< .
i, . , > - N

,A - DOCUMENT RESUME
J .

°  ED 223 469 o _ SE 039 723 o
AUTHOR : Leecé, Catherine G. _ ’
TITLE . . The Development and Evaluatior £ the Microcomputer

. Modules Entitled Photophosphory.ation.
INSTITUTION Michigan Technological Univ., Houghton. Dept. of
- ‘ Biological Sgiences.. :
SPONS AGENCY '~ National Science Foundation, Washington, D.C.
PUB DATE . [82] o .
GRANT SED-7919051 .
NOTE ' . 154p.; A report submitted for' the Master of Science, .
_ *  Michigan Technological University. c
PUB TYPE ° Reports - Research/Technical (143) --
' ; Dissertations/Theses - Master Theses (042) ‘
EDRS PRICE . MFOl/PC07 Plus Postage. . C

DESCRIPTORS ¢ Academic Achievement; Biology; *College Science;
. *Computer Assisted Instruction; *Computer Programs;
\ Higher .Education; Learning Modules; Material
: Deyelopment; *Microcomputers; *Photosynthesis; "
'Séience Education; *Science Instruction; Teachswg

-

- Methods i . _
_IDENTIFIERS . Apple Il; National Science Foundation; Science .,
. -Education Research '** ) :
ABSTRACT . \ : o , :
.« -7 " This study investigated short term information i
retention of college biology students who used computer assisted ‘s

instfuction (CAI) with students who studied the same subject matter-
.in printed form. An irntroductory computer program of
photophosphorylation (the.light reactions of photosynthesis) was
written in Applesoft Basig. for the Apple II microcomputer. From this,
a printed-veréién was made’,” almost verbatim, Aftér using either the
. computer module or the written version .in a laboratory envirenment, .
all students were 'tested using the same multiple-choice objective
test, Results indicated that, when teaching photophosphorylation, CAI
- induced better ‘learning in students than written materials, as
- measured by the-test ‘employed. The study is oxgapized into these
sections: (1) introduction (barriers to Cal, iypes of CAl, principles:
of learning, CAI. compared to textbooks, past research); (2) )
methods/materials (development,. formative/summative evaluation, data
analysis); (3) results; (4) discussion; and (5) summary and
. conclusiohs. Appendices include complete photophosphorylation program
. listidgs, user's guide, written version, study guide, text (with
correct -answers), and related lecture material. (Author./JN)

k—/.
. . —
o‘ . . . A ..

¢ . -
************i********************************************************r*
L o - .
* Reproductions supplied by EDRS are the best that can be made *,

* .o ‘from the original documeht. - ) S
******************************************************************t****

IToxt Provided by ERI

'Equ‘ . . |
E Y o

1




. US.DEPARTMENY OF EOUCATION
NATIONAL INSTITUTE OF EDUCATION
EDUCATIONAL RESUURCES INFORVAIIO\J
CENTER tERIC)

This dosument hos been reproduced as
receneds from the person or rganization
onginating it

Mmor changes have bean made 1o wmprove
leploduchon quality

-

. Pomts of view or opinong s!dled in this docu
ment do not necessanly iepresent official NIE
position or pokcy

ED223469

(

The Development and Evaluation

+ of the Micrccomputer Moghle Entitled Photophosp%prylation

+

Catherine G.. Leece ,
. . iy -
- ' ) . . .
- ‘ ’ » - ,. / -~
Develgped ‘For the SUMIT Courseware Development Project
Department of Biological Sciences , )

Mlchigan Technelogical University | .
Houghton, 'MI 49931 y

-"‘ . N . . »
\ Ay
' “PERMISSION TO REPROQUGE THIS
. . } ' MATERIAL HAS BEEN GRANTED BY

TO THE EDUCATIONAL RESOURCES

\\\ * *INFORMATION cgn'r&(&mc)."
cg\ | |

." é“) '_ / N . ‘ v

Q )
ERIC
:

. N k]

(3]



-

\ The Development and Eva;pation

\bq\the Microcoﬁﬂhter Module Firfitled Photophosphorylation

by

- GCatherine G. Leece

7/

-/ § REPORT ‘ A

Submitted 1n partiaf fulfillment of tHe .requirements
for the degree of

MASTER OF SCIENCE IN" THE BIOLOGICAL SCIENCES
. -




L] ! <
ACKNOWLEDGEMENTS .

.
! i

D

. '.'First”of all, I am grateful for the support of the NSF, who
funded tﬁe SUMIT project of which I was part. I am also_
grateful to Df. Spain, who took me on as a gredqate
ty assiséent and stuck with me through my éntipe projecti He
‘(/ﬁ~<¢ provided support at the riéﬂt times and steered me in ths . °
| right direction when necessary. Next I would 11ke to thank
Dr. Evans and Dr. Keen for their willingness to help me on
more’ than a few 6ccasions. In ;ddi Lpn my appreciation
extends to Dr. Erbisch, who, despite his busy schedule,
pré&ided encouragementg useful sﬁggestions‘and smiles to
keep me going. I also-greetly appreciate éhe constant
. positive reinforcement, suggestions, information and help: . -
offered to me throughout the past two years by two special
" friends Ted gzldaﬁ and Mark Shaltz. Thefr humor enlightened
6any gray situations. I would also 11EE to thank those
"people who:made ma jor contributlons to shis study by
oooperatlné with me and participating dn the formative and
summative evaluatio?s of my module. This_;gg}ggesADr.

Krear, who tolérated and even liked some of my ideas for =

’ ﬁhloh and who allowed the use of his class for my project. ] e

A

“

Finally, I would like to dedicate this report to Dan, whose
.appearance into my life‘helped make the past two years even

more worthwhile.

v ' H




¢ . .
—~—— ¢

This material 1s based upon work supportéd by the National

Science Foundation under grant'numbeé SED—79190511 Any

¢

opinions, findingsaénd conclusions or recommendations

exprebbed in this report are tuose of the author and do not

necessarily reflect the views of the National Science

” [ b

Foundation.

