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INTRODUCTION .

This project was done becaute of the'need for goOd InstruCtional
, .

materials in'physics for vocational Students. Existin g,,commercially

aVaila tOxtbooks, workbookS, and laboratory manuals.are inadequat(

for erai reafons.

A. The reading abilitY required to use themiI too high for most

,vocational students.

B. The level of mathematics is too high.

C. Most importantly, they do not deal with the real world as the

vocational student sees it. They do'not adequately em-phasize

the relationship betweeniphysics and the stU ents vocation.

As a result,of the poor instructional materials, a student oft(ns

perceives the course as academic and completely irrelevant to him.

An earlier attempt at individualiiing vocational physics at Forsyth

Technical Institute failed. The materials develOped then all(X.yed for
,

various gearning rates and corrected thereading level.and mathematical

difficulties. It failed because it did not directly associate physics

with the studenCs vocational interests. When the student became a more
. e

active 'earner by using individualized materials, 1e became more

critical of the relevance of the subject matter.

The basic idea behind the ORU,project was borrowed from the Physics

of Technology Project sponsored by the American Institute ef Physics.
;

ThPy developed Some modular mater als which presented physics as it'

pertains to certain technological devices. ,The,mtiterials were written.
P.

, A
for Associate Degree technical st dehts and used:some pather esoteric

dibviceS.
,

Using the,idea, of the CIevice centered.learnin module the p.T.) .

.4.
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project began. The objective was to'develop and test a'numbeiN of °

vocational physice modules With the following 'characteristics.

1. Individuali....f.d modules which present the,.physies as it is

found in some .1-Pal device., familiar to the voc.afional

student.

2. Inlritten at the lowest possibles-reading level and including

only the absolutely essential mathematics.

3_ Laboratory oriented, requiring the student to learn phySiei
f-

a

by using the 'device.

,
4, Stippleniented by audio-visual materials developed to,aecompany

t&- the -modules.



BODY

II. A. Product'Development Procedure .

,

The procedure used to develop the materials was 'as:follows. .1

1. A Akst of-possible module titles was inade and4the phySiCs
,

that could be ta ght. by eaoh wasoutlined: )% letter WaS.

sent to the vocational physics inOtisuctoi, at each sohool

I the Community College systeffi ei1aining. t pro3ect

and as,king for comments and'suggestions..

2. The. modules.to be developed during the projdct were
.

chosen based on-the relevance.of the physics tc) vocational--

'students The sequencei development was arranged
:.

;according to lead time necessary'tokoetain equipment.and -,

.skipplies.
*,

A mOdule format was"designed and the'fiest'moduie (and
,

subsequen modules) was,developed 'using the following

- .
steps:

a. Equipment and supplies were purchased and all

possible veeldor-sUpplied and otherwise aye).

14formation about equipment was assembled.

b. The content of the module was.outlined and the

labOratory exercises were designed.

A rough draft of the module was written.and copies

sent ta each member of a formrtive advisory

committee. The committee mbers were:

Dr. C. B. Clark, Head o Physics Department, '
University 4f North Carolina
at'Greensboro

.00
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Dr. Ernest Ile%:Professor of Education,
University of North Carolina
at Greensboro.

Grace B. Corey, Head of-Department of Related
'Technical Instruction Forsyth
Technical lInstitute

George Khhl, piesel IlstT:mtor, Forsyth
TeChnical Institute:

Lgipy
7r.

Foster, Electronica InstrOtor, Forsyth
Technical Institute

Audrey Kirby, English Instructor, Forsyth
Technical Institute

d. Suggestions made by-the formative advisory

committee were incorporated into the module and

a final copy was written and illustrated. (The

use of the formative advisory comMittee was

abandoned after the third'module due to the

unacceptable time delay involved.) :v

,
.

Sound/slide programs were 'developed to aceompany,..

each module and aUdio-visuarcatalogs,were

researched to identify other potentia/ly useful
/

materials. .
Those identified were previewed and

listed in the .module if tound

.. /The modules woe printed in quarttit;arithe
/

audio cassettes were rec9rded7Land duplid'atedand

,tlie slides were dUplicated and collate&

4. An instructor's manual was written whi itemized all the

'equipmElint and supplies needed'foriett modkile. Draltangs
. /

were provided for the equipment/to.be,fabricated,.: Vendor
4

'names andtaddresses Were listed for equipment not found in

.the usual physics laboratory and for all commercial addio-

visual materials.

to.
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II. B. Description of ProduOt
rn

,

FlAie modules were developea: Each moduie consisted of a lisf

of pre-requisites, the' objectives cot the module, and the subject

content divided into two to five sections. .0ne version of as

post-test was written, keyed to the objectives. The pre-reguisites

obje17,r,g of each module are listed in Appendix. I.

Fifteer(sound/slide programs,were made. Except fOr the first

mbdule, each sounCL/Aide program was keyed-to a specific section

of a mbdule. The sound,cassette included an audible signal for

changinrslides.. Again,with the exception of the first module,
,

each souna/slide program included student interactave material in

the form of questions to be answered at two or three points in iKe

program.

The five modules:and fifteen sound/slide programs are described

jACKS -4- A STUDY OF SIMPLE MACYINES

(47 pages,-S laborat, ory exercises,:20 hours)

Three common tY;pes,of jacks are used to'illustrate simple

machines,and combinations of simple machines. Th'e most

important concepts developed are work, energy, efficiency,

mechanical advantage, and stress. The s-ection on load

limitations adds reality by discussing types of stresses

that develop in materials under load and how the material

14eacts.'

9



"Simple Machines and the4oncept of Work"

51 slides, time 12:05

'alsing Jacks"

55 slides, time 14:10

"Load LiMitations"

31 sli'des, time.8;20

2. THERMOMETERS

(39 pages, 8 laboratory exercises, 20 hours)

After distinguishing between temperature and heat; the

operation of different types of thermometers is described.

The-post important concepts developed are temperature, -

heat, th&rmal expansion, gas laws, and_thermal-electrical

interactions. The work with thermocouples and thermistors

.brigs the student up to 'late on techniques used to .

messure temperature. This module requires no mathematical

calculations.

"Temperature'and Heat"

36 slides, tjme variable

"Expansion ThermOmets"

46 slides, time variable

"Electrical Thermometers"

42 slides, time variade

3. THE ALTERNATOR

(6"9 pages, 13 laboratory exercises, 30 hours)

Without presuming any prtior knowledge of electiiicity,

.the student is guided through the operation of an

autoMotive alternator. ThP most important concepts

developed are electric charge, current, electric potential,

10
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resistance, Ohms Law, eleCtro-magnetic interactionh,

seriesand parallel circuits,,energy, pcwer, and .

.

,efficiency. Skills.are develOped in the Use of vcItineters,

amneters, ohmmqers and the oscilloscop.

4Current Electricitle!

55 slides, time variable

"Magnets From Electrilip"-

37'slidés, time variable

,"Electricity From MgnetsP .

38 slides, time variable

"Energy Conversion:"

59,slides,- time variable

4 THE POOL TABLE

(29 pages, 5 laboratory exercives, '15. hours)

Basic mechanics and interactions,betwn moving bodies is

studied,using a pool table. The- most impottant concepts

developed are speed, velocity, acceleration, force, mass,

momentum, and kinetic energy. Stroboscopic photographs

taken, with a Polarcid camera of balls in,motion are Used .

to calculate velocit9; acceleration, momentum'and energy.k

The nop-destruotive collisions'allow for confirmation of

the conservation laws.

"Velocity and Acceleration"

27 slides, time variable

"Force and Mass"

24 slides, iime-variable

"Momentum and Energy"

31 slides, time variable

3.1
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THE RADIAToR.
, ..,, .

.

(19.pages, 4 labOratory exercises, 10 hours)
.

.

,Asm;11 autailotiveradiatoris used to deterMine the

factOrstlt affect heat tranifer. The most important
*.

concepts developed are temperature, heat, conductibn;

, .4tradiation,,convectioR; nd spearific heat. This module

requires no mathematical calculations.

"Conduction and Radiation",

42 slides, time variable

"Conduction and Convection"

.34 ilides, tline variable

a

12
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'THE RATATOR

0.9 pages, 4'laboratory.exercises 1 llour
-

A small automotive radiator is used to determine the

factors that-affect 'Heat transfer.

onqePts developed are temper

adiation,

-quires n

cOnvection,

_-m6st iMportant

condudtion

d specific heat% Thid module

mathematical calculations.
t

"Conduction and Radiatibn'l
+

-42 slides, time variable

"Conduction and,Eonveetion" '

34 slides,tiie variable

1.2



C. PILOT TEST PROCEDURE

The North Carolina Department of Community Colleges nominated

twel.-alimmi---`.0 participate in the pilot test of the'materials.

sen were evenly divided ' en the western,,piedmont

,11 ..11 sections of North Nrolina they were evenly

divided between primary urban and primarily rural-locations. The-

_presidents of the schools selected were notified by letter on

I, June 18, 1975, and asked to identify a contact.person for the pilot

test. The contact persons named by the various presidents were

contacted by letter on July/ 8, 1975. They were sent a

description of the project, a list of equipment and materials that

they would have to provide, and invited to a workshop.

A workshop.was-held at Forsyth Technical Institute on August

4, 1975. The purpose of the workshop Was to introduee the

--instructors participat'ing in the pilot test with the materials

involved and to distribute-the modules, tests, sound/slide programs

and -Instructor's Manuals. Seven schools sent instructors to the

_workshop.

The pilot test was scheduled to begin during the fall quarter

o 1975. Very little testing was done until the winter quarter,

however, due to'delays in acquiring equipment and supplies. Since

several o)r the most important pieces of equipment were not

traditional physics apparatus, they did not appear on the North

Carolina Department of Community Colleges' equipment list. All the

items except one were added to the equipment 1st on December r,

197r). Visits were made to all hut one of the pilot sites during

the early phase of the test. The purpose or the visits was to

13
I )



verify the validity of the tesf with respect to the adequacy of

facilities and course mana'gement and also to obtain immediate

feedback from instructors and students involved. Visits are

listed below.

Oct( r 75 Fayetteville Technical Institute

October h 1975 Richmond Technical Institute

October 27, 1975 Beapfort Technical Institute

October 271975 - Wilson County Technidal Institute

November 18, 1975 Richmond Technical Institute

The visits were made by the project director and ORU personnel

and, on the November 18, 1975 trip, accompanied by the director

of the North Carolina Department of Community Colleges Curriculum'

Laboratory.

The instructors participating in the pilot test were given a

recommended test procedure but were invited to modify it to suit

their own style of teaching. qhe only required data was a stuaent

evaluation and instruc,tor evaluation of each module (see Appendix II)

and the completed post-tests.

The seope of the pilot test was limited by several factors.

In some cases acquisition of equipment was delayed*until the

vocational physics Classes had been completed for the year. In

other cases, the.individualized nature of the materials were not

computable with tbe teaching styles of the instructors involved or

the level of technological content of the materials was outside the

experience of the instructors. The materials were tested on 20

students at FOrsyth Technical Institute but the results are no

tabulated in the following section. The classes at Forsyth

Tpchnieal Tnstitute were conducted by the project director. 1r this

14



*data bhd becn,tabul ted the bias involved may have reduced the

va1idity of the pilot test results.

II. D. YESULTS OF PILOT TEST

4

,
4

The results of the student evaluation of the materials are

tnbulated:inj:able-s I through VI: The results of thT instructor

,valuation are,tabulated in Tables VII through XII. .

15
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nible I ,,

Summary of Student Evaluation - JACK

= 33

6

ci)

>, >,
r-1 ,.-

4-1 4-1

m m w'
0 0) o 0
E >-, Z z

1. Did you understand the objectives Of the
modUle?. 12

Do you think the objectives are'worthwhile?

Was the module easN J read?

LI Was the reading interesting? 12

5. WerOthe lab exercises worthwhile?

6. Was the lab equipment appropriate?

7. Did the equipment work well?

26

20

8. Were you able to (10 the .-alculations
invo]ved?

tere 1/uu_able to upe
lot TIleJp From yol

! *

10. ic advlo-visual
JIH :'stand concep-

I). Di( uhe tost 'it'the c

a'

modul w -hout
arher

rials hel ynn io

12. Will the knowledge that you gained from
thits, module help you ih your vorltion?

SUMMARY or COMMENTS'

'Lad be F.bnplifie'

mledge I TMA a-0 AMA is not iseful. (1)

Ilipm(nt id not _ K r ht. .)

7

6 6

4. 5

8

3 0

5 2

8 5

9

11

1 6

12



Table II

Summary of Student.EvalUatiOp THERMOMETERS

N = 45

.

l

w
cu

>1

4-P

rn w
o w

.

4J
w
o o
z

o
7:4

1, Did,-you understand the objectives of the
module?.

.

2.

_

'13 1 L.

2. Do.,you think the objectives are worthwhile? 26 '0 3 6

1

"3 Was, the modUle easy to read? 25 14

Was the reading interesting? 2. 15 10 8

5.

6,

Were the'lab exercises worthwhile? 20
1

17 2 L.

'Was the lab equipment appropriate? 30 10 3

bid the equipment work well? 21 20 1

Wer( ,, able to do the calculation=
invo od? 1 18 5 7,

Wore vou able to usc this moddle ) t

a 1,ot of" help from tir, teac,her?, 14 8 1

Did the audio-visua_ materials help , lu to
.

undorstand the conoepts? 1H 2 5
\

Dic th( test f.it tne objectives? 1.-1 3 2
,

Wil tht knowledge that you _,rained From

'Iodule help'you in your vocation?. ..-4- 11 7
,

13

hMMARY COMMENTS
Needs more auc. isuals. (2)

Not enough wriT information.

Should be"simpl od. (1)

Use eral tests. 1)

Should rapt he ol'1 Aged. al
\'of-' longer lab 'me, (2)

17
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Table III

Suinnuiry of Student_ Evaluation - THE. .ALTERNATOR
.

.

N 1= 17

,
.

, ,

7

W.
a)

-c

..-1

44
-m m
o w
E -,

..-1

4-1

m
o o
x z

c
z

1. Did.you understand the objectives of ihe
miadules? 10 6

1

2. Do,you think the oblectivees are'worthwhile? 13, 3

3. Was the module easit_.t read? 6 10 0 1

4. Was:the retding interestilig? 7 7 2 1

5. Were the lab exercises worthwhile? 11 0 0

6. Wasthe lab equipment appropriate? 0 5

7. r the equipment,work well? 6 5 5 1

H. .re you able to do the caleulaions
. _Fvolved? 8 7 0 2

9. here you able to use this module without
a lot of help from your teacher? 5 n 1

10. Did the.audio-visual materials help you to
understand the concepts? 4 0 ,)

11. Did the test fit the objectives? 7 9

12. Will the knowledge that you gaine
this module4p1p you in ynur voca- 10 6 0

SUMMARY OF COMMENTS

Need mnre time for module. (5)

Is



Table IV

Summary of Student.Eva1uation = THE PO L trABLE

=NL10 -
.

,

w
a)

>i

.

4-,
w w

- o a)
Z >i

I

4-,
(a

o o

. .4'.

1.. DidlSsLki under§tand the object'ves of
module2 'i

he
15 21 ,8 1

,-3

2.,1h),you 1-44nk the objectives are worthw ile? 16 17
,

18 13. Was the module easy to read?

,

4. Wasirhe reading interesting?
& .

10 18 10

5 Were the: lab exerciSes worthWhite- , 9 17 '. 4 0

6 olas the Lab equipment appropriate 29 10

7. Did the c?quipment work well? ) 20. 1

ere yot able to do the-calculation,
,

involvec
.,

12

....

28 471 1

H:re yot able to use this module .,,thout
16t o: help, from your teacher? 9 18, ill 3

10. id ,:he audio-visual materials help you to
Adprstan,. the concepts: \ :2

,

15 - .0

11. id the, rtat rit the objectives': 24 15 0

12. Vill the nowledge that y, gain, i trom
this modu_e help you in yi .r voci.7ion? \10 14 11 5

SUMMARY OF COMMENTS

Needs rore.explamition. (4)
a

Need 17, -.. work on.torm_Las. (2)

(4)

Needs H.1 orientation module. (1)

Cood A- naterials.

1 9

15



Table V.

Stimmary oE Student Evaluation THE RADIATOR-

TN J.A., , ..

, W
W

>1,
r--4
-1-4

W W-
0 W

r--4
-1-4
W0 0Zz. 0z

1_
,

Did you understand the objectives of the._
module?

-1

r - J

1

2. 00 you think the objectives are worthwhile?,. .J., 5 3 1 1

3... -.Was the module ea§y tO read?
. ..._:7

2 4 1 2

4. We- the readihg interesting? 3 1 1-4. 2

5. Wi the lab exercises worthwhile?
.

3
-,

.
0

6. WL- -: the lab equipment appropriate? 6 4 )
.

0

7. D.:: the equipment work well? 5 0 0

8.
.. .

- you: t :) do the, calculations:Ale
e

-,.1,. Lved?,

.

-. ,

1

9.
.. ..:

l.,-,r. you able to usW'this module without
,z- i of help fromr-Yba teacher?

,

3 1

0

14. Did he audiO-visual. Materials help you to
_IncV -s:eld the eoncepts?_ 3 6 0 1

11. Dia he test fit the- ,obj Oct ives? 4 5 1

12.

AZ

. ,

,i1T the knowledge. that you gained from
:This module help you in your vocation?

-

3 2 2

SUMMAR1 OF COMMENTS

`Mould be simplified. (1)

20
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Table VI

:/

Summary of Student Evalpations - ALL MODULES

N = 145
,

o
11)
">,

,-.1

u: to
.: CD
IT >"4

1-1
4-I
to
0 0
Z. Zf

..4!
QZ

1. Did you understand The objecti-.e ol the
module? 68" -8 14 14,

, .

2. Do yo44Tnk ne or ?ctives are worthwhile?
40, ,

69 Y 17 20 .

3. Was the module eas-
'"

to read?
, -

66' =--.2 12 14

:
4.- Was the greadan anteresting?

-....--
,,...... 44 -_ 31 26

...

5. Were the lab exercfses worthwhile? 69 I, 11 10
_, -4 .

G. Was the lab equipment 'appropriate? 105 "--i 7 3 12_
.

,

7. Did the equipment work well? 71 54. 9 9

8-. Were you able te do th-e iCatculations
involved? ,.

4.
47. 50 15 21

9." Were 'you abLe 7o use.this m dule without
a lot of he:I) Crom 'your teae ler?

.

0 Su

.

31 27

.___.... lb J
10. Did the au. 14Rvisuak, materials help you to

Ni
understand -le concepts? 57 57 8 22

11. Did the ter fit the ohieetives?
S

75 53

12. Will the knwledge that you r;ained frOmv
this module help you in your vocatiOn?

t..

46
,

39 25 '- 34

2 1

A4*
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Suminary

N =- 3

lstructor F luation JAES

1. The module objectives-are adequately
eteted.

2. The written materials are sufficient
fOr student's tb meet the objRptives.

3. The learning a(-::ivities are appropriate
Lo iacilitate learning,

4. The Audio-v sua.l. materials are
priatr to facilitate learning.

x
5, The test questions are appro riate

measures of the objectiVes.1

6. The format of the module m
to use.

it easy

7. The level of reading difficulty and
mathematics required are appropriate
for the students involved.

R. Overall, this module is very good for
'use in teaching vocational physics.

r'y COMMENT

Aperiments

.1
r-1
bt

0)
OJ
g4
bO

cr)

0)
0)

bO<

a CU

b.°
al
u)ri

PI CU

CIJ

bO
bO

0 c0
4.Jr1
cf)

CU

0) U)
btl
ni 0

C14

< C4

5 14 3 2 1 it

5 tt 3 1 2 .7

5 14 34 2 1 3 .7

5 14 3 2 1 It

5 14 3 2 1 3.3

1 3

14 3 2 1 3 .7

5 It 3 2 1 3.3

improvin,: so as to get eonsistenfly good results.

More working examples ,. and problems are needed.

Can be made irr-c) excellent module.

Matfi requireme-7s were too ext.nsive.



Table VIII

Summary of Instructor Evaluation THERMOMETERS

N = 3
---\

..

{

1. The module objectives are adequately
stated.

-I

2, The written materials are sufficient
for students to meet the objectives.

; The learning activities are appropriate
to facilitate learning.

I. The audio-visual materials are appro-
priate to facilitate learning.

5. The test questions are appropriate
measures of the objectives.

6 The format of the module made it easy
to use.

7. The level of reading difficulty and
mathemattcs requirce are appropriate_
for the students involved.

x. Overall, this module is very good ,Tor
use in teaching vocational physixs.

1-1
b13

W
0 W
P P

4-1 bl)

C.)

W
P
b13

'W W
W rIW
;-I tO P

Ct?r13% g g
M PM
r-i 4.-J .H

rs 4 3 2. 1

5 4 3 2 1

5 4 3 2 1

5 t 3 2 1

5 4 3 2 1

5 4 ,3 2 1

4 1

5 III 3 2 1

smnky OF CONMENTS

Module should be divided to two parts.

Needs working examples of converting temperature scales.

LacRs cOntinuity.

Needs some problems for studentA to work.

11.

2.3

3 7

4.3

3 3

14

3
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Table IX

Summary of Instructor Evaluation - TRE ALTERNATOR

N= 2

1. The module objectives are adequately
stated.

.
5

The written materiale are sufficient2.
for students to meet the objectives. S

3. The learning activities are appropriate
to facilitate learning. 5

4. The aduio-visual materials are appro-
priate to facilitate learning. 5

5. The test questions are appropriate
measures ot the objectiVes. 5,

6. The format of the module made it easy

to use. 5

The level of reading dgficulty and7.
mnthematics required are appropriate 5

for the students involved.' .

8. Overall, this module-is-very good for
use in teaching vocational physics.

SUMMNRY OF COMMENTS

Needs more instructions on use of meters.

Add some homework exercises.

4 3 2 1 4

LI 3 2 1 3

LI 3 2 1 4

4 3 2 1 4

4 3 2 1 4.5

4 3 2 1

'4 3 2 1 4.5

ro
a) a) >s a) a)
rd a) .--1 a) W(I)
.8-1 ;1 bp ;4- bC

I,a) 0 b t i z b t i C Owwwmom;4 CZ
;1 rd U) ;1 U) cu cn

tiD .8-1 4-1 *8-1 > a,
.,,:c cn .< P4

4 3 2 1 3.5
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Table X

Summary of Instructor Evaluation THE-POOL. TABLE

N -== 2

1. The module objedtives are adequately
stated.

2. The written materials are sufficient
for students to meet the objectives.

i. The learning activities are appropriate
to Facilitate learning.

The adpio-visual materials are, appro-
priate to facilitate learning.:

5. The test questions are appropriate
measures of the objectives.

The format of the module made it easy
to use.

7. The level of reading difficulty and
mathematics required are appropriate
for the students involved.

H. ,Overallthis module is very'good for
use in teaching vocational physics.

SUMfknRY OF COMMENTS

Excellent module.

Explain some terms more clearly.

>, a)
w cu co

b0 bD
b 0 t ) I 3 al 0
(ii Oc ct
u) $4 u) a) u)

9-1 .ri
Cn

5 4 3 2 1 -4. 5

4 3 2 1 3.5

14 3 2 1 4 5

14 3 2

5 ti 2

S -a"14 3 2 1 4

S 14 3 2 1 4

' 5 4 3 2 1 4

S.

Use more examples and pragtice problems.

2b
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-Tatle XI

Spmmary.of InstruCtor Evaluation --THE RADIATOR

The module objectives are adequately
stated. '

The written materials are sufficient
for students 'to meet the objectivell.

The learning activities are appropriate
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44
4 3 2.

to fa.cilitate learning. S it 3

The audio-visual materials are appro-
priate to facilitate learning.

. S. The.test questions are appropriate
measures of the objectives.

6 The format of the module made it easy
to use.

7. The level of reading difZiculty and
r'Athematics required are appropriate'
Jr the students involved.

this Module is very good for'
Ls( in teaching VocatiOnal physics.

;;IllvML OF COMMENTS

Needs additional problems.

Needs more illustrations.

4 3

S it

5 14 3

5* 11 3

S 14 3

2 1

2 1 14

2 1 3

1 4

2 1 2

2 6



Table XI

Summary pf Instructer Evaluation

N 1

THE RADIATOR

1. The module objectives are adequately
stated.

The written materihls are sufficient
for studentsto meet theobjectives.

The learning activities are appropriate
to facilitaLe learning.

The audio-visual materials are'appro-,
Priate'to facilitate learning.

The test questions ae appropriate
measures of the objeetives.

G. The forMat of the module made it easy
to use._

The level of reading difficulty and
mathematics required are appropriate
for the students involved. H.

Overall; thrs module is very good for,
Use in teaching vocational phYsics.

SUrTARY OF COMMENTS

Needs additional probleMs.

Needs more illustrations.

-2 a
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Table XII

SumMary of Instructor Evaluation - ALL MODULES

N = 11

1. The module objectives arUadequate1y
stated.

2. The written materials are sufficierit
for students to meet' tfie,objectives.

3. The learning activities are appropriate

, .a. w >,1w a

'a cJr..1 g glU3

p a
b0

4-3
W

W . 0 2 I - 141'4,
b0 g rL .W

CP 4Z 0:4 . CP F4 et C4

to4acilitate learning. ,

4. The audio-vigual materials are appro-
priate to facilitate learning.

S. The test-questionb are approprlAte
measures of the objectives.

. The format of the module made it easy
to use. ---/-)

t

7. The level of reading difficulty and
mathematics required are approriate
fob the'students involved.

0

8. Overall, this module is very good for
use in teachlng vocational physics.

,

2 7

23
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11. ,-summARy

III. A. DISSEMINATION EFFORTS.

Since the beginning of the project, effotts have been made 1

toAliake the objectiVes,of the p3ct known to vocational

physics insti3ctors and educational -administratots. Part of the,'

efforts were in the form of cortespondence to those persons at .

bOthlthe post-secondary and secondary, level. The efforts other

than private correspondence ate listed below.
fi

'. 1. Talk entitled "Physics for.;the Vocational StUdent" at

the annual' ChristM6 Coriferhee on,iecent Advances /n

Physics, Chapel Hill, N.C.,)December,'1974. Audience

of approximately 50 persons mostly secondary and college

physics teachers.

. The first three modules wte!exhibited at the National
A

Science Teachers Association'convention in Los Angeles,

California in Mardh, 1975.

3. Session entitled "Modulat Instructival Materials in

Physics for the Vocational StudenV at the OM Conference

on April 24 - 25, 1975. Audience of 30 public school

. and community college administrators.

4. Talk entitled "Modular Materials" at the North Carolina

Department of Community Colleges spring conference in

May, 1975. Audience of approximately 15 community

rcoltege instructors.

S. Article entitled "Physics and,MetaPhysics" in the June,

1975 issue of the Community CollegeAleview.

,

6. Exhibit with description of project in Washington, D.C.

af U.S. Office of Education during week.of September

28
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21, 1975.

Talk entitled "Thysits for the Vooatiohal Siuor- at

the North Carolin# Science TeacherasAasociatiur

conferenee in Charlotte, N.C. on November AI :9/5.
IF

,

Audience of approxifflately 15 secondary sciesalpipmeners.

8. Session.entitled "Modular Instructional Matqwas

Physics for the Vocational Student" at the OM

Conference on April 15 - 16, 1976. .Audienee of

oil

public school and community college sdministrato

Approximately 20 gets of the modules Were distributed-

at this conference.

,29
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,
III: B. CONCLUSIONS

Inter-iews vi/4°'.°1 ...Students and instrtc-ttsrf, using the materials

au fhe evaluation data summarized in. Tables through XII

1.111e1ed some faultls that. dh6u1d:he.correctet.

1; Soine conc. fntroduced Such as_thesretica_ and actual

meahanica shraritag are snot obvious.' useful to the

studefilt serephoula De omitted.

2. The readl ability iequived Of the students ie too high.

, The stylp of wilting should be changed to shorter

sentences and m e reiteration. .

e.

3. :They are too,ma ematical. Some unnet!essary Math needs

to be eliMinated and More practical problems should be

added- where the math is essential. It shoEld he notedi,

that two.of the modules,. THERMOMETERS and RADIATORS:are

-complete'non-mathematical.

A. Some b'f-themodules cover too much material. They.shoUl)d

be divided into two'or three shorter modules. ;

51 .There 1.e-insufficient feedback tb the'student. More .

f C

self-correcting review_Ouestions need to be included.

6. The instruction for the laboratory exercisqs are not well

written. Too much.instructor assistance was needed.

The pilot test also showed that in spite of its shortcomings,

the materials are a worthwhile departure from traditional physics.

High initial student intefesf supported the contention that the

vocational student prefers an application oriented approach.., The

data of Table VI indicate that the unconventional laboratory'

exercise worked very well. 'The lack of precise control of all

variables did not seriously affect the validity of the

30
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4

S.

, .

experimental -4111"10.. student af tinstrtutow moymnse-to the

souod/olide progailaCwas positive.

..Two .unentio$Note& problems arose that severely limited ihe

amount of pilot tpet'data collected,

1.. The materials do not adapt well to tiiaditional

room teaching techniques. Theleare .triCividualized

'

mateciais and must be usec with appropriate :facilities

and manapement'teähniques.
6

2. The materials are technologically oriented.- They are,

in many oases, as new to the instructor ai tlivey are to ,

. t

the student. Instructors without appropriate back-

grounds will have difficulty with some of the modules,
s '

,These problems seem to suggest that the pilot test instructors

shduld not have been chosen.at random and/or they-should have
, ,

been givenlMors,extensive preparation during the worlCshop:

31
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III. .2..._:RECOMMENDATIONS

In order to corrift the faui7s found (lith the materials

and to further develol the strong points, the follawinr

recommendations are 'noir

J. Shorten the novet,Aes to..l3I-12 student hours eaen. Longer

modules can be rnwritten as two or three shortei, modules.

(See Figure 1

2, Develop short, bour auxiliary modules on mairatics,

the metric syamer and graphing. (See Figure 1)

3. Lower the reading level required and eliminate all math

not absolutely essential.

LF Simplify the laboratory exercises and include -nore

'detailed instructions.

S. InclUde more .self-,correcting review questions_

6. Add more audio-visual materials.

32
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SPO ECTIONS

The -Oceu pational Research Unit grant totalled $26,300.

The cost of the,project was primarily in Salaries for the project

tirettor and a Secretary and tithe reproduction of printrd

mrd audio-ollisual materials for the pilot test.. The

cost of using the materials will be much lesa than the'research

east. The apProximarte cOst of.equiping a- laboratory to:Use all
-

the
r
module4 is inc4sated below. tThe cost of supplies-and

equipment noilmally found 'in ise phyalcs laboratory or.learning,

resdurce center is not included.',

tiamuLt. EQUIPMENT SOUNDSLIDE'PROGRAMS

Jacks $50 .$ 34 /

Thprmometers 330 31

Alternators !....4.
117

Pool Table 455_ 23

Radiator 95 20
Total $1245- $155;,

The trtarc.7..st, -qt including the module printing costs, is

and siund/sLide$1400 for =auipme-t/ r7ograms for a class size of

student5,

The level o- instru-tion ane sunject matter presented make

.the modules appropriate 'or the ii,ruaents in a wide variety or

vocational curricu.La in the Community College System and in the

secondary schools
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APPENDiX I.

PRE-REQUISITES',

the
\Befoibeginning thia:Module tile student should be able:to work

-

following types of mathematical. problems,

1. Givep,several nuMbers',..caleulate the aVerage of their values.
.,. ----,.

, .

,

2. Given the diameter-of a 'circle,' ejaculate its area and.
circumference.

. Given the iliameter and height.of cyUnder, calculate its
TI,.^,

., lateral Su face alma.

4. Make conTsions.between the 'following units:

00 4nehes -. feet
.00 . OUnces - pounds'
019 grams -.kilograms

The student should also be able tO read.the scale of an English/metric
rule and the scale of a spring.balance. ,

,

IlL
,

OBJECTIVES

Aftereompleting th's module,-the student should be able to-recognize
the definitions and applications of the following terms. Testing will be by .

thilltiple choice questions.

1. Weight 11. Friction
2. Simple MaChine 1 12. Efficiency
3. tever ..

13. Torque

Lt: Inclined Plane 14. Stress
Hydraulic Press .

15. Tensile Stress
6. Actual Mechanical Advantage 16. Compressive Stress
7. Theoretical Mechanical Advantage 17. Shear Stress
.8. Work 18. Ultimate Strength

. 9. Pressure 19. Elasticity
10, Energy 20. Safety Factor

The student should also be able
the follawing quantities.

_1. Actual Mechanical Advantage
2. Theoretical Mechanical Advantage
3. Wqrk
4. Pressure
5. Efficiency
6. 'Torque

:7 - Seiess

The system for'assigning grades
'clwtermined,by,the instructor.

37

to solve numerical problems involving. ,'.

to levels of' performance will be



APPENDIX T. B.'. THERMOMETERS.

TRE-REQUITES

The-students Should be able tO-read the scales of the following

instruments.

1. metric rule

'2. mertury-in-glas thermometer

3. Bourdon.pressure
-1

41 milliVolt meter

ohmmeter

6. millilmmeter

OBJECTIVES

auge

;

After completing. this module the stUdent will be able.to.db the

following.'

A. Use molecular theory to describe the differences between

,
1. heat and temperature,,and

2 solids, liquids, and gases.

Test4lg will be by ultiple choice questions.

B. A scribe the eonSrUction and operation of!

a bimetallic thermometer,

2 a liquid-in-glass therrlipmeter,'

3: a constant volume gas thermometer

a constant pressure gas thermometer

5\ a thermocouple thermometer, and

6. a thermistor thermometer.

Testing will be by discrsion questions.

The systemrfor assigning grades to lels of performance will be

determined by the iQstructor.

,Jt
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ApPENDIX I. .0 THE ALTERNATOR

PRE-REQUISITES

Before beginning the module, the studPnt should be,able t work

the following types Of mathematical problems.

1. Given two whole numberaol.calculate their product.

2. Given two whole numbers, ohe a dividend and one a divisor,

calculate the quotient.
3. Given two decimal fractions, -calculate their sum.
4. Given two decimal fractions, calculate their differences.

The stLident should also be able to read a mercury-in-glass

thermometer;

OBJECTIVES

A. After completin the module, the student will be able to
recognize the d firiitions and applications of the follow-

-ing terms. Testing will be by multiple choice questions.

7

1.

2.

3.

4.

5.
6..

7.
8.

9.

10.
11.
12.

electric potential
,electri current
resistance

7
volt
ampere
ohm :

voltmeter
ammeter
ohmmeter
magnet
generator
'alternator

13.
14.

15.
16.
17.
18.

19.,
20.
21.
22.
23.
24.

diode
alternating current
direbt current
oscilloscope
energy
power
joule
watt
series circuit
parallel-.pircuit
torque
efficiency

B. The student will be able to name the factors that

1. determine the resiltance of a material,
2. determine the strength of an electromagnet, and

3. determine the size of an induced volftge.
Testing will be fill-in-the-blank questions:

C. The student will also be able to solve numerical problems

involving the following quantities.

L, 1. electric current
2. voltage
r3 resistance
4. energy
5. power

The system fdr, assigning
determined by the instructor.

grades to levels of performance.wy.1 e

39'
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APTENDIX I. D.

PRE-REQUISITES

POOL TABLE

Before beginniAg this module, the student should be able to

work the following types of mathepatical problems.

1. Given two decimal numbers, calculate their sumtheir

difference, and their product.

2. Given a measurement in millimeters, convert it to meters.

The student should also be able to read the scale of a metrio,

2aJECTIVES

A. After completing this modulk, the student will be able to

recognize the definitions and applications of the following

quantities and the factors that determine their magnitude.

Te

f
ing will be by multiple choice questions.

1. velocity 4. mass
2. acceleratlon 5. momentum'
3. force 6. kinetic.energy

B. The student will also be ableto, explain the results of

certain collisions in terms of the concepts of:,

-

1. conservation of motentum, and
2. conservation of energy.

Testing will be by discussion questions;

4f0
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MIPENDIX.I. E. THE'RADIATOR

PRE-REQUISITES .

Before beginning the module the studen-t should be able to read

the Celsius scale of a mercury-in-glass thermometer.

1
-OBJECTIVES

A. After completing the module the student will be able to

recogftize the definitions and applications of the following

terms Testing will be by multiple choice questions.
11/4

1. radiator
2. heat exchanger
3. thermal energy (heat)
4. temperature
S. conduction

6, radiation
- 7. thermal conauctivity

8: convection,
9. specific heat

B. ....The Student will also be able to name the factors that affect

.heat transfer by
A

1. conduction
2. -rildi6tioh
3. convection

Testing will be by fill-in-the-blank questions.

1
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APPENDIX II. A.

INSTRUCTOR CHECKLIST FOR INDJVIDUAL MODULES

Instructor's Name Module

p.

The module objectives are adequately
stated.

2. The written materials are sufficient
for students to meet,the objectives.

3. The learning activities-are,appropriate
to facilitate learning.

4. The audio-visual materials are appro-
priate to facilitate learning.

5. The test questions are appropriate
measures of the objectives.

4
6. The format of the:module made St easy

to use.

7. The level of reading difficUlty and
, mathematics required are appropriate
-For the students involved.

Wow
4-I bn
Cr) <

5

W
w

bO

w
'0
C.)

w

g
A

3

w
W

bO
.rcs

Cn
I-I
A

2

4 3 2

5 4 3 2

5 2

5

8. Overall, this module is very good fbrip
use in teaching vocational physics. :

.5

0., .Nly suggestions fOr improVing this module
and the audio-visual materials ore:

4

3

1

3 2 1 ,

4 2



APIVN1D1X

.STUDENT CHEd(LIT MODULE'

Select the respons'e that matches the way you -feel Oe question shoOld
be aasWered. Do not put your name on this paper.

_ .

....

m
w
>-

It'l
,...i-,wwm
,P, w

'e...:-..

>,
, 4-J

0 0
Z /

0
;4

1. Did you understand the objectives or the
module?

-
.

2. Do you think ne nbjeetives are wortbwhile?

3. Was the module easy to read?
'

4. Was the reading interesting?

r). Were the lab exercises worthwhile?

h. Was the lab equipment appropriate?

7. Did the equipment work well?

H. Were you able to do tlA,_ calculations
involved':'

(1.

.

Were you able to use this module without '

N lot of help from your tpacher?
.i. _

In. Did the audio-visual materials hell) you to
underStand the concepts? ,

11. Did the test rit the objectives?

12. Will the knowledge that you gained from
this"module help you in your vocation

Can you suggest any way in which the module can be changed to makiitjt
hetter? comlent on the reading material, lab exercises, lab equipment,
A-V materials, and test. (Use back of sheet.if more SPace is needed.)
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