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) ava11 e tuxtbooks, workbooks, and laboratory manuals are inadequatc

o

INPRODUCTION - o a -
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. 1“ "
_ Th1s project was done because of the’ need for good 1nstructlonal

-

materials in phys1cs for vocatlonal students Exlstlng,'commerclally i

- ’

T ! .
for eral reasons - . .

wer

So;, The readlng ab111ty required to use “them i$ too high for nost

-

:,vocatlonal students
. B;i The level of mathematlcs is too high.
C. Most importantly, they do not deal w1th the real world as the.
- j?vocatlonal.student sees it. They do not adequately emphas1zo ?
the. relatlonshlp between phys1cs and the stu ents vocatlon
.As a result, of the poor instructlonal materlals, a Student oftens
perceiues the course ns.acadcmic and completely 1rrelevans/to hlm.

RN

An earlier attemp_ at 1nd1v1duallzlng vocational physics atx Forsyth ‘o'

Technical Instltute falled The materlals deve%oped then allowcd ior»

various Hearnlng rates and correcteﬁ the: readlng level and mathematlcal

difficultles. It falled because it dld not d1rectly associate phys1cs'
B
with the studeni's vocational 1nterests,. When the student became a more

- ‘ il

active fearner by using individualized materials, he became more

critical of the relevance of the subject mattor;' . .
¢ The basic idea behind the dRU«project was borrowed £rom the Physics

of Technology Progect sponsored’ by the American Instltute of Phys1cs

They developed some modular materLals which preSented physics as 1t B T

pertains to certain technologlcal devices The materials were wr1ttenj

for Associate Degree technlcal stléents and uscd Some rather csoteric
4 .

d%V1CGS. ) a.‘ _ oo ‘ ’ » L. w; ’ ‘i‘\‘ L SR

! . - . . . .
. . * . . o

i Using the idea of the'devgcelcentered.1canningimodule'the ORY *
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, = project began. The obJectlve was to- develop and test a numbeb of -

vocatlonal physics modules with the follow1ng Lharacterlstlcs

1.’ Ind1v1du111'°d modulcs whlch,prESent the phy81es as 1t is ‘ ‘-.'

&

2 : found in some real device, ‘familiar to the vocational

“student. 1 ‘ o T

i

.- 2. ertten at the lowest p0551b1e readlng level and 1nc1ud1hg e

- . - -

only the absolutely eSSentlal mathematlcs .. _ . |

& . ., o

3. Laboratory oriented, requlrlnq the student to learn phy51cs

(S -~ .
s - 2 .
¢ r . ks

- by using “the "device. C -
. .. ' * Q" - -
) _ 4. Qupplemented by audio-visual materlals deVQloped to accompany
. .
. X . . . 2
. T .. the-modules; : -
\ -
t ¢ -
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-'_ = . ' - .
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]
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II.;A_ Product '‘Development Proeedure S S —

The procedure used to'develop the materials mas}aélfollows;.l
1. A Mist of pOSSlble module titles was‘made and the phy51cs
that could be ta ght. by each was outlined A 1etter was '
A sent to the vocatlonal physics ipstructor at each sehdol
in the Community College System explalning the prOJect‘

« . and asklng for comments and suggestionswl ’ -,“-;

2. The modules to be deve10ped during the progect were

chosen based on the relevance of the phys1cs tq yocational .

student The sequence of development wag arranged ’

. L [
U according to ‘lead time necessary to ‘oftain equipment and

supplles : v'. _ g o A ' )

. " 3 : - ' - b ' .“
‘////3. A module format was deslgned and the f1rst module (and

. subsequent modules) was.developed us1ng the follow1ng

- PO e . ) . LR, . -
steps: ‘ S . S 7

L

‘a. Equlpment and supplles were purchased and all

40

Foe b . possible vandor Supplled and otherwise avai lef
" fformation about equlpment was aSSembled
b. The content of the module was.outlined and the

[ - ~ ., laboratory exercises were designed. .

]

. c. A rough draft of tha module was written.and copies

-

'sent to each member of a fornftlve adv1sory

comm1ttee The committee members were N v\,t'
- ’ -~ Dr. C. B. Clark, Head o Physics Department,

- "University 4f North. Carolina

; : -at ‘Greensboro : .

- et



s T iriié-:,';,-f""' T &
. L ‘v' *\) . v - ) _ S
: o Dr. Ernest Lee. Professor of Education,
. . ' ' . _ University of North Carolina
S , o at Preensboro . '
& ‘ by : : >
' R . e e Grace B. Corey, Head of Department t of Related |
s . . : S ' Pechnical Instruction, Forsyth
N . NS Technical Mhstitute

. . e George Kahl, Diesel Iistvu*tor, Forsyth
. ‘ : ~ Technical Insfitute

. o Liipy Foster, Electronics, Instructor, Forsyth :
— Technical Institute ' o

Audrey Kirby, English Instructor, ForSyth
Technical Institute

N o . -
,

! a. Suggestions made by—the formative advisory ‘ //
- L v R oo ' . -
e : - committee were incorporated into the module and /

] a final copy was written and illustrated (The/// ‘

use of the formative advisory comnittee was ///
abandoned after the third module due to the//

C l | unacceptable time delay irivolved.) =/

‘e, Sound/sllde programs were developed to a?company»;

P

each module and audio-visual® catalogs ware

researched to identify other potentia/ly useful
/

materials . Those identified were previewed and
.listed in the module 1f Found sui able.
‘ f.. The modules wcre prlnted in quantity an§~the
.;/ | . | .- , “_ andio cassettes were recordedTand duplidated and
t' | - p~tﬂe slides were duplicated and collated ‘
4. An instructors manual was writéen whic itemized all the

¢ : _*equipm%nt and supplies needed for/ Sgb module Draaings'
- . ‘ / IR
. o were provided for the cquipment to .be fabricated ' Vendor
. 'names and addresses were listed For equipment.not found "in

. the usual physics laboratory and for all commercial audio~

¢

visual materials. - . .
\‘1 . \ . ’\ Al ’




II, B, 'DeScription of Produdt = . - e {' o
. N ] ,

..‘ Five. modules were. developed Each modu}e conS1sted of a list

« ™

of pre- requ1S1tes, the obJectives o£ the module, and the subJect

K jcontent d1v1ded 1nto two ‘to five sections One version of ae
.. "

- post test was written keyed to the obJectlves The pre—reQuisites
v i

Lmd obJe l.uaa of each module are listed in.Appendix 1.