<t




'»~h¢ - Tablepof Contents . -

Intl"oduction --.n-..--.---;--‘.on_---.o--..o---..nn-n.---n'-l
Barriers to CAL sevececsnnnsdostoonsssssnsssnsnsaonsssl
Types of CAI teceesessasesenesssessaranasserreesevosesl
Principles Of LEAPNING eeeverserenssssvsnssnssassasnss]
*CGAL VErsus TeXthOOKS +eesevsosssssssssassssnsasssosossed

Past Resea:['Ch !on.!n!!nnnon.n_‘;.!n!nnnnnon.!nnnnnno01112.-

.Problem Statement I R R R R R R R R R ¥ |

. AT
Methods and Materlals eeeeceeveocosvosenonsssssnsasessss0
Development «.eeecessosssssssansenionsnsesssrnassscss20
. Formative Evaluatlon seseecessessasssencansassssassssl
Summative Bvaluation ceeeceeserseescescsccrasnessesssh
Data Analysis sevessessvsrsessscsisresascssansasnsesssl0

ReS-UltS !i-!n!'Onnnnnnoononn!!.‘nsnno!n‘n!n!nnnonna!nn!n.n10033

h'iQCU.SSion On!vnlnnn.nn-.onnnn!n!noo!nnnnn\nnnnynnn'nttnos()'

Summary and Conclusions seseesessesces.. J P oY ¢

Lite[‘atur‘e Cited n!o!on!nn.nn\n.nnn:‘!nn!‘n'--.14101.10000011071

IS
'

_Appendil.ces
A. Photophosphorylation Diskette «seeeeseeceieeecsess Al
B. Photophosphorylation Subprogram Listings ........ Bl
C. Photophos ylation User's .Guide «eeovvsenvseess Cl
D. Photophosphorylation Written Version ...ceveevess Dl
E. Photophosphorylation Study Guide «¢ceveecicacecss El
F. Photophosphorylation Quiz «.cearvevricnttsnccesne Fl1
G. Photophosphorylation Lecture ceeceecevctncsccncns Gl
H. BL104 Class Statistlcs sesevscemsscsssssssnaceces Hl
I. Schedule of Lab Topics and SUMIT Programs Used

1n BLIOE vevepecnrocnnsnsnriosssnsnscnccsanesss Il

\.




.
~

INTRODUCTION

y +

In the realm of education, computers may be used in a

variety of ways. Basically they are used for information

storage and retrieval, course man&gementl test ‘ .
administration and computer-aided instruction (CAIi. The
use which has been considered the most éOntroversial is
CAI. CAI shall be defined here as a process by which

+ tten and visual 1nforﬁation is prese-*~d 1n a:logical

N ) N
sequence to a student by a computer (Fr =21, 1980).

Barriers to CAI

.
-

-
. . ¥
In the past it was predlcted that computers would
' T .

become a.major part of the educational process (Luskin;

»

1972; Carnegie Commission, 1977). Current studies have

shown, however, that the use of computers (gspeclally for

CAI) is increasing, but 1t has not yet becomg widely

Basically there ‘have beexn technological and educational

barriers to the ‘success of CAI in higher education. Namely,
these barriers are affordabllity: of hardware (computers and
equipment), availabllity of good software, and lack of ‘

2
‘ awgaculty interest and training. As a result, efforts are now
bel

ng directei/iz/gﬁiminating these barriers.

1. .
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In the past, hardware has been unaffordable for many
tnstitutions (CONDUIT, 1978), therefore it has not been

acquired, much less utilized gor CAI. High costs are mainiy
‘attributable tp mainframé (time-share) computers.
s Researchers in the field now preéict that educational /
v . computing is rapidly moving toward the use of inexpensive
) microcomputers zbérsonal compaters) (Bork, 1978; Chambers ' -
and Bork, 1980; Chambers.and Sprecher, 1980). The cost of a‘ N
.-+ computer, disk drive and monitor (video display) ranges
between $1,000 - $2,000 today, and is rapidly declining.
Bork (1981) predicts tﬁat the cos;‘or computers will .
continue_to_qecline, and has‘Xurrehtly béen dropping’by §b% / '

~y year. He.atfributes this tq}lncreo'*ng technological

K
.

skill and mass production of gomﬁonent;. ‘aditional

instructional cbsts, such as that Of‘bOL . and teachers;
.ha&e iﬁcreased at a rate of 1%% per year between 1977.and \
1930 (Chambers and Sprecher, 1980). As a result of the !
ibwer costs for microcomputers, an increasing number of ,
1nstltutibn§ may be apt/zgétry.CAi on an expérimental \
basis. / ' ‘

.. . : . I
Microcomputers are also advantageous in terms of size

and speed. The microcomputer'fits on a desk top and may bg

easily transported from office toa classroom-or laboratory.

The user may choose the type of legbning conditibns'

desired. Mlcrocomputers also eliminite time-sharing,

‘down~time, passwords. and slow graphics display all due to

the number of users on mg}nframe systems. Many -

e 2 . L
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editing and some/peFEIt/voice inpu

-

'and-output. One

diéeﬁyantage of microcomputers at this point 1s thelr small

e

storage capaclty, however better forms of mass storage are

bacomming available.

s . ~

1
micﬁocbmphteps have high resolutioi color monitors, text E _ "
|
|

One of the problems.associated with CAI software has
becn ‘cost of development. According to Chambers- and

Sprecher ’1980), about 50 - 500 hours ¢f preparation time

are needed for one hour of CAI user contact time on the .
computer.‘Laok 7f author sources Ls also limiting, because

CAI authors must be knowledgeable in the subject matter,

the principles of teaching, and computer programming,. in~1 ;

ordet to-proéuce educationally worthwhile material. Thils 1
creates the necgoasity for:software production by teams, 1
thus increasing the investment of human labor into its

production. .
Software availability is also affe ' by lack of good

material and lack of & good CAi languag . .:.ich can be . e
transported (translated to another langu«.e‘oq for other ’ .
systems). Only-a few sources. of CAI material are avallable.

In the early 1970's the hniversities of. North Carolina, =~ - .
Oregon, Dartmouth Iowa and Texas formed a coneortium . o
(CONDUIT) to acquire, evaluate and distribute 1nstructional
_computingﬁeoftwepe (Chambers and Sprecher, 1980).:CONDUIT5 .
-‘1smbﬁesenf1y converting existing softwaﬁe for mainframes, .

‘to forms. that may be used on microcomputers, as well as

seeking new matérial. However, it 1s felt that the

.. . . 3
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conversion of existing programs £ rom otner systems> may not
take full advantage of the hnique:oapabilities of
microcomputers (Spainy 1979). Alfred{Bork is also producing
botn microgcomputer and mainframe CAI material at the ] N
Universitp of California at Irvine.

The final block to CAI success has been the attitude
and background of educators. A prevailing attitude on many
campuses has been intolerance of CAI, skepticism about 1its
usefulness_and hostility about ‘its intrusion into the
cumriculum (Mosmann*.l980) Many. CAL developers have i
attempted to replace traditional teaching methods (lecture

. ete.) with CAI For this reason, Luehrmann (19{8) went so

‘far as to,say-tnat.QAI will not be successful in scheols

because 1t threatens teachers. This may be true of some

types of CAI, however, “the hum\hjflement in teaching nas

“~en found to play a- major role in CAI success (Bhnderson,
1981) Tuerefore the foous has been pl! - on the need for
teachers to be trained in computer use, - at 1east in CAI '
implementation. Hopefully CAI can be developed to the point
where administrator, faculty and student fears can be
overcome. For, in additlon to technological advance, only
involvement and belief by educators can ensure that CAI is

-

used to its full power (Bork, 1981). _
. - ///.

Types of CAI

or thellimited GAI software that has been developed
- 4 ) -




{ and implemented so far, there are two major categories:
adjunct and primary (Chambers and Sprecher, 1980). Adjunct
CAI is considered to Pe that which suppleﬁents the leéfning
situation; the programs are used to support or 1llustrate
concepts and generally take\one-hglf hour to run. Primary

CAI programs are usually iengthier and are developed for_

stand-alone use, or as a substitute for other modes of

o .

instruction. - - -

-~

Under these catego;ies there are sevewél formats or
types of CAI programs. Those CAI types_which argjihe most
commbn are drill and practice, tests, games, p@torial and
simulation. Drill and practice programs basically present
problems and provide feedback. They 'are advantageous in

)

...t they can repeat problems, present 3“463eﬁs baseq on .

”~previous answers and keep records. Thi. pe* of drill may‘
be tedious for a teacher, as the studer. s need for

. practlce mﬁy excel ghe teacher's ﬁime‘and/or patience.-The

use of CAI for testing is limited mainly to adjunct use.
Test questions are stored in the scomputer, to be randomly.”
generated for each individual student: Tests can‘be graded
and scores recorded and summarlzed for the teacher. C&I ’
games are commonly used in elementary schools to introduce
children to computers, and may improve students' aﬁtitudés
toward the subjecﬁ area. Tutorial programs present basic
information, then lead the user to discoveries by means of
strategic questions. This t&pe.of CAI 1s'1ﬁ£eract1ve and

essentially consists of a dialog between the computer e

5 o




that such situations are personalized for the individual,

*

(specificallj the programmer) and the learner. Finally,
there are CAI simulations, which attempt to substitute for

and/or supplement experiences and interdctions with a given

<

-phenomensn.

»

of the types:of CAI” dfscussed above, . tutorials and

simulations are the two types of CAi that come closest to
F

~

real life learning eXperiences. CAI programs can prpvide a

type of indifect experience, and experience 1is believed to

enhance leatning (Bork, 1980a). Also, many educators agree
~ ‘ vt 1

that the student/tubor ne1apionship is the optimal teachiﬁg

and learning situation (McKenzie et al., 1978; Tsail and

Pohl, 1980 Bunderson, 1981) This is based on the fact

-\

as are many CAI programs. Just as a tutor would ds, CAI '
tutorials and simulations put the initiative i the hands'
of the student, and they are capable of giving reasonably
flexible responses (McKenzie, et al., 1978).
‘Computer‘simulations may serve—as a poyenful tool in

svlence education, eSpecially in the laboratory. IE may not

always be practical or possible for students to interact

.Nith real phenomena in an attempt to 1 ... CAI simulations

simplify an experience dr phenome~on by ueans of a
representative model, in order to make it acgessible te ﬁhe
s tudent's pérceptiqns and_understanjing. If spacey time,
size or complexity are limiting, thé& can be altered in
such a way that a simulatidn may be betten for teaening

purposes than the real thinL'YDale,'l9u6f. Simulations do
. ¢ ' ?

-

—
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not také the place-aef experience, but unlike most other ’
- . =] ?
modes of‘ipstructon besides experience, they may help -~ .

create student Insight (Able, 1980; Bork, 193I; Petrakos,

*

1981). ﬂ

Principles of Learning
- ., ‘( . ) . 2
- \
* In order to create edudé%ional medra-which are

! . . ' . .
effective teaching instruments, educational technologists - .

should follow a general.learning theory upon which they can
model their innovations. For the purpose of this report,

the folloning quotation presented by Eisele (1980) serves
43 \
as a good description of the processes which a student must

-~ > . - 1 .
-5 through to learn: \\\\\\\\\\\\\\ s
Lt R S ~
v .

The core problem in a sclience of in..ruction is

the process by which the individual student learns. s T
Instrumentation has potential €£or each step.in the

process. The learner 1s exposed to some material

or stimuli; he must interact with ‘that material in

some active fashion as writing, talking, thinking

or reasoning and the adequacy of the interaction

must in some way be evaluated and reinforced.

g

Whaﬁ_I would like to stress here are the ways in which CAI

can affect and improve learning. With this in mind I will

focus on what I feel to be the key words in the quotation
. above: 1interact, active and reinforce.
Most psychologists(ggree that active learning is v
( Veull
superior fo passive learming (Bork, 1981). That is,

studen%s do not learn merely by lcoking, they learn By




s ( ‘ \
) &
R . -~
becoming involved (Dean, 1946)..CAI is capable of ,

learning (McKenzie et al., 1978; Spain, 1979, Bork, 1980o),
_Dean (1946) believes that varlous insfructional materials
differ primarily. in the degree of sensory experience they : “
are able to provide.aThe more senses ‘the .student- employs,
the better may be the learning experienoe. These reasons .
'form the foundagion for the belief that CAI can be superior
*to printed material in establish;ng nore effective ‘
}earning.

o .

CAI versus Textbooks / ’ N

There are sereral properties of CAI which distinguish .
‘ﬁﬁ'from printed ma§erial in terms of facilitating active
learning. In the reading of textbooks tlie process is:
commonly one of passively letting the textbook 1nformation
"flow" 1nto the individual (Bork, 1980a), tnat }s, the
material 1s not seriously thought about. As a tntor/student

dialogue,é; created with CAI, the student can be induced to ™\
(‘..

.

stimulating this type of active involvement which aids o
W
i
|
|
1

think. \

¢+ CAI programmers attempt to actively involve stugEnts

in learning by presenting frequent questions throughout CAI -

programs. The\student can not pass by questions 1n CAI and

(s)he 1s.prov1ded with immediate feedback. Psychologists

agree that the best feedback occurs immediately after the

event, to.immediately reihforce learning ang increase its




N

" reinforced bx the immediate visual display of graphics;

_and CAI.both allow information to be replicated accu?ately,

effectiveness (Chamners and Sprecher 960 Bork 1981) ' ) .

The student's active 1nvolvement witE.CAI can also be
this 1is trne mostly of microcomputeps.‘This strategy’ has
been’ termed interactive computer graphics (I1¢a) by McKenfie
et\al. ¢1978) As the student 1nteracts.with the tomputer (I
terminal, graphical feedback is provided‘as a consequence
of the 1nteracfien, such as when using CAI sinula&{gng;
Many researchebs believe thatbthis’visual immediacy of.

graphics enhanceelinstruction,lthus alding the learning
e 2, 8

process (McKenzle et al., 1978; Heck et al., 1981). Books

but only CAI can replicate interactions accurgtely with

true feedback (Bunhderson, 1981). : 31”/ ‘

Bork (1977)§feels that visual presentaﬁion of material
1s often superior to verbal presentation, This may be
related to thé hypothesized learning strategy’of mental
imagery. If people generate mental 1lmages of the material

they are learning, as suggested by Rigney and-Munro (1981),

graphics may ald them 1n establisning this mental 1image.

The use of mental imagery is consldered to have positive

effects on the acquisition or précessing of information. It

i1s true that printed illustrations may'also aid this

strategy, but i? is the animation and student manipulation
offered by 'CAI which may make its lllustrations superior in
this respect. Aleo, CAI graphics may be,used to cue the

student on specific points by using strategic delays, or by

9
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flashing or moving things on the screen. There 1s no other
medium which can offer this type of graphical display
combined with user interaction. Finally, nnlike printed ‘

; material, .CAI 1as no visual limit%;ions.-lnformation can be. -

-

presented in a visually appealing manner, -using different .

print styles, letter sizes, colors and” spacing without
additional tost. .
\ Computer graphics are also believed to be highly '%\
motivational (Bork, 1980Db, 19813. The topics which lend
'themseiées to fCG are typically those‘whicn are difficult

“to teach (Spain, 1979). In addition, such topics are )
presumably difficult for students to comprehend. In such - | ;¥é
casés, Bork (1980b) sges graphics_asﬁpFEVIdI“g“the\\ —

motivation needed to help students stay 'with the di{Qiiult

lparts. Not only are graphics considered to provide

motivation, but 1n gengral CAI has the capabflity of
;creatinb student interest, thus motivating students to

learn (Bc—', 1981; Bundenson, 1981).: , .-

“Pin21ly, CAI can facilitate learniﬁg at higher levels

than can normally be accomplished with ppinted material.
fhe recall of knowiedge and the development of intellectual
abllities and skllls are consildered cognitiVe functions
. ‘(Ahmann,and Glock, 1981)._I£ the cognitive realm there are
basically six hierarchical levels of performance (from
Simple to complex): knowledge, comprehension, application,
analysis, synthesis and evaluation (Bloon,;§2§§<< CAI is

bellieved to have the ability to instill learning'at theé

Y 10




‘higherilevels (Spain, 1979) by.improv{ng-problem.analysis,
organization (Petnakos,‘1981) and insight ﬁqukz 1980b),
among other things. |

The point “being made here is not;that CAI should
replace printed media in education, but thét EAI can be a
valuable tool Jjust as books.have proven to be. The fact, °
that print media usage.bgilds on huddreds of years of '
‘development and traditions (Bunderson, 1981) cveates the y - -
necessity for CAI developers to substantiate the fact that
" CAI can be the equal of books 1h terms of learning. It ik a
common belief that)CAI alone.is not a compiete learning -
.experience (Elder, 1975; McKenzile et al.,’1978 Bork, t
1981) In fact, no media- is considered to offer a complete
learning’ experience when used alone. This attitude was ‘
expressed long ago by Dean (1946) when he stated that "the.
more numerousaand varied the media we employ, the richer p
and more secure will be the concepts we develop." Tnis.
posture has also been taken more recently by Bork (1981).
He feels that an environment truly responsive to students
must have a varliety of materials and techniques’for
learning. in light of this, any attempts made here to prove
superlority of CAI over prihted media, are done 8o only to .
establish the merit of 'CAI dnd clarify its potential role
relative to other forms of media in education.

roo.

Y
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Past Research

} Most research in the field, up to the’present,,has
- dealf with primary CAI and its comparison to the
traditiona) teaching method of lecture. Very little work
has been doneeconcerning g£he ;omparison Af books and CAI,
especigily adjunct CAI. The most significaﬁt proJecQs
involved in develqpling and evaluating CAI material for
ﬁigher education are TICCIT (Time-shared Interactive
Computer Controlied Television) and PLATO (Program Logic
for Automatic Teaching Operations).
_ - .The TICCIT project was developed at Br%gham Young
University; CAI materials were developed based on concébt
and ruleilsarning (Bunderson, 1981). TICCIT involved’
primary.CAI English and mathematics coui.es.thaf were
taugh; at Phoenix and Alexandria Communi‘’_ Colleges. An
evaluation of TICCIT was conducted by Donald Alderman of
. the-Eéﬁcational Testing Service (ETS); it contrasted the
' TICCIT courses with the same coursgs taught using regular
classroom lectures. Chambers and Sprecheé (1980) report

»

that the mathematlcs course evaluatlon showed significant

achlevement effecﬁ of TICCIT over the regular classroom.

However, fewer students completed the former than the

latter coursé proportionally. Student attltudes towards
¥ . -

4

TICCIT weﬁe less favorablg than towards the regular

|
lectures in the mathematics coﬁrse, and did not differ in |
‘ |
the English course. Achlevement favored the TICCIT approach

|

. ¢ 12
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in English also, and the course completion rate was the
same for 'both teaching methods. When reviewing these
results it 1is important to note that the. Englé%h TICCIT
program’included ‘much more personal interaction between
Students and fac&lty than did the mathematics course
(Chéﬁbers and Sprecher, 1980). Also, TICCIT allows limited
use of video (Bork, 1981) which means reduced 1CG.

The PLATO project was proposed by Donald Bitzer at the
University of Illinois. It is a large mainframe educational L
System, however, since 1973 nicrocomputers have also been N
usea (Bork, 1981). PLATO uses the CAI )anguage, Tutor,
which has full graphics capabilities. Donéld"Aid§rman of. -

FDPS also evaluated the use of PLATO in five fields in five
communlity colleges as either a sﬁpplem .. Lo, or .
replacement of, regular ciassroom instr. .ion. In no cases |
were PLATO programs used in lieu of—an entire course.
Chambers and Spfecheﬁ (1980) repo?ted‘the ETS, findings; -
basically, a significant increase in student achlevement
favored PLATO in mathematics, but not in accounting,

biology, ‘chemistry or Egglish. Overall, students' attitudes

toward PLATO-type materials did improve.

In a smaller scale study, Brown and Ellinger (1978)
substantiated the idea that CAI is capable df inducing

higher learning. An evaluation of a CAI spacial marketing
package for Géolog& students was given to one group and

’ :
traditional methods were usad on another group. Posttests

revealed a signilicant difference in learning between the

© 13
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. e’ . /(‘(
‘two groups at the relationship and prob]em solving levels D
(CAI doing better), and-no significant difference at the .
definitions level. o . "

3
”

Mosv other studies based on the comparison of CAX _and- -
/

B ]

traditional methods have yielded sogewhat’consistent

results in teérms of learning’dig}erences (Chambers and
Sprecher, 1980). Basically, the use of CAI either inproved
learning or- showed no difference when compared to
tpaditional nethods (Paden et al., 1977; Deignan. and ) .
buncan, 1978; Magidson, 1978; S.plittgef'ber, 1979). These
studles, among others, also revealed that the use of CAI.
reduced leanning time compared to &raqitional methods;

In spite of these conclusions, Herman (1977) points
out a problem with most primary CAI studies - the dron out
rate 1s usually ,much higher in primaby CAI courses than in
traditionally taught courses. Usually it is the poor
achievers who drop out, thus raising the final class y.lax
average. Herman suggests that this tendancy for dropnouts
may be the result of student attitude. Many studies have

(4 L d

shown\that the use of CAI improved student attitudes
towards the use of computers in the learning situation .
(Chambers‘and\Sprecher, 1980) . However, Herman has found
evidence that some students find the basic CAI format

unstimulating and confusing. Students have expressed their

dislike for a controtlled frame-by-frame approach. Some feel

pressured and anxious because they usually can not retrace

thelr steps. Contrary to the support’ given by most ‘ ' i
I
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t : psychologists, Herman also reports that some students find ' .

