subject in Portavan 1

- .
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Section 4: ANALYSIS OF RESULTS

A. INTRODUCTION

The data were analyzed to determine the degree to which (1) significant gains

in GED subject matter learning took place as a result of AI training, and (2)

this learning was comparable to or better than that obtained by current study

methods.

Subjects were nreselected initially for this study on the basis of their 1IB40

MOS Proficiency Test Scores and a GT score of 88 or above. Those 11B40 per-

sonnel in this pool of subjects who had not met high school equivalency require-

ments were assigned to the GED Math study. As the study developed, most of

the 11B40 personnel whose records in August showed they lacked the high school

equivalency requirement had by now (September) met the requirement. Consequently,

for the GED Math protion of the study only, the subject pool was supplemented

by additional personnel who met the lowered requirements of a GT score of 78

or above (slightly below the Dull Normal Level), with a 7th Grade education

level or above, and unrestricted as to MOS or paygrade. The result was that

most of the GED Math subjects had an education level of 7th, 8th, or 9th Grade

and were in the El, E2, and E3 paygrades.

GED Math subjects were given a pretest and then assigned at random to one of

three treatment groups: Automated Instruction (AI), Study (S), or Control (C).

After experiencing their assigned treatment condition, they were given the

posttest. The dependent variable used to determine the amount of learning that

took place was the gain score, i.e. , the posttest score minus the pretest score

on an instrument expressly designed to measure GED relevant subject matter in

the area being trained. Independent Student's t tests were made to determine

the statistical significance of critical experimental differences, namely those

occurring between the AI Group and the Control Group and the AI Group and the

Study Group.
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A series of analyses was conducted in order to test for possible contaminating

influences in data that might have affected the validity of the critical experi-

mental comparisons. Another series of analyses dealt with attitudinal data

gathered from interviews with AI subjects concerning the relative acceptabilitv

of computerized training by military personnel. Still another series of

analyses sought to isolate pertinent learning concepts in computerized

GED training that might be of value in assisting Lhe Army to establish such

training on a sound footing.

B. RESULTS OF THE GED MATH STUDY

1. Statistical Analysis

a. Comparison of AI, S and C Group Performance

(1) Critical Comparisons

The two critical comparisons of this study are between: (1) the AI and Control

Groups and (2) the Al and Study Groups. The statistics upon which these com-

parisons are made are shown in Table 4-1.

TABLE 4-1. RESULTS OF THE GED MATH STUDY

MEAN MEAN PERCENT MEAN GAIN
TREATMENT PRETEST POSTTEST INCREASE GAIN SCORE

GROUP SCORE SCORE SCORE STANDARD
(Var. 6) (Var. 7) (Var. 25) DEVIATION

AT 30 10.267 17.533 71% 7.266 5.285

S 15 9.5333 14.333 50% 4.800 4.648

C 14 8.429 9.000 7% 0.571 4.363
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The Al Group had a mean gain score of 7.266, a 71% increase in proficiency

over their pretest scores. The Control Group had a mean gain score of 0.571,

a 7% increase in proficiency over their pretest scores. The difference in

mean gain score between the A and Control Groups is 6.695 (7.266 - 0.571).

The t test was used to determine if this difference was statistically signifi-

cant. With 42 degrees of freedom and a standard error of the difference of

1.624, this difference produces a t ratio of 4.12, which is significant at

the .01 level (.01 significance = ratio of 2.70). The t ratio shows that the

possibility of the mean difference of 6.695 occurring by chance i3 remote.

Consequently, this difference can be attributed to training given the Al

Group. The sigk titccuit t ratio and the 71% incueac (i po, fcic Qie ctiw2

pos(Live stat-ticae and ptact'cal evidence that tea.,'uig takcs pace. y meaas

o f a ,miated bn truction.

The Study Group had a mean gain score of 4.800, a 50% increase in proficiency

over their pretest scores (as compared to 71% for the AI Group, a difference

of 21% in favor of the Al Grodp). The difference in mean gain score between

the AI and Study Groups is 2.466 (7.266 - 4.800). With 43 degrees of freedom

and a standard error of the difference of 1.608, this difference produces a

t ratio of 1.534 in favor of the AI Group, which is not significant at the

.05 level (.05 = t of 2.02). Although there was a 42% increase in proficiency

over the Study Group 71% - 50% = 42% , the statistical evidence does not\50%/

show that learning by means of automated instruction is more effective than

Study Group methods cf training.

Although not as germane to the study, the differences between the Study Group

and Control Group produced a t ratio of 2.52 which, with 27 degrees of freedom,

is significant at the .05 level (.05 = t ratio of 2.06, .01 = t ratio of 2.77).

Thus the Study Grup had a stgn iflcait gain in eca ting when compared te the

ConAot G'toup, atthough not as great as that of tie Al Gtoup.

.. ..... .. ., '
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A point to be raised is whether some of the GED subjects were ready to take the

GED Math Decimals module. The progression in Math courses is to master the basic

arithmetic skills of addition, subtractio.i, multiplication and division prior

to entering Decimals. There was no prior screening as to whether the GED

subjects had these basic arithmetic skills and it is suspected that a number

did not, particularly those who scored very low on the pretest. If those

scoring 3 or below on the pretest were eliminated from the statistical analysis

(four from the Al Group, none from the Study Group, and two from the Control

Group), the results would change as follows:

From To
Degrees Degrees

of of
Freedom t ratio Significance Freedom t ratio Significance

Al vs Control 42 4.12 .01 36 4.50 .01

Al vs Study 43 1.53 - 39 2.17 .05

Study vs Control 27 2.52 .05 25 2.37 .05

The t ratios for the AI Group versus the Control Group would increase and the

Study versus Control Group would decrease, with the level of significance

remaining the same. The Al Group versus Study Group results, however, would

now show significant differences in gain score in favor of the AI Group.

(2) Equivalence of Al, S, and C Groups

A number of variables were examined to determine whether, in spite of random

assignment to the three groups, one or more groups were favored (biased) in

regard to background variables or pretest scores and pretest time. The means

and standard deviations on these variables are shown in Table 4-2. Posttest

score and time and gain score are also included to present the test data as

well. The frequency distributions for these variables are provided in

Attachment A.
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TABLE 4-2. GED MATH STUDY GROUP MEANS AND STANDARD DEVIATTONS

AI STUDY I CONTROL

GROUP GROUP GROUP

VARIABLE NAME (NO.) . (n=15) (n=14)
SD M D M SD

GT Score (26) 91.4 8.3 86.9 6.3 93.8 8.3

Education (4) 8.6 0.9 8.7 0.6 9.5 1.1

Age (5) 22.2 4.9 21.7 3.8 20.7 6.0

Paygrade (2) 3.6 1.1 3.1 1.2 2.6 1.7

Pretest Score (6) 10.3 5.0 9.5 3.9 8.4 4.7

Pretest Time (21) 31.6 9.1 38.3 18.0 27.0 8.9

Posttest Score (7) 17.6 8.9 14.3 6.6 9.0 6.1

Posttest Times (23) 23.9 9.9 35.1 14.0 20.1 9.5

Gain Score (25) 7.3 5.3 4.8 4.6 0.6 4.4

The results in Table 4-2 show significant differences (.05 level) in GT score

(Var. 26), pretest time (Var. 21), and education (Var. 4). There are only

chance differences (greater than .05) in pretest score (Var. 6), age (Var. 5)

and paygrade (Var. 2). Both the Control and AI Groups had higher GT scores

than the Study Group. The Study Group took longer than the Control Group on

the pretest. The Control Group had a higher education level than the Al or

Study Groups.

These differences are not regarded as having a serious effect on the critical

comparisons made above, since the correlations of pretest score (Var. 6) with

pretest time (Var. 21), education (Var. 4), age (Var. 5) and paygrade (Var. 2)

are low, ranging from -.26 to .31, and are well within chance probabilities,

with the differences primarily in favor of the Control Croup. The correlation

between pretest score (Var. 6) and GT score (Var. 26), though higher, ranging

from .17 for the AI Group to .48 for the Study Group, is still within chance

probabilities for the sample size involved.
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(3) Intercorrelation of Variables

The intercorrelation matrix for each of the three groups for the variables listed

in Table 4-2 is given in Attachment B. These matrices are computed from the

individual values shown in Attachment C. The correlation coefficients, rounded

to two decimal places without the decimal point, are shown in the upper half of

each matrix, while the number of subjects on which each coefficient was based is

shown in the lower half of each matrix.

Of particular interest in the intercorrelation matrices is the relationship of

pretest (Var. 6), posttest (Var. 7), and gain score (Var. 25) to GT score

(Var. 26) for each of the three GED Math groups--Al, S and C. These have been

plotted in Figures 4-1, 4-2, and 4-3. Posttest and pretest scores are plotted

on the y axis and GT score on the x axis. The legend explains the entries.

Maximum test score is 32. For the AI Group, there is a significant correlation

(r = .44) between GT score (Var. 26) and gain score (Var. 25) and between post-

test score (Var. 7) and GT score (r = .36). The remaining correlations are

within chance probabilities.

lit compar'Jg gaiii score fot the Al and S Groups (Figues 4-1 and 4-2), tie

Al Guoup wcL6 fairxy consistent in showing 5ub tantiat gain Scote a opposed

to the S Group. The Al Group had 20 (67%) with gain scores of 7 or above

versus 4 (27%) in the Study Group. This is also evidenced in comparing the

number of AI subjects who scored 20 or above, 17 (57%), with the number of

S subjects, 4 (27%), who scored 20 or above. Since not all AI subjects

finished the GED Math course in the allotted time period, the posttest and

gain scores shown for the AI Group in Figure 4-1 would have been expected to

increase still further as compared to those for the S Group, had they been

allotted time to finish.



System Development Corporation

2 January 1974 4-7 TM-5261/003/00

C I"

0

CA U U

0-0

m--

r z

/) n

0 0

0

00

0--

'-a. I A

C--i--

0 -)K0
0-w w.U

4J

... .. . . . . . . . . . .- . .. . . 0 (.C.,l

,.. 0)

S0 )

4.JH
U)

0 -1
-* .4 a)

00 -0 CO a '

co 00 0
O(4~F F I. u~F- < Z 0 ~ U F- U) ~ F- U) 0 Cl CU



System Development Corporation

2 January 1974 4-8 TM-5261/003/00

- It

- S
0 -

00

0

00 U)

0 M

0

- w

0 0

0

m~ 4J

0
00

* - 4

L 0 04J4.

S 04-
)t 0 )

1-4 0)

00

0' 0 4

S' a' CO 1- I



System Development Corporation
2 January 1974 4-9 TM-5261/003/00

0

,~0 0

0 -°

$.4

o --o _._ C,

0 0U -

V) U

00

0
44

44 -

CIX~ r. c

a) 0

o U

0~ ,-U (

44 C-4

I i I I I.I



System Development Corporation

2 January 1974 4-10 TM-5261/003/00

b. Analysis of AI Group Results

(1) Introduction

There were 66 variables analyzed for the 30 subjects in the GED Math AI Groun.

Attachment D provides the frequency distribution of scores for each variable.

The means, standard deviation, range of scores for each variable, plus the

intercorrelation matrix for the 66 variables are presented in Attachment E.

Scores for each subject are shown in Attachment F. As previously explained,

coefficients rounded to two decimal places without the decimal point are shown

in the upper half of each matrix, while the number of subjects on which each

coefficient is based is shown in the lower half of each matrix.

(2) The Relation of Paygrade, Education, and Age to Automated Instruction

The intercorrelation matrix in Attachment E shows that paygrade (Var. 2),

education (var. 4), and age (Var. 5) have low negative correlations, from

-.11 to -.15, with gain score (Var. 25). These correlations, well within

chance probabilities, indicate that there is no evident relationship between

these variables and learning by means of automated instruction. Thus, auto-

mated intAucwton appears to be effective acrosw age groups, across educatton

tevel, and ac'o6 the paygrades o6 the GED Math poputation.

(3) The Relation of GT Score to Automated Instruction (AI)

GT score is derived by combining the verbal (VE) and arithmetic reasoning (AR)

scores on the Army Classification Battery (ACB) and dividing by 2. GT is

considered a measure of general aptitude or ability to learn. Combat arms

personnel, many of whom are in the lower ranges of GT score, are considered to

present special problems in training for the military services.

The resutt o6 thL5 6tudy Show that the automated 6intvuction method o6 tk'ntng

app&." faitey weel to both high and tow GT gtoup6. As shown in Figure 4-1,

subjects in the lower GT scores have posttest scores which compare somewhat

favorably to those with higher GT scores. The 15 subjects with the lowest GT
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scores (90 and below) had an average posttest score of 14.93 and the 15 highest

(92 and above), an average of 20.13. The correlation between GT score (Var. 26)

and gain score (Var. 25) is .44. However, as shown in Figure 4-1, seven of

those with GT scores of 90 and below (almost half) had posttest scores of 20

or above. There is some question also whether a number of subjects in this

group had the basic arithmetic skills of addition, subtraction, multiplication

and division, which are prerequisite for taking the Decimals module. The six

subjects who scored 4 or less on the pretest had a mean gain score of 1. If

such subjects were eliminated and the study were replicated, it is reasonable to

expect that the results would have shown little or no difference in performance

between those with low and high GT scores. In any case, the resuets o6 ti

study cfeca&j shat tat Substant numbeu5 o6 ow GT scoreu benefit by mecan

v f automated insO uction.

(4) How the AI Group Took the Course

The course variables are Total FL Frames (Var. 31), Total Entries (Var. 35),

Total Course Time (Var. 39), FL Frames per Minute (Var. 43), Entries per Minute

(Var. 47), and Entries per FL Frame (Var. 51). Frequency distributions for the

variables are shown in Attachment D; the means, standard deviations, and range

of scores are provided in Attachment E.

There were five lessons in the GED Math Decimals course. The FL Frames

(Var. 31), which is the minimum path or fast line through the course, for each

lesson are as follows:

Lesson Cumulative FL
Name FL Frame Frames

DEC1 56 56
DEC2 51 107
DEC13 5 112
DEC32 28 140

DEC4 9 149
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Six of the 30 AI Group subjects completed the course in the time period allotted,

16 were in or had completed Lesson 4, 7 were in or had completed Lesson 3, and

I was in Lesson 1. The specific number of FL Frames reached, i.e., the stopping

point for each subject, is given in the frequencv distribution for Var. 31,

Total FL Frames, in Attachment D. The correlation between total FL Frames

(Var. 31) and posttest score (Var. 7) is .58.

The totaf cote time (V . 39) fot the 30 subjects avetaged 236 mwnutes c td

ianged from 163 to 271 minutes.

The speed with which FL Frames were executed is given by the FL Frames per

Minute (Var. 43 in Attachment D). The fastest execution rate, .71 per minute,

is approximately 2 times the slowest, .41 per minute (ignoring the .09 entry).

The fastest Entries per Minute (Var. 47) execution rate is approximately 2

times the slowest, from 1.90 per minute to .93 per minute (ignoring the .52

entry). The number of Entries per FL Frame (Var. 51) is also about 2 times,

from 1.80 to 3.33 (ignoring the 5.31 entry).

(5) How Slow Learners Took the Course

To get an answer to this question, a ratio was obtained for each AI subject

from the data contained in Attachment F. The Total Entries (Var. 35) for

each subject was divided by the Total FL Frames (Var. 31), which was the

minimum fast line (FL) path to the point reached by the subject in the course.

This ratio is the number of entries made for each FL Frame.
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The ratios for the fastest 14 and the slowest 15 (ignoring the 5.31 entry) on

Total Course Time (Var. 39) are as follows:

Fastest 14 (245 minutes and below) Slowest 15 (above 245 minutes)

Entries Per FL Entries Per FL
Frame (Var. 51) Time Frame (Var. 51) Time

3.33 (195) 1.99 (258)
1.97 (217) 2.79 (250)
2.35 (230) 2.48 (258)
2.11 (209) 2.58 (269)
2.21 (245) 1.80 (271)
2.29 (228) 1.99 (266)
2.09 (213) 3.12 (250)
2.88 (238) 2.61 (259)
2.09 (239) 2.36 (250)
2.94 (228) 2.77 (252)
2.39 (222) 2.11 (249)
2.55 (232) 2.48 (246)
2.13 (198) 2.84 (267)
2.80 (185) 2.17 (251)

2.26 (255)

Total 34.13 Total 36.35
Mean 2.44 Mean 2.42
n = 14 n = 15

On the average, the 6&owest 15 subjectz made .02 entty (2.44 2.42) mote n c

FL Frame than the fastest 14. This amount6 to one additiona entuj evety 50

FL Ftarnes teached. TIW6 reeailty 6mate difference wud indicate that the

s&wet le arnerv went through t1e AT course in amost the same way as the fast

eearners and ,simply equiLed more time to tead and comptehend the matt' iat.

2. Analysis of GED Math Subjects' Attitude toward Automated Instruction (AI)

Following the posttest, subjects in the AI Group were interviewed to determine

any problems they had had in regard to automated instruction and their reactions

to CAI. A questionnaire was used by each interviewer to structure the inter-

view and record the responses. The questionnaire, with the variable number and
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scoring for each question, are shown in Appendix G. The interviews were

recorded on cassette tapes. Responses to the questionnaire (Vars. 58 through

122) are contained in Attachment D (frequency distributions) and Attachment E

(means, standard deviations and range of scores). The positive end of the

alternatives was scored highest, e.g., very effective scored 5; effective, 4;

etc.

The response of 11B40 personnel is overwhelmingly in favor of automated

instruction. They were practically unanimous (ratios of 27 to 2 or better):

" In liking automated instruction (Var. 58) and in

believing their test scores would be significantly

improved (Var. 77)

" In stating that the computer method is more effective

than Army classroom instruction (Var. 107)

" In being willing to volunteer to take AI (Var. 83)

" In thinking this method of instruction is effective

(Var. 67)

" In stating that computer courses like these should be

made available to Army personnel (Var. 82)

" In believing that new methods of training such as AI

would make Army instruction better (Var. 94) and more

interesting (Var. 95)

F .. -
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A cross-section of comments made by military personnel during the interviews

are recorded in Appendix H. These comments elicit the following characteristics:

" Characteristics of Automated Instruction

1. Quiet

2. Work at own pace

3. Provides feedback

4. Individualized instruction

5. No disruption as in classroom

6. Not an adversary situation

7. Individual teaching himself

8. Requires positive action to progress satisfactorily

* Characteristics of Course Development

1. Easy to understand

2. Material has continuity and integration

3. Builds on knowledge of subject--remedial, if required

4. Considered accurate by the student

5. Provides the facts without the B.S.

6. Eliminates unnecessary material

" Characteristics of the Learner

1. Challenge

2. Mastery over equipment

3. Can understand what is said

4. Rewarding situation, sense of individual progress and achievement,

able to advance in the lesson

5. Measured achievement--right or wrong--difference tetween pretest

and posttest
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The variations in student patterns of progress through the lessons, the fact

that learning did occur, and the observed attentiveness of subjects during the

Al learning, all tend to corroborate the interview statemt:Its.

3. Discussion of Findings

a. Introduction

In reviewing the results of the study, two basic comparisons were made between

the Automated Instruction (AI) Group and the Control (C) Group and between the

AI and Study (S) Groups. Mention should be made of the Study Group conditions.

The Study Group received the materials used for the USAFI course in General

Mathematics, D-151 and D-152, cousisting of the textbook and study guide for the

course, plus additional material on solving word problems. This material not

only includes the decimals subject matter area but also sections on the basic

arithmetic skills of addition, subtraction, multiplication and division. If

the subjects in the Study Group were deficient in these arithmetic skills, they

had a ready reference source at their disposal, should they have desired to use

it. This reference source was not available to the Al Group. This fact, in

favor of the Study Group, should be kept in mind in interpreting the comparative

results between the Al and Study Groups.

b. Learning Taking Place - Gain Score

The significant differences in gain score between the AI Group and the Control

Group show that learning takes place by means of automated instruction. The

significant differences in gain score between the Study and Control Groups

shows that learning also takes place by means of organized self-study in a

classroom situation. The statistical differences in gain score between the

AI and Study Groups are not significant, and consequently do not show that

automated instruction is more effective than organized self-study in a class-

room situation. However, the Al Group did show a 42% increase in proficiency

over the Study Group and there is some question as to whether some number of

the AI Group had the basic arithmetic skills prerequisite for taking Decimals.
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It should be noted that both the Control and Al Groups had higher CT scores than

the Study Group, that the Study Group took longer than the Control (,roun en the

pretest, and that the Control Group had a higher education level. The intercorre-

lations of these variables with pretest score are low, within chance nrobailities,

so that these differences do not have a material effect on the results obtained.

c. Posttest Time - A Measure of Confidence

Pretest and posttest times for the Al, S and C Groups were as follows:

AI S C

Pretest (Var. 21) 31.6 38.3 27.0
Posttest (Var. 23) 23.9 35.1 20.1

Difference 7.9 3.2 6.9

All three groups took less time on the posttest. However, the Al Group took

7.9 minutes less as compared to the S Group, which took 3.2 minutes less--a

difference of 4.7 minutes.

This time difference (in conjunction with higher gain scores for the Al Group)

can perhaps be considered a measure of confidence in the knowledge and skills

learned, i.e., knowing you are right. This phenomenon is borne out bv state-

ments made by the Al subjects during the conduct of their interviews, and

can be attributed to the fact that in AI instruction, the subject was tested

throughout the course and given positive feedback to that effect. This

element of knowing you are right when you are right and wrong when you are

wrong is apparently missing in the classroom or when self-study methods are

employed.

d. Attitude Toward AI

The response to and acceptance of automated instruction by military personnel

in this study is striking, as indicated by the recorded responses to questions

asked during the interview. The taped interviews show not only an acceptance
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of automated instruction, but an enthusiastic response to this method of

training. All except one of the 30 Al subjects, for example, would voluntarily

go to a computer learning center to take Al in preparation for a GED test.

e. Applicability of GED AI to Training Army Personnel

While the sample population of subjects is fairly small (n = 30), they do cover

a fairly wide range of enlisted personnel. Their length of service ranges from

6 months to 20 years, in paygrades 2, 3, 4 and 5; GT scores range from 79 to

111; education ranges from 7th to 10th grade; ages ranges from 17 to 42,

averaging 22 years. The sample comprises men of different races and different

ethnic backgrounds, including Spanish-speaking personnel. Consequently, they

can be considered a fair cross-section of enlisted personnel in the Infantry

and other combat arms who have not met their high school equivalency require-

ments. Therefore, the results obtained in this study can be expected to be

replicated with other similar groups of enlisted personnel in the combat arms.

f. Applicability of AI to Military Personnel with Lower GT Scores

The results indicate that some, not all, personnel with lower GT scores are

brought up to a level of performance that compared favorably with the perfor-

mance of personnel with higher GT socres. Of the six subjects with the lowest

GT scores (83 or below), three had posttest scores of 20 or above, and one

had a posttest score of 16.

This result is important in considering methods of training to increase the

performance level of enlisted personnel in the lower GT score brackets. It

also has some bearing on thp general Army problem of training personnel in

the lower range of GT scores. Fifty percent of the AI Croup had GT scores

of 90 or below. Automated instruction resulted in effective training in GED

Mathematics. It is highly probable that automated instruction would also

result in effective MOS training for these personnel.
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g. Applicability of AI to Those with English-Language Problems

Interviews with Spanish-speaking personnel and others in this study who have

problems comprehending the English language indicated that automated instruc-

tion allows them the opportunity to read and re-read the material until it

is understood. They indicated that language problems make it difficult to

understand instructors and to ask questions in class; texts provide no

diagnosis and feedback. Automated instruction apparently overcomes these

problems and provides a positive, nonthreatening learning experience for

these personnel.
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Section 5: CONCLUSIONS AND RECOMMENDATIONS

A. INTRODUCTION

The following conclusions and recommendations have been derived by SDC project

personnel as a result of the GED Mathematics portion of this study on the

application of tactical computers for training.

B. CONCLUSIONS

9 A sophisticated CAI system, PLANIT, has been successfully installed

on the DEVTOS tactical computer.

e GED Mathematics courseware has been developed and successfully

executed on the tactical computer.

9 Automated Instruction (AI) is effective in providing GED Mathematics

training for enlisted personnel. These enlisted personnel state AI

is an effective and easy way to learn, and the increase in proficiency

(gain scores) proves that they do indeed learn.

* Automated Instruction is well accepted by enlisted personnel. They

like it, accept it, and would like to see other GED courses presented

in this manner.

9 Enlisted personnel prefer automated instruction over study methods of

training by a ratio of 23 to 3; they prefer AI training over classroom

training by a ratio of 18 to 1.

e AI training has the effect of reducing or overcoming the verbal handi-

caps usually associated with lower GT scores. Furthermore, automated

instruction is effective for personnel in both the higher and lower

ranges of GT scores.

* Automated Instruction has the effect that the same number of entries

relative to particular topics are made by both slow learners and fast

learners. The difference is that slow learners need more time to read

and understand the material, rather than extensive remedial material.
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" Automated Instruction holds the attention of the students, requires

that they think about what they are doing, and patiently provides the

time in which to think and learn.

" Automated Instruction provides a positive learning experience in a

nonthreatening environment.

C. RECOMMENDATIONS

" As a result of this study, the U.S. Army now has Automated Instruction

(AI) courses in the GED Mathematics areas covering Decimals, Percent,

and Interpreting Data. There is a continued need for this type of

training by Army personnel who have not met the high school equivalency

requirement.

it i, tecommended that he GED Al couses be n~itaed on a taial

baPs, using temote conotes, at an Education Ceert, suc as that

at Fort Hood, Texas. Such imptementation will setve primartity to

increase the educational tevet o6 Army peronnel and, secondatiiy, to

to enhance the tAiln.tg image o6 ithe U.S. Army by ptoviding a dynamic

example o6 how subject6 can be taught in thiL medium.

" The AI GED Mathematics course covers Decimals, Percent and Interpreting

Data which is approximately 15% of the subject matter area for the GED

test in General Mathematical Ability. The remaining areas cover whole

numbers, fractions, algebra, ratio and proportion, and geometry.

Because o6 the suceaz o6 the Al method o6 instruction, it i, tecorm-

mended that additional courses be devetoped to covet Whofe Numbeu,

Ftaction6 , AlgebLa, Ratio and Ptoportion and--to the extent pkactLicable--

GeometAy.
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o Army use of AI is expected to expand. This expansion

will eventually include personnel in the lower GT ranges.

It is important to the Army to be able to differentiate

between those who can and cannot benefit from such training

and to identify the factors that account for the difference

between the two. The results of this study show that many

of tihose subjects in the lower GT ranges do as well--or

almost as well--as those in the higher GT ranges; some,

however, do not. This difference is not accounted for by

education, age, paygrade or GT score.

It i Aecommended that a study be undertaken to determine

those factors that discriminate between Army personnel in the

Zowet GT 'tage who do and do not benefit from Al ttaining.

* As a result of this study, it has been determined that

automated instruction is effective in teaching GED mathematics

to lower ranking enlisted personnel in the lower GT score

brackets. It is quite probable that AI would be effective

in providing MOS training for these personnel as well. AI

courses developed as part of this study in both the Crew

Served Weapons and Tactics areas have been field tested on

combat infantry NCOs with excellent results. However, they

have not been tried out on enlisted personnel in the lower

paygrades, a number of whom fall into the lower GT score

range.

It iz tecommended that an evatuation be made to determine

the extent to wLch Automated Instruction is an effective

means o6 providing MOS taining to E-1, E-2 and E-3 en&6ted

personnel in the eower kange of GT scota.
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e New Army tactical data systems are in the process of idvelopment
2

and installation. One of these is TOS . As part of this study,

SDC analyzed the DEVTOS system to identify the requirements which

must be met by an Al program in order to operate within the system.

It i,5 seommended that 5,mi&kr studine be conducted on new Army

tacticat data 5ystem6 including TOS 2 to detemine the probtems

which may exist in implementing AT on these 6ystefm.

2
e The TOS tactical data system is being installed at Fort Hood,

Texas. This system will not be operational for some time. This

capability can probably be utilized for AI both prior to and

after the system is operational. It is anticipated that AI can

be used to provide GED Mathematics training on AI courses already

developed, either at the TSDG facility at West Fort Hood or by

remote terminals in the Fort Hood Education Center on the main

post. A second use would be to develop AI course materials to

train personnel in the operation of the tactical system, using

the tactical consoles. An added benefit of such a training program

would be the early identification of user problems in operating

the system.

It iz recommended that: (1) an Al iystem be implemented on the TOS 2

tacticat s6ystem, (2) the system be used to priovide GED Mathematics

training for% the 2nd Aunored and 1st CavaLty Divuson peuonnee, and

(3) AT cockue matcti aZ be developed to Vrai TOS2 tacticai system

operators and identi6y problem aea in tegatd to sy.6tem ube.

-- A-A
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(page 5-6 blank)

e Tactical computers are being designed specifically to carry out

the operational mission. This is the primary purpose. However

it is probable that minor modifications in design would permit

the Army to use tactical computers to carry out the training

mission, manage the training process, test personnel proficiency

on the computer, plus other uses.

It is recommended that the tactict data stfstem design cncepts

be anatyzed to: (1) identify the problem teas in extending the

Me o tactca computeu, (2) identify the modifications that

woutd be tequited, and (3) identify atternativez and the costs and

benefits o6 imptementing 6uch modifications.
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1. Explanatory Material

AUTOMATED INSTRUCTION TRATNING ANALYSIS

FOR THE GED MATHEMATICS MODULE

The U.S. Army is conducting an experiment to determine the feasibility of

using tactical (TAC) computer systems for purposes of automated instruction

(AI) at the unit level. The materials contained in this document reflect

results of the training analysis performed in conjunction with the develop-

ment of the GED mathematics materials for the TAC/AI experiment.

Four GED mathematics subject areas have been selected for conversion into

Al format. These are:

* Decimals

e Percent

o Interpreting data

o Using algebra

The training analysis data has been organized into five sections for each of

these units. The five sections deal with: content development, task

hierarchies, training analysis information, criterion and enabling objectives,

and criterion and enabling test items. A brief description of each section

follows:

1. Content Development. On the left side of each page the logical

order of subject matter development for each unit is shown. Directly

across the page, the primary performance tasks and subtasks are arranged

hierarchically in accordance with the decimal numeration scheme shown.

That is, for Task 1.0 the enabling subtasks include those labeled 1.1,

1.1.1, 1.2, 1.2.1, and so forth. The preponderance of tasks require
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that the student solve problems. Since the GED high school

equivalency test is concerned primarily with applied mathematics,

the emphasis throughout our tasks, objectives, and items is applied

performance.

2. Task Hierarchy. Block diagrams graphically depict relationships

among tasks identified in the Content Development outlines. The

decimal numeration remains consistent throughout our materials,

and therefore permits cross referencing within this document.

3. Training Analysis Information Sheet (TAIS)

This sheet specifies in detail the subject matter areas identified

in the Content Development and the Task Hierarchy sections of this

document. The major task identification number is carried at the

top, with numeration of tasks at second and third levels appearing

in the Task Element and Subelement columns. For each major task

the performance conditions are stated, and performance standards

required to evaluate mastery of criterion test items ore stated.

Supplemental training materials additional to the CAI/AI module

are also listed, as required. To date, only one unit, Interpreting

Data, requires supplementary materials--handouts showing bar, line,

and combined line and bar graphs will be needed for reference by

the students.

4. Criterion and Enabling Objectives. These correspond directly both

to task elements and subelements on the TAIS, and to the criterion

and enabling test items. Objectives are stated behaviorally in
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all cases, in so far as this is possible for abstract subject

matter, such as mathematics.

5. Test Items. Because performance and application of learned skills

has been emphasized, items require either that students solve problems

and state numeric answers, or that they state numeric steps or expressions

obtained during the problem solving process. This is particularly

appropriate for the AI mode of instruction which permits a variety

of equivalent student numeric responses and algebraic expressions

to be matched automatically to the course author's target number

or expression. Constructed verbal responses can also be similarly

matched in a computerized training mode. Multiple choice and

matching items have also been included, especially where students

are being taught to discriminate among members of a set. Test items

are cross-referenced to criterion and enabling objectives, and to

the task statements. Dual numerals associated with an objective or

item, indicate that it it is supportive of learning of more than

one task element or subelement.

In summary, this document details specifications for the development of four

GED subject matter areas. These specifications have been developed as a

result of the TAC/AI trainLing analysis.
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2. Decimals MODULE GED

UNIT Decimals

CONTENT DEVELOPMENT

Subject Matter Outline General Task/Objective

I. Place Values 1.0 Reads and writes decimal numbers
< 1.0 and >1.0.

A. Review whole number place
values; units, tens, 1.1 Places the decimal point in common
hundreds, thousands... word phrases so that they read

logically.
B. Concept of decimal place

position and place value; 1.2 Identifies word statements which
tenths, hundredths, represent decimal numbers.
thousandths...

1.3 Cinstructs decimal numbers to
C. Equivalence of missing denote word statements.

place values to zero.
Decimal numbers with and 1.4 Converts decimals to their
without leading or trail- fractional equivalents.

ing zeros.

D. Decimal numbers as
fractions with denominators
that are powers of 10.

II. Rounding-Off Decimals 2.0 Rounds whole numbers and decimal
numbers to precision specified.

A. Next rightmost digit as
determining digit. 2.1 Rounds where determining digit is

< 5 or > 5.
B. Rule when decision digit

is midpoint. 2.2 Rounds where determining digit is 5.

C. Examples and practice.

Ill. Basic Decimal Operations 3.0 Solves numeric decimal problems for
sums, remainders, products, and

A. Analogy to whole number quotients.

arithmetic operations.
3.1 Obtains sums and remainders for

B. Operations where decimal 3.2 problems where the decimal numbers
numbers contain an unequal contain equals and unequal numbers
number of digits. of digits, and which require carrying

or borrowing.
C. Determining number of

decimal places in a product 3.3 Obtains products of decimal numbers,
or quotient. with carrying required.
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MODULE GED
UNIT Decimals

CONTENT DEVELOPMENT (Cont'd)

Subject Matter Outline General TFask/Objectives

D. Where divisor is larger 3.4 Obtains quotients from decimal
than dividend, dividends divided by whole number

and decimal divisors.

E. Rounding off uneven

quotients.

IV. Solving Decimal Word Problems
4.0 Solves word problems requiring

A. Examples: GED and life individual or successive steps

analogy, of adding, subtracting, multiplying,
and/or dividing decimal numerals.

B. Five steps in procedure for

solving word problems. 4.1 States correct order of steps in
problem solving.

C. Reading problem carefully

to find important words. 4.2 laentifies and performs problem
solving steps in problems of

D. Picking out and stating the increasing difficulty.

facts; converting word
phrases to numbers in finding 4.3 Identifies important problem facts.

facts.

4.4 Identifies question to be answered

E. Finding the question to be and answer units.

answered and the answer

units; recognizing the 4.5 Decides type and order of

precision required for an arithmetic operations requir U

answer.

4.6 Obtains and labels the answer.

F. Deciding upon the type of

operation(s) required; word
clues to determining if things

are coming together, separating,
coming together in equal sized
sets, or separating into equal

sized sets.

G. Problems where more than one

type and sequence of operations

is possible.

H. Working the problem; computing,

checking, and labeling an

answer.
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MODULE GED
UNIT Decimals

TASK( HIE1<AR:HY

111.2 1.3 1.4

JPlaces Decimall Identifies Constructs Converts Deci-
Point Correctl Word Phrases Decimal mals to Mixed
in Common Wordl for Decimal Numbers for Fraction
lPhrases Numbers Word Phrases Equivalents

.0

Rounds to
Precision

Specified

2.1 2.2

Rounds Where Rounds Where
IDetermining Determining

Digit Digit
>5 =5

3.0
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MODULE GED

UNIT Decimals

TASK HIERARCHY (Contd;)

4.0

Solves
Decimal
Word
Problems

4.1 4.2

States Correct; Solves Simple

Order of Stepsi- Problems

For Solving qith Somen
Problems . Steps Given 4.1.1

Idonti fies4.3 *3*1Ilnformation

_4 __ I 4. 1 for Steps if
;Finds and Converts Word Not GivenStates Phrases to

Important Numeric Form
Facts 1

4.4 T 4.4.1

Identifies Identifies
Question and Numbers for
Units of Precision
Answer Words

4.5
States Type

and -

Order of 4.5.1 4.5.2 4.5.3

Operations Identifies 1 Identifies 'States

Addition or Subtraction Alerativn
Multiplicatiolk or Division Operations

4.6 [Required Required for Solution

Computes, _
Checks,
and Labels
Answer J
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TAIS No. 3001 MODULE GED

UNIT Decimals

TRAINING ANALYSIS INFORMATION SHEET TOPIC Place Values

1. TASK IDENTIFICATION- 1.0

2. TASK: Reads and writes decimal numbers< 1i.0 and > I.0.

3. CONDIiIONS: Given common word phrases, decimal numbers, and mixed numbers

4. STrDA :i) No errors, or at least two consecutive correct in series of three
presentations.

5. TASK A14 TYSIc,:

SUPPLEMENTAL

TASK F EINENTS SIJB ELEMENIS TRAINING REFERENCES
' MATERIAL

1.1 Place- decimal point 1.1.1 Reads common word None Brown, Snader,
in common word phrases phrases &Simon. General
so that they read Mathematics,

logically1.1.2 Recognizes, finds, Bok1I(SF
logiallyand ypesdecial Book 1. (USAFI

o yand types decimal D151/DI52), 1964,
point symbol Chapter 4, pgs

1.2 Identifies word state- 1.2.1 Identifies place 171-192, 207-214.
ments which represent positions of digits t 2
decimal numbers in a decimal number Brown, Snader,

& Simon. General

1.2.2 Equates place pos- 
thematis

t i o n s w i t h p l a c e B o o k i , a n u l,_
1.3 Constructs decimal values of decimal oak 1. Manual,

numbers to represent numbers ests. Answers.

word phrases (USAFI D151/D15 )
1.2.3 Identifies the digits art I, Chapter

for given place & 4. Part II,

1.4 Writes mixed number values in decimal ests, vgs 50,

and fraction equivalents numbers 1-64. Part
of decimal numbers 1.2.4 Recognizes the place II, Answers,

values where numbers g

are/are not present (Continued on

in a decimal number following page)
followin .. - I
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TAIS No. 3001 (contd.) MODULE GED

UNIT Decimals

TRAINING ANALYSIS INFORMATION SHEET TOPIC Place Values

1. TASK IDENTIFICATION: 1.0 (contd.)

2. TASK:

3. CONDITIONS:

4. STANDARD:

5. TASK ANALYSIS:

SUPPLEMENTAl,

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

1.3.1 Converts mixed None Hockett, S. GED

1.4.1 numbers to decimal Mathematics
numbers Home Study

Guide.
1.3.2 Gives decimal number 

Le

1.4.2 equivalents to word 
Lesson',

statements expressing Barron's, 1972.

decimal fractions Niederkorn,
General Mathe-
matics 1 Study
Guide. USAF1,
1968, Lessons
6, 11, & key.

- . -_-~.~u
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TAIS No. 3001 MODULE GED

UNIT Decimals

TOPIC Place Values

CRITERION AND ENABLING OBJECTIVES

TASK IDENTIFICATION: 1.0

TASK ELEMENTS: 1.1 - 1.4
1.1.1 - 1.4.2

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

1.1 Given common word phrases of weight, Used as Organizer and for subelement
dollars, and measure, PLACE the skills 1.1.1 & 1.1.2.
decimal point so that the phrase
reads correctly.

1.2 MATCH quantifiable word phrases with 1.2.1 Given a decimal number, IDENTIFY
the decimal numbers they represent. which number is in which of four

place positions.

1.2.2 Given a list of place values and a
list of place positions, correctly
MATCH the place positions with
place values.

1.2.3 Given decimal numbers STATE how

many tenths, hundredths, thousandths,
and ten-thousandths are shown.

1.2.4 Given a decimal number, IDENTIFY
in which of two places numbers
are/are not present.

1.3 CONSTRUCT decimal numbers given 1.3.1 Given mixed numbers with denominators
quantifiable word statements 1.4.1 as powers of 10, STATE the decimal

1.4 Given decimal numbers, WRITE number equivalents.

fraction and mixed number equivalents. 1.3.2 Given word statements expressing
1.4.2 decimal fractions, STATE the equiva-

lent decimal numbers.
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TAIS No. 3001 MODULE (TI)

UNIT Decimals

TEST ITEMS TOPIC Place Values

TASK IDENTIFICATION: 1.0

TASK ELEMENTS: 1.1 - 1.4
1.1.1 - 1.4.2

CRITERION ITEM(S) ENABLIN ITEM(S)

1.1 Used as organizer and for subelementl 1.1.1 See ii you can decide where to nut the
skills 1.1.1 and 1.1.2, as well as 1.1.2 decimal point in the numbers so that
one criterion item. each of the next sentences makes

1.2 Uhich of these numbers says two--tenthE? sense. First...

(choose a letter... A B C) Big Pete weighs 2403 pounds. (tvDe the

A .002 number with a decimal point (240.3)

B 0.2 (B) John would have to pay $289999 for a
C 0.200 brand new small car. (type $289999 witl

Which number says twenty-seven and a decimal point) ($2899.99)

three tenths? The thickness of one sheet of newspanei

A 27.3 is 0025 inches. (.0025)

B 27.30 1.2.1 In the decimal number 35.0621, the
C 27.003 number 6 is in what decimal place?

Select one hundred fifty-one and 
(second)

thirty-nine hundredths. In 35.0621 the 2 is in what decimal

A 159.39 place? (third)

B 151.039 In 35.0621 the 0 is in what decimal
C 151.39 (C) place? (first)

1.3 Write the next three statements as In 35.0621 the 1 is in what decimal
decimal numbers. place? (fourth)

Forty-seven hundredths = ? (.47. 0.47) 1.2.2 Here are some decimal place values

Five and seven tenths = ? (5.7) A Hundreds
B Ten-thousandths

Four hundred ninety-five and C Ten ths

five hundredths = ? (495.05) C Tenths
D Thousandths

1.4 Give the fraction or mixed number for Give the letter for the 'place value'
the decimal number, that goes with the decimal 'place

.333 = ? (333/1000, 333/1,000) position' I ask for. Here's a place

151.51 = ? (151 51/100, 15151/100 position...

15,151/100) First decimal place = ? (Select a
5.25 ? (5 25/100, 5 1/4, 525/100, letter) (C)

21/4) Second decimal place = (A)

Third decimal place = ? (D)

Fourth decimal place = ? (B)
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TAIS No. 3001 (contd.) MODULE GED

UNIT Decimals

TEST ITEMS TOPIC Place Values

TASK IDENTIFICATION: 1.0 (contd.)

TASK ELEMENTS: 1.1 - 1.4
1.1.1 - 1.4.2

CRITERION ITEM(S) ENABLING ITEM(S)

1.2.3 In 6.0589, what is the number in the
tenths place? (0)

What is the number in the hundredths
place in 6.0589? (5)

What is the number in the thousandths
place in 6.0589? (8)

What nuraber iE in the ten-thousandths
place in 6.0589? (9)

What number is in the tenths place in
the decimal number .6425? (6, six)

In .6425 what number is in the
hundredths place? (4, four)

What number is in the thousandths
place of .6425? (2, two)

What number is in the ten-thousandths
place of .6425? (5, five)

1.2.4 In 0.7 is there a number in the
tenth's place (yes/no)? (yes)

In 0.7 is there a number in the
hundredths place? (no)

1.3.1 Write decimal numbers for eich of the
1.4.1 following mixed numbers.

1 30/100 = ? (1.30)

253 9/10 = ? (253.9)

16 1/1000 - ? (16.001)

1.3.2 Write the decimal numbers for the
1.4.2 next foLr word statements.

Sixty-two hundredths (.61, 0.62)

Fourteen thousandths (.014, 0.014)

Ten hundredths (.10, 0.10)

One-hundred thousandths (.100, 0.100)
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TAIS No. 3110/- MODULE GED

UNVI' Decimals

TRAINING ANALYSIS INFORMATION SHEET TOPIC Rounding Off

1. TASK IDENTIFICATION: 2.0

2. TASK: Rounds whole and decimal numbers to the precisions specified.

3. CONDITIONS: Given a series of problems requiring rounding off whole numbers,
mixed decimal numbers, and decimal fractions.

4. STANDARD: Rounds correctly in at least five of nine problems.

TASK ANALYSIS:

SUPPLEMENTAL
TASK ELEMENTS SUB ELEMENTS TRAINING I REFERENCES

MATERIAL

2.1 Rounds correctly where 2.1.1 Chooses the most im- None Same as TAIS
determining digit is 2.2.1 portant of two deci- No. 3001
<5 or >5. mal digits by proxi-

mity to decimal
2.2 Rounds correctly where point.

determining digit is 5. 2.1.2 Rounds a decimal num-
2.2.2 ber to the specified

numbe ' places.

2.1.3 Rounds a decimal num-i

ber to the specified
place value.

2.1.4 States whether deter-
mining digits are
larger thau, smaller
than, or equal to 5.

2.1.5 Selects the correct
2.2.3 rule for a rounding

action.

2.1.6 States the correct
2.2.4 rounding action for

2.1.7 given conditions of
the determining
digit.

?.1.8 Recognizes that up-
ward rounding may

result in a trailing

zero, which should
remain part of the
answer given.



System Development Corporation
2 January 1974 A-16 TM-5261/003/00

TAIS No. 3002 MODULE GED

UNIT Decimals

TOPIC Rounding Off
CRITERION AND ENABLING OBJECTIVES

TASK IDENTIFICATION: 2.0

TASK ELEMENTS: 2.1 - 2.2
2.1.1 - 2.2.4

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

IROUNDS OFF mixed decimal numbers and 2.1.1 Given a decimal number, IDENTIFIES
decimal fractions to the precisions 2.2.1 the most important of two decimal
specified. digits.

2.1 ROUNDS a set of whole, mixed, and 2.1.2 Given a decimal number and the number
fractional numbers where determining 2.2.2 of places to which it is to be
digit is .5. limited, ROUNDS the number correctly.

2.2 ROUNDS correctly where determining 2.1.3 Given a decimal number and the place
value to which it is to be limited,digit is 5. ROUNDS the number correctly.

2.1.4 Given the results of rounding off a
decimal number to stated place values
STATES whether the determining digit
was larger than, smaller than, or
equal to 5.

2.1.5 Given a list of alternatives for when

2.2.3 to round upward by 1, SELECTS the

alternative indicating that the
determining number is "5 or larger
than 5".

2.1.6 Given that the determining digit is
2.2.4 5 or >5, STATES that the last Dlace

of the answer will be increased by 1.

2.1.7 Given that the determining digit is
<5, STATES that the number in the

last place of the answer will not
change.

2.1.8 Given the results of two examples,
RECOGNIZES that if rounding results
in a trailing zero, the answer should
include the zero.
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TAIS No. 3002 MODULE GED

UNIT Decimals

TEST ITEMS TOPIC Rounding Off

TASK IDENTIFICATION: 2.0

TASK ELEMENTS: 2.1 - 2.2

2.1.1 - 2.2.4

-7

CRITERION ITEM(S) ENABLING ITEM(S)

2.1 !found 153.8 to the nearest whole 2.1.1 In... 8.38542 ...which is more
number (154) 2.2.1 important, 5 or 4? (5, five)

Round 226.0980 to the nearest 2.1.2 .08021 limited to 3 places becomes?
hundredth (226.10) 2.2.2 (.080, 0.080)

Now, round these decimals as 2.1.3 Round 6.831 to tenths. (6.8)
specified. 2.1.4 "Roundoff" gave you 3 numbers for

0.2789 to the nearest hundredth 3.746 ...
(0.28, .28) 3.746 rounded to the 'ones' place = 4

0.1120 to the nearest tenth (0.1, .1) 3.746 rounded to 'tenths' = 3.7
3.746 rounded to 'hundredths' = 3.75

2.2 Round 2.508 to the nearest unit Compare 3.746 with these results. When
(whole number) (3) you said to round to 'ones', was the next

Now, round the next four mixed and place to the right in 3.746 larger than 5,
fractional decimals as specified. smaller than 5, or equal to 5? (larger)

372.459 to the nearest tenth However, when you said to round to 'tenths'
(372.5) "Roundoff" gave you 3.7 for 3.746. Was the

number in the hundredths place larger than,
Round 965.9750 to the nearest smaller than, or equal to 5? (smaller)
hundredth (965.98)

2.1.5 The number in the place to which you
Round 0.0516 to the nearest tenth 2.2.3 are rounding will always be increased
(0.-1, .1) by one when the next number to the

Round 0.8358 to the nearest hundredth right is (select a letter)

A 5 or larger than 5 (A)
B only when larger than 5
C only when 5

D only when smaller than 5

2.1.6 In rounding off decimal numbers, only
2.2.4 consider the next number to the right

of the place to which you are
limiting your answer.

If the next number is 5 or larger
than 5, you'll increase the number in

t the last place of your answer by...?
(1, 1.0, one)

2.1.7 ... but if the next number is less than
5, will the number in the place to whi h
you are rounding change? (no)
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TAIS No. 3002 (contd.) MODULE GED

UNIT Decimals

TEST ITEMS TOPIC Rounding Off

TASK IDENTIFICATION: 2.0 (contd.)

TASK ELEMENTS: 2.1 - 2.2

2.1.1 - 2.2.4

CRITERION ITEM(S) ENABLING ITEM(S)

2.1.8 When you rounded .699 to tenths, you

got .7. What did you get rounding
.699 to hundredths? (.70, 0.70)

If I round off as specified by a math
problem and my number ends in a zero,
then my answer should include the zero

(true or false?) (true)

- ~- -- 2~ !
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TAIS No. 3003

MODULE GED

UNIT Decimals

TRAINING ANALYSIS INFORMATION SHEET TOPIC Basic

1. TASK IDENTIFICATION: 3.0 Operations

2. TASK: Solves numeric decimal problems for sums, remainders, products, and
quotients.

3. CONDITIONS: Given successive sets of problems requiring addition, subtraction,
multiplication, and division of whole and decimal numbers (NOTE: student has
choice of vertical or horizontal problem formats for addition, subtraction, and
multiplication drill, and for addition and multiplication criterion test items)

4. STANDARD: Error-free addition and subtraction. No more than one wrong answer for
each whole number multiplication or division problem. At least one correct for
each type of decimal multiplication and division problem. Maximum of five tries
to reach three correct for each type of drill exercise.

SUPPLEMENTAL
TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES

MATERIAL

3.1 States sums of adding 3.1.1 Adds whole numbers None Same as TAIS
decimal numbers, with equal and un- No. 3001

equal numbers of

digits, without and
with carrying.

3.1.2 Adds decimal numbers
with equal numbers

of digits with
carrying.

3.1.3 Adds decimal numbers
with unequal numbers
of digits with
carrying.

3.2 States remainders from 3.2.1 Subtracts whole
successively subtract- numbers with equal
ing decimal numbers. and unequal numbers

of digits without
borrowing.

3.2.2 Subtracts whole
numbers with un-
equal numbers of
digits with bor-

....... _ _rowing.
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TAIS No. 3003 (contd.)
MODULE GED

UNIT Decimals

TRAINTNG ANALYSIS INFORMATION SHEET TOPIC Basic

Operations

I. TASK IDENTIFICATION: 3.0 (contd.)

2. TASK:

L CONDITIONS:

4. STANDARD:

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

3.2.3 Subtracts decimal
numbers with un-

equal numbers of
digits with borrow-
ing.

3.3 States products of 3.3.1 Multiplies sets of

decimal numbers whole numbers with

multiplied by whole varying number of

and decimal numbers. digits.

3.3.2 Multiplies sets of
two decimal numbers
with varying numbers
of digits
and rounds products.

3.4 States quotients from 3.4.1 Divides whole number

decimal dividends into larger whole

divided by whole and number dividend for

decimal divisors, even quotient.

3.4.2 Divides whole number
into smaller whole
number dividend and
gives decimal
quotient to

precision specified.
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TAIS No. 3003 (contd.) MODULE GED

UNIT Decimals

TRAINING ANALYSIS INFORMATION SHEET TOPIC Basic

Operations
1. TASK IDENTIFICATION: 3.0 (contd.)

2. TASK:

3. CONDITIONS:

4. STANDARD:

TASK ANALYSIS:

SUPPLEMENTAL

TAK ELEME9NTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

3.4.3 Divides whole number

into larger decimal
number dividend for

finite decimal

quotient.

3.4.4 Divides decimal

number into larger

decimal number for

finite quotient.

3.4.5 Divides decimal num-

ber into smaller

decimal number for

finite decimal

quotient.

3.4.6 Divides decimal

number into smaller
decimal number and

rounds uneven quotient

to two places.
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TALS No. 3003 MODULE GEl)

UNIT Decimals

TOPIC Basic

CRITERION AND ENABLING OBJECTIVES Operations

TASK IDENTIFICATION: 3.0

TA.3K ELEMENTS: 3.1 - 3.4
3.1.1 - 3.4.6

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

I .:ivtLn f jar decimal numbers with 3.I.i ADDS two whole numbers with the:

inevcn numbers of digits in terms, same number of digits, ADDS three
,DDS by carrying and STATES sums. whole numbers with uneven numbers

of digits, and STATES sums.

!ivtan two decimal numbers with

muven numbers of digits in terms, 3.1.2 ADDS two decimal numbers with the

S1_BlKACrS by borrowing and STATES same number of digits by carrying

remainder, and STATES sum.

.!;ven decimal numbers to be multi- 3.1.3 ADDS two decimal numbers with
-lied by whole and decimal numbers uneven numbers of digits by carry-

(F uneven numbers of digits, ing and STATES sum.

:ILTIPLIES the terms and STATES
products rounded off as specified. 3.2.1 SUBTRACTS two whole numbers with

the same number of digits and

3.4 Civen prob]ems with decimal number SUBTRACTS two whole numbers with

livisors smaller and larger than uneven numbers of digits without

decimal number dividends, DIVIDES carrying and STATES remainders.

md STATES decimal number quotients.

3.2.2 SUBTRACTS two whole numbers with

unequal numbers of digits by
borrowing and SUBTRACTS the results

from a third whole number by borrow-

ing and STATES the remainders.

3.2.3 SUBTRACTS two decimal numbers with

uneven numbers of digits and

SUBTRACTS the positive remainder
from a third decimal number bv

borrowing and STATES the remainder.

3.3.1 MULTIPLIES two whole numbers having

the same number of digits and
MULTIPLIES the product with another

whole number of less digits and

STATES the product.

3.3.2 MULTIPLIES three sets of two decimal
numbers with differing numbers of

digits and STATES products rounded

as specified.
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TAIS No. 3003 (contd.) MODULE GED

UNIT Decimals

TOPIC Basic

CRITERION AND ENABLING OBJECTIVES Operations

TASK IDENTIFICATION: 3.0 (contd.)

TASK ELEMENTS: 3.1 - 3.4
3.1.1 - 3.4.6

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

3.4.1 DIVIDES a whole number divisor

evenly into a larger whole number

dividend and STATES quotient.

3.4.2 DIVIDES a whole number divisor into

smaller whole number dividend and
STATES quotient to three decimal

places.

3.4.3 DIVIDES a whole number divisor into

larger decimal number dividend and

STATES the finite decimal quotient.

3.4.4 DIVIDES a decimal number dividend

by a smaller decimal number divisor

and STATES the finite quotient.

3.4.5 DIVIDES a decimal number dividend

by a larger decimal number divisor

and STATES the finite decimal

quotient.

3.4.6 DIVIDES a decimal number dividend

by a larger decimal number divisor
and STATES quotient rounded to two

places.
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TAIS No. 3003 MODULE GED

UNIT Decimals

TEST ITEMS TOPIC Basic
Operations

TASK IDENTIFICATION: 3.0

TASK ELEMENTS: 3.1 - 3.4

3.1.1 - 3.4.6

CRITERION ITEM(S) ENABLING ITEM(S)

3.1 Add 307.9 3.1.1 Add the following
42.1 50 + 35 = (85)
9.87

712.03 (1071.90) 900 + 1 + 935 = (1836, 1,836)

OR 307.9 + 42.1 + 9.87 + 712.03 = ? 3.1.2 Add these
(1071.90) 364.785 + 199.009 = (563.794)

3.2 Subtract 4.789 from 11.91 (7.121) 3.1.3 Add the following

Subtract the result from 8.09
(.969, 0.969) .0985 + 921.985 = (922.0835)

3.3 Multiply 3.2.1 Subtract the following

81 868 - 233 = (635)

.004 to nearest tenth (.3, 03' 567 - 50 = (517)

OR 81 * .004 = ? (nearest tenth) 3.2.2 Subtract 98 from 1033. (935)

(.3, 03 Subtract the remainder you just got

Multiply from 1810. (875)

.987 3.2.3 Subtract 0.069 from 110.02 (109.951)
3.4

to nearest hundredth Subtract the remainder you just got
(3.36) from 900. (790.049)

OR .987 * 3.4 = ? (nearest hundredth)

(3.36) 3.3.1 Multiply 110 * 971 * 2 (213620, 213.620)

Multiply 3.3.2 Multiply the following and give results

1.003 rounded as stated

5.56 to nearest thousandth 92.29 * 1.03 = ? (to the tenths place)

(5.577) (95.1)

OR 1.003 * 5.56 - ? (nearest thousandth 21.9 * .0175 = ? (to hundredths)
(5.577) (. 38, 0.38)

3.4 Divide .084 * 9.915 - ? (to three places)(.833, 0.833)
2.4472 by .56 (4.37)

0.1043 by 0.4 (round to hundredths) 3.4.1 Divide these

(.26, 0.26) 10310 by 5 - ? (2062)

1575 divided by 15 - ? (105)
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TAIS No. 3003 (contd.) MODULE GED
UNIT Decimals

TEST ITEMS TOPIC Basic
Operations

TASK IDENTIFICATION: 3.0 (contd.)

TASK ELEMENTS: 3.1 - 3.4

3.1.1 - 3.4.6

CRITERION ITEM(S) ENABLING ITEM(S)

3.4.2 Divide and give results to 3 places.

Divide 2 by 500 (.004, 0.004)

10 divided by 33 (.303, 0.303

3.4.3 Divide the following and give
results to 4 places.

10.0985 by 5 (2.0197)

Divide 140.0252 by 28 (5.0009)

3.4.4 Divide 1.809 by .3 (6.03)

Divide 34.5 by .023 (1500, 1500.0)

3.4.5 Divide the following

12.116 by 23.3 (.52, 0.52)

0.224 divided by 0.4 (.56, 0.56)

3.4.6 Divide the next two and round to the

nearest hundredth.

.781 divided by 3.7 (.21, 0.21)

50.18 divided by 80.3 (.62, 0.62)
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TAIS No. 3004 MODULE GED

UNIT Decimals

TRAINING ANALYSIS INFORMATION SHEET TOPIC Solving
Word Problems

1. TASK IDENTIFICATION: 4.0

2. TASK: Solves word problems by determining and performing individual or successive
steps of decimal number addition, subtraction, multiplication, division, and
rounding of answers.

3. CONDITIONS: Given word problems with decimal numbers or quantifiable word
phrases.

4. STANDARD: At least two correct answers to the criterion problems.

5. TASK ANALYSIS:

SUPPLEMENTAL
TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES

MATERIAL

4.0 Selves word problems 4.1 Sequences steps into None U.S. Dept. of
and states answers to correct order for Labor. AGEP
precision specified. solving word problems High School

4.1.1 Solves simple word Self Study Pro-
gram. Solving

4.2 problems and identi- Decimal Word

fies information for Prblms.

each step where not PMo3-6,16
given.PM 431-26, 1969given.

4.3 Finds and states Hockett, S. GED
important given facts Mathematics

4.3.1 Converts word phrases Home Study Gu

of quantity to Lessons 8 and 9

decimal numbers. Barron's, 1972.

4.4 Identifies question JCMP Revision
to be answered and Project. How
units of answer, to Teach Stu-

dents to Solve
4.4.1 Identifies numbers fo t So

words specifying Math Story
precision. Problems (DRAFT

SDC, 1972.

.5 States required
arithmetic operation(e)
and correct sequence
of operations.

.5.1 Identifies where
addition or multipli-
cation is required.

4.5.2 Identifies where sub-
traction or division

is required.
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TAIS No. 3004 (contd.) M01LJLL GED

UNI T Dec i m

TRAINING ANALYSIS INFORMATION SHEET TOPIC Solving Word
Problems

1. TASK IDENTIFICATION: 4.0 (contd.)

2. TASK:

3. CONDITIONS:

4. STANDARD:

5. TASK ANALYSIS:

SUPPLTF ENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFFRENCESMATERI AL

4.5.3 Identifies a set of

steps to solve a
problem where alter-
nate sets of steps
can be used.

4.6 Computes, checks, and
labels answer.

1 4
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TAIS No. 3004 MODULE GED

UNIT Decimals

TOPIC Solving Word
CRITERION AND ENABLING OBJECTIVES Problems

TASK IDENTIFICATION: 4.0

TASK ELEMENTS: 4.1 - 4.6

4.1.1 - 4.5.3

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

4.0 Given three word problems, each re- 4.1 Given a scrambled list of the five
quiring a different series of arithme- steps for solving word problems,
tic operations with decimal numbers, ORDERS the steps into the correct
SOLVES the problems and STATES the sequence for problem solving.
answers obtained to the precision
specified. 4.2 Given two word problems, one requir

4.1.1 a subtraction and the other a multi-
4.5.1 plication of two decimal numbers,

student: (4.3) reads the problem
and IDENTIFIES important facts; (4.4)
STATES the question to be answered:
(4.5) STATES the type of arithmetic
operation to be performed; (4.6)
solves the problem and STATES the
remainder or the product with named
units of measure.

4.2 Given a word problem requiring a di-
4.1.1 vision of decimal numbers, student:
4.5.2 (4.3) STATES the important facts;

(4.4) STATES the question to be
answered; (4.5) STATES the operation
to be performed; (4.6) solves the
problem and STATES the quotient in
minutes.

4.2 Given a word problem where the solu-
4.1.1 tion is either by a division and a
4.5.3 multiplication, by two divisions, or

by addition, student: (4.5) STATES
correct sequence of one set of
operations; (A.6) solves problem and
STATES answer in minutes.

S ... . ... . . -
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TAIS No. 3004 (contd.) MODULE GEf _

UNIT

TOPIC Solving Word
CRITERION AND ENABLING OBJECTIVES Problems

TASK IDENTIFICATION: 4.0 (contd.)

TASK ELEMENTS: 4.1 - 4.6

4.1.1 - 4.5.3

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

4.3.1 Given word phrases specifying quanti-

ty, STATES the equivalent decimal
numbers.

4.4.1 Given word phrases specifying preci-
sion, SELECTS which of three answers
would reflect the level of precision
required.
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TAIS No. 3004 MODULE GED
UNIT Decimals

TEST ITEMS TOPIC Solving Word
Problems

TASK IDENTIFICATION: 4.0

TASK ELEMENTS: 4.1 - 4.6
4.1.1 - 4.5.3

CRITERION ITEM(S) ENABLING ITEM(S)

4.0 Think carefully and take your time on 4.1 Here are the 5 steps for solving word
these last three problems. I want problems.
you to get at least two right. A Decide which operations are to be

Jim earns $24.53 per day. Each day performed

he spend $.80 on carfare, $4.50 B Pick out the important facts
on food and drink, $.10 on a
newspaper, and $.45 on cigarettes,
and at night he rents a hotel room D Compute, check, and label the answer
f or $8. At the end of a day andaor nigh t how muh mo ds ad E Pick out the question to be answereda night, how much money does Jim

have left? ($10.68, 10.68, 10 68) Put these in the order in which they
should be performed (type the letters

A storage room measures 15.6 feet on a single line)
by 10.2 feet. Another storage (C B E A D , CBEAD)
room measures 20.9 feet by 14.4
feet. Find the total storage 4.2 A carpenter needs a wooden brace to fit
space for the two rooms combined to 4.1.1 between two studs that are 16.35 inches
the nearest tenth of a square foot. 4.5.1 apart. He has a piece of lumber 20.9
(460.1 square feet, 460.1. 460.08) inches long from which to make the

brace. After making the brace, how
TrucK No. I is able to travel much lumber will he have left over?
thirteen and eight tenths miles
on a gallon of gasoline, and its There are two important facts in this
tank can hold eighteen and four problem

tenths gallons. Truck No. 2 is able What is one fact? (key words & numbers)
to travel fourteen and three The other fact is...?
tenths miles on a gallon of gaso- (brace 16.35 lumber 20.9,
line, and its tank can hold sixteen 16.35 20.9. 20.9 16.35)
and nine tenths gallons. Which
truck is able to travel farther on What is the question being asked? What

a full tank of gasoline? (1, one) does the problem want to know?

(lumber left. inches , left over,How much farther can truck 1 travel? leftover)
(12.25 miles)

What arithmetic operation must you
use to solve this problem?
(20.90-16.35, 20.9-16.35, subtraction,

subtract, minus, -, take away

Now compute your answer.(4.55 inches, 20.90-16.35
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TAIS No. 3004 (contd.) MOI)UEE GED

UNIT Decimals

TEST ITEMS TOPIC Solving Word
Problems

TASK IDENTIFICATION: 4.0

TASK ELEMENTS: 4.1 - 4.6

4.1.1 - 4.5.3

CRITERION ITEM(S) ENABLING ITEM(S)

(Contd.)

4.2 A painter needs 15 gallons of paint to
4.1.1 paint a house. Each gallon costs $5.25

4.5.1 What will be the total cost of the

paint?

This time you tell me the first step.

What's the first thing you must do?

(read problem, read)

Now you've read the problem. What is
the next step to take? (find facts,

facts)

There are two important facts. One of

these facts is...? (15 gallons $5.25,
The other fact is...?15 5.25, 5.25 15)

Now you have the facts. 4hat is the
next step? (question, asked, asks)

What is the question asked by this

problem? (cost of paint, total cost,

dollars, )

You have read the problem, stated facts

and stated the question to be answered.

What is the next thing to do?

(operation, operations, arithmetic,
math)

State the arithmetic operation to solve

this problem. ( * , multiply,

multiplication)

Now write the math statement. ? * ?

(5.25*15, 15*5.25)

You have written the math statement to

solve the problem. What is your last

step?

(compute, work, solve, check,

label)

Now, give the answer. (78.75, $78.75,
78 75)L.. .____J
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TAIS No. 3004(contd.) MODULE GED -

UNITDeils

TEST ITEMS TOPIC Solving Word-

Problems
TASK IDENTIFICATION: 4.0

rASK ELEMENTS: 4.1 - 4.6

4.1.1 - 4.5.3

CRITERION ITEM(S) ENABLING ITEM(S)

4.2 A water tank with a total capacity of
4.1.1 68.75 gallons must be emptied for
4.5.2 cleaning. Water flows out of the tap

at the rate of 5.5 gallons per minute.
How long will it take to empty a

full tank?

State pr6blem facts. (68.75 5.5, 5.5
The other fact is ...? 68.75, holds

68.75, 5.5

gallons minute)

What is the question? What must you
answer? (minutes empty, time empty,
how long)

What arithmetic operation must you do?
(division, divide, divided, /)

Write the math statement. ? / ?
(68.75/5/5, 687.5/55)

Give the answer.
(12.5 minutes, 12.5, 12 1/2)

4.2 Read this problem carefully. Pick out
4.1.1 the facts and exactly what the question

4.5.3 asks you to find.

A typist is able to type 100 words in
1.6 minutes. How many minutes will

it take her to type a letter that is
250 words long?

r There are several ways to solve this
problem. Type 'GO' when you think you
know how (go)

Computing the answer will take a least
two arithmetic steps.

__ _ _ _ __ _ _ _I
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TAIS No. 3004 (contd.) MODULE GED

UNIT Decimals

TEST ITEMS TOPIC Solving Word
Problems

TASK IDENTIFICATION: 4.0

TASK ELEMENTS: 4.1 - 4.6

4.1.1 - 4.5.3

CRITERION ITEM(S) ENABLING ITEM(S)

One way to solve this problem is ?
(+- ,*I

a) ( / *, divide multiply, division
multiplication)

A division followed by a multipli-

cation does it. First you would
divide... ?/? (250/100, 250.0/100)
That will give how much larger one
letter is than the other.
Answer = ? (2.5, 2 1/2)

The next step is... ? * ?
(1.6*2.5, 2.5*1.6)

Now give the answer.
Answer = ? (4, 4.0, four)

b) (/__, two divisions, 2 divisions,
divide twice)

Two divisions is great!
First you would divide ? / ?

(100/1.6,100.0/1.6, 1000/16)

Divide now and give her rate per

minute. (62.5, 62 1/2)

The next division step would be...
? / ? (2500/625, 250/62.5,

250.0/62.5)

Fine. That will give total time
for 250 words. Now do it.
Answer = ? (4, 4.0, four)

c) ( + , add, addition)

You can do it using addition. Try

it and give me your answer.
(4, 4.0, four, 3.2+.8, 3.2+0.8)
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TAIS No. 3004 (contd.) MODULE GED

UNIT Decimals

TEST ITEMS TOPIC Solving Word
Problems

TASK IDENTIFICATION: 4.0

TASK ELEMENTS: 4.1-4.6
4.1.1-4.5.3

CRITERION ITEM(S) ENABLING ITEM(S)

4.3.1 Give the decimal number for the
following statements from word
problems.

Fifty-two and three tenths cent per
foot ($.523, .523, 0.523)

Five and sixty-five hundredths feet
of pipe (5.65 feet, 5.65)

Thirteen and twenty-nine hundredths
miles (13.29 miles, 13.29)

4.4.1 Pick which one of three choices would
be the correct answer for the follow-
ing statements in word problems.

To the nearest minute (14, 14.817,
14.82) (14, 14.0)

To the nearest tenth of a square foot

(295.8395, 295.80, 295.8) (295.8)

To the nearest hundredth of a mile
(244.078, 244.0, 244.08) (244.08)
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3. Percent MODULE GED

UNIT Percent Problems

CONTENT DEVELOPMENT

Subject Matter Outline General Task/Objective

I. Review goals of percent lessons 1.0 Converts commonly used mixed numbers
and fractions to decimal and percent

II. Equivalency of fractions, equivalents.
decimals, and percents.

1.1 Differentiates equivalent from non-

A. Different ways to express equivalent fractions, decimals, and

the same value; e.g., percents.
twenty-nine one-hundredths=
0.29=29/100=29L100=29% 1.2 Converts decimal numbers to

percents < or > 100%.
B. Percent as a basis of com-

parison using base of 100. 1.3 Converts whole and fractional per-
cents to equivalent decimal numbers.

C. Methods of converting to

decimal and to percent; rules, 1.4 Converts mixed numbers and fractions

examples, and practice: with demoninators that are or are
not factors of 100 to percent

1. Decimal-to-percent equivalents.

Implicit - move decimal

point two places to
right, adjust zeros,
replace with % sign;

Explicit - multiply
decimal by 100. e.g.,

1.7xIOO=170/I0O=170Z;
0.125xi00=12.5/100=12.5%

2. Percent-to-decimal

Implicit - move decimal

point two places to left,
adjust zeros, omit %
symbol,
e.g., 4%=.04, 4 1/2%=.045

Explicit - divide decimal
by 100, e.g., 4 1/2%=4+
1/2=4+0.5=4.5/100=.045;
e.g., 12%=12/100=.12,
l0O%=OO/lOO=o.0
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A-36
MODULE GED

UNIT Percent Problems

CONTENT DEVELOPMENT (Contd.)

Subject Matter Outline General Task/Objective

3. Fraction-to-decimal-to-
percent
Either as an equivalent
fraction with base of 100
stated as decimal, or by
division with remainder
as fraction,
e.g., 1/2=50/100=.5=50%

26/100=.56=56%
e.g., 3/4=75/100=.75=75%

3/2=150/100=1.50=
150%

e.g., 7/26=0.269xi00=
26.9%
2/3=0.666xi00=
66.666%=66 2/3%=
66.67%

II. Basic Operations: Simple Word
Problems

A. Word problem learning goals 2.0 Solves simple word problems for
part value and for percent.

B. Finding percent of a number;
i.e., What is Z% of X, given 2.1 Solves a word problem for part
X and the percent. Step-through value, from total. value and %
sample word problem, state rule of total.
as steps, practice on numeric
problems, review this form of 2.1.1 Solves numerically stated problems
percent problem, practice on of 2.1 type.
word problems.

2.2 Solves a word problem for percent
C. Finding percent one number is one number is of another.

of another; i.e., What percent
is Y of X, given X and Y. Sample 2.2.1 Solves numerically stated pro-
word problem to illustrate rule blems of 2.2 type.
"is" divided by "of" ... is/of.

Give steps of rule and practice
on numeric problems. Review
this form of problem and give
word problem practice.

L -,
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MODULE GED

UNIT Percent Problems

CONTENT DEVELOPMENT (Contd.)

Subject Matter Outline General Task/Objective

III. Solving Different Types of
Percent Problems

A. Review 5 steps for solving 3.0 Solves word problems for part
word problems values, totals, multiple part

values and remainder, percents
B. Components of Percent word of parts, percent profit, and

problems: total, parts, pre-discount price.
percents

3.1 Identifies important parts and
C. Finding and stating problem facts given in problems.

facts
3.2 Identifies missing components

D. Tutorial instruction through to be solved for in word problems.
steps in solving word problems
of the following types: 3.2.1 Identifies key words denoting

what the problem asks and the
* Finding part value from quantity asked for.

percent of total and value
of total 3.3 States or selects a math

expression for solving word
9 Finding part value from problems.

percent of total for another
part and value of total 3.4 Performs arithmetic operations

and states numeric answers for
* Finding total value from a word problems.

part value and percent increase
(or decrease) with respect 3.4.1 Finds a part value from total
to that part value and percent of total for

the missing part.
* Finding a part value from

total value and percent of 3.4.2 Finds a part value from total
total for each of the other value and percent of total for
parts the second part.

* Finding percent profit (or 3.4.3 Finds a new total from a part
loss) given buying and selling value and percent increase
prices with respect to current total.

* Finding percent of a part, 3.4.4 Finds individual part values and
frm a total and the value of value of missing part from a
the other part total and percent of total for

named Parts.

MOW"



System Development Corporation

2 January 1974 A-38 TM-5261/003/00

MODULE GED

UNIT Percent Problems

CONTENT DEVELOPMENT (Contd.)

Subject Matter Outline General Task/Objective

" Finding total price from 3.4.5 Finds amount and percent profit
a reduced price and percent from bought and sold prices
discount

3.4.6 Finds percent of total for a
" Finding pretax price from a part from value of the other

taxed price and percent taxa- part and value of total.
tion

3.4.7 Finds original total from a
E. Selecting and writing math reduced total and percent

expressions in solving problems discount.
of the types above.

3.4.8 Finds pre-tax total from a
taxed total and percent tax
rate.

r~
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MODULE GED

UNIT Percent Problems

TASK HIERARCHY

1.0

Converts
Fractions to
Decimal and 1.1 1.2 1.3 1.4

Percent Differentiates Converts Converts Converts Mixed,
ili, lpnc L Equivalent and Decimals Percents Fraction to

Nonequivalent to to Percents where

Numeric Percents Decimals Base not a

Statements Factor of 100

1.. 1.1.2 1.4.2

Decides if Proerp Arranges j Converts Mixed
[Ascending Order Percents where

Solves Base is Factor
Simple Word 212.2 [of 1(W)i

Prob.1.1s 2.1.2.

PrblmsFinds Percent IFinds PercentI

Finds values
In Numericall n

Asenin Wr Oroter Pecns hr

[PolmIin Word ofAote

ProblemineWor

2.1.1_, 2.1.2
Finds Values __

-- in Numerically
Stated Problem

3.0

'Solves Dif- 3.1 3.2 3.3

Sferent Types Identifies Identifies States Math

of Percent Important Missing Part Expression
Wrd Problems Parts and Total, or for Problem

Facts to Find o Solutio n

Performs
Operations

and Gives

Answers i 3.4.1, 3.4.2 3.4.3 3.4.4

Solves for Solves for Solves for

Part, from Total, from Part Values

Total and Part and % and Remainder

% of Total Increase from from Total an
Current Total % Each Part

3.4.5 3.4.6 3.4.7 3.4.8

Solves for Solves for % Solves for Solves for
% Profit of Total of a Original Total Original Total

From Buying Part From From Reduced From Higher

and Selling Total and Value Total and % Total and %
Amounts of Other Part Discount Tax Rate
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TAIS No. 3005 MODULE GED

UNIT Percent

TRAINING ANALYSIS INFORMATION SHEET Problems

TOPIC Numeric

1. TASK IDENTIFICATION: 1.0 Equivalents

2. TASK: Converts commonly used fractions and mixed numbers to numerically
equivalent decimal and percent values.

3. CONDITIONS: Given fractions and mixed numbers.

4. STANDARD: No more than two errors in seven criterion conversions.
No more than one error per set of five enabling test problems.

5. TASK ANALYSIS:

SUPPLEMENTAL
TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES

MATERIAL

1.0 States percent and 1.1 Differentiates nu- None Hockett. GED
decimal equivalents of merically equiva- Mathematics
fractions and mixed lent from non- Home Study
numbers by: equivalent word Guide. Barron'

phrases, fractions, Educational
(a) converting frac- decimals, and per- Series, 1972,

tions and mixed cents. Lesson 7.
numbers to deci-
mal numbers 1.1.1 Decides whether it Instructional

is proper or not bjectives
(b) converting deci- proper to use per- change. Math

mal numbers to cent to express umbers and
percents values or compari- heir Operations

sons. tional Numbers
)ages 27-52

1.1.2 Arranges decimal
numbers in ascend- 3rown, Snader,

ing order of value. nd Simon-Genera
thematics,

1.2 States percent ook 1, USAFI,
equivalents of deci 968, pages 213-
mal mixed numbers 26
and decimal frac-
tions.

1.3 States decimal num-
ber equivalents of
percent values.

- _-______-___... . . . ...._-__.. ..__.. . .. __-,__ _,___ ___ ___ _. .... ...__ __ __.. . ___________'i --- ' " i .
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TAIS No. 3005 MODULE GED

UNIT Percent

TRAINING ANALYSIS INFORMATION SHEET Problems

TOPIC Numeric

1. TASK IDENTIFICATION: 1.0 (contd.) Equivalents

2. TASK:

3. CONDITIONS:

4. STANDARD:

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

1.4 States percent equi-

alents of fractions
with denominators
that are not factors
of 100.

1.4.1 States percent
equivalents of mixed
numbers and frac-
tions with denomina-
tors that are
factors of 100.

_ __ ___ __
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TAIS No. 3005 MODULE GED

UNIT Percent

CRITERION AND ENABLING OBJECTIVES Problems

TASK IDENTIFICATION: 1.0 TOPIC Numeric

Equivalents

TASK ELEMENTS: 1.1 - 1.4
1.1.1 - 1.4.2

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

1.0 Given a partially complete table of 1.1 Given six numeric word-phrases,
percent and decimal equivalents to fractions, decimals, and percents,
commonly used fractions and mixed student MATCHES these with equivalent

numbers, student STATES the missing fraction and decimal representations.
decimal and percent equivalents.

1.1.1 Given a word statement of value or a

word statement of comparison, student
CHOOSES whether it is proper or not
proper to use percent to express it.

1.1.2 Given scrambled lists of decimal

numbers student will ORDER the
numbers left-to-right in ascending
numerical magnitude.

1.2 Given decimal mixed numbers and

fractions, student STATES the percent
equivalents of these numbers.

1.3 Given whole and fractional percent

values, student STATES the equivalent
decimal numbers.

1.4 Given fractions with denominators

that are not factors of 100, student
STATES these as equivalent percent
values, rounded to hundredths.

1.4.1 Given a mixed number and a fraction

with denominators that are factors
of 100, student STATES these as

equivalent percent values.
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TAIS No. 3005 MODULE GED

UNIT Percent

TEST ITEMS Problems

TASK IDENTIFICATION: 1.0 TOPIC Numeric

Equivalents

TASK ELEMENTS: 1.1 - 1.4
1.1.1 -1.4.2

CRITERION ITEM(S) ENABLING ITEM(S)

1.0 To end this lesson, I am going to 1.1 Look at these 6 values
ask you to change mixed numbers
and fractions to decimals and A- twenty-nine hundredths D- 200/100
percents. B- 62.5% E- 22/100

C- .63 F- 250%
Here are five commonly used mixed
fractions. When I give you a number, choose a value it

matches from these 6 choices (select letter)

1 1/2 1 1/4 7/8 5/6 4/5
2.0 = ? (choose a letter) (D, 200/100)

decimal .833 .22 = ? (E, 22/100)

percent 125 83.3 2.50 = ? (F, 250%, 250)
29/100 = ? (A, .29, 0.29, twenty-nine

hundredths)
Some of the decimals and percents hundredths)
for the fractions are shown. There
are seven missing decimal or per- 621/2, 62.5)
cent equivalents to the fractions 1.1.1 Would you use percent to express...
for you to complete. Do you see the distance from base to town?
this? (Yes) I'll give you the ("Yes" or "No") (No, N)
fraction and tell you if it's __

decimal or percent I want, then you Would you use percent to express...
convert the fraction to decimal or the distance from base to town
percent. compared to the distance from base

to home? (Yes, Y)
Here's the first 

one.

1 1/2 = ? decimal (1.5) Would you use percent to express...

the number of minutes left until

1 1/2 = ? percent (150) your duty shift is over? (No, N)

1 1/4 = ? decimal (1.25) Would you use percent to express...

7/8 = ? decimal (.875) the part of your workday left until

7/8 = ? percent (87.5) your duty shift is over? (Yes, Y)

4/5 = ? decimal (.8, 0.8) 1.1.2 Arrange this set of decimals accord-
ing to increasing value from left-to-

4/5 = ? percent (80) right

(Continued on following page)
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TAIS No. 3005 (Cont.) MODULE GED

UNIT Percent

TEST ITEMS Problems

TASK IDENTIFICATION: 1,0 TOPIC Numeric

Equivalents

TASK ELEMENTS: 1.1 - 1.4
1.1.1 - 1.4,2

CRITERION ITEM(S) ENABLING ITEM(S)

1,1.2 (Cont.)

A B C D

.98 .097 .666 1.001

Type the letters in the right
order...lowest value first
(B C A D, BCAD)

One more...

A B C D

6.94 .01001 .1001 6.195

Arrange these, smallest-to-largest

(B C D A, BCDA)

1.2 Give me the percents for the follow-
ing decimal numbers:

.02 = ? % (2)

2.05 - ? % (205)

0.0009 = ? % (0.09, .09)

.375 =? Z (37.5, 37 1/2)

.045 = % (4.5, 4 1/2)

1.3 Give me the decimal numbers for the
following percents:

99.9% = ? (.999, 0.999)

800.12 = ? (8.001)

3% - 7 (.03, 0.03)

83.3% - ? (.833, 0.833)

0.5% - 7 (.005, 0.005)

[4
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TAIS No. 3005 (Cont.) MODULE GED

UNIT Percent

TEST ITEMS Problems

TASK IDENTIFICATION: 1.0 (contd.) TOPIC Numeric

Equivalents

TASK ELEMENTS: 1.1 - 1.4

1.1.1 - 1.4.2

CRITERION ITEM(S) ENABLING ITEM(S)

1.4 Now, work out and tell me the per-
cent values for the next fractions
(rounded to hundredths)

1/7 = ? % (14.29)

2/3 = ? % (to hundredths)(66.67,

66 2/3)

3/11 = ? % (to hundredths)(27.27)

1.4.1 What are the percents for these
fractions?

7/20 = ? % (35)

1 2/5 = ? % (140)

- -- .- r- - - -
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UNIT Percent

TRAINING ANALYSTS INFORMATION SHEET Problems

TOPIC Basic
1. TASK IDENTIFICATION: 2.0

Operations

2. TASK: Solves simple word problems by basic operations of finding a percent
of a number, and finding the percent one number is of another.

3. CONDITIONS: Given word problems and numerically stated problems.

4. STANDARD: No errors on criterion word problems.
No more than one error per set of four numeric problems.

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

2.0 Solves two word pro- 2.1 Solves a word prob- None Brown, Snader,
blems and states re- lem for percent of & Simon.
sults: a number General

Mathematics
(a) finds the value of 2.1.1 Solves numeric prob- Book 1. (USAFI

a part from the lems for percent of D151/152).
percent of total a number Part I, Chaptei
and value of total. 5, pgs 227-231

2.2 Solves a word prob-
(b) finds the percent lem for percent one

one number is of number is of anothei
another. i

2.2.1 Solves numeric prob
lems for percent onj
number is of anothet
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TAIS No. 3006 MODULE GED

UNIT Percent

CRITERION AND ENABLING OBJECTIVES Problems

TASK IDENTIFICATION: 2.0 TOPIC Basic

Operations

TASK ELEMENTS: 2.1 - 2.2

2.1.1 - 2.2.1

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

2.0 When presented word problems of two 2.1 In a word problem STATES value of a
types, the student: part, given pe-cent part is of total

and value of total.
(a) Solves for and STATES the value

of a part, given value of the 2.1.1 STATES value of a part given explicit
total and percent the part is problems of the form--What is 9 of X?
of the total. (given 9 and X).

(b) Solves for and STATES percent 2.2 In a word problem STATES percent part
that a part is of the total, is of the total, given part value and
given values of the part anC of total value.
the total.

2.2.1 STATES percent one number is of
another, given explicit problems of

the form -- What % is X of Y? (given

X and Y).
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TAIS No. 3006 MODULE GED

UNIT Percent

TEST ITEMS Problems

TASK IDENTIFICATION: 2.0 TOPIC Basic

Operations

TASK ELEMENTS: 2.1 - 2.2

2.1.1 - 2.2.1

CRITERION ITEM(S) ENABLING ITEM(S)

2.0 Solve this problem... 2.1 Joe saves 15% of his earnings from
off-base jobs. If he earns $220 per

When you take a test which consists month, how much does he save each
of 120 problems and need to answer month?
65% of the questions correctly in ($33.00, 33 dollars, .15*220, 15/100*
order to pass, how many questions do 220)
you need to answer correctly?

2.1.1 Find the percent of each number.
(78, .65*120, 65/100*120)

10% of 80 = ? (8, 8.0)

Solve this problem... 4% of 150 = ? (6, 6.0)

Your team won 7 of the 1 football 12 1/2% of 60 = ? (7.5, 7.50)
games it played. What percent of 3/4% of 240 = ? (1.8, 1.80)
the games played were won? " "

(63.6, 63.64, 63.636, 64) 300% of 62 = ? (186, 186.0)

2.2 Of the 200 students in the last entry-
level tech training class, 180 com-
pleted and graduated. What percent
graduated? (90%, 90 percent)

2.2.1 What percent is ( ) of ( )?

What percent is 25 of 100? (25, 1/4)

What percent is 30 of 6? (500)

What percent is 7 of 25? (28)

What percent is 25 of 7? (357, 357.14)
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TAIS No. 3007 MODULE GED

UNIT rooems

TRAINING ANALYSIS INFORMATION SHEET TOPIC Solving

Word Problems

1. TASK IDENTIFICATION: 3.0

2. TASK: Solves percent word problems of increasing difficulty for part values,

total values, multiple part values and remainders, percent of parts,

percent profit or loss, and prediscount prices.

3. CONDITIONS: Given four word problems with values for either part(s), total, or

percent missing and to be found.

4. STANDARD: At least three correct answers on four criterion problems.

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

3.0 Solves four word pro- 3.1 Identifies the part, None I

blems of different total, or percent U.S. Dept. of

types: values given in word !Labor, AGEP

problems !High School

(a) Finds percent pro- Self Study Pro-

fit from buying 3.2 Identifies in word gram. Solving

and selling prices problems which part, Percentage Wordl

total, or percent is Problems.

(b) Finds percent value missing and to be (PM 431-27),

depreciation from found 11969

original price and

selling price 3.2.1 Identifies key words Hockett. GED

denoting what the Mathematics

(c) Finds original pricE problem asks and the Home Study Guid4.

from discount price quantity asked for Barron's, 1972,1

and percent dis- Lessons 8 and

count .3 States the math 9 on Word pro-

expression for word blems

(d) Finds total wins problem solution

from games scheduled CM? Revision

and percents for .3.1 Selects the math roject. How to

losses, ties, no- expression for word reach Students to

shows problem solution olve Math Story

roblems (Draft).
DC, 1972

Ii
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TAIS No. 3007 (contd.) MODULE GED

UNIT Percent

TRAINING ANALYSIS INFORMATION SHEET 
Problems

TOPIC Solving

I. TASK IDENTIFICATION: 3.0 (contd.) Word Problems

2. TASK:

3. CONDITIONS:

4. STANDARD:

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

3.4 Performs arithmetic

operations and states 3.4.1 Finds a part value

numeric answers for from total value and

word problems percent of total of
the missing part

3.4.2 Finds a part value
from total value and

percent of total of
a second part

3.4.3 Finds a new total
from a part value and
percent increase in

relation to the
current total

3.4.4 Finds individual part

values and value of

missing part from
a total and percent
of total for named
parts.

Ih
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TAIS No. 3007 (contd.) MODULE GED

LNIT Percent

TRAINING ANALYSIS INFORMATION SHEET Problems

TOPIC So]ving
1. TASK IDENTIFICATION: 3.0 (contd.) Word Problems

2. TASK:

3. CONDITIONS:

4. STANDARD:

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCESMATERIAL

3.4.5 Finds amount and

percent of increase

from bought and
sold prices

3.4.6 Finds percent of

total for a part
from value of the
other part and value
of total

3.4.7 Fi:ds original total

from a reduced total
and percent discount

3.4.8 Finds original total
from a higher total
and percent taxation
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TAIS No. 3007 MODULE GED

UNIT Percent

Problems

CRITERION AND ENABLING OBJECTIVES TOPIC Solving

Word Problems

TASK IDENTIFICATION: 3.0

TASK ELEMENTS: 3.1 - 3.4

3.2.1 - 3.4.8

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

3.0 Solves and STATES answers for four 3.1 Given a word problem to find the

word problems: dollar value of a discount from the

percent discount and pre-discount

(a) Solves for profit dollars and price, the student STATES the values

profit percent, given buying for the two facts given, and...

and selling prices
3.2.1 ... IDENTIFIES what it is that is

(b) Solves for amount of dollar missing and to be found.

loss and percent value depre-
ciation, given original price 3.2.2 ... IDENTIFIES that it is 'part'

and selling price missing (rather than total or

percent).

(c) Solves for original price,

given sale price and percent 3.3.1 ... SELECTS the correct math state-

discount ment to solve the problem.

(d) Solves for number of wins, 3.3 Given a total and the percent total

given number of games 3.4.1 of a part, student STATES the math

scheduled and percent of statement to find the part value and

losses, ties, and no-shows STATES the value.

;3.4 Given percent word problems of 3.2 Given a total and the percent of one
increasing difficulty (3.4.1-3.4.8; 3.3.1 part, student IDENTIFIES that a part

student performs the arithmetic 3.4.2 is missing, SELECTS one of two

operations and STATES a numeric correct solutions, and STATES the

answer with answer units, value of the other part.

3.4.3 Given a part value and percent
increase of that part for the total,

student STATES the total.

3.4.4 Given a total and percent of total

contributed by each of several parts,

student finds and STATES individual

part values and STATES a remainder.
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TAIS No. 3007 (cont.) MODULE GED

INIT Percent

Problems

CRITERION AND ENABLING OBJECTIVES TOPIC Solving Word

Problems

TASK IDENTIFICATION: 3.0 (contd.)

TASK ELEMENTS: 3.1 - 3.4
3.2.1 - 3.4.8

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

3.4.5 Given a buying price and selling
price, student finds and STATES

amount of profit and percent of
profit.

3.3 Given a total value and value of one
3.4.6 part, student STATES the math steps

and percent of total of the other

part.

.4.7 Given a reduced total and percent of
discount, student STATES the percent

paid and an original total.

3.4.8 Given a taxed price and percent of
taxation, student STATES the taxed
percent and the pre-tax price.
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TAIS No. 3007 MODULE GED

UNIT Percent

Problems
TEST ITEMS

TOPIC Solving

TASK IDENTIFICATION: 3.0 Word Problems

TASK ELEMENTS: 3.1 - 3.4

3.2.1 - 3.4.8

CRITERION ITEM(S) ENABLING ITEM(S)

3.0 Let's see if you can solve the next 3.1 Your best girl bought a $35 dress at

four problems a 25% discount. How much was the

discount?

A used car dealer bought a car for

$450 and then sold it for $500. Read the problem carefully. Find the

What percent of the selling price facts. First.. .price of the dress

was profit? (10%, 10 percent, .10) before discount was ($ ? )

($35.00, $35, 35)
You buy a car for $2800. If you were Second.. .she saved ( ? %) of the

to sell it again after one year and original price. (25%, 25)

you got $2100 for the car, what

would be the percent depreciation 3.2.1 What is it you are looking for in

in value of the car? this problem?

(25%, 25 percent, .25)
A Amount of money she paid

The 'Fumblers', a local softball team B Percent of discount

was scheduled to play 60 games last C Amount of money she saved (C)

season. The team lost 55% of the

games, tied 15%, and forgot to

show up for 5%. They won the re- 3.2.2 Is it part, total, or percent that

maining games. How many games did is missing? (part)

they win? (15 games, 15)
3.3.1 Select the correct way to solve this

If the sale price of a television problem
set after 25% reduction is $183,

what was the original price of the A 25% * $35 (A)

set? ($244, 244 dollars, 244.00, B $35/25% -

244) C $35 - ($35 * 25%)

Now, give the answer ($8.75, 8.75)

p *
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TAIS No. 3007 MODULE GED

UNIT Percent

TEST ITEMS 
Problems

TASK IDENTIFICATION: 3.0 (contd.) TOPIC Solving
Word Problems

TASK ELEMENTS:

CRITERION ITEM(S) ENABLING ITEM(S)

3.4 (See items 3.4.1-3.4.8.) 3.3 Fred has 75 coins in his collection.
3.4.1 12 percent are gold coins. How many

coins are gold?

Write the math statement that would

give an answer to this problem. (Just
use numbers and + - * or / on one line

(75 * .12, or equivalent math

expression)

Now, gold coins = ? (9, nine, niner)

3.2 A box of ammunition was found to
3.3.1 weigh 15% less than its marked
3.4.2 weight of 35 pounds. How much did

the ammo box weigh?

What is missing? Is it part, total,
or percent you are to find?

(part)

This problem can be solved two ways.

How would you solve this problem?
(select one way)

A Find 15% of 35 pounds.
B Find 15% of 35 pounds and subtract

that from 35 pounds.
C Find 85% of 35 pounds.
D None of these.

(B, C)

Now, how much did the box of ammo
weigh?

(29.75 pounds, 29.75)

3.4.3 Let's build you a word problem. How
many pounds do you weigh?

(enter a number)
EXAMPLE: (155 pounds)

By the end of your next vacation your

weight will be 10% above your present
weight of 155 pounds.

How many pounds will you weigh then?
EXAMPLE: (170.5 pounds, 170.5)

V 3'
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TAIS No. 3007 (cont.) MODULE _pn

UNIT Per rnt

TEST ITEMS Problems

TASK IDENTIFICATION: 3.0 (contd.) TOPIC Solving Word

Problems

TASK ELEMENTS:

CRITERION ITEM(S) ENABLING ITEM(S)

3.4.4 How much is your monthly Army pay
before deductions?

EXAMPLE: ($600)
You earn $600 monthly.

If 14% is deducted for income tax, 3%

for the redit union, and 2 1/2% for
savings bonds, what is your take-home
pay?

Let's get the dollar value of each
part (each deduction).

First, income tax = $ ? (at 14% of pay)
(84)

Credit union $ ? (at 3% of pay)
(18)

Savings bonds : $ ? (at 2 1/2% of pay)
(15)

You earn $600 monthly. Your deduction
are: Income Tax $84

Credit Union $18
Savings Bonds $15

Now, what would be your take-home pay?

EXAMPLE: ($483, 483)

3.4.5 A man you know buys a used radio set

for $7.20. He repairs it and sells it
for $18. What percent of his selling
price is profit?

Remember, Profit - Selling Price - Buying
Price

How much was the profit in this proble ?
($1o.80, 10.80)

How do you find what percent is profit
of the selling price?

(10.80/18, 60%, 60)



System Development Corporation

2 January 1974 A-57 TM-5261/003/00

TAIS No. 3007 (cont.) MODULE GED

UNIT Percent

TEST ITEMS Problems

TOPIC Solving

TASK IDENTIFICATION: 3.0 (contd.) Word Problems

TASK ELEMENTS:

CRITERION ITEM(S) ENABLING ITEM(S)

3.3 In a class of 56 students, 7 are girls.
3.4.6 What percent of the students are boys?

First, try to give the math steps for
the answer.

a) (7/56) That will give percent girls.
What is the next step?

(100 - 12.5) That's the last step.
Now, answer = ?

(87.5%, 87.5 percent)

b) (56 - 7) That will give number of boys.
What is the next step?

(49/56) That's the last step. Now,
answer = ?

(87.5%, 87.5 percent)

3.4.7 You pay $63 for a suit that was reduced
by 10%. What was the regular price?

You paid 100% - 10% = ? % (90)

Now, what was the regular price?
($70, 70 dollars, 70.00, 70)

3.4.8 Your buddy wants to buy a car that
costs $2500. This price includes a
20% state tax. How much would this car
cost without the tax?

With the tax, your buddy will pay
100% + 20% = ? (120)

Now, how much would the car cost withou
the tax? (2,084, 2084, 2083, 2,083,
2083.33, 2,083.33, 2500/1.20, 250000/120)
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MODULE GED

4. Interpreting Data UNIT Interpreting Data

CONTENT DEVELOPMENT

Subject Matter Outline General Task/Objective

I. Grouping Data 1.0 Determines interval ranges and
midpoints; tallies frequency

A. Utility for summarizing a counts for intervals.
number of data items; overall
shape of grouped data has 1.1.1 Names a descriptive phrase as
meaning. that for "interval".

B. Concept of "intervals" for 1.1.2 Names a descriptive phrase as
grouping; guidelines for that for "frequency table".
setting-up intervals:

1.1.3 States the minimum and maximum

1. determine range of data = number of intervals generally
largest value - smallest used for grouping.
value

1.1.4 Orders set of ungrouped data

2. choose interval size to and gives range for each set.

get about 10-20 intervals
1.2 Fills-in frequency counts for all

3. start lowest interval intervals by tallying data items.
with multiple of interval
size just below smallest 1.2.1 Fills-in missing frequencies by
data value tallying data.

C. Concept of "frequency
distribution"; setting-up a
frequency table. Example of
unordered data from MOS set
up as frequency table:

Interval Tally Freq.

70-74 X 1
65-69 XXX 3
60-64 XXXXXX 6

D. Exact limits of intervals.
Whole and decimal explication
of limits shown by example;

e.g., 48-50 47.5 - 50.5



System Development Corporation

2 January 1974 A-50 TM-5261 /003/ W)
MODULE (;ED

UNIT Interpreting Data

CONTENT DEVELOPMENT (Cont'd)

Subject Matter Outline General Task/Objective

Ii. Reading Graphs

A. Learning goals for graphs 2.0 Reads data, interpret trends, and
and averages. Utility for calculates conclusions from line
reading news and magazines, and bar graphs.

B. Bar graphs (student uses 2.1 Finds line segment for an event
first handout, Figure 1) and its duration of occurence.

1. Information from the 2.1.1 Finds and states information from

title 2.1.2 two axes of graph.

2. What is shown by scales
2Wat lf ahonda bot s2.2 Selects a statement directlyat left and at bottomju t f a l v g phjustifiable by granh.

3. Reading information from

height of bars 2.1.3 Reads data points on graph trend

4. Reading information from 2.2.1 line.

lateral balance of bars 2.3 Computes rate of change for a
(shape of the graph) line segment over a stated period

C. Line graph (student uses of time.

second handout, Figure 2) 2.2.2 Interprets slope of line segment

2.3.1 for a given time perid.1. Identifying information

on the scales 2.2.3 Finds line slope for a stated

2. Changes over time a "trend 2.3.2 type of event and counts

line" number of occurrences.

3. Utility of line versus bar

4. Reading line along vertical

scale

5. Reading line along hori-
zontal scale

6. Finding highest and lowest

points on trend line
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MODULE GED
UNIT Interpreting Data

CONTENT DEVELOPMENT (Cont'd)

Subject Matter Outline General Task/Objective

II. Reading Graphs (Cont'd)

7. Comparing slopes of line
segments for information

8. Comparing number of dir-

ectional changes for
information

9. Selecting conclusions

directly supported by graph

10. Slope of line and computed
conclusions (rate of change)

III. Computing an Average 3.0 Calculates the arithmetic mean
for ungrouped data in a word

A. Common meaning of average problem.

B. Definition of "mean" average 3.1 Computes the mean of ungrouped
data items.

C. Sample problem worked and
tryout problem for student 3.1.1 Selects among definitions to find

the definition for the arithmetic

D. Summing an unordered set of mean.

whole or decimal numbers and

dividing by the number of 3.1.2 Obtains a quotient by summing

values values and dividing by the
number of values.

E. Review of computational
steps 3.1.3 Selects among problem outcomes

the correct value for an arith-

F. Drill and practice problems metic mean.



System Development Corporat iwi

2 January 1974 A-61 TM-5261./003 /()

TASK HIERARCHY-

1.0

Determines
Intervals,
Midpoints, 1.1 1.2

and Counts !optsRange, [Tallies Data
SlcsInter- --4Occurrences

val Size, Gives and Enters
Start Point Counts j

1.1.11 2. 1__

1.1.2 Tallies Data

Names Defini- 1.1.3 t ne

tions of Missing
Intevaland tates Min. and Counts

itributiond ax. No. of 1.1.4 __

Distibuion Intervals for [0rders
General Rule -Ungrouped

2.0 ' Data and

,__ ___1 States Ranges
Reads and 1

Interprets 2.1 2.2 2.3 ___

LieadFinds Line Selects State- Computes Rate
Bar Graphs- Sgmn for - ment Supported Df Change for

Given Event by Data on aLine Segment
and Time Grap

2.1.1, 2.1.21 2.1.3, 2.2.1 2.2.2, 2.3.1
1 

- _ _ _States Infor- Reads Data Interprets
mation from Points on Line Slope

3.0 the Two Axes Graph for Given
Time Period

~omputes Mean
vera ge of 2.2.3, J2.3.2

Pata items Lid Line:

Deiiinfor and Divides byOcurne
Arithmeti
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TAIS No. 3008
MODULE GED

UNIT Interpreting

TRAINING ANALYSIS INFORMATION SHEET Data

1. TASK IDENTIFICATION: 1.0 TOPIC Grouping Data

2. TASK: Determines interval ranges and midpoints for unordered data and tallies
frequency of occurrence for each interval.

3. CONDITIONS: Given an unordered list of comparable values.

4. STANDARD: No errors on criterion problem.

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCE5:

MATERIAL

1.0 Determines interval 1.1 Computes the range of None Brown, Snader,

ranges and midpoints, a set of unordered & Simon. Gener 1
and tallies frequency data; selects size Math, Book 1,
counts for these and number of inter- (USAFI D151/152
intervals vals; specifies start 1968, pgs 244-5

point of lowest inter-
v:l Final Report:

Computer Based
1.1.1 States interval as Instruction in

the name for a cate- Statistical

gory in which to Inference.

group data SDC, 1967

1.1.2 States frequency dis- Instructional

tribution as naming )bjectives Ex-

the tally of data -hange. Math:
occurrences in Data Relation-

several intervals 3hi s. 1972,

gs 75-80
1.1.3 States the maximum

and minimum number of
intervals generally

used for grouping dat

1.1.4 Orders and states

ranges for sets of
ungrouped data

1.2 Fills-in frequencies

for intervals by
tallying unordered

____..__ data items_
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TAIS No. 3008 (contd.)
MODULE (ED

UNIT Interpreting

TRAINING ANALYSIS INFORMATION SHEET Data

TOPIC Grouping Data
1. TASK IDENTIFICATION: 1.0

2. TASK:

3. CONDITIONS:

4. STANDARD:

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

1.2.1 Fills-in missing

frequencies by
tallying unordered

data
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TAIS No. 3008 MODULE GED

UNIT Interpreting Data

TOPIC Grouping Data
CRITERION AND ENABLING OBJECTIVES

TASK IDENTIFICATION: 1.0

TASK ELEMENTS: 1.1 - 1.2
1.1.1 - 1.2.1

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

1.0 Given a list of comparable unordered 1.1 Given a list of unordered data,
data, student will set-up and STATE student will STATE the range, SELECT
the interval ranges and midpoints, an interval size, and STATE the start
and STATE the frequency count for each point of the lowest interval
interval

1.1.1 Given a descriptive phrase, student
NAMES it as "interval"

1.1.2 Given a descriptive phrase, student

NAMES it as "frequency distribution"

1.1.3 Given an incor lete sentence, FILL-IN

the maximum and minimum number of
intervals generally used to group

data

1.1.4 Given four sets of numbers, student
ORDERS each set by increasing value

and STATES the range of the set

1.2 Given a list of comparable unordered

whole number values and intervals,
student will count data occurrences

and FILL-IN the tally for each

iaterval

1.2.1 Given unordered data and the frequency

count for one interval missing,

student will count data occurrences

and FILL-IN the missing tally

_ _ _ _ _ _ _ _ -- -
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TAIS No. 3008 MODULE GED

UNIT Interpreting

TEST ITEMS Data

TASK IDENTIFICATION: 1.0 TOPIC Grouping Data

TASK ELEMENTS: 1.1 - 1.2

1.1.1-1.2.1

CRITERION ITEM(S) ENABLING ITEM(S) ]

1.0 Now, here's the test scores you 1.1 Assume that the following are your tes

saw earlier (display 1.1 scores scores:
again). We're going to let you
fill-in this table using an interval 50 33 19 31 46 31 3] 37 34

size of 3. 45 30 20 33 43 28 34 34 38
42 27 22 36 40 26 37 32 35

Interval Midpoint Frequency

What is the range of this set of scores?
(31)

How many intervals would you use to
Just start with the lowest interval group scores above? (11, within 1)
and go to the highest, completing
one line at a time. What interval size would you select?

Answer: (3, within 1)

Interval Midpoint Frequency Where would you begilL the first inter-

18-20 19 2 val using an interval size of 3?
21-23 22 1 (18, 17.5)
24-26 25 1
27-29 28 2 1.1.1 When dealing with unordered values, it

30-32 31 5 sometimes is helpful to group the data.
33-35 34 6 These groups are called? (Intervals,

36-38 37 4 class intervals)
39-41 40 1
42-44 43 2 1.1.2 Suppose that seVeral scores or other
45-47 46 2 kind of values have been grouped into
48-50 49 1 intervals and the number of scores in

each interval has been recorded. This
describes a (Frequency distribution,
freq dist, frequency table)

1.1.3 In general, data values sh-tuld be
grouped into no less than (10, ten)
intervals, and no more than (20,
twenty)
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TAIS No. 3008 (cont.) MODULE GED

UNIT Interpreting

TEST ITEMS 
Data

TOPIC Grouping Data

TASK IDENTIFICATION: 1.0

TASK ELEMENTS: 1.1 - 1.2

1.1.1 - 1.2.1

CRITERION ITEM(S) ENABLING ITEM(S)

1.1.4 You will see four sets of numbers.
Put each list in order of increasing
value, left-to-right, and then give
me the range when I ask for it.

First set, 75, 85, 70, 72, 89, 72, 58,
59, 95, 99
(Order: 58, 59, 70, 72, 72, 75, 85,

89, 95, 99)

Range = (41)

Next set, 1.3, 11, 101.29, 109, 1, 0, 15
(Order: 0, 1, 1.3, 11, 15. 101.29,

102.09. 109)

Range = (109)

Third set, .10, 1.01, 9.90, .001, .99,
9.10
(Order: .001, .10, .99, 1.01, 9.10,

9.90)

Range = (9.899)

Last set, .95, .010. .600, .094, .0001
(Order: .00019, .010, .094, .600, .951

Range = (0.94981)

1.2 The number of rounds fired on the
mortar range each day during the month
of August was as follows:

82 71 84 78 73 65
98 94 78 63 94 93
76 72 95 81 75 79

(Continued on next page)
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TAIS No. 3008 (cont.) MODULE GED

UNIT Interpreting
Data

TEST ITEMS
TOPIC Grouping Data

TASK IDENTIFICATION: 1:0

TASK ELEMENTS: 1.1 - 1.2

1.1.1 -1.2.1

CRITERION ITEM(S) ENABLING ITEM(S)

1.2 (cont.)

The following is an incomplete frequenc
table with intervals of 10. You fill-
in the frequency count for each inter-
val.

Interval Midpoint Frequency

55-64 60
65-74 70 45
75-84 80 (8)
85-94 90 (3)
95-104 100 (2)

1.2.1 The daily temperature highs in
Los Angeles for the first half of
August two years ago were as follows:

82 87 92 84 83
84 85 81 78 74

76 84 86 90 94

Here they are set up in intervals of
5 degrees between interval midpoints.

Interval Midpoint Frequency

73-77 75 2
78-82 80
83-87 85 7
88-92 90
93-97 95 1

Give me the missing frequencies.
78-82 = (3) 88-92 = (2)
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UNIT Interpreting

TRATNING ANALYSIS INFORMATION SHEET 
Data

TOPIC Reading

1. TASK IDENTIFICATION: 2.0 Graphs

2. TASK: Reads and intreprets bar and line graphs; identifies trends and

significance of points on the line graph; computes a conclusion from information

shown on the line graph.

3. CONDITIONS: Given two figures: (1) a bar graph showing how students scored on

a test; (2) a line graph showing atmospheric pressure readings over time.

4. STANDARD: No more than one error in three criterion questions.

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES

MATERIAL

2.1 Finds line segment for 2.1.1 Reads the trend line Figure 1 - Bar GED Test

an event and its dura- in relation to the graph (not shown) Form J

tion of occurrence vertical scale. I June 1969
Figure 2 - Line

2.1.2 Reads the trend line graph superim- Instructional

2.2 Discriminates among in relation to the posed on a Objectives

five statements to find base scale. lighter bar graph Exchange.

only one directly (not shown) Math: Data

supported by the graph 2.1.3 Reads the left-most Relationships,
2.2.1 axis at apex of 1972. Graphs,

trend line/bar pgs 41-49

2.2.2 Interprets direction- Hockett, S.O.

2.3 Computes a conclusion 2.3.1 al slope of line for GED Math Home

c.n rate of change from a given time period. Study Guide.

information presented. Barron's 1972,
2.2.3 Finds slope of line pgs 218-226

2.3.2 for a type of

occurrence and countsl Brown, Snader,

number of occurrences & Simon.
General Math,

Book 1,

(USAFI D151/152 ,
1968, Chapter 6
pgs 259-272

L _____________________ _____________________________________ ____________
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TAIS No. 3009 MODULE aEn

UNIT Intjret.g

Data

CRITERION AND ENABLING OBJECTIVES TOPIC Reading Graphs

TASK IDENTIFICATION: 2.0

TASK ELEMENTS: 2.1-2.3
2.1.1-2.3.2

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

2.0 Given a line graph showing atmospheric

pressure plotted over time, the

student:

2.1 Correctly selects the longest time 2.1.1 Given a line graph showing atmosDher-
duration during which atmospheric ic pressure plotted over time, studen
pressure increased. student STATES the range of the

pressure readings.

2.1.2 Given the 2.1.1 graph, student SELECT
2.2 SELECTS one of five statements directly the range of time covered by the

justified by the graph (by interpreting pressure trend line.
only information presented by the
graph). 2.1.3 Given the same graph as 2.1.1, the

2.2.1 student SELECTS the time at which thel
maximum pressure reading was recorded

2.2.2 Given the 2.1.1 graph and a time
2.3 Computes and STATES from a given number 2.3.1 period, the student STATES that the

of hours the rate of atmospheric pressure was decreasing.
pressure decrease in centimeters per
hour. 2.2.3 Given the 2.1.1 graph and instru-,tion4

2.3.2 to find the number of time periods
in which pressure was rising, (and
falling), the student STATES correct
counts of one-hour or half-hour
periods.
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TAIS No. 3009 MODULE GED

UNIT Interpreting

TEST ITEMS Data

TOPIC Reading Graphs
TASK IDENTIFICATION: 2.0

TASK ELEMENTS: 2.1-2.3
2.1.1-2.3.2

CRITERION ITEM(S) ENABLING ITEM(S)

2.0 A 'line graph' is most useful to show 2.1.1 Find the top and bottom points on the
changes and comparisons in something line graph.
over time. The pressure readings range from ( ? )
Figure 2 shows a line graph. A bar to ( ? ) centimeters of mercury.
graph is also shown in lighter lines. (73.5 77, 77 73.5
The line graph shows atmospheric 7
pressure readings taken at a weather 2.1.2 Now find the points furthest to the
station over a continuous period of left and to the right on the trend
time. line.

Every half hour the pressure is The trend line covers how many hours
measured in 'centimeters' of mercury (to the nearest half-hour)(
and recorded on the graph. (C)

2.1 Over what length of time did the A 10
B 11

longest zontinuous rise in pressure C 11

occur? C 11 1/2
(E) D 12

A I hor 2.1.3 The pressure reached a high of 77.0

B 1 1/2 hours 2.2.1 at about what time? (C)

1 2 hours A 1030

-i/" hours B 1500

E None of these C 1530
D 1600

2.2.2 From 1530 until 1830, the pressure
2.3.1 was...? (falling, dropping, decreasing,

less, fell, dropped, down)

2.2.3 How many times did the pressure rise
2.3.2 between 0700 and 1830?

(3, three, 12, twelve

How many times did the pressure fall?

(4, four, 11, eleven)
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TAIS No. 3009 (contd.) MODULE GED

UNIT Interpreting

TEST ITEMS Data
TOPIC Reading

TASK IDENTIFICATION: 2.0 (contd.) Graphs

TASK ELEMENTS: 2.1 - 2.3

2.1.1 - 2.3.2

CRITERION ITEM(S) ENABLING ITEM(S)

2.0 (contd.)

2.2 Which, if any, of the following
statements is justified by the
information on the line graph. (B)

A During the total period the

pressure was increasing rapidly
less than half the time.

B The pressure increased at about
the same rate throughout all of

the rising periods.

C Temperature changes occurred at

different times during the after-
noon.

D Recordings were made at sea level.

E None of the above.

2.3 At about what rate in centimeters
per hour over a 3-hour period did
the pressure drop from the maximum
height to the minimum height
recorded? (1.16, 1.17, 1.1666)
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UNIT Interpreting

TRAINING ANALYSIS INFORMATION SHEET Data

TOPIC Computing

1. TASK IDENTIFICATION: 3.0 an Average

2. TASK: Calculates the arithmetic mean of unordered and ungrouped data.

3. CONDITIONS: Given a word problem with 8 unordered whole numbers

4. STANDARD: No errors.

5. TASK ANALYSIS:

PREREQUISITE KNOWLEDGE SUPPLEMENTAL

TASK ELEMENTS OR SKILL REQUIREMENTS TRAINING REFERENCES
MATERIAL

3.1 Computes the mean of 3.1.1 Recognizes the def- None GED Test, Form1

8 ungrouped data items. inition of an arith- i  J, 1969.
metic mean of
ungrouped data Final Report:

Computer Based
3.1.2 Sums whole and Instruction in

decimal numbers and Statistical
divides by the Inference.
number of items to SDC, 1967
obtain a quotient

Brown, Snader,
3.1.3 Selects correct & Simon. Gener l

numeric outcome for Math, Book 1.
the arithmetic mean (USAFI D151/15 )
of ungrouped data 1968, Chapter

pg 250-258

Instructional
Objectives Ex-

change. Math
Data Relation-

ships, 1972.
Statistics,
pg 80-83

....... _ __r _ _ _-__ _-__ _.. . . .. - III
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TAIS No. 3010 MW)1wLE GED

UNI'' Interpretin

CRITERION AND ENABLING OBJECTIVES 
Data

TOPIC Computing an

TASK IDENTIFICATION: 3.0 Ave rage

TASK ELEMENTS: 3.1 - 3.3

3.1.1 - 3.3.1

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

3.1 Given an unordered set of whole 3.1.1 Given statements defining the mode,
number data items in a word problem, mean, and median, student SELECTS
student COMPUTES and STATES an the one for computing the mean average.
average.

3.1.2 Given an unordered set of whole and

decimal numbers, student STATES the
sum and STATES a quotient for sum . no
of items.

3.1.3 Given an unordered set of whole numberE

in a word problem and three arithmetic

outcomes based upon these items, stu-
dent SELECTS the numeric outcome for
the arithmetic mean.
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UNIT fnterpreting

Da~ta
TEST ITEMS Dt

TOPIC Computing

TASK IDENTIFICATION: 3.0 an Average

TASK ELEMENTS: 3.1 - 3.3
3.1.1 - 3.3.1

CRITERION ITEM(S) ENABLINC JTEM(S)

3.1 The temperature readings for certain 3.1.1 Select the statement which describes
hours on a particular day are shown the method for computing the 'mean'
below in degrees: average. (C)

2, 1, 4, 12 A The most frequently occurring
24, 39, 28, 36 number in a set of numbers

What is the mean average of these B The number above which and below
readings? (18.25) which one-half of the set of

numbers fall

C The sum of all values divided
by the total number of values
s umme d

D None of the above

3.1.2 Now, give the sum of all the following
numbers.

109 11 15.5 17.6
.010 99 1.4 2.0q

Sum = ? (255.6, 255.60)

Now, divide this sum by the number of
items and give your answer. (31.95)

3.1.3 The following were the hits by each
of ten riflemen firing 20 rounds each

3 11 9 2 6
18 14 17 8 9

The average number of hits for the 10
riflemen was... ? (C)

A 10.0

B 9.5

C 9.7

D 9.0
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UNIT Using Algebra

5. Using Algebra

CONTENT DEVELOPMENT

Subject Matter Outline General Task/Objective

I. Algebraic Symbols and 1.0 Gives solution set for variables
Vocabulary in math sentences.

A. Preview 1.1 States if math sentences are true
or false when numbers from replace-

1. Same equation used to ment set are substituted into
solve three different sentences.
word problems

1.2 Differentiates solution sets from

2. Analogy of English replacement sets.
sentences reduced to
tight, concise math 1.3 Identifies equivalent forms of the
sentences, same operations.

B. Review meaning of operators 1.4 Identifies meanings of operations

+9 -, *, /, ** and relational symbols.

C. Meaning of relationls
=> <

D. Meaning of variable or
"general number" as a
placeholder in "open
sentences."

e.g., F = 9/5 C + 32

C - 2rjR
I = PRT
W = RM
33/3 = ?

?*,02 = 2
4X-2 = 10

E. Truth or falsity of math
sentences drill.

1. Replacement set as any
suitable numbers.

2. Solution set as those
numbers making equation
a true statement.

F. Equivalent forms of expressing
operations, e.g., 3*Y = (3) (Y)
= 3Y = 3(Y), or X = IX

L _ - . _ _ _ _ _ _
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UNIT Using Algebra

CONTENT DEVELOPMENT (Cont'd.)

Subject Matter Outline General Task/Objective

II. Basic Expressions 2.0 Writes component expressions

for a word problem.

A. Algebraic expression or word
phrase is a meaningful group 2.1 Differentiates monomial, binomial,
of symbols; e.g., and polynomial expressions.

R-5 means..... 2.2 Identifies all terms in

5 subtracted from R
R minus 5 expressions.
R diminished by 5 2.3 Gives numeric coefficients of
5 less than RR less 5 terms in expressions.
R laesa 5
R takeaway 5 2.4 Matches expressions with
R decreased by 5, etc. equivalent word phrases.

B. Terms in expressions

1. Parts connected by arith-
metic operation symbols

a. Monomials have 1
term, e.g., 8, X2,
3Y, Z, 4X/Y

b. Binomials have 2

teims; e.g.,
X+39 Y-49 4X-2, P+I,
2P+3Q

c. Polynomials have 2 or
more terms, e.g.,

P+I, X+3, 3X2 - X+4,
so binomials are
also polynomials.

2. Numerical coefficients
of terms are numbers
preceding letters in a
term; e.g., 3 in 3Y.

..... - - -- - . .. . .
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UNIT Using Algebra

CONTENT DEVELOPMENT (Cont'd)

Subject Matter Outline General Task/Objective

III. Grouping Symbols 3.0 Evaluates numeric expression

with and without grouping

Purpose: parentheses make symbols.
order of operations explicit
in an algebraic expression. 3.1 Performs operations in

correct order according
A. Implicit operations. to operations and

Rule: move left-to-right, grouping symbols.
doing first, all exponentiation;
second, all multiplication and 3.1.1 Evaluates an expression
division; third, all addition containing nested grouping
and subtraction. symbols.
e.g., 3 + 4*5 means (4*5) + 3.

3.2 Finds a unique result by
B. Explicit parentheses overrides evaluating similar

implicit rule. Rule: Do expressions.
operations in parentheses first,
then go to implicit rule. 3.1.2
e.g., (3 + 4)*5 means 7*5 3.2.1 Rewrites expressions to

obtain desired results.
C. Explicit nested parentheses.

Rule: Do operations in inside 3.1.3
parentheses first, working 3.2.2 Completes a rule on order
outwards, e.g., 3 + (5(3-1) + 4 of operations with nested

= 3 + (5 + 2 + 4) parentheses.

= 3 + 11 =14
3.1.4
3.2.3 Evaluates simple numeric

expressions with nested
parentheses.

3.1.5
3.2.4 Completes a rule on order

of operations with one
pair of parentheses.

3.1.6

3.2.5 Evaluates simple numeric
expressions with single
sets of parentheses.
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MODULE GED

UNIT Using Algebra

CONTENT DEVELOPMENT (Cont'd)

Subject Matter Outline General Task/Objective

3.1.7
3.2.6 Completes a rule on order of

operations with no grouping

symbols.

3.1.8
3.2.7 Evaluates simple numeric expressions

with no parentheses.

IV. Words as Algebraic Expressions 4.0 Writes algebraic expressions for

simple word problems.

A. Practice in translating
three types of word state- 4.1 Writes expressions as solution

ments into algebraic form: statements.

1. Statements describing 4.1.1 Selects expressions as word

numeric relations. problem solutions.

2. Statements describing 4.1.2 Writes expressions for numeric

monetary and measurement relations.

relations.
4.1.3 Writes expressions for measurement

3. Statements describing and monetary relations.

part-whole relations.
4.1.4 Writes expressions for part-whole

B. Contrasting meaning of - relations.

symbol in equations and in

fractions or formulas. 4.2 Writes simple equations and

functions for word phrases.

1. Equivalence
4.2.1 Selects words where = means

2. Dependence or relation- equivalence.

ship
4.2.2 Selects words where = means

C. Practice in writing solution dependence.

statements for word
problems.

7

-!.
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UNIT Using Algebra

CONTENT DEVELOPMENT (Cont'd)

Subject Matter Outline General Task/Objective

V. Simplifying Expressions 5.0 Simplifies algebraic expressions
varying by signs, operations, and

A. Combining like terms grouping symbols.
e.g., 3 + 2 are like

A + 2A are like 5.1 Selects simplest forms of algebraic
BC + BD are unlike expressicns.

X2 + 3aeulk
X + X are unlike 5.2 Simplifies expressions by combining

B. Like terms are collected like terms.

first and combined to 5.3 Detects expressions that cannot be
simplify expression: simplified.

X 2+2X+6X+5+3X 2-5X+2
= (X2 +3X2)+(2X+6X-5X)+'5+2) 5.4 Differentiates like from unlike

- CX+3X (2+6X-X)+(+2)terms.

= 4X 2+3X+7

VI. Solving Word Problems 6.0 Sets up and solves linear equations
for word problems.

A. Order of steps.
6.1 Sets up and solves equations as

1. State given and unknown prompted for word problems.

2. Write solution equation 6.2 Solves linear equations as
prompted for numeric problems.

3. Substitute values for
variables 6.3 Observes operations to both sides

of an equation and completes a
4. Simplify rule.

5. Perform inverse 6.4 Evaluates expressions by

operations to both simplification.
sides

6. Solve by performing
arithmetic operations

B. Equivalent equations by same
operation to each side.

Student gives numbers to
add, subtract, multiply,
divide to both sides of
equation. System displays
equivalence.
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TAIS No. 3011

MODULE GED

UNIT Using algebra

TRAINING ANALYSIS INFORMATION SHEET TOPIC Symbols and
Vocabulary

1. TASK IDENTIFICATION: 1.0

2. TASK: States the solution set for variables in open mathematical sentences

3. CONDITIONS: Given a replacement set and 5 math sentences.

4. STANDARD: 4 correct in 5 sentences

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

1.0 States the solution 1.1 States whether numbers None Hockett, S.

set for each sentence from a replacement set GED Math

in a set of open matih make open math sen- Home Study Guice

sentences. tences true or false. Barron's, 1972
Lesson 10

1.2 Differentiates solutior
sets from replacement
sets.

1.3 Identifies equivalent
representations of the

same arithmetic opera-
tion.

1.4 Matches select arith-

metic operation and
relational symbols
with their meanings.
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TAIS No. 3011 MODULE rpn

UNTITmngIgbzr

TOPIC Symbol and

CRITERION AND ENABLING OBJECTIVES Vocabulary

TASK IDENTIFICATION: 1.0

TASK ELEMENTS: 1.1-1.4

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

1.0 Given a replacement set of six whole 1.1 Given open math sentences and selected
numbers for 5 open sentences, studen numbers from the replacement set for
will determine and STATE the solutioi each sentence, student STATES whether
set of numbers for each sentence, the sentence is true or false.

1.2 Given open math sentences and a list
of number sets, student will DIFFEREN-
TIATE solution sets from replacement

sets and STATE the solution sets.

1.3 Given expressions showing equivalent
and non-equivalent operations, student

will IDENTIFY those expressions

denoting equivalent operations.

1.4 Given the symbols (=, +, -, *, /, **,
y, <) student will MATCH them with
their meanings.
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TAIS No. 3011 MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Symbols and

Vocabulary
TASK IDENTIFICATION: 1.0

TASK ELEMENTS: 1.1-1.4

CRITERION ITEM(S) ENABLING ITEM(S)

1.0 Let (0, 1, 2, 3, 4, 5) be the 1.1 I will show you an open sentence and
replacement set for the following one or more numbers from the replacemen
math sentences. Find and give me set. You tell me if the numbers are in
all the numbers in this set for the solution set by indicating if the
which each math sentence is true sentence is "true" or "false".
(state none, if no numbers make
the sentence true). Y-2 (0, 1, 2) T/F? (F)

Y -2 (3,4,5) Y;2 (3, 4) T/F? (T)

x+1=4 (3) 2+X=2 (2, 3) T/F? (F)

Y-3=0 (3) Y+15 (5) T/F? (F)

Z+4=1 (none)-- Z+4=1 (4, 5) T/F? (F)

Y+l 5 (0, i, 2, 3) 2+X=2 (0) T/F? (T)

1.2 See if any sets of numbers on the left
are solution sets for expressions on

the right.

Set Expression

A. (0, 1, 2, 3, 4, 5) 1. Y< 4

B. (3, 4, 5) 2. X+l=4

C. (2) 3. Y=2

D. (0, 1, 2, 3) 4. Y+3=5

Match letters with numbers to give me
just the solution sets
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TAIS No. 3011 (contd.) MODULE GED

UNIT Using alizebra

TEST ITEMS TOPIC Symbols and

Vocabulary
TASK IDENTIFICATION: 1.0

TASK ELEMENTS: 1.1-1.4

CRITERION ITEM(S) ENABLING ITEM(S)

1.3 Which of the expressions below show
the same operation? (list the

letters) (A, C, D, E)

A. 3*Y

B. 3/Y

C. (Y)(3)

D. 3xY

E. 3(Y)

F. all are the same

Is X = 1X true? (Yes/No) (YES)

1.4 Match the algebraic symbols on the
left with their meanings on the right.

- (7) 1. not equal to

+ (6) 2. less than

(3) 3. subtract

** (8) 4. multiply

* (4) 5. not less than

/ (10) 6. add

> (9) 7. equals

(2) 8. iaise to power

9. greater than

10. divide

II 2 l J I I I a - _ Iil - _ , , I ' itp11
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TAIS No. 3012 MODULE GED

UNIT Uabra

TRAINING ANALYSIS INFORMATION SHEET TOPIC Basic algebra-
ic expressions

1. TASK IDENTIFICATION: 2.0

2. TASK: Student can write component algebraic expressions for solving a word problem

3. CONDITIONS: Given a three-question word problem

4. STANDARD: No errors for each component expression

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

2.0 Writes one binomial 2.1 Differentiates monomia None Hockett, S.

and two monomial ex- binomial and polynomial GED Math

pressions to answer eac expressions. Home Study Guide

of three questions in Barron's, 1972

a word problem. 2.2 Identifies all terms Lesson 10

in expressions.

2.3 States numerical coeffi

cients for terms in ex-

pressions.

2.4 Matches expressions
with word-phrases equi-

valent in meaning.

[)
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TAIS No. 3012 MODULE GED

UNITUsing algebra

TOPIC Basic algebraic
CRITERION AND ENABLING OBJECTIVES expressions

TASK IDENTIFICATION: 2.0

TASK ELEMENTS: 2.1-2.4

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

2.0 Given a three-question word problem 2.1 Given six expressions, one at a time,
and prompts for each expression, NAMES them as monomial, binomial and/

student will STATE algebraic or polynomial by typing, M, BP, or P.
expressions to answer each question.

2.2 Given three expressions, one at a time]

STATES the terms in each expression.

2.3 Given three expressions, STATES the

numerical coefficients of all terms.

2.4 Given an expression, CLASSIFIES whethe

each in a series of word-phrases is/

is not equivalent in meaning to the

expression.
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TAIS No. 3012 MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Basic algebraic

expressions

TASK IDENTIFICATION: 
2.0

TASK ELEMENTS: 2.1-2.4

CRITERION ITEM(S) ENABLING ITEM(S)

2.0 Jane's age is 2 years less than foux 2.1 Tell me whether each of these expressions

times Sarah's age. How old was is a monomial, binomial and/or polynomi l

Sarah 5 years ago? How old will by typing M', 'BP' and 'P'.

Sarah be in 10 years? How old is

Jane? X+"+Z (P)

Expression for Sarah's age i years P+1 (BP)

ago = (X-5)

3Y (M)

Expression for Sarah's age in 10

years = (X+1O) 4X/Y (M)

Expression for Jane's age = (4X-2) 4X-2 (BP)

3X**2-X+4 (P)

2.2 Write the terms in the following

expressions (use cormas between

terms).

x+I0 (x, 10)

X**3 (X**3)

3X-4Y+5Z (3X, 4Y, 5Z)
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TAIS No. 3012 (contd.) MODULE _j _

UNIT Usinga.Igebra

TEST ITEMS TOPIC Basic algebraic

expressions

TASK IDENTIFICATION: 
2.0

TASK ELEMENTS: 2.1-2.4

CRITERION ITEM(S) ENABLING ITEM(S)

2.3 Write the coefficients for terms in

the following expressions (use commas

between).

5xy (5)

-2A (-2)

3X**2-X (3, 1)

2.4 Type "Yes" or "No" to tell me if the
words which follow mean the same as

this expression

R-5

5 increased by R (Y/N) (N)

5 less than R (Y)

R take away 5 (Y)

5 decreased by R (N)

What about this expression?

4x-2

(4 times X) minus 2 (Y)

the product of 4 and X, less 2 (Y)

2 more than 4 multipled by X (N)
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TAIS No. 3013
MODULE GED

UNIT Using algebra

TRAINING ANALYSIS INFORMATION SHEET TOPIC Order of

Operations
1. TASK IDENTIFICATION: 3.0

2. TASK: Student evaluates explicit numeric expressions with and without

grouping symbols

3. CONDITIONS: Given numeric expressions involving addition, subtraction,

multiplication, division and exponentiation

4. STANDARD: At least four correct of 6 criterion problems

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

3.1 Performs arithmetic 3.1.1 Evaluates an ex- None Final Report

operations in correct pression with Computer Based

order in numeric ex- nested parentheses Instruction in
pressions with and with- by giving steps. Statistical

out grouping symbols. Inference
3.1.2 Writes expressions SDC, 1967

3.2 Selects among similar 3.2.1 with grouping

expressions with and symbols from ex-

without parentheses pressions with no

the one giving a differ grouping symbols

ent result. and desired numeric

results.

3.1.3 Completes a rule on

3.2.2 order of operations
with nested paren-

theses.

3.1.4 Evaluates simple

3.2.3 numeric expressions
with nested paren-

theses.

3.1.5 Completes a rule on

1.2.4 order of operations
with one pair of
parentheses.
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TAIS No. 3013 (contd.) MODULE GED

UNIT Ujnaj~sbera

TRAINING ANALYSIS INFORMATION SHEET TOPIC Order of

Operations

1. TASK IDENTIFICATION: 3.0

2. TASK:

3. CONDITIONS:

4. STANDARD:

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

3.1.6 Evaluates simple

3.2.5 numeric expressions

with one set of

parentheses.

3.1.7 Completes a rule on

3.2.6 order of operations

with no grouping
symbols.

3.1.8 Evaluates simple

3.2.7 numeric expressions

with no parentheses.
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TAIS No. 3013 MODULE GED

UNIT Using algebra

CRITERION AND ENABLING OBJECTIVES TOPIC Order of
Operations

TASK IDENTIFICATION: 
3.0

TASK ELEMENTS: 3.1-3.1.8
3.2-3.2.7

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

3.1 Given a set of 5 expressions 3.1.1 Given a numeric expression with

involving operations of addition, nested parentheses, student will

subtract, multiplication, division evaluate the expression by STATING

and exponentiation -- with and his four steps and his answer.

without grouping symbols -- student

will STATE his whole number answers. 3.1.2 Given numeric expressions with no

3.2.1 parentheses involving addition,

3.2 Given four expressions involving subtraction, multiplication, division,

the same operations, and or exponentiation, and given the

coefficients, with and without results desired from evaluating the

parentheses, student will CHOOSE expressions, student will WRITE the

the one giving a result different expression with parentheses to get

than the other three. the desired results.

3.1.3 Given a rule for expansion of nested

3.2.2 grouping symbols, student PILLS-IN

that operations on "inside" paren-

theses are done first.

3.1.4 Given two numeric expressions with
3.2.3 nested parentheses involving addition

and subtraction, student STATES

numeric answers.

3.1.5 Given a rule regarding expressions
3.2.4 with one pair of grouping symbols,

student FILLS-IN that operations
inside the parentheses are done

"first".

3.1.6 Given two numeric expressions each

3.2.5 with one set of parentheses, student

STATES numeiic answers.

3.1.7 Given a rule regarding expressions

3.2.6 with no grouping symbols, student

FTLLS-IN "**" as the operation
done first, "+" or "-" coming after

multiply or divide.

3.1.8 Given three numeric expressions each

3.2.7 with no parentheses, student STATES
numeric answers.



qvstem Development Corporation
2 January 1974 A-93 TM-5261/003/00

TAIS No. 3013 MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Order of
Operations

TASK IDENTIFICATION: 3.0

TASK ELEMENTS: 3.1-3.1.8

3.2-3.2.7

CRITERION ITEM(S) ENABLING ITEM(S)

3.1 As each of the next expressions 3.1.1 Remember that raising to a power
appear, perform the operations ** is performed first, before *

called for and give your answers. or /. Try this one, showing me

the steps as you evaluate.
2+6/2=(5)

1+(((3+2)**2-10)*4)
(2+3)**3=(125)

Step 1 = 1+((5**2-10)*4)
3*2**2+65-10=(32)

Step 2 = i+((25-10)*4)

5+7*2-4**2/8=(17)

Step 3 = 1+(15*4)
10O-(((3+2)**2-l0)*4)+6/3=(42)

Step 4 = 1+60
3.2 Which one of these four expres-

sions will produce different Answer = 61

results from the other three?

(with no rounding off) 3.1.2 In the next items, you will be given

3.2.1 an expression and a desired outcome.
a. (5**2+2**2+7**2)/3 Your job is to retype the expression

so that the desired result is com-
• b. (5**2)+(2**2)+(7**2)/3 puted. For example:

c. 5*5/3+2*2/3+7*7/3 Expression Desired Pesult

d. (1/3)*(5+5+2*2+7*7) 3+4*5+7 84.0

You would have to type

(3+4)*(5+7)

Now... start at the top and take

one expression at a time:

Expression Desired Result Answer

3+4*5+7 42.0 (3+4)*5+7

3/5+7 7.60 3/5+7

3/5+7 0.250 3/(5+7)

17+3/5 4.0 (17+3)/5

_0
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TAIS No. 3013 (contd.) MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Order of
Onerations

TASK IDENTIFICATION: 3.0

TASK ELEMENTS: 3.1-3.1.8

3.2-3.2.7

CRITERION ITEM(S) ENABLING ITEM(S)

Expression Desired Result Answer

3-6/2+7+49 51.333 3-6/(2+7)+49

2+2**2 6.0 2**2+2 or (2**2)+2

2+2**2 16.0 2**(2+2)

3+6/3**3 125.0 (3+6/3)**3

3+6/3**2 1.0 (3+6)/3**2

3.1.3 When two or more pair of grouping

3.2.2 symbols appear in an expression,

perform operations on the numbers

in the (inside, innermost)

parentheses first.

3.1.4 Work these out and give me your

3.2.3 answers;

2+(6-(3+1)+4)=(8)

3+(5+(3-1)+4)
= (14)

3.1.5 If one pair of grouping symbols are

3.2.4 present, the operation inside will

be performed

* a. first

b. after any raising to a power outside

the parentheses

c. after any multiplication or division

d. none of these

_______________________________________________________________________
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TAIS No. 3013 (contd.) MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Order of
Operations

TASK IDENTIFICATION: 3.0

TASK ELEMENTS: 3.1-3.1.8
3.2-3.2.7

CRITERION ITEM(S) ENABLING ITEM(S)

3.1.6 Work these out and give your
3.2.5 answers:

(6+4)/2=(5)

6+(4/2)*3=(12)

3.1.7 If there are no grouping symbols,
3.2.6 then ... enter symbol or words

(**, exponentiation, power) comes
first, followed by multinlving or
dividing.

Multiplication and divisions have
priority over (addition subtrac-
tion, + -) and (subtraction
addition, - +).

3.1.8 These should be easy for you to

3.2.7 evaluate. As each expression
appears, work out your answer and
type it.

8*2+3= (19)

8+4/2=(10)

3*2**4+6=(54)
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TAIS No. 3014
MODULE GED

UNIT Usinga. ge ra

TRAINING ANALYSIS INFORMATION SHEET TOPIC Words as

algebraic
1. TASK IDENTIFICATION: 4.0 expressions

2. TASK: Writes algebraic expressions, equations, or functions for simple word

problems

3. CONDITIONS: Given word problems with the variable letter(s) stated in the words.

4. STANDARD: No errors

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATFRIAL

-I

4.1 Writes expressions as 4.1,1 Selects expressions None Brown, Snader,
solution statements for as solutions to word & Simon

word problems. problems General Math,

4.2 Writes simple equations 4.1.2 Writes expressions Book 1

and functions for word for statements de- (USAFI D151/15

statements. scribing-numeric 1968. pgs 305-

relationships 
315

Hockett, S.
4.1.3 Writes expressions Math Home Stud

for statements de- Guide

scribing monetary Barron's, 1972

and measurement 
Leson 10

quantities Lesson 10
pgs 163-165

4.1.4 Writes expressions

for statements de-
scribing part-number

relations

4.2.1 Selects words which
give meaning of

equivalence to =

symbol

4.2.2 Selects words which
give meaning of de-
pendence to = symbol

.. *
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TAIS No. 3014 MODULE GED

UNIT Using alkebra

TOPIC Words as

CRITERION AND ENABLING OBJECTIVES algebraic
expressions

TASK IDENTIFICATION: 
4.0

TASK ELEMENTS: 4.1-4.1.4
4.2-4.2.2

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

4.1 Given three word problems containing 4.1.1 Given two word problems, student
letters for the unknowns, student CHOOSES the correct expressions
WRITES algebraic expressions as for solution from among sevc-al ex-
problem solution statements. pressions.

4.2 Given three statements of relation- 4.1.2 Given word-phrases denoting numeric
ship containing letters for the un- relationships, student WRITES algebraic
knowns, student WRITES equations expressions describing the phrases.
or functions, as appropriate to
describe the relationships. 4.1.3 Given word-phrases denoting monetary

and measurement units, student WRITES
algebraic terms describing these
phrases.

.1.4 Given word-phrases denoting part-numbe
relationships, student WRITES algebrai

expressions describing these phrases.

4.2.1 Given a list of words denoting

4.2.2 equivalence or dependence, student
IDENTIFIES which words denote
equivalence and which denote

dependence.
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TAIS No. 3014 MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Words as

algebraic
TASK IDENTIFICATION: 4.0 expressions

TASK ELEMENTS: 4.1-4.1.4

4.2-4.2.2

CRITERION ITEM(S) ENABLING ITEM(S)

4.1 Show the algebraic sentences for 4.1.1 A sweater costs $18. The cost of C
solving each of the following sweaters is
problems:

18+C
A car travels Y miles per hour. The
distance traveled by the car in Z 18/C

hours is? YZ, Y(Z), (Y)(Z), Y*Z

C/18
Your friend bought a suit for Y

dollars. The sales tax rate on the * 18C
purchase was 3%. The sales tax was?

.03Y, .03(Y), (.03)(Y), Y*.03 C-18

You want to buy 3 ties at X dollars Bill had Y dollars. He bought A
each. The change you would receive things at B dollars each. The
from a $20 bill would be? amount of money he had left over
20-3X, 20-3*X, 20-3(X) was

AB-Y

AB+Y

SY-AB

/AB

ABY

4.1.2 Try to write algebraic exnressions

for these English phrases:

Two less than half of P (1/2 P-2,

.5P-2, P/2-2)

X divided by the sum of X and 3

X/X+3)

A number that X exceeds by 1 X-1

Twice the sum of P and 0 2(P+Q)

10 gallons at Q cents per gallon

3o4, O(Q), O*Q, (34)(+).

34% of the sum of R and S .34(R+S)
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TAIS No. 3014 (contdj MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Words as

algebraic
TASK IDENTIFICATION: 4.0 expressions

TASK ELEMENTS: 4.1-4.1.4

4.2-4.2.2

CRITERION ITEM(S) ENABLING ITEM(S)

4.1.3 Write algebraic terms for these

phrases. The number of ...

Cents in D dimes (10D)

Cents in M dollars (100M)

Feet in Y yards (3Y)

Feet in M miles (5280M)

4.1.4 Now write algebraic expressions for
these phases:

George's age three years ago if he

is now Y years old (Y-3)

Emanual's weight if it exceeds Pete's

by W and Pete weighs 150 (150+W)

The amount of money earned by Filipe

if he and Sal together earned $75

and Sal earned D dollars (75-D)

4.2 Write an equation or a function 4.2.1 Look at the following words and

expressing each of the following 4.2.2 phrases. If they would translate

(use X on the first one). into an = sign meaning "equals", type

E. If they would translate into an

If 4 times the number is increased = sign meaning "is a function of",

by 3 it is the same as 2 less than tvYe F.
5 times the number (4X+3=5X-2). Depends (F)

The perimeter of a square (P) will Ts E)
vary in relation to four times the Same as (E)

length of one of its sides (S)

(P=4S). Related (F)

The circumference of a circle (C) Are (E)

changes as twice the radius (R) Relation (F)

times 3"14 (C=2*3.14*R) Will be (E)

Was (E)

Vary (F)

Changes (F)
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TAIS No. 3015 MODULE _r

UNIT Uingalger a

TOPIC Simplfying
CRITERION AND ENABLING OBJECTIVES expressions

TASK IDENTIFICATION: 5.0

TASK ELEMENTS: 5.1-5.4

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

5.0 Given three algebraic expressions 5.1 Given three expressions, one at a time,
with negative terms, terms in paren- student SELECTS the simplest form of thE
theses, and terms with like and unlik( expression from a list.
exponents, student simplifies the
expressions and WRITES their simplest 5.2 Given three simple expressions, student
forms, combines like terms and q-ATES the sim-

plified expression.

5.3 Asked which of several expressions can
be simplified, student STATES that none
can be simplified.

5.4 Given several sets of terms, student
SELECTS which sets are "like" terms.
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TAIS No. 3015

MODULE GED

UNIT Using algebra

TRAINING ANALYSIS INFORMATION SHEET TOPIC Simplifying
expressions

1. TASK IDENTIFICATION: 
5.0

2. TASK: Simplifies algebraic expressions by combining like terms

3. CONDITIONS: Given three expressions with negative terms, terms in parentheses,
and terms with like and unlike exponents.

4. STANDARD: Two of three criterion expressions correct. Error acceptable in third

expression only.

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

5.0 Simplifies algebraic 5.1 Selects the simplest None Hockett, S.
expressions requiring forms of three ex- GED Math Study
the application of pressions, one of which Guide
several rules in com- cannot be simplified. Barron's, 1972
bining like terms. Lesson 10

5.2 Simplifies basic ex- pgs 165-166

pressions by combining
like terms. Dept. of Labor

AGEP Self-Stud3

5.3 Detects expressions Program: Alge-
which cannot be sim- bra. 1969
plified.

5.4 Differentiates sets of
like terms from sets
of unlike terms.

7 r . .. .. . ....... --
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TAIS No. 3015 MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Simplyfing
expressions

TASK IDENTIFICATION: 5.0

TASK ELEMENTS: 5.1-5.4

CRITERION ITEM(S) ENABLING ITEM(S)

5.0 Simplify each of the following 5.1 You will see three expressions. Choose
algebraic expressions to its the simplest form from this list.
simplest form:

a. 4X**2+3X+7
5A- 3B-A+4B+4 (4A+B+4)

b. 4X**2+7X+7
(4A)+(-5A) -(l0A) (-11A)

c. 4X-2X
3XY-5X**2Y+2XY**2-XY+X**2Y

(2XY-4X**2Y+2XY**2) d. 2X

e . Cannot be simplified

First..

4X-.X-X (d)

Now..

X**2+2X (e)

Last ...

X**2+2X+6X+5+3X**2-5X+2 (a)

5.2 Simplify these expressions by combining
like terms.

2.4A-1-8A (.6A)

8T-3T+T (6T)

2X-Y+3X+4Y (5X+3Y)

5.3 1,Thvvch of these expressions if any can
be simplified (None)

2A+3B

X**2+2X

X**2+X** 3
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TAIS No. 3015 (contd.) MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Simplifying
express ions

TASK IDENTIFICATION: 5.0

TASK ELEMENTS: 5.1-5.4

CRITERION ITEM(S) ENABLING IT EM(S)

5.4 Here are several sets of terms. Tell
me which sets are "like terms" by
typing the letters a, c,- d,_

*a. X**2, '3X**2

b. X**2, X

*c. 5. 2

*d. B, 3B, 6B

e- 3X, 3

f. AB, AC, AD

*g. 2X, 6X, -5X
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TAIS No. 3016 MODULE GED

UNIT Using algebra

TRAINING ANALYSIS INFORMATION SHEET TOPIC Solving word
problems

1. TASK IDENTIFICATION: 6.0

2. TASK: Sets up and solves linear equations for word problems

3. CONDITIONS: Given two word problems

4. STANDARD: No errors

5. TASK ANALYSIS:

SUPPLEMENTAL

TASK ELEMENTS SUB ELEMENTS TRAINING REFERENCES
MATERIAL

6.0 Solves two GED-type 6.1 Constructs and eval- None Hockett, S.
word problems by con- uates equation for a GED Math
structing and evaluating word problem when Stud Guide

linear equations. prompted for each step. Barrons, 1972

Lesson 10

6.2 Evaluates linear equa- gs. 168-176

tions when prompted 
for

each step. GED Test
Formn J, 1969

6.3 Evaluates an equation

and completes a rule ept. of Labor
from observing the same GEP Self-Study
operations applied to rogram: Algebr
both sides of the equa- 969
tion.

6.4 Evaluates three expres-
sions by simplification
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TAIS No. 3016 MODULE ryn

UNIT Using algebra

TOPIC Solving word
CRITERION AND ENABLING OBJECTIVES problems

TASK IDENTIFICATION: 6.0

TASK ELEMENTS: 6.1-6.4

CRITERION OBJECTIVE(S) ENABLING OBJECTIVE(S)

6.0 Given two word problems solvable as 6.1 Given a word-problem to solve for X, an
linear equations, student sets-up given prompts for each step, student
and evaluates equations and STATES WRITES the equation at each step and
the answers. STATES the answer.

6.2 Given two numeric equations to evaluate
for X and, given prompts for each step,
student WRITES the equation at each
step and STATFS the answer.

6.3 Given an equation to solve for X --
and a number provided by the student
which is added, subtracted, multiplied,
and divided on both sides of the equa-
tion -- the student STATES the numeric
outcome for each case, CONFIRMS that th
equality remains unchanged in all cases,
and FILLS-IN a rule.

6.4 Given three expressions to evaluate
and the values for the variables, studen
evaluates the expressions by simplifica-
tion and STATES the outcomes.
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TAIS No. 3016 MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Solving word
problems

TASK IDENTIFICATION: 6.0

TASK ELEMENTS: 6.1-6.4

CRITERION ITEM(S) ENABLING ITEM(S)

6.0 When you solve the next two 6.1 If 5 years from now, your son will be
problems, you qualify for GED 14 years old, how old is he now?
algebra. (Don't do this by subtraction)

A wooden beam is 58 inches long. First, using X for your son's current
A carpenter must cut the beam so age, what is the equation? (X+5=14)
that the longer part is 8 inches
longer than the shorter part. How Now, write the equation with the
long is the shorter part? (25) subtraction shown on both sides

(X+5-5=14-5)
Answer should be derived as follows:

Finally, your answer X = (9)
x+(X+8) = 58

6.2 Solve for X by evaluating the next two
2X = 58-8 equations using inverse operations.

X = 25 inches First ...

or X-2=6

X+X+8-8 = 58-8 Show inverse operations (X-2+2=6+2)

2X = 50 Answer, X = (8)

X = 25 inches Now solve ...

In basketbal1, a foul basket counts X+2X+X-2=I0
1 point and a field basket counts
2 points. A team scored 73 points, Simplify (4X-2=10)
making 8 more field baskets than
foul baskets. How many foul Show inverse (4X-2+2=10+2)
baskets did they make? (19)

Evaluate (4X=12)
Answer should be derived as follows:

Answer, X (3)
B+2(B+8) = 73

B+2B+16 = 73

3B = 57

B = 19 foul baskets

. . . . . . . . . . . .. . . . . . . . . .
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TAIS No. 3016 (contd.) (page A-108 blank) MODULE GED

UNIT Using algebra

TEST ITEMS TOPIC Solving word

pyroblems

TASK IDENTIFICATION: 6.0

TASK ELEMENTS: 6.1-6.4

CRITERION ITEM(S) ENABLING ITEN(S)

6.3 Here is an equation

4X = 12

Give me a number from 1 to 4 and I

will add, subtract, multivI\', and

divide both sides of the enuation by

the number.

Number = 2 (for example)

Adding 4X+2 = 12-2 4X = 12

Subtracting 4X-2 = 12-2 4X = 12

Multiplying 4X*2 = 12*2 8X = 24

Dividing 4X/2 = 12/2 2X = 6

In each case, solving for X gives (3)

Does performing the same operation to

both sides change the equality shown
by the equation? (yes/no) (No)

Now, complete this rule ...

When the same number is used for
addition, subtraction, multiplication,

division or raising to a power on

(both, 2, two) sides of the equation,
the (equality) of the equation stays
the same.

6.4 Evaluate the expressions which follow,

using these values for variables.

X = 5 Y=4 Z=3 A=2 B=l

The value of 2X**2+3Y = (62)

The value of 3X+5A-7B = (18)

The value of A**2/Y+2XZ (31)

l .. .. .'". . .. :_ ,. .. . . , =, .. .. i; =.i . . . ;. . .. ) . . .. , ~ r - .m ) . .... Z. . ... .t' ,. ' T ,.
-

2 
) l '
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APPENDIX B

RATING MATERIALS FOR USAFI REVIEW OF

GED AI MATH TRAINING ANALYSIS

0 Subject Areas for GED Math

* Mathematics Rating Scale
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(page B-4 blank)

SUBJECT AREAS FOR GED MATH

Typical GED
Weightings

General Mathematics 50% - 62%

A. Whole numbers: Review/applications
B. Fractions: Review/applications

C. Decimals: Review/applications

D. Percentages: Review/applications to finance,

taxes, buying, wages

E. Reading graphs: Bar, line, circle

F. Constructing graphs

G. Computing averages: Mean, medium, mode

H. Metric geometry: Area
I. Metric geometry: Volume

II Algebra 35% - 25%

A. Symbols and conventions

B. Evaluating explicit expressions with

and without grouping symbols

C. Evaluating expressions with variables

D. Equations, formulas, and functions

E. Monomials
F. Polynomials
G. Products and factoring

H. Graphing linear and selected equations

I. Systems of equations
J. Exponents
K. Scientific notation

L. Progressions and series

III Plane Geometry 15% - 13%

A. Points, lines and planes
B. Realtionships between lines and angles

C. Triangles: congruencies, inequalities

D. Similar polygons
E. Circles, arcs, and angles

F. Constructions and loci

G. Trigonometry
H. Logic and proof: Pythagorean theorem

.- ~ -.



System Development Corporation

2 January 1974 B-5 TM-5261/003/00

28 March 1973

MATHEMATICS RATING SCALE

System Development Corporation (SDC) is working on a research project for the
Army Research Institute (ARI) to determine the feasibility of using tactical
computers for training and education. Enlisted personnel at Ft. Hood, Texas,
will be given the opportunity to improve their ability to solve maat'ematicb
problems through use of the computer. A strategic set of GED mathematics
subject areaa are to be chosen for this experimental purpose. The training
session for each student will be 3 to 4 hours in length.

Please rate each of the following subject areas in terms of its suitability
for use in the research described above. Remember, we need to select areas
where i,rovement can reasonably be expected to occur. Place an "X" on the
line that best indicates your feeling about the su4.tability of each subject
area.

GED MATHEMATICS SUBJECT AREAS

Highly Not
Suitable So-So Suitable I. GENERAL MATHEMATICS

A. Whole numbers: Review/
applications

B. Fractions: Review/
applications

C. Decimals: Review/
applications

D. Percentages: Review/
applications to finance,
taxes, buying, wages

_"_E. Reading graphs: bar, line,
circle

F. Constructing traphs

G. Computing averages: Mean,
median, mode

H. Metric geometry: Area

I. Metric geometry: Volume
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Highly Not
Suitable So-So Suitable II. ALGEBRA

A. Symbols and conventions

B. Evaluating explicit
expressions with and
without grouping
symbols

C. Evaluating expressions

with variables

D. Equations, formulas, and

functions

E. Monomials

F. Polynomials

G. Products and factoring

H. Graphing linear and

selected equations

I. Systems of equations

J. Exponents

__._Scientific notation

L. Progressions and series

Comments:

Cautions:

A
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Highly Not
Suitable So-So Suitable III. PLANE GEOMETRY

A. Points, lines and planes

B. Relationships between
lines and angles

C. Triangles: congruencies,

inequalities

D. Similar polygons

E. Circles, arcs, and angle6

F. Constructions and loci

G. Trigonometry

H. Logic and proof:

Pythagorean theorem

Comments:

Cauticns:

m-
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AUTOMATED INSTRUCTION MODULES

Highly Not

Suitable So-So Suitable I. DECIMALS

A. Place values

B. Rounding-off decimals

C. Basic deciinal operations

D. Solving decimal word

problems

Comments:

Cautions:

Highly Not
Suitable So-So Suitable II. PERCENTAGE PROBLENIS

A. Equivalency of fractions,
ratios, decimals and
percents

B. Basic operations: simple
word problems

C. Steps to solving GED-
type pe- -ntage problems

Comments:

Cautions:
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Highly Not
Suitable So-So Suitable III. INTERPRETING DATA

A. Grouping data

____B. Reading graphs

-- C. Computing an average

Comments:

Cautions:

Highly Not
Suitable So-So Suitable IV. USING ALGEBRA

A. Algebraic symbols and
vocabulary

B. Basic expressions

C. Grouping symbols

D. Words as algebraic
expressions

E. Simplifying expressions

F. Solving word problems

Comments:

Cautions:

L_ -. .* ., .
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APPENDIX C

INTRODUCTORY LESSON FOR THE AI GROUP

- .
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APPENDIX CONTENTS

This Appendix contains a listing of the introductory lesson that was developed

to familiarize Al svbjects with the types of questions being asked in the

courses and the various methods of responding.

Fi
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This Appendix contains the orientation briefing given each test day to those

subjects who were participating in MASSTER Test 122.
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ORIENTATION - MASSTER TEST 122

GOOD MORNING, GENTLEMEN. I'M GOING TO GIVE A GENERAL ORIENTATION TO MASSTER

TEST 122. THE OFFICIAL TITLE OF THE TEST IS ThiE INTEGRATED BATTLEFIELD CONTROL

SYSTEM AUTOMATED INSTRUCTION TEST.

THE ARMY HAS SEVERAL EFFORTS UNDERWAY TO IMPROVE ITS OVERALL TRAINING PROGRAM.

IT HAS ALREADY BEEN DECIDED THAT IN THE FUTURE MORE OF THE TRAINING WILL BE

DONE THROUGH TRAINING PROGRAMS AT THE UNIT OR INDIVIDUAL LEVEL.

THE ARMY ALSO HAS UNDERWAY SEVERAL EFFORTS TO DEVELOP AND FIELD COMPUTERIZED

TACTICAL DATA PROCESSING SYSTEMS. ONE SUCH COMPUTERIZED SYSTEM - CALLED DEVTOS

IS LOCATED IN THE COMPOUND TO THE REAR OF THIS PORTACAMP. IT SEEMS LIKELY THAT

WHEN SUCH SYSTEMS ARE NOT BEING USED TO SUPPORT TACTICAL OPERATIONS THEY COULD

BE USED TO PROVIDE UNIT AND INDIVIDUAL TRAINING PROGRAMS. ONE OF THE OBJECTIVES

OF THIS PROJECT IS TO CHECK OUT THIS IDEA OF USING TACTICAL COMPUTERS FOR

INDIVIDUAL TRAINING.

THE PROJECT HAS SEVERAL OBJECTIVES. IN ORDER TO MEET THESE OBJECTIVES YOU WILT

BE DIVIDED LATER ON INTO THREE GROUPS. THE FIRST GROUP WILL HELP US OBTAIN

INFORMATION ABOUT HOW WELL THE STANDARD METHOD OF INSTRUCTION GETS THE MATERIAL

ACROSS TO THE STUDENT. THE SECOND GROUP WILL HELP US DETERMINE IF TACTICAL

DATA PROCESSING EQUIPMENT CAN BE USED TO GET THE SAME INFORMATION ACROSS. THE

THIRD GROUP WILL LEARN A NEW TYPE OF CODE AND OPERATE A NEW DATA INPUT DEVICE.

THIS DEVICE IS DESIGNED TO PERMIT YOU (FOR EXAMPLE, WHILE OUT ON PATROL) TO

INPUT CRITICAL INFORMATION DIRECTLY INTO COMPUTERS THAT ARE LOCATED SOME DISTANCE

AWAY. THE HARDWARE ITSELF HAS BEEN DESIGNED AND CHECKED OUT, BUT WE DON'T HAVE

ANY PERFORMANCE DATA. WE WANT TO FIND OUT HOW MUCH TRAINING IS NEEDED FOR

PEOPLE TO LEARN TO INPUT BATTLEFIELD MESSAGES IN A TIMELY MANNER AND WITH FEW

OR NO ERRORS.

-777
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THESE ARE THE OBJECTIVES YOU WILL BE HELPING US TO ACHIEVE DURING THIS STUDY.

I WANT TO ASSURE YOU THAT ThE DATA WHICH WILL BE COI.LECTED WILL BE HELD IN

STRICTEST CONFIDENCE. IT WILL NOT BE USEi) IN ANYWAY TO INFLUENCE YOUR MILITARY

CAREER. THE RESULTS WILL BE POOLED AND USED ONLY TO AID THE ARMY IN MAKINC

FUTURE DESIGN DECISIONS. YOUR COOPERATION AND BEST EFFORT ARE REQUIRED IF

MEANINGFUL RESULTS ARE TO COME OUT OF THIS PROJECT.

SHORTLY NuU WILL BE GIVEN SPECIFIC INSTRUCTIONS IN TERMS OF THE PARTICULAR

JOB YOU WILL HAVE TO DO. HOWEVER, THERE ARE SOME ADMINISTRATIVE MATTERS I'D

LIKE TO MENTION.

FIRST, THE LATRINES - THE PORTABLE YELLOW COLORED VARIETY - ARE LOCATED TWENTY

METERS TO THE REAR OF THIS PORTACAMP.

SECOND, IF YOU ARE WORKING IN THE RESTRICTED AREA--THE DEVTOS COMPOUND--CERTAIN

AREAS ARE OFF-LIMITS. WHEN YOU ARE ASSIGNED THAT AREA THE FIRST THING YOUR

TEST TEAM ESCORT WILL DO WILL BE TO POINTOUT TO YOU THE AREAS INTO WHICH YOU

CANNOT GO.

THIRD, A FOOD VENDOR TRUCK COMES INTO THIS AREA BETWEEN 11:00 AND 11:30. WE

BREAK FOR LUNCH THEN. LUNCH WILL BE EATEN IN THESE VANS OR OUTSIDE, IF YOU

PREFER. THERE ARE MESS HALLS AT MASSTER FOR THOSE WHO MAY HAVE REASON TO WANT

TO EAT THERE. IF, FOR EXAMPLE, YOU HAVE A MEAL TICKET. TO MEET THAT REQUIRE-

MENT WE WILL NEED TO ARRANGE FOR TRANSPORTATION. IS THERE ANYONE HERE WHO

WANTS TO EAT AT THE MESS HALL RATHER THAN BUY HIS FOOD FROM THE TRUCK.

FINALLY, WE WANT YOU TO KNOW WHAT TO EXPECT. SHORTLY YOU WILL BE GIVEN A TEST

ON SOME SUBJECT AREA IMPORTANT TO ARMY ACTIVITIES, IN THIS CASE THE SUBJECT

WILL BE MATHEMATICS. WHILE THESE ARE BEING SCORED YOU WILL BE GIVEN A BREAK.

COFFEE WILL BE AVAILABLE TO YOU IN PORTACAMP NUMBER 6. AFTER THAT YOU WILL BE

ASSIGNED TO ONE OF THE THREE GROUPS I HAVE JUST DESCRIBED. AT THE END OF THE

i ..
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DAY YOU WILL BE GIVEN ANOTHER TEST .... AFTER WHICH YOU WILL BE INTERVIEWED TO

GET YOUR REACTIONS .... COMMENTS .... AND SUGGESTIONS. THEN YIU WILL BOARD THE

BUS - AROUND 1600 - 1615 HOURS - AND BE RETURNED TO YOUR UNIT.

BEFORE WE BEGIN THE NEXT STEP IN THIS OPERATION ARE THERE ANY QUESTIONS?

THANK YOU, I SHALL NOW TURN YOU OVER TO SGT. SHAW.
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APPENDIX E

INSTRUCTIONS FOR THE SELF-STUDY GROUPS

CSW, TACTICS, GED
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APPENDIX CONTENTS

This Appendix contains the sets of instructions that were given to subjects

assigned to the Self-study Groups for CSW, Tactics and GED. In addition to

instructions for GED self-study subjects, adjunct materials were created to

parallel the on-line instruction contained in the decimal word problem lesson

(DEC4).
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INSTRUCTIONS

You are being given a study period to study the LAW.

During this period, please cover the following in regard to the
LAW:

1. Characteristics

2. Component Parts

3. Capabilities and Limitations

4. Maintenance and Inspection

5. Preparation for Firing

6. Aiming the LAW and vulnerability of armor

7. Firing positions

8. Malfunctions and immediate action

9. Restore LAW to carrying configuration

The above topics are covered in FM 23-33, paragraphs 1-13, 18-19,
24-29, 34. (See Study Reference Manual, Vol. II, Crew Served Weapons,
pages 51-59, 64, 65-79, 80.)

Work at your own pace. Take breaks when you need them.

The monitor will let you know when the period is over.

---- ---- ----
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INSTRUCTIONS

Tactics is one of the subtests on the llB40 MOS Proficiency Test.
You are being given a study period to study tactics.

During this period, please cover the following Tactics subjects:

Area Topic

1. Individual Combat Training Estimating Distance
OPs and LPs

2. Individual Skills and Knowledge Characteristics of rifle,
automatic rifle and grenade
launcher fire.
Classes of fire with respect to
target and ground.

3. Squad Combat Formations Dismounted squad formations and
arm and hand signals.
Tactical considerations for the
dismounted squad formations.

4. Squad Battle Drill Fire support and maneuver elements
and mission of each.
Types of battle drill squad
maneuvers and appropriate arm and
hand signals.
Factors in tactical employment
of the squad.

The above topics are covered in:

1. Individual Combat Training:
FM 21-75, paragraph 13, 14, pages 12-15
(Study Reference Manual (SRM), Vol. II Combat Techniques and
Tactics, paragraphs 13 and 14, pages 139-142.)

2. Individual Skills and Knowledge:
FM 23-12, Appendix B, paragraphs 19, 20, 21, pages 11-16.
(SRM, Vol. III, paragraphs 19, 20, 21, pages 332-337.)

3. Squad Combat Formations:
FM 23-12, Appendix B, paragraphs 1-6, pages 78-89.
(SRM, Vol. III, pages 371, 373, and 374, figures 53, 54, 61, 63)
FM 7-10, Appendix D, pages D-1 through D-4.
(SRM, Vol. III, paragraphs D-1 and D-2, pages 98-101)
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4. Squad Battle Drill:
FM 23-12, paragraphs 29, 30, pages
(SRM Vol. III, paragraph 29, 30, pages 339, 340 and 341)

FM 7-10, Appendix E, paragraph E-l to E-ll, pages
(SRM Vol. III, Appendix E. E-l through E-9, pages 117 through 122)

FM 23-12, Appendix D, pages 78-89.
(SRM Vol. III, pages 371, 373, 374, figures 53, 54, 61, 63)

FM 7-10, pages D-2 and D-3
(SRM, Vol. III, paragraphs D-2, pages 99-101)

If you do not have the above references, please raise your hand and
the monitor will give them to you.

Work at your own pace. Take breaks when you need them.

The monitor will let you know when the period is over.

kJ
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GED MATH

PROCEDURES

1. Put your textbook and Study Guide side-by-side and open them to:

Study Guide Textbook

Lesson 11 Chapter 4
pages 40-42 pages 170-185

Use your bookmark if it helps you with the textbook.

2. Read the Study Guide, page 40, down to "Study Notes", then begin
reading pages 170-185 in the Textbook.

3. In the Study Guide there are Study Notes and calculation examples
for textbook pages 171, 172, 173 and so forth. After reading a
page in the textbook, look for a study note or example in the
Study Guide. If there is one, do what the study note says.

4. Now, beginning on page 171 of the textbook and page 40 of the
Study Guide . ...

a. Topic: Decimal Notation

Textbook Pages 171-176

Study Guide Pages 40, 41

Read the textbook pages. Do the Developmental Exercises, and the
Exercises. Read all notes and examples in the Study Guide.

b. Topic: Operations with Decimal Fractions

Textbook Pages 177-180 (top)

Study Guide Page 41

Read the textbook pages. Do Developmental Exercises and Exercises
in textbook. See the example in the Study Guide.

c. Topic: Expressing Common Fractions in Decimal Form

Textbook Pages 180-182 (top)

Study Guide Pages 41, 42

Do Developmental Exercises and Exercises in textbook. Use the
Study Guide notes and examples.
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GED MATH

PROCEDURES (CONTINUED)

d. Topic: Rounding Numbers

Textbook Pages 182-185 (mid-page)

Study Guide Page 42 (top)

Read all pages up to "Error and Precision in Measurement". Do
Developmental Exercises and Exercises. Refer to the exercise
example in Study Guide.

e. Self-Examination Exercises

Study Guide Pages 42, 70-72

Textbook Do all exercises listed in the Study Guide, page 42.

Check your answers using the "key" on pages 70-72 of the Study Guide.

f. Review Exercises

Textbook Page 207 Exercises 1-22
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WORD PROBLEMS

HOW TO SOLVE IT

THE VERY FIRST THING TO DO TOWARD SOLVING A PROBLEM IS TO
READ IT VERY CAREFULLY. AFTER YOU'VE READ THE PROBLEM CAREFULLY,
SEE IF YOU CAN ANSWER THESE BASIC QUESTIONS:

1. WHAT DOES THE PROBLEM TELL?

SOMETIMES FACTS OR DATA ARE INCLUDED WHICH YOU WILL NOT
NEED TO SOLVE THE PROBLEM, WE CALL SUCH UNNECESSARY INFORMATION
IRRELEVANT,

EXAMPLE MARY WEIGHED 148 LBS.
SHE WAS MUCH TOO FAT.

HOW MUCH MARY WEIGHS MATTERS; BUT NOT AN OPINION OF HOW
FAT SHE WAS, WHILE WE WANT TO CHOOSE WHAT MATTERS, WE WANT
ALSO TO IGNORE USELESS OR IRRELEVANT INFORMATION,

2, WHAT DOES THE PROBLEM ASK?

LOOK FOR KEY WORDS IN THE PROBLEM THAT CLUE YOU IN ON
WHAT IS WANTED. HERE ARE SOME OF THEM:

THE WORD EIaD FIND THE DISTANCE TRAVELLED,
FIND THE NET AMOUNT MR. RALSON PAID.
FIND THE AVERAGE NUMBER OF POINTS SCORED,

THE WORD WHAT WHAT IS THE PERCENT INCREASE IN POPULATION?
WHAT IS HIS SCHOOL TAXY

THE WORDS HOW MUCH HOW MUCH WEIGHT DID HE LOSE?
HOW MUCH WA THE CARRYING CHARGE ON

MR. ANGEL S TV SET?

THE WORDS HOW MANY HOW MANY GALLONS OF GAS DOES SHE NEED?
HOW MANY MUST I SELL TO MAKE A PROFITOF $35?

THE WORDS HOWLONG HOW LONG WILL IT TAKE HIM TO PAY OFF
HIS MORTGAGEY

HOW LONG WILL IT TAKE TO GET THERE?

OR THE WORDS HOW FAR HOW FAR IS IT FROM CITY A TO CITY B?
HOW FAR DID THE PLANE FLY?
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(Page E-12 blank)

WHEN YOU KNOW WHAT IS GIVEN AND WHAT YOU'RE LOOKING FOR
THEN YOU RE READY TO FIGURE OUT HOW YOU CAN USE WHAT YOU KNOW
TO FIND THE ANSWER. SO THE THIRD QUESTION TO ASK YOURSELF IS:

3. HOW TO SOLVE IT?

HOW CAN I USE WHAT I KNOW TO FIND THE ANSWER?

OFTEN IT IS VERY HELPFUL TO DECIDE WHAT OPERATION IS CALLED FOR,

ADD? SUBTRACT? MULTIPLY? DIVIDE?

3,.50 1.x ,.02 0.9
O U/UU

39

ON THE FOLLOWING PAGES ARE THREE EXMPLES OF HOW TO SOLVE WORD PROBLEMS,
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APPENDIX F

INSTRUCTIONS FOR THE ALPHA DOT CODE STUDY
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APPENDIX CONTENTS

This Appendix contains the instructions and sample worksheets for the Alpha Dot

Code study. Subjects of MASSTER Test 122 assigned to the Control Group serve"

as subjects for this unrelated project.
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CAI GED DE RTEFI!7I QUESTI OS

NAME AND GRADE SSA_ _

UNIT SUBJECT STUDIED

INTERVIEWER

(Var. No.)
(57) 1. What did you think of the computer-assisted learning situation that

you went through today?

2 = positive 0 = negative

I = neutralt

(58) lb. My attitude toward the CAI was that I . . .

(1) disliked it very much

(2) disliked it

(3) neither liked nor disliked it

(4) liked it

(5) liked it very much

(59) 2. Instructions for using the equipment were . . .

(1) very difficult to understand

(2) difficult to understand

(3) borderline

(4) easy to understand

(5) very easy to understand

(60) 3. Did you have any problems or difficulties in using the equipment or
interacting with the computer?

(1) yes (2) no If yes, please describe them.
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(Var. No.)

4a. Do you have problems with:

(102) (A) Addition (1) Yes (2) No

(103) (B) Subtraction (1) Yes (2) No

(104) (C) Multiplication (1) Yes (2) No

(105) (D) Division (1) Yes (2) No

4b. Were any of the words shown to you today on the CRT display hard to
understand? If yes, which ones?

(106) 4c. Do you have problems in reading? (1) Yes (2) No

Comment:

(61) 5. I estimate that I understood % of the instructional material
(lesson content) presented.

(62) 6. I estimate the number of incorrect responses I made to questions about

the lesson content was #.

7. Rank the following factors as causes of your incorrect responses.

Rank Factor

(63) Didn't know the correct answer

(64) Didn't know how to input the corr i nswer

(65) Slips of the fingers; i.e., , 'yp.

(66) Didn't pay enough attention

8a. Describe any part of the lesson content that was particularly good,
and tell why.
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(Var. No.) 8b. Describe any pdrt of the lesson content that was particularly bad,
and tell why.

(67) 9. 1 think that this method of instruction/learning is.

(5) very effective

(4) effective

(3) borderline

(2) ineffective

(1) very ineffective

(68) 10. For satisfactory understanding of the subject being studied, the
amount of time provided was:

(1) much too long

(3) fairly long

(5) about right

(4) fairly small

(2) much too small

(70) 12. The technical detail provided was:

(5) very satisfactory

(4) satisfactory

(3) borderline

(2) unsatisfactory

(1) very unsatisfactory

A
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(Var. No.)

(71) 13. The organization of the material presented was:

(5) very satisfactory

(4) satisfactory

(3) borderline

(2) unsatisfactory

(1) very unsatisfactory

(72) 14. My understanding of the material presented was:

(5) very satisfactory

(4) satisfactory

(3) borderline

(2) unsatisfactory

(1) very unsatisfactory

15. - - - omitted - - -

16. - - - omitted - - -

17. - - - omitted - - -

18. - - - omitted - - -

(77) 19. If you were to take a GED test on decimals in the near future, would
your test score be significantly improved by your study today?

(3) yes () no (2) don't know

(107) 20. How would you compare this computer method of instruction against
classroom instruction on the same subject?

(3) computer method is more effective

(1) classroom method is more effective

(2) the two methods are about equal

Why?

-7J!L _:
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(Var. No.)
(79) 21. How would you compare this cowputer riethod of instruction against

self-study using textbooks?

(1) self-study is more effective

(3) computer method is more effective

(2) the two methods are about equal

Why?

22. Describe any problems connected with self-study textbooks for your
GED Math test.

23. - - - omitted - - -

24. - - - omitted - - -

(82) 25. Should computer courses like these covering the GED subjects be made
available to Amy personnel?

(3) yes (1) no (2) undecided

Comment:

(83) 26a. Suppose that the Army set-up a computer learning facility in your
battalion area. Would you voluntarily go there to take CAI in
preparation for a GED test?

(3) yes (1) no (2) undecided

26b. - - - omitted - - -

(85) 26c. If yes to 26a or to 26b, what time of day would you prefer for the
CAI to be available?

(4) during duty hours (1) during off-duty hours
(3) during both on and off duty hours
(2) don't know
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(Var. No.)

(86) 27. Should CAI study be mardatory or voluntary for all people taking GED?

(3) mandatory

(I) voluntary

(2) some combination

Why?_

28. - - - omitted - - -

29. - - - omitted - - -

30. - - - omitted - - -

31a. - - - omitted - - -

31b. - - - omitted - - -

(91) 32. Have you ever had experience using a computer before?

(2) yes ) no

(92) 33. If yes to 32, have you ever taken a CAI course before?

(2) yes (1) no

(93) 34. Have you ever heard of CAI before (e.g., in TV, magazines, etc.)?

(2) yes (1) no

(94) 35a. Do you think new things like this would make Army instruction better?

(2) yes (1) no

(95) 35b. Do you think ne., things like this would make Army instruction more
interesting?

(2) yes (1) no

(96) 36. What have you heard about this project before coming over here?

0 = No prLeviou6 inomation

= Some prev6ou information
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EXPERIEN'L
(Var. No.)

(98) 1. Total time in military

(97) 2. Total time in infantry

3. Time at Fort Hood

4. Have you had:

a. M72a2 LAW

(1) Years/months (2) MOS

(3) Location (4) Job Title

(5) What did you do and how many months for each job?

b. Rifle Squad Tactics Experience

(1) Years/months (2) MOS

(3) Location (4) Job Title

(5) What did you do and how many months for each job?

(99) 5. What is your ETS (Expiration of Term of Service) date?

(oo) 6; Ar- you due for transfer from Fort Hood within the next three months?

(1) Yes (2) No Date (If yes) Vot. TOl
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1. Can go back and understand. Can't do as well with a book.

2. Liked it better than anything I have ever had. Have to pay attention.

3. Computer--have teacher talk with you.

4. Liked it. Learned a lot. Go at own pace.

5. All right if you are smart. Could not get hang of it. Rather have old-

fashioned teacher. Had addition and subtraction (in school), no multipli-

cation or division.

6. Learn more than in classes--doing something.

7. Fine--but out of school too long to catch on. Need combined method--

classroom first, then computer. Otherwise boring. Better if somebody

there to help.

8. No typing experience, no problem after you get used to it.

9. Like it, get more out of it. People do not realize how good it (AI) is.

10. Amazing. (On leave today. Didn't like coming over. Liked it after I

got here.) Understand computer better than books. More interesting in

front of computer. Got more.

11. Encouragement computer fed to me. Personal touch. Forty or fifty guys

in class, went to sleep.

12. Computer is a lot better, quieter, if you want to learn it, you put it

into your mind.

13. Surprised all that i learned today on decimals. Got in pretty deep.

Know a lot more now.

14. Like computer. Easy to learn from it. Take my time, not rushing. Told

you when you made a mistake. Learned more than I thought I would. Can't

get into reading books. Computer more compact, gets to the point.

Computer is quicker, faster way of learning.
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15. Computer would help lot of people get better scores on GED.

16. Learned more in I day than 3 or 5 days with a teacher. Tells you what

you did wrong. Makes you work for it. Computer holds your interest,

leads you in correct way.

N.