*u e

Fifteen'sound/slide programs\were made. EXCept for the f1rst

el

module, each sounil’slide program was keyed“to a specific section .
of a mbdule The sound cassette included an audible signal for

;changlné‘slides Again W1th the exception of the f1rst module,
&

each sound/slide program included student interactive mater1a1 in

‘the form of questions to be answered at two or ‘three points in the
= o R ]
' program. .
The'fiye modules 'and fiftéen sound/slide programs are described '

below. _
1. JACKS « A STUDY OF SIMPLE MACHIRES

- (47 pages,5 laboratory exercises, 20 hours)

Three common types;of jacks are used to illustrate simple

A Y

machines and combinations of simple machines. The most
—_ \ importarnt concepts developed are work, energy, efficiency,

mechanical advantage, and stress, The section on load

limitations adds reality by discussing types of stresses

+

A,that develop in materials under load and how the material

- i

- .\
reacts.




"Simple Machines and thewConcept of Work”

51 slides, time 12:05

-"Using Jacks"

P

55 slides, time 14:10
"Lpa&-Limitations" ’ E

31 slides, time 8;20

-

THERMOMETERS

(39 pages, 8 laboratory exercises, 20 hours)
After distinguishing between temperature and heat; the’

operation of different types of thermometers is described.
The jmost important concepts developed are témperature,lsb

heat; thé@mal expansion, gas laws, and_thermal4électrica1

interactions. The work with. thermocouples and thermistors
.bri!;s the studen: ﬁp to late on technigues uséd to .

measure temperature. This module requires no mathematical

calculations, ’
. % N
"Temperature'and Heat” ,

36 slides, Ejme variable
m

) _ Lt
"Expansion Thermometers™

[

46 slides, time variable
"Electrical Thermometers™ o ‘ : -

42 slides, time variaE{;'

- .
.9 : P

THE ALTERNATOR N

(69 pages, 13 laboratory exercises, 30 hours)

" Without presuming any priier knowledge of electricity,

+the student is guided through the oPeration of an

o~

automotive alternator. The most important concepts

developed are electric charge, current, electgic'potential,

~

10



»
resistanee, Ohm's. Law, electro-magnetic intéractions, T

serles And parallel circults,.energy, power, and - /////ﬂ
efflciency. Skills are developed in the use of vpltmeters, :'

-
/
R

ammeters, ohmmeters and the oscllloscope. ’

co : . "Current Electr1c1ty ’ B ': ‘,; h ST,
| 55 slides, time "variable '

'~ "Magnets FromtElectrigipyﬁ' .; L fpﬁ o -ii-
| 37-slidés, time variable
\"Electriclty‘Promvmagnets" . N f"] .fiyi“;u

38 slides, time variable
e ' "Energy‘Conversion?

e 59, slides,;time variable :

4. THE POOL TABLE T o o -

(29 pages, 5 laboratory exerclses ﬂ5 hours)
Basic mechan1cs and. 1nteract10ns betwenn moving bod1es is
Studled u51ng a pool table. The most-lmportant concepts
develOped are speed, velocity, acceleration, force, mass,

’i" momentum, and kinetie energy. Strobosc0p1c photographs
taken with a Polaroid camera’ of balls in_motion are used -
to calculate velocityf acceleration, momentum’anq.energy.

The nop-destructine{collisions°allow for confirmation of

cthe conServation_laws.

"Velocity and Acceleration” - ' g o ’ ~
27 slidesghtime;variable

""Force and Mass"é .

2 slides, bimd variable - 'g("~

-"Momentum and énergy"

31 slides, time variable

e

s o

q : | “; | ; , - .' 1].'
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Aruitoxt provided by Eic:

’ .-= . . . | 4 L . .‘::l
5. THE RADIA'I‘OR PRI R

(19 pages Uy laboratory exerc1ses, 10 hours)

I ! .

<A small automotive-radiator is used to determine the

:.4 . E " . . .
”conqepts develbped are temperature heat, conduction,

‘,"4!rad1at10n, convectlan, %nd Sp%flflc heat. This module

»

requlres no mathematlcal calculatlons. ‘,

. -4 N L
‘L, "Cohdugtion and Radiation" .

. v A . ) L ’ ’
.y o W2 slides, time variable . -- v

"Conduction and Convection"

. .
- .
- Y
34 slides, time variable
- . . >
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',factors that affect heat transfer The most important
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PILOT TEST PROCEDURE . ' ‘

The North Carolina Department of Community Colleges nominated

0 participate in the pilot test of the“materials.

nsen were evenly divided *® »n the western, piedmont
aln : .1 sections of North fa¥olina ... .hey were evenly

divided betwéen‘primary_urban and primarily rural locations. The

_presidents of the schools selecfed were notified by letter on N

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

test. The contact persons named by the varjous presidents were

contacted by letter on July‘] —'8, 1975. They were sent a
. 1 i

! ‘ .
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

iy, "1975, “The purpose of the workshop was to introduce the

instructors participafﬁng 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 bcéin during the.fali quarter
ol 1975, Very '}ittle testing was done until the winter quarter,
e ‘
howvv&r, due to delays in;acquiriﬁg equipment and supplies. Since
scveral of fhe mos% important piecces of equipment wdre not
traditional physics npparatus, they did not appear on the North

A\l

garolina Department of Community Colleges' equipment list. All the

items except one were added to the cquipment list on December T,
1976 . Visits were made to all but one of the pilot sites during

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

13 =



verify the validity of the test’ with respect to the adequacy of
facilities and course management and also to obtain immediate
feedback from instructors and students involved. Visits are , =~

' listed below.
| {

Oct »r Qued 075 - Fayetteville Technical Institute
October Y 1975 - Richmond Technical Institute B
LAR
b ‘Octaber 27, 1975 - Beaufort Technical Institute

October 27371975 - Wilson County Technicdal 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 directof

of»the North Carolina Dspgrfment of Community Colleges Curriéuigm"
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. The only required datawwas a sfuaént
evniuation and instructor evaluation of each modu le (seé Appendix II)

»
and the completed post-tests.

The scope of the pilot test was limited by several factors,
In some cases acquisition of equipmént was delayed until the
- vocatioﬁnl physics classes had been comploted for the year. in
other casvs,‘thoaindividudlizod nature of the materials were not
compétable with the toaching styles Pf the instruc;ors‘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 not
tabulated in the following section., The classes at Forsyth
Technical Tnstitute were condueted by the project director. 1If{ this

Q ) he 1 0 .




" . .
v © -
“data hhd'bggn.tabul ted the bias involved may have reduced the

validity of the pilat test results,

’ [

3

I1, D, RESULTS OF PILOT TEST .

z -

~ » o ‘f

The results of the student evaluation of the.katerials are

tabulated: in Jableé I through VI. The results of th? ihstnuetnr

' £
“~valuation are tabulated in Tables VII through XII.
’O [}
: : */ %
. " : /
¢ : g )
<« hn
Y
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Table I S '( -

SUMMARY OF COMMENTS 3
< ald b‘(“ = pnplifdic” - ) '
wledee 1 TMA a-« AMA is not 1séful. (1)
aipment < id nof v. Kk r.ght, .)

_ Summary of Student Evaluation - JACKS ~ -~ . * 4 |
N = 33 ‘ | T o
' > > !
. H H K ]
+ o '
w wn w [7)] !
w»w|oov) 0] o
I e Z=Z | & i
1. Did you understand the objectives of the o . .
module? =~ v . 12 5 [9 7
Do you\think’the objectives are‘:worthwhile? 9 1 6 7 11
— 3 1. i
was the module easy o read? \ 14 6 6 7
Y, Was the reading interesting® 12. 4 5 12
5. Woere the lab exercises worthwhile? B 15 kg | 3 ,Gi
6. Was the lab equipment appropriate? 26 | 3 0 '
7. Did the equipment work well? 20 |:5 2 -5
— . . — A -
8. Were you able to do the ~alculations v
involved” : 8 5 10
* " - *
09, Were vau_able to uge miodul  w. ~hout
Tot ~f\wg&y from y acher ' ‘ 9 5112
{2 ‘ .
10. e the adqim—visual rials hel ycu to
e »stand Fhe concep- w 3 10
_a e )|
S — - ‘ 1
11. Dic cthe test “it'the c ; ives? 3 :3 S
—e : _ 1
T - : !
12. Will the knowledge that you gained from { ;
thids module help you ii: your vocation? L~ 50413




- Table II

L]

. -

Summary of Student -Evaluation - THERMOMETERS
N =145 Y : -

‘ I |3
43 +H
. . wl|l_ownl o '
o [Tow!l 60 ©
- A ISR -
D a
1. Did,.you understand the objectives of the
module? ' 20\| 13 1 U
2. Do.you think the objeetives‘are‘worthwhile? 26 0 3 6
3. Was the modQile eaéy to read? 25 ld\\ 4\ 2
Was the readiné interesting? 12. 1541\ 10 8
5. Werg the lab exercises worthwhile? 20 | 17 \\2 Y.
6. Was the lab equipment appropriate? 30|10 &L 3
Ipid the equipment work well® 21 | 20 1 3
Were «i able to do the calculation: ,
invo od? : : 1= |18 5 7.
Were vou able to usf this moddle Wi ut )
a tot of help from - Hur teacher?. “3 i 14 8 1
Did the audio-visua. materials help + Hu to ' Y
understand the concepts? ) L4 18 2 5
: — =
Did the test fit tne objectives? ’ 15 3 2
Wil . the knowledge that you pained {rom ,
AR module help you in your wvocation? -+ 111 7 13
. . 1
(IMMARY 0 COMMENTS -
Needs more auc isuals, 2) *
Not enough wri: intormation. (o ’
Should be'*simpl ed, (1) !
Use oral tests, 1)
Sheuld ﬁpt be ok 1ged. (1)
NP 10ngor lab ‘me ., (2}
¢ - ’
. . ,

17

13




Tap}e I - . S
Sqmmufy of Student Evaluation - THE ALTERNATOR
N E 17 o

fy

. Lo <)
e : e o
. ] T o . N w -
. oo . ' vl ool o c
/. : . . =] =2 z
‘1, -Did-you understand the'objectives of the
* mpdules? - . 101 6 | O -1
2. Do.you think the objectives are worthwhile? 13| 3 0 1
3. Was the module. easy _td read? - ) 6| 10 0 1
. . . . ‘
.4, Was fthe reading interesting? ° 7 7 2 1
5. Were the lab exercises worthwhile? 11 A 0 0
L - - R R ,
6. Was: the lab equipment appropriate? 1.4 O 0 5
7. T the equipment work well? 6| 5 5 - 1
8. -re you able to do the calculations
. involved? N 8 7 0 2
9, Were you able to use this module without *
a lot of help from your teacher?” 5 o 1 3
10. Did the .audio-visual materials help you to | i
understand the concepts? 4 0 b
11. Did the test fit the objectives? 71 9 | o
. 1
12. Wwill the knowledge that you gaine: 0
1 ] U N

this module gelp you in your voca~ .

& , o
',.‘.‘ '
%

SUMMARY OF COMMENTS

Need more time for module. (5)




' - Table JV

- .‘_,'
Summary of Student-Evaluatlon <~ THE POQL ABLE * .
NEATT o
, ~—~ —
, , ‘/ + +
b 4 | g 128l 80| o
. /- ‘ S 2SN 2
1. Did u underatand the object ves of : .
module¥ 4 ' 15121 3 1
; - 1 :
2_“noﬁyou tg&nk the objectives are worthw%ile? 16 | 17 n 1
3. Was the module easy to read?’ 18 1 2
i .
4, Wasqthe reading interesting? K 10:1 18 |10 | 2
.3 . c . .
5. Were the lab exercises worthwhile’ %A 19|17 | u 0
6 was the Lab equipment appropriate % 29110 | 1 0
7. Did the oquipment work well? \,< )1 20, 1 0
b cre you able to do the calculation= ‘v S N
involvec : 3 ‘Hy 12| 23 4g| 1
1 AV
- 3
“ tore yoo able to use this module vithout f '
Lot o: help, from your teacher? A\ 9118 ;1,10 3
] s \ .. 2
10. id the audio-visual materials heip you to ’ .
aderstan. the concepts’ 221 15 w?~ 0
11, id vhe t-st Uit the objectives" 415 0
12. vill the nowledge that y- gain- t trom ’
this moedu_.e help you in y«¢ 1 vocizion? 10 | 14 1 1% 5

SUMMARY OF COMMENTS

, Needs rore explanation. (W
Need m work on.torm_;as. (2)
% Enjoyas.: C))] |

Needs .:i: orientation - . module. (1)
Goed A- naterials, )

/ .

/
\

19

15




Table V.

N:

s

Summiiry of - Student Fvaluation - THE RADIATOR-

l(-) [ .\ P .
|3
o | GolB
o o -
S 1ef|22] =2 |
1. Did you understand the objectives of the . A
module? 5 3 w .
2. Do you think the objectives are worthwhile? ) 3 1 1
3., 'Was the module eaSy tO read? 2 g | 1 2
. N o
4. Wa- the reéding interesting? 3 1 4 2
?
" 5. Wc  the lab exercises worthwhile? 4 -3 N 0
6. We- the 1ab;equipmgnt'appropniate? 6 U ) 0
7. . Di the equipment work well?” ) My~ O 0
SO ~ :
8. L. you able t> do thé calculations C
o, v wved? o ‘ bt W .- 1
- |
9. Ler you able to.ﬁf*?ﬁhis module without o | ) f
¢ L - of help from-your teacher” ' 0 6 . > 1
l@. Tid he audio-visual materials help you to’ ‘
and. st™ad the cancepts? -3 6 0 1
11, Did he test fit tHe gbjectives? 4 5 1 0o )
— . l:':’i . .
12. ..il7 the knowledge that you gained from
this module help you in your vocation? 3 2 2

-

SUMMARY QF COMMENTS
Should bhe éimplified.

I3

~
‘ 1

L, . ' :}’

o

20

16
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Table VI .
. o - P
Summary of Student Evaluations - ALL MODULES

3

N = 145
oo ~
e —
— B
n c o) W
.0 ' Zul oo o
> = == z
. : : ~ —
1. Did you understand -he objecti e§ o! the _
module? - 68 -8 14 14
2. Db'yo%ﬁx”ﬁnk “he o 2ctives are worthwhile? 69 | 9" | 17 20 .
3. Was the module eas; to read? 667 2 12° 14
U./;Was tke readﬁng intnrestigg? P — | U4 -5 .1 31 26
5. Were the lab exerc:ses worthwhile? 69 | L |11 | 10
W y |
6. Was the lab equipment "appropriate” 1:05 3 173 12
7. Did‘the‘EQuipmenf work well? ! 171 Sﬂ, 9 0
8. Were you able to do the Galculations ] ) :
involved? - +, 7.} 50 L5 21
. &"’ . - - - - -
9.;‘Were‘you ab_e ro use' this mégule without W
~a lot of hein from your teacher? ] 101 50131 27
— - ' > 7 -
10. pdid the au."kwiSugilnaterialslhelp you to ' N
understand ¢ concepts”? ' T 57 | 57 8 22
- . l .
@-l'. Did the tes - fit the onjectives? 75 53, 7_, 8
12. Will the knowledge that you gainvd-frdnv S
‘ this module help you in your vocation? 6 | 39 25 34

e 2

/

x

L7




i Instructor T luation - JALKS

N =3
1 Y
o
: z g % 2% o8
. ’ . b0 — & E bog
a g o v 9] 5% g ®Oo
. o 9o o ® Od & O
/ “, S% o —°O o0 H0 00
. 42 BO bo = by 4 o >
. na a4 D A A g/
‘1. The module objectives .are adequately ‘
stated . 5 4 3 2 1 4
. \ . ] .
2. The:written materials are sufficient | J
< for students tb mect the objggtives. 5 4 372 1 / 2.7
3. Thvileqrning acivities are appropriate )
to ijacilitate laarning, -5 i X 2 1l 3.7
4. . The audio-vjisual materials are appro
priate toffgellltate learnin 5 4 3 2 1 4
5. The test questions are appro rlate ' : )
. measures of the objectives. | ‘ 5 4 3 2 1 - 3.3
6. Theé format of the module mqée it easy ) ' ffi' :
to use. / , 5 iy 3 -2 1 3

. \ " . - . .
7. The level of reading difficulty and ' )
mathematics required are approprlate 5 4 3 2 1 3.7
for the students 1nvolved

8. Overall, this module is very good for

-‘use in teaehlng vocational physics. 5 ”‘ 3 .2 1 3.3
TSuMMR Y T COMMENTS
XxXperiments 1ee  improvins So as to get consistently good results.

KN
More working cxamples: and problems are needed,
Can be made in“» excellent module.

Math requireme- s were too ext=nsive, v

w i I3 -




Pable VIII

-

Summary of Instructor Evaluation - THERMOMETERS

N =3 . ~
. - ~
. ) 'Z‘]
B0
C ol o))
S o
R
4+ bD
N <
1. The module objectives are adequately o
stated. >
J .~
2. The wpitten materials are sufficient v
for students to meet the objeetives.
3.,  The learnlnq act1v1tles are approprlate
to facilitate learning.
tt, The audio-visual materials are appro-
priate to facilitate learning,
5. The test questions are appropriate
measures of the objectives, o3
6. The format of the module made it easy
" to use, 5

7. The level of rcading difficulty and .
mathemntics required are appropriate. 5
for the students involved.

8. Uvorall, this module is very good .for
use in tceaching vocational physics. 5

SUMMARY OF COMMENTS

Y

. Module should be divided to two parts.

Agree

=

L

Undecided

(&%

Disagree’
&

n

© Strongly

—

Disagree

Needs working cxamples of converting temperature scales.

Lacks continuity,.

Needs some problems for studentd$ to work.

Average .
Response

£

Ny
o



Table IX

Summary of Instructor Evaluation - THE ALTERNATOR

The module objectives are adequately
stated.. - :

The written materials are sufficient
for students to meet the cbjectives.

The learning activities are appropfiate'
- to Tacilitate learning. '

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

The test qdestions are appropriate
measures of the objectives.

The format of the module made it easy
to use,

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

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

SUMMARY OF COMMENTS

Needs more instructions on use of meters.

Add some homnework exercises.

Stremgly
Agree

=

y

Agree

Undecided

w

. ~”
Disagree

¢ N

29 o
FE 25
EY f£a
| S )) [V)]
H oA > o -
(/o] e <
1 U

1 3,
1 4

1 l}

1 4.5
1 4
1 4.5
1 3.5
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Table X

Summary of Instructqr Evaluation - THE POOL TABLE

Nez |

3 P
B0
Cu
co o
: 4 - TR TR ¥
£ bl b0
’ S ha <
1. The module objedtlves are aaequately . ‘
stated. 5 b
2, The written materials are sufficient ; /
for students to meet the objectives, 5 4
3. The learning activities are approprlate
toto AOflltato learning. 5 4
4. The adplo—v1sual materials are appro-
priate to facilitate learning.. 5. b
5. The test questions are appropriate b
measures of the objectives. 5 lh
6. The format of the module made it easy

to use. : 5
7. The level of reading difficulty and
mathematics required are appropriate 5 4
for the students involved.
4. .Overall, this module is very good for
use in teaching vocational physics. ~ 5 Yy
X
SUMMARY OF COMMENTS
Fxcellent module.

[Lxplain some terms more clearly. -

Use more exaﬁples and pragtice problems.

A

Undecided~'

Disagree

N

Strongly )

‘Disagree ,

K

[N

Average
Response

u.5

I

1




Tagle XI" ’ : - .

T~

gummary of Instructow Evaluatlon - "THE RADIATOR 7’/~

N

N1
~
— -
! b0
- a =3 v
P v o
K H R =
. 4 b0 b0
N

¥

bij. The .module objeetlves are - adequately X
i stated ' " ' . 5 4

¢. The wrlt;en materials are sufficient S
for students"to meet the'objeetivd..‘ 5. 4

. The learning aet1v1t1es are approprlate
_to faellltaLe learnlng 5 4

. The audle—v1sual materials are appro-
priate to facilitate learning. o 5. 4

, -

5. lThc-test questions are appropriate
measures of the objectives. _ 5 4

6. The format of the module made it easy
to use,. ‘ 5 4
7. The level of reading difficulty and )
|1thematles required are approprlate 5 !
~or the students 1nvolved ' ‘

¢ (oo-all, this ‘module is very good for °
Lsc in teaching vocational physics. 5 4
!/
SUMM-RY OF COMMENTS
Needs additional problems. ¢

Needs more illustrations.

Undecided-
Disagree
Disagree
Average .
Response

A

" Strongly

n
=

22
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Table XI . i
Sum ary @f Instructor Evaluatlonaﬁ THE RADIATDR
N =1 ’ . ) e
k=
B> ¢ o . A
L T 9 .o
b0 P = B |
Ceo U O B0 g bl
. e ‘v @ m®.0Od
“8 =2 °© o 82U
4 by B0 B I - !
. ' ha @ B oA NA
1. The module GbJEEtIVES are - adequately N ‘ 7
Stated 5; W 3 2 . L g
2. The written materials are sufficient o S .
for Stuﬂehts’to méetvthe _objectives. 5 4 3 -2 sl
3. The learning activities are apprcprlate “« . g _
to facilitate lFarnlng. 5 4 3. 2 A
4, The audio-visual mater;als are appro— 7 ) .
_ pr;ate to f32111tate 1earilﬂg_ 5 ,” -3 .2 1l
5. The test questions -are appropriate: . ‘ S i
measures - af the objectives. 5 - ,Q 3 n2 *l{
6. The format of the deule made 1t easy e )
to use. c 5 w32 A
7. The 1evel Df reading dlfflculty and A E .
mathematics required are appropriate 5 0 3. & 1
for the students involved. o .
'%i Dv&rall; this moﬁulé is very good for. . o
' i1se in teaching vocational physics. 5 -3 2. 1
SUMMARY OF COMMENTS C/
i Neéeds additional problems. ) .
Needs'mgré illgétratigns. B
/ #
.26



Table XL L C

bummary of Instructor Bvaluation - ALL MODULES

1. The module objectives argladequately’

Stat.ed. ) ] 5

o
2. .The written materials are sufficient

) 4
Strongly

‘Agree .

’
i

-_fqustudentB to meet the. objectives, ' 5

>3. The learning acti&ities are appropriate

' to“facilitate learning. . -

"4, The audio-visual materials are appro-

priate to facilitate ledrning. 5

5. The test questions are appropriate

measures of the objectives. .5

- 6. The format of the module made it easy

to use. v 5

_ -~ o S, _
7. The level of reading difficulty and

mathematics required. are approriate 5

for the'students involved. .
’ AL 4
8. Overall this module is very good for 4

""use in teachlng vocational physics. 5

k)

23

+

Agree

=

Undecided

w

4bisagree

N

28 ud
2% Bt
g w00
4 o > o
N F~ -
1° 8,1
1 2.7
1 3.9
1. 4.1
1 3.7
1 3.4
1 4.1
8
1 3.3

-

t
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111, . SUMMARY .
'TIA'om%mmﬁmE ORTS: Vﬂ‘v' o -

Since the beginning of the project, efforts have been made -
to make ‘the objectives of the : oject known to vocational ° ; v
. physics instrﬁctors and educational administrators Part of the,
| efforts were in the.form of correspondence to those persons at
both Ythe post secondary and secondary level., The efforts other?

-

than private correspondence are listh below. S

+

" l. Talk entitled "Physies for. the Vocational Student" at
the annual Christmgs Confegghee on Recent Advgnces ih

| Physics, Chapel Hill N, C., December, 1974 Audience

of approximately 50 personsﬂimostly secondary and college

i
physics teachers, : t

2. The first three modules werexexhibitedrat the National = |,
' Science Teachers Association;conventian in Los Angeles,
California in March, 1975, |
l/_' 3, 'Session entitled "Modular Instructional Materials in
| Physics for the Vocational Studentl" at the ORU Conference
on April 24 - 25, 1975. Audience of 30 public school
; and community college administrators -
4. Talk entitled "Modular4Materials" at the North Carolina
Department of Community Colleges spring coriference in
May, 1975. Audience of approximately 15 community
’coltege instructors } _
5. Article entitled "Physics and,Metaphysics" in the June, !
1975 issue of the ommuni;y College‘Review.‘

. 6, Exhibit with description of project in Washington, D.C.
at U,S, office of Education during.week.of September:
| . 28
IERJ!:‘ - L 24 o




Talk entltled "Physlos for the Voca‘tlonal Stu.tb"

. the North Carolinh Soienoe Teaohers. ‘Asgociatiar

l

conference in Charlotte, N.C. on November ;! 1475,

Audience of approximately 15 seoondary sole:n'pacners

'Sess:Lon entitled "Modular Instruotiaﬂal Mat‘all’

Physms for the Vocational Student™ at the ORU

Conference on April 1,5 - 16 1976. 'Audlenee of

publlc school and oommunity oollege administr&to .3

.Approx:mately 20 gsets of the moduleS were distrlbuted

at this conference. ‘ '.;



11I: B, CONCLUSIONS e,
. _ . . . | )
Inter—~iews vim= «adents and instrmi—tors using the materials

a2~ the evaluation data summarized in Tahbles @ through XII

-

. » - ‘ ,‘ \
1. Some‘gono~ %s “ntreduced such as. theeswetica. and actual

| amwe-gled somd fadl:s that.dh&ulﬂibe.correeteﬁ,
: "

3

meChanica Advantags are not obwiousiy useful to the -
. studefit | agel gehould e omltted
2. The read:’ abllity requirxed of the srudents is too h1gh

. T “The style of wr1t1ng should be changed to shorter

sentences and miie reiteration. ' ‘o -

o
&

. Jhey are too mathematical. Some unnezessary math needs
to be elifiinated and more practical problems should be
added where the math is essential. It 'shofild be noted,

3

that two of the modules, THERMOMETERS and RADIATORS, are
- complete non-mathematlcal ' ' , ©
4. Some of” the-modules cover too much mateffal._ They_shouﬁd
be divided into twe\or'three shorter modules. b
5/ .There is'insufficient feedback to the‘studeht..vMore
'd'_ self-correcting reV1ew’guest10ns need. to be 1nc1uded

s

6. Thevinstﬂuctlon for the laboratory exerclses are not well
. '_ wratten” Too much’ 1nstructor assistance was needed
The pilot test also showed that in 5plte of its shortcomlngs,
. the materlals are a worthwhlle departure from trad1t10nal phy51cs
H1gh,1n1t1al student 1ntefest supponted the contention that the
vocationah‘student prefers an application oriented approach.. The'
data of Table VI indicate that the unconventional laboratory’
exerbise wo;ked very well, ~ The lack'of précise control_of all
var1ables did not serlously affect the Valldlt} Qf the |
L .. 80 .
ERIC S - ,;‘-.2‘6 S .




‘amount of pilot: tmt data collected «

v -

exprdmental r‘h Student and! instrutrm »esgponse- to the

-

v

‘soux{,d/slide preg’ime ; was posit\ive

. Two un‘antic*ted problems arnee that sevenly 1imited the
!

\*

1. The materials do not adamr well to traditiomml class— :

&

room teaching “techniques. They are mc1v1dmlized.

materiazs and must be usec with apprq;r:n.ate :acilities

.-v

and man@ment techniques . ‘, , *

P
/ - 2. The materials are technologically oriented ~ ‘I"hey are,

s

in many gases, as new to the 1n8truc'tor as t*'ny are to .

the student Instructors without appropriate back-
grounds will have dicfficulty with some of the modules

These problems seem to suggest that the' pilot test instructors

shduld not. have been ch_osen.at random and/or they-should have -
:() y . .

_ been give_n .more,extenSiVe preparation during the worlishop';.

i,

#



'II1, L. 'RECOMMENDATIONS -

In order to corr==t the faui—s found Qith the materials

‘and to further develo) the strong points, the following

recommendatiohs’ére muir ’ . "

1. Shorten the nod. es to .D-12 student hours eaecn. Longer
modules can b= rsnrittén as two or thréé shorter modulgs,

" (See Figure 1 |

2. Develop short. 5 hour auxiliary modules on ma , atics,
the metric syeseen and graphing. - (See Figure 1) .

3. Lower the reading lévgl required and eliminate all mgth
not ;bsolutely essential,.

u.' Simplify the laborafbry exercises and include more
'Qetaiied instructions.

5. Inclide more self-correcting review questions.

. Add more audio-&isual materials., -

. o
A
,




Figure 1 PROBIBED LAYOUT 07 AR
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Im. D. SPORMBI ECTIONS

‘The'becupational RéSeareh Unit grant totalled $26,300.
The.eost of the project was primérily in salaries for the projev%
( &ireetor and a Beeretary and & the reproduction oF printed -
‘-f%riaiz ard audio—edsual matérials for the pllot test Thé  '?:
{ o8t of usang the ma‘Erlals w111 he much less than tho researeh
cost, The approximame cost of equiplng a laboratory to ‘use all
the modulés is 1ndiﬂﬁt9d below )The cost of Supplies and

equipment noﬁmally found ‘in a physics lahoratory or learnlng

resdurce ce_n_ter 15‘ not includ’ed o o \
MOECLE - - . EQUIPMENT SOUND/SLIDE ' PROGRAMS.
Jacks : $-50 -$ 34 - 2. !
The=mometers 330 31
B Alternpators ‘ : u7 N
Poo. Table . ] ) HSS‘ 23 o
Radiator | 95 20 ,
Total®  $12u5" + S156. ‘

The tctal coBT, "nt 1ncIud1ng the mod_lﬁ;prlntlng eosts, is
»$1400 for =quipmeft/anc s Hund/s’ ide "‘ograms for a class size. of
Students .
-The .evel o  instrc—~tion an¢ subdject matter presented:make
 the modules approoriate For the svugents in a wide-yariety ol
V0¢ationa1 curricuia in the Communitv College. System and‘in the - -

. secondary schools. By . o

N )

T 85 }
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CaenmDIGES . a

ACPPEMDIX 1

PRE-REQUISZ™ES AND OBJECTIVES




APPENDIXI Ay #QI_S | - .
PRE-REQUISITES : | L C e

’

iBeforeibeginning thlB module tbe student should be able to work
the following types of mathematical problems L

- , fl. Givep several numbers, calculate the average of their values
o SN - .
- Given the diameter of a“circle, calcula;e its area and = -
_ circumference
3, Given the ﬁiameter and height of g;cylinder, calculate its
-h__lateral su rface avea. . :

u.' Make conv?rsipns between the following units
: (a) .inches - " feet
(b) . ‘'vances - pounds -
(¢) grams - kilograms .

L The student should ‘also be able to read . the scale of an English/metric
rule” and the scale of a Spring balance

OBJBCTI%S

- After*pompleting this module,” the student should be able to- recognize
the definitions and applications of the following terms. Testing will be by
'mﬁltiple choice questions. - _

ﬂl. Weight . ’ - : 11, Friction

2. Simple Machine f 12, Efficiency
3. Lever N 13, Torgue ,
~ 4. Inclined Plane . - 14, Stress ¢
\<5. Hydraulic Press - . 1l5. Tensile Stress
V6. Actual Mechanical Advantage -~ 16. Compressive Stress . ,
. 7. Theoretical Mechanical Advantage - 17. Shear Stress T
- 8. Work - . : _ 18. Ultimate Strength '
. .9. Pressure ' . 19, Elasticity’
10. Energy : ? 20, = Safety Factor

, The student shoyld also be able to solve numerical problems inVolving
the following quantities

Actual Mechanical Advantage
Theoretical Mechanical Advantage
Wark

Pressure

.Efficiency :

‘Torque -
Stress ’ ‘ '

NN gFE W
’ L] L[] L] L] L[]

I
v

|

" The System for' assigning grades to levels of performance will be
determined by the instructor. _

37
32
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APPINDIX T, B, TUERMOMETERS

\\i‘ - - B ’
,PRB-REQUX§ITES o
The“studénts'éhould be able to - read the scales of the following

$, -
instruments.

: } N,
| 1; 'metric rule |
" 2. mefb@ry—in—glés thermometer
3. Bourden»pfessure auge .
4l millivolt meter ' o
- . 2 AN v
5. ohmwe?er_ - N |
6. milliimméter‘ . . \\: B #}
OBJECTIVES S o (/ SR s ”

L'be”able.tO,db the

/

After complé;ing this module the student wil
following. - A » K

: S \ )

A. Use molecular theory to describe the differences between

1. heat and:temperature,dand

2. solids, liquids, and gases,

Testing will be by\multiple choice questions,

.B.: Describe the consfruction and operation qgl
: IR . e. 5
1.” a bimetallic thermometer,

2. a liquid-in-glass thermgmeter,’ :

3, a constant volume gas thermometer
‘#. a constant pressure gas thermometer
5

\\ a thermocouple thermometer, and

-

~e .

A\

6. ' a thermistor thermometer.
Testing will be by discyssion questions. '
The systemffbr assigning grades to 1ng&s of performance will be
[} ' o

determined by the imstructor. -

3

38
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ADPTNDIX I, ¢. T ALTERNATOR . - N
PRI~ RIQUIHII‘L T e . : '

A d

- Before beglnnlng the module, the student should be,able tg work
the following types of mathematical problems. . q\\\

1. Given two whole numberss. calculate their product
"2. Given two whole numbers, ohe a dlvldend and one a. d1V1sor,
- calculate the quotient.
e " 3. Given two decimal fractions, calculate their sum,
4. G1ven two declmal fractlons, calculate their dlfferences.

.\ v

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

thermometer.._
) OBJECTIVES
A, After completlné/the module, the student will be able to
} ‘ recognize the définitions and applications of the follow- _
T ing. terms. Testing will bé by multiple choice questlons s
1. electric potential 13: diode -
2. ,/electric current 14. alternating. current
. 3. - resistance 7 15. direct current
4, volt - 16, 0801110800pe
’ o ’
, 5. ampere - 3 17. energy
~ 6. ohm ; T ' 18. power P
7. voltmeter 19, joule :
8. ammeter - 20, watt
9., ohmmeter 21. series circuit
’ 10. magnet ‘ : . 22. .parallel-~pircuit
: 4 11, generator 23, torque ’
12. 'alternator - 24, efficiency
o - B. The-student will be able to name the factors that

: : 1. determlne the resigtance. of a material,
" . 2. determine the strength of an electromagnet, and
3. determine the size of an induced voliuge
* Testing will be fill-in- -the-blank questlons

C. The student will also be able to solve numerlcal problems'
1nvolv1ng the follow1ng quant1t1es

-
)

1§ " 1. electric current >
2. voltage ’ o >
3. presistance
4. energy
¢ 5. power

. The system fdr assigning grades to levels of performance w¥9\1f//
determlned by. the 1nstructor ‘




APFENDIX 1. D. THE POOL TABLE . . .

PRE- RBQEISITES - x
Before beglnning thls module, the student should be able to
work the *ollowing types of mathemat1cal problems
1. Given two decimal numbers, calculate their sum:Ttheir .
'diffe?ence, and theirApnpduct. | |
2. ;Civen‘a measurementHinimillimeters; convert it to meters.

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

™€,

“RJECTIVES | Y3 . o
A. After completing this modulé, the student will be able to
recognize the definitions and,applications of theffollowing

quantities and the factors that determine their magnitude;

Teiting will be by multiple choice questions.

1. velocity %, mass .
2. acceleration 5. momentum
3. force 6. k1net1c energy

B.- The student w1ll also be able to, explain the results of
certain -collisions in terms of the concepts of: {\'

1. ‘conservatlon of momentum, and o e
2. conservatlon of energy. ' &éﬁf”

Testing w111 be by discussion questions?

g .

- ’ -) ’
. :
i
a - ’
N3
> '
o » .

\

~ -
pe7
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APPENDIX'I. E. IHE RADIATOR . - , | o

 PRE- RFQUISITES .

»

Before beginning the module the student should be abde to read

the Celsius scale of a mercury-in-glass thermometer
~7'OBJECTIVES l ' .
s A, kfter completing the module t?e student will ;e aﬁle to
recoghiée the definitions and appiications of the following
o -

tenns. Testing will Qg by multiple choice questions.

. . -
: 1. radiator ‘ 6. radiation
2. heat exchanger .Y + 7. thermal conguct1v1ty
3. thermal energy (heat) 8." convection
4., temperature 9. specific heat
5. conduction LT
~ AN

B. o The Student will also be able to name the factors that affect
 heat transfer by
. 1. conduction !

2.. —rhAdigrion .
3. convection

o _Testing will be by fill-in-the-blank questions.

2
4




APPENDIX II. A. - e

INSTRUCTOR CHECKLIST FOR INDIVIDUAL MODULES

Instructor's Name - ' ‘Module
. &
0 o >‘ q)
) — |
b0 B
. o TR TR S I
» o o Q
S8 5 0d
. { 42 bD bU c
. N < o jou)
1. The module objectives. are adequately ' o
, stated. . . 54 3
2. The written materials are sufficient
for students to meet, the objectives. - .5 43
L}
3. The learning aet&vities~are3appropriate
to facilitate learning. , <5 b 3
. -The uudio-visuai materials are appro-
priate to facilitate learning. 5 4 3
5. The test questions are appropriaté
measures of the objectives, 5 4 3
3 ' ’ s : ) \
6. The format of the :module made ét easy L
to use, 3 B 4 3

. _ | }

7. The level of reading difficulty and

» mathematics required are appropriate 5 4 3&»
{for the students involved, : '

8. Overall, this module is very good for ‘
use in teaching vocational physies. 5 “'. 3

9., My suggestions for improving this modulé
and the audio-visual materials are:

N

Diségree
Strongly
Disagree

n

op




APPENDIX 11, B, e ’ i _ .
. » . - o

STUDENT CHECKLIST . ~ MODULE

Select the response that matches the way you teel the que5¢1on qhou]d
be answered. Do not put your name on this paper.

LT
o
(/2] o w 0 g
v S o o o )
. LI M - R
1. Did you understand the Ob)P(tLVOS of the - :
module”
2. Do you think the objectives arc worthwhile? |, r -
3, VWas jthe module easy to read? ‘ : ,
- . l . —_ ———
4. Was the reading interesting” " _
- N N .“ “1-—-‘“——7. —__-—1
5. VWere the lab exercises worthwhile® :
- i 4'—\~_‘,_._—h- N R
b, Was the lab equipment appropriatc”
“'\—77
. >
7. Did the cquipment work well?
8. Were you able to do the calculatious
involved? - ’
‘ T —— .
. Were you able to use this module without - ' A‘wy/f
i1 lot of help from your tgacher? :
—_ _—— e e
10, bid the audio-visaal materials heln yuu to v
lm(]( 'rstand the concee pts
_— —_ — . —————1
1L, Did the test I'it the objectives? L ‘ '
» . T 4
12, Will the knowledge that you cained from .
. this ‘module help you in your vocation?
Cin you suguest any way in which the module can be changed to makg i
hettert  Comient on the reading material, lab exerciseS, lab equipment,
A-V materials, and test. (Use back of sheet.if more sPace is needed.)
Y ] -
. ’ ¢ 3
a —
’ —
.
- - —————TT

ERIC. . | 43