. * that prompts_ahd\constant feedback interfere with their ' ‘ 4

understanding oﬁ the méterial. . ) S @
' P

.l> Findlly, manJ people who implement primary CAI as an 1
| entire course do not seem to oonsider the problem of . " . -
. ) depersonalization. In a situation where CAI dominated a , ‘
college freshman course for a year, at least 25% of the
students expressed resentment against lmpersonal
instrnotion (ﬁerman,‘l977).\Thus some researoh’does point
to the need for sufficient human interaotion when using
primary CAI (Chambers and Sprecher, 1980 Bork 1981'
' Bunderson, 1981), emphasizing again that CAI sheuld not be
‘used 4s ‘the primary means of instruction. °
The most conclusive studyicompaﬁing CAf to” printed
'material and, ‘other traditional methods of teaching was done
;J Tsai and’Pohl (1980) . The study was designed to
detepmine significant diffehences in learning achievement
and retention of university students exposed to an
introductory level package on descriptive statlistics. The
study implemented the‘following treatment groups: lecture,
programmed instruction (printed text), CAL, programmed
instruction plus planned\stﬁdent/teacher contacts, and CAI
plus planned student/teécher contacts. After eight class
meetings, each group was glven multiple cholize and problem
solving tests. Retentlon tests consisted of ten minute

multiple choice quizzes given six weeks after the

achievement test. The results showed that the CAI group did




.y 8ignificantly be%ter than the other groups’on thé multiple
cholce test, aqq the CAigplds group did significantly
better -than all other groups on-the problém solviné test.
There was no,signifiqant-diff&rence between groups for .
retentfon, whergas pfevious studiés have indicated thgt
CAI-taught students may not retain as much as those ﬁa&gﬁt
traditionally (Tsai and Ponl, 1986; Splittgerber, 1979).
™. Anothér project which has involved tpe debelopment'and
evaluagién of adjunct CAI.materials 1s SUMIT (Single-
concePtJUsenpadaptable Microcémpﬁteb~baéed inétructional
Téchnigue). SUMIT was @eveloged at Michigan Technologicgl :
ﬁﬁiyersity_bj James D. Spain and éupporteq by‘a §dt16na1
Science Foundation grant. The objécti&e of'éhe SUMIT
project was to develop, evaluate and disseminate 20 1
interactive graphics prograés for use on Apple II
microcomputerslinsgeneral biology and ecology. Unlike any
othe; attempt to produce marketable microcomputer CAIL to
date, the SUMIT approach encourages the integration of
computer simulation into.a course, especlally biology '
. tboratories (Spain, 1979). Programs utllize mathematical
models, feedback’, interactive graphics and many are
programmed to facilitate modification by the user. A
majority of the material developed by"SUMIT has undergone
evaluation 1& various biology courses, but the results .aave
not yet been compliled or published. By administering pre-

and posttests immediately before and after students run a

program, the general finding has been that students show
16
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increased achievement in the subjecf area to'which they o -

were exposed (Soldan, 1982). ..

Problem Statement et
v , \\M
¢ 9 -

- In spité of the numerous studies which have been done

to test the effectiveness of CAI, there 1is still a need for

reseérch, After rebiewing the 11teratﬁre, Cha@bers.and

Sprecher:ZIQQO) concluded that well-designed, tightly

L3
L}

controlled evaluative “studies ¢n. the use of CAI are rare.:

.

It was their recommendation that the apgropriate use of CAI

|
|
|
materials in the learning situation should -be studied ahd '
1mplemeﬁted. .
. ‘ ~
.. Considering the forecast df increasing microcomputer
populafyty in education, it 1s important that more research
focuses on the use of CAI on mlcrocomputers. Due to the |,
prevalence of mainframe CAL, very few studies have looked

into using microcomputers in their.evaluations. Also, since

. wi evaluations have centered.Qp prim: - I, 1t 1is, T
important to develop and evaluate adjun:’ JAI materials. s

Since CAI 1is slowly/ﬁeing ruled out as the means of
teadiiz entire courses,. 1t is important £o 1nvestigéte its
use as a supplement to traditioqal methods,.especially in
laboratorles. I have not encountered any 11teratgre in
which CAI was incorporated into laboratory work. Finally,
any studies which may deal with adjunct CAI have not

compared CAI learning to learning from printed text. In
17
: ‘ ' 2
-~ . J




Y .
. ’ .
.
P .
. « B .
.
” . . . .
.
.
. . '
. , . . .
<4
. . .
] * -
.
. ¢

L . view of £hése éeficiencies, I. developed ag adjdnct

‘ mlcrocomputer érggram for use 1in a general cqllege biology '

labbratory couﬁse. . ‘ . -
After baéefully considering the existing'software in

biolégy and conéideriqs what ﬁopié‘would lend itself to;CAI

on thé microcomputer, I chosq to write an intro@uctory

program on photophpsphorylation (the light reactxphs of =« §

| ®

ﬁhotdsyntheéis) for the Apple II Plus microcomputer, I
chqsé this topic to fill not only a need for microcomputer'
CAIL, but to fill a need for bi'dlogical programs o

) specifically.:CONDUIT, a leading software distributer,

\-offeved'é total of eight biology CAI packages foq

’ microcomputers in a recent éatalogue\(CONDUIT, 1981). None

of these dealt wlth photosynﬁhesis. I have encountered one
Apple II BASIC program by J&S S;ftware (1980) which deals

- with photosynthesis; it is a drill and practice program

. 2 for review purposes. 1 chose phot - ~phorylation
speciflcally, due to the need for CAI .. ' -lopment in plant

physiology, anq because I felt it would .end itself to
interactive computer graphicsi'l also bélieved'that it
could be easlly incorporated 1npo photosynthesﬁs laboratory
work. Finally, I felt that it was a toplc which could
employ interaction.,and many of the capabilities offefed by
an Apple II, thus it woulu serve to highlight any

~ differences between CAI and printed material in those
respects. Since the program was to be used as actual <

instructional material in a gourse, I also felt it was

18
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. important to provide the

¢§tudents with a topic from which "~ o

they could benefit my experience indicates that the ‘

photophosphqrylation pathway is often difficult for .

students to’ understand jand 1earn: . ‘
. In view of the: above, considerations, the purpose of

the present study was to compare the short term information

retentlon of students who used CAI, with those who had been

expoaed to thée same subject matter %n printed form.
[]
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Developuent .
e
The design §n§\§evélo;ment”of ghe:h?cyééoéputer
progfam.entitled Photoéﬁbsphorylaéién was largely based on
styles and techniques which have been‘ﬁepommended or proven
. successful by others in the field. Sihée tutorial CAI is '
)'bgst su}ted to enhance cqpcept learning and simulations are
o best suited for enhancing concept integration and higher
learning. (Bunderson, (1981), I chose to combine the two
. types 1into one progrém. Instructibnal simulations may
either present information to a passive learner or interact
with a participating learner (Fortner, 197%9). I chose’ 50
implement the former type in thls program; this was
mandated by the length and complexity of the lésson. The
nrnéram §esrgn and construction followed the approach
Jutlined below, adapted from Spain (19797, and Agin and
Simonsen (1982) in combination. h
1. Program Design
« A. Specify learning objectives of subject area
B. Specify appropriate level of abstraction for anticin
pated users

C. Write preliminar; guide containing necessary back-
* ground information )

20




II. Program Development
A. Write preliminary flow chart based on objectives and
desired sequence of learning ;
B. Write initial program using open strucjlire for later
‘' modification
C. Edit, add te, debug, document and mogify program 1n

preparation for trial use
D. Write User's Guilde

3

-

Since the development of this program?was done in

conjunction with the SUMIT project, SUMIT guidelines were

used in prepariqé the User's Guide. A User's Guide 1s

éssentially a student/teacher manual designed to‘explain
. and supplement\a specific program. The basic gulde format
1néluded an abstract, program prerequisites, learning "oa
objectives, background information, applications,
exercises,‘program description/documentation, and .
references; The Photophosphorylatioh User's Guide is
. pﬁesented in Appendix C. The User's Guide was not used in
the module* evaluation for two reasons: 1) users of both
thg‘written'aﬂd computer modules would have had to use it
to’;ie!ent bias, and much of 1t would not apply to the
written‘material,’an% 2) past experience with SUMIT has

shown very few studeﬁ%s even glance at the User's Guide

when 1t 1is available., (* I will use the term module to

-

encompass both the program and the written version.)
Lehninger (1975) and Stryer (1981). Since these are R
advanced blochemistry stexts, fiif was taken not to use

‘Program content was based on information preseniéa*by -
. : |
information above the general—biology level; Curtis and i

21
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: Barnes' Invitation to Biology (1981) was used as ;
suldeline in this respect. The, program basically consists
of four garts, an introduction, explanations of the
non-cyclic and cyclic pathways and a simulation of the
/;ntire pathwayf The explanation sections consist of a
step-by-step analysis of the pathways at the molecular
level. The student is led through the progcam in an ordered
fashion and after each section (s)he is allowed to review
ény.portion of tﬁe program, as well as watch the péthway
simulation for an ample amount of tihe. The program took
approximately 200 hours to‘develop, and it takes 30 -~ 45

h minutes to run, depending on thé study patterns of the
tndiéidu;l. Agin and Simonsen (1982) consider this a
! deslireable Iength for an adjunct CAI program. The diskette
' on which the program is stored can be found in Appendix A,
and completé listings of all subprograms are presented 1in
v Appendix B.

The programming style that was utilized, waé based on

L “anticipation of user needs and pre. . .es. In order to
. motivate students ﬁo read the text portiun§ of the module, -

two strategies recommended by Kehrberg (19753 were used: 1)

text was broken up with questions, and 2) the amount of

text on the screen at any one time was kept to a minimum. *

e e e e

————

" In addition, dialogue was kept informal, as suggested by
Bork (1979, -1981). The screen display was put in the hands
of the user to avgld.fﬁhstration; pages are controlled by

‘ pressidg‘the return key, nbt by timed pause loops.

22
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Questions are not put in endless loops, bu# allow the user
to go on after a maximum of two incorrect ﬁesponses; Also,
the user may no£ péss by questions without trying.to answer
them. Users are warned if there 1s to be a @eiay, for
example when loading subpfograms; so they d%“not feel as* If
something'went wrong with the program. User cohfusion is
also miniqized by consistency in the nature|of input

required by t¥e student (Kehrberg, 1979). All actions are

initiated by pressing the return key, and all inputs have

to be followed by pressing ;eturn before they are analyzed
by the computer. Finally, when a particular action 1is to
océur, the useq's attention is drawn to it prior to the
event. Fortner (1979) strgssed the Llmportance of briefing
the student before a simulation so the student knows what
to expect, thus aiding his/her understanding of the event.
In essence, the majority of the programming tactics
implemented, were used to 1lncorporate effebpive teaching
strategles into the CAI program.

The printed material, hereafter termed the written
version, served as the traditional form of instructional
m~ita. The.written version consisted of the same
;nformation contained in the program, almost verbatim,
except that: 1) ertire pages were filled with text as is
commonly done in textbooks, 2) compg}er terminology was
eliminated (e.g. "Press Return," etc.). When spudents
encounter questioﬁs in the written version, they are

referred to an appendix to check thelr answers. No

23
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reinforcement 1is given, Ju§t the coérecé answers and
pertinent explanatory notes. CAI simu%ations are .
represented in the wrltten Vérsion by printed flow
diagrams, which are placed preceeding‘thosézsections whiéh
refer ‘to them. A copy of the written versioﬁ is presented.
in Appendix D. '

In addition to the written version, a one page study
gulde was prepared for 1lssuance to each studqnﬁ at the tihe
of the evaluatién (see Abpendix E). The study.guide \
conéists of general instructions, m&tiyationusﬁatehents and,
12 learning objectives tp be achleved as .a result of using
the mddule. Motivation was mainly provided by announcing -
thaE‘thg_test score achieved by- each student participating
in the ev#iﬁétion, could be used to replace the student's
lowest quié grade in the_course. EPrk‘(1981) and McKenzie~
et al. (1978) feel that for many stﬁg;hggjwiﬁades\igfluence
their classroom performance and commonly serve as
o 'vation.A}he learning objectives wer~ based on the
—1ginal objectives I set up wpen deve2>pin5\the program. I

tried to'topch as many levels of learnin. as possible with

these objectives; unfortunately many of them were aimed at

the knowledge level.

Formative Evaluatcion

i

The evaluation procéss began with a formative or

"midstream" evaluation of the program and the test. This

2} ) :
Juy
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-representative of the target population should‘hagﬁﬁbeen

P

.xwas 1nitially reviewed by members.of the SUMIT research s ‘;“\\

.appropriate first approach to checking a program.

’ v

evaluation served to provide 1nf6rma£10n on the ..
. . €’ . ) . -
e§fect1Veness of the material. at an intermediate point in. = .

development. Ideally a large $roup-of students ;ﬁ: L

used for this process (Brown and Ellinger; 1978)& This,wés.
hé% poséible due to lack of a test group. Therefore a‘sdéil
scale more intensive evdiuation was performed. The program‘\\

5.

team; Agin and Simonsen (1982) recognize this as an : s

Essentially, attempts wére made to "bonb out" the program
and detect programming errors. The second step was to get
comments, criticisms and suégestionS‘Trom as many
professors and graduate students as possible, who were .

z " 4

knowledgeaole in photosyhnthesis. These people basically

analyzed subject validity, amblguity, readability etc. o

Summative Evaluation

A c}ass of 102 studenﬁs enrolled in General Biology
N }OM) at Michigan Techﬁological University partiéipated
in the summative evaluat%on. Class ‘statistics (major
cur}iéula etc,) are preéénted in Appendix H. Students wvere
exposed to a lecﬁure on the topic oq photophos«

phqéylation, given ty their regular lecture instructor,

|
|
|
|
.
|
|

approximately 42 days before they used the module. A copy

of the fundamental lecture is presented in Appendix G. At

|

%
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the time of the "lecture, studenﬁs were also required to
read pages 110-122 and 287~292 of Curtis and Barnes'
*Invitation to Biology (1981); this material covéred the
leaf and photosynthesis: Two Weqk§ before the .summative
evaluation, the sfudents took a midterm examingation in the
course; at that time they were responsible for he
’ bhotophosphorylaﬁion lecture and reédiné materlal. Rased on

-’

this, 1t\qgi\jssumed that a hajdrity of the students had

P

IS

studied the topic material at some time prior to the
summative evaluation.

Studengs liad been exposed to the Applé ITI micro-
computer and a series of SUMIT CAI programs in laboratory
brior to the evaluation. All students were required to run
a program introducing them to the Apple II comﬁuter, the
first week of the course. All but one of the five lab
éec;ions was required to run a manditozy CAI program in lab
every other week. A schedule of the lab topics and CAI
programs used 1in lab each week up tthugh the evaluation
aﬁe presented in Appendix I. Current and previously offered
\bgpgﬁams were made avallable iﬂ the lab at all times.

E- ‘The\tool used to perform the summative evaluation was
. the 20 item objective test developed from the learning
oujectives.}?ést items can be considered direct expressions
or opepatioggl d%fimitions of the learning objectives
kAhmann.and Glgék;‘198l). The importance of each dbjective,
in terms .of thé tgtafjlesson, was used to determine the
number of test items Eelated to each. The numbers of the
S 26 ~

32




test items which satisfy eacn objectiV;, are presented in
parentheses after each objective in Apbéndix E; én item may
satisfy more than one objective. ObJective test items were
used to eliminate all subjectivity when determining the
correétnesu of each answer. The test consisted of 18
multip&e choice and 2 tfue/false items; 1t 1s presented 1n
Appendlix F. The construction of theselfteps followed =
guidelines presented by Ahmann and Glock {1981) on pages_js

- 89. The length of the test was more or less arbitrarily

[ 4
determined, belng long enough to provide statistically

valid data and short enough so as not to take up too much

lab time. Based on the method of construction and purpose

‘of the test, I would consider it to be @ norm-referenced

achievement -test. That is, 1t served to find gach student's
performance level in relatlon to the performance of others
taking the test (Ahmann and Giock, 1981). Thus the test
attempted tq produce variabllity among test scores, 20
differences between the ﬁho‘éyoups of.students could be
accentuated.and attributed tg the educational media they
used. - *

.. Test items were analyzed by a professor of biology and
1 .rofessor of education. They were also analyzed by a
uolleague who had run the program, hé reasoned through the
test aloud, in my presence. This allowed me to recognize
major problems with question WOrding and distracters

(chojces). I edited the necessary questions based on '

evaluation findings and vérified the relationship between
27
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. eaph of the items and the objectives on which each was

based, to assure confént Qalidié? as suggested by Ahmann

and Glock (1981). . . ’
The sumhat;ve evaluation took place over a two dey

period involving all five laboratory sectlons with

approximately 20 people in eéch. The lab schedule 1s

presented in Appendix H. de of the labs were taught by

myself, the other three were taught by two other graduate T

teaching assistants. Unfsrtunately, it could not be .

arranged for the lab work to correlate wlth the module

lesson, in subject matter. Thus, tﬁe lab work dealt with

ecology gnd soll testing. This lab 1s presented on pages

99—i10 of Christlanson and Krear's Laboratory Scfipt% for

General Bilology (1981).

starting the lab work or module:. The first was an

-

The students recelved two.bgief lectures before .
|

explanation of the lab work to be done, given by the -
regular 1pstfuctor. This was followed by a sét of
ructions presented .by myself to insure that the same |
.ing was said to each group. The follow:n.; points were 3

stressed:

- Youn are participating in an experiment with
carefully designed controls.

- It 1s important to the field of education and
to my Master's work.

-~ Think of the module as an integrated part of your
labwork., \ )

~ Do not bias the experiment with your personal
feelings about which teaching method 1s better.

- Do not communicate with others in the lab or in
other lab sectiohs‘abogg the module or the test.




-

\\st:>

-

- Try té follow the instructions and do your best
to learn the material.

I also presented two reasons for learning photophos-
phorylation during an ecology lab: 1) it would help
 pbrepare sﬁhdents for the photosynthe§is 1éb twé weeks )
later, and 2) photophosphorylation is commonly a difficult
thing for.students to comprehend, thus I thought a speclal
.module.would help. According to Herman (1977)., cues tpat
the material 1s golng to bhe ;.challenge, ;re more effective
in stimulatipg learn%ng fhgn cues that the materilal is
golng to be easy. Study_guides were distrjbuted to each
student; from these I read the instructioné and stressed
the use ef the objectives as 5 learning guide.to the
material. The uvbjectives were generally presented in the
same order astthey were cover?d in the module.

After the-instruc§1ons, each student‘wag.told which
gitoup (s)he would participate:in. Each lab éection had been
randqmly d;vidgd into.%h§¢gpoups, control (wﬁi%%éh version)
and expe}iTental (CAI), by TMeans of an Apble II randomizing
program writ?en.by Shaltz (1?825. Eapﬁ of thése trqpps was
randomly divided in half again; this determiped‘wh& was to
1o the lab work before looking at the module and éice
versa. In cases where extra or missiné stuaéhts caused a
major group imbalance, a colh was tossed to rectify”the

-

situation. The random experimental design described above
! kS

was used to eliminate possible bias between secttons or

individuals and eliminate congestion in the lab.

29
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After I completed my instructions the students began
thelr work. Sevén microcomputers were set up in an area
which was vémote from the main lab. Written versions were
passed out by the instructors and most students read these
in the stuay carrells. The written versions had to be
handed in before students could receive the test. The same
test was used for all students. Also,.the test was not
timed and it was taken on an individual basis in the
designated test area immediately after students‘finished
their modules. Notes etc. were not allowed during the test;
the test area was periodically "patrolled." Lab instructors
handled problems the students had with the module or the
lab work. Students recorded their test answers on IBM
computer answer forms; which were then .scored against a key

by the M.T.U. Academic Computing Services.

Data Analysis

A

The data (test scores) were divid. . "ato four groups:
Written version/Lab work first (WL); Cornputer version/Lab
work first (CL), Written version/Module first (WM) and
Computer version/Module first (CM). One score from each of
the WL and CL groups was randomly thrown out to egualize
all four groups resulting in 25 scores in each; this was
not done to the item analyses data, discussed later.
Bartlett's test for homogenelty of variances (Zar, 1980)

was performed to determine 1f all samples came from the
30
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same population. To determine if eéch sample group'céme
from a normally distributed population, D'Agostino's test v
far departure from notrmality (Zar, 1980) was used. These
tests were foiI;;237:: the use of a Model I 2X2 Factorial
Analysis oi Variance (ANOVA) with replicatibn (Zar, 1980).
ANOVA served to determine the effects of the instructional
media on the scores,'the effects of the order in which lab
work was done and the interaction of these two factors.
Consequently, Duncanl!s New M&ltiple Range Test (Duncan,
1955) was used to compare all four group means to detect
differeﬁces.

1

To analyze the data at the test item leV¢l,‘a brograﬁ
entitled Item Analyéig (Fehlberyg and Flathém, 1969) was run
on a UNIVAC lllO.-Egch student's anéwefs were coded ®nto a
general purpose punch card and cards were divided into two
groups (computer and written). Thesé group data were each
separatel& incorporated into the qng}ysis program and run
through the computer{ with an aéﬁitional run using all data
collectively. The pr;gram produced the following usable
statlstics: KR—~20 Reliablilty Coefficient, igeh difficulty
indices, item test score means, item Z-3core means,'item
w!veprial correlations and item\pgliability indices. These v
statlstics are used to deke?mine the strengths and flaws of
each item, as well as to distinguish between- the two v
treatment groups. The difficulty indices forfeach group. ’
were compared for each item, by méans of a teat.  of the
equality of two pboporﬁions (Frugnd et al., 1960): Items

31
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.

whicﬁ reyealed significant differences in difficulty were
further analyzed at the distracter leveél ¢o determine where
the differences existed. F?om this, postulations of what
caused aﬁuqcific learning differences between the two

-

treatment groups wer. made,

32
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RESULTS

The majority of cgnc%usi%ns made about the
effectiveness of the CAI program versus the written version
were based on the following statistiésl ANOVA-assumptions
"were satisfied first by using Bartlett's test for
homogenelty of wvarlances which ylelded a calculated
chi-square value of 1.207. The critical value at alpha =
" 0.05 and 3 degrees of freedém was 7.815. Thus the null
hypothesis (all sample variances estimate the same
population vériance) was not rgjected. D'Agostino's test
for departure from normality resulted in agcceptance of the
null hypo%hesis (the sample camé from a normal population)

for all groups. The distribution of the data can be seen in

histogram form for the whole class, computer (CAI) .group

and written version (W) group in Figures 1, 2 and 3 4

respectively. The means, varliances and standard deviatidns
of each group are also presented in-thése figures..A
eomparison of Flgures 2 and 3 reveals that the CAI group
had a larger mean (14.80) and smaller standard deviation

(2.79) than the W group (mean = 12.16, s = 3.52).

N
4
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Table 1. Analysis of Variance summary table for Photophos-
phorylation test scores. Factor A 1s ,the type of media used
(computer or written) and Factor B is the order of task’

completion (lab or module flrst). .

Source of SS DF MS F

Variation '

Cells -~ .  277.92 3 N )
Medla: (A) 174,24 1 174.24 18.86%* v
Order (B) 51.84 = 1 51.84 5.61% ;
ALX B, ~ 51.84 1 51.84 5.61%

Error 887.04 96 9.24
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* significant at albh& =*0.05
¥% significant at alpha = 0.01
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L 3
The results of the ANOVA test are pre%ented in Table

t. The null hypotheses of no effect of media on achievement
scores,. no effect of task completion order on achievement
scores, anq no Interaction effect of ﬁedia and order on
achievem%ﬁé-gcores, were all rejected at‘alpha = 0.05. The
Factor A k@edia),hypothesis was also reJected at alpha =
“0.01. As a result of reject ing these hypotheses, Duncan's
New Multiple Range Test was employed to detect which gepup
means, differed Table II presents these results.
Significant differences were found to lle between both Af*
levels (WQ and WL).of the W group and between the entire W
group ahd the entiyé QAI group at the 0.05 level as
indicated in Table II. At the 0.01 level only the WL group
stood‘ght as significantly different from the other three
groupe. After examinlng these general trends in the data,
they were scrutiﬁized more closely by means of_item
anquses. .

The pert;nenf 1fem analyses data for the class a3 a
whole are presented in Table III. The KR (Kuder
Richardson)-20 value at the top of the table is a measure
of ;est reliability estimated on the basis of the
consistency of student performance from item to item within
the test (Ahmann and Glock, 1981). Thie value can
theoretlcally range from -1 to 1, with these limits being
perfect internal consistency, i.e. students consistently
ool all questions wrong or consistently got all questions
right. The Photophosphorylation test hed a KR-20 value of
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Table II. Duncan's New Multiple Range Test for mean Photo-
phosphorylation scores of the four treatment groups. CL =
Computer/Lab 1lst, CM = Computer/Module Ist, WM =
Written/Module 1lst, WL = Written/Lab 1lst

Group CL CM WM ViL Crit. Vals
: . (14.80) (14.80) (13.60) (10.72) (.01)(.05)
©CL  (14.80) 0 0 1.20%  L4.08%*
CM  * (14.80) 0 ' 0 1.20%  4.08** ~2.80 1.21
WM (13.60) 0 0 . 0 2.88¥2.61 0.97
WL (10.72) 0 0 0 . 0 ~2.29 0.58
e e
14.80 14.80 ' 13.60° 10.72 . .
T —— .
*¥ significant atyalpha = 0.05
= 9. 01

¥*% gignificant aft alpha.
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0.666. Item difficulty indices indicate the proportion of
gtudents correctly énswering each ltem out of 102
examinees. (No&e: Item 20 was computeq on the basis of 99
indivi uais. The computer assumed‘that the 3 people who did
not auswer the question dld not have time to finish the |
test; the missing responses were not éreated as incorrect‘
answers by phe computer for item analysis purposes.
Responses missing from 1teﬁs'l3 and 14 were treatea aé
incorréct ansvers when combuting item analysis data.) A
large or sﬁali item difficulty indicates that the 1item was
too hard-or too easy respectlvely. Items with diffilculty
indicés between 0.40 and 0.70 are}considered at«a "good"
diffilculty level for a norm-referenced achieveﬁent,test
(Ahmann «nd-Glock, 1981). Items ﬁhléh fall in this range
are indicated in Table III. Ahmann and Glock\(l98l)
recommend that these values be considered rough
approximations becausc we do not know whether the number of
péople who knew the answeré was the same as the number of
people who got them correctﬁ

. item bisefial correltation values‘prévide an index of
discrimination, or q measure of the degree tq which
" students with higher test scores answgr an ltem correctly be
and students with lower test scores answer an ltem
incorrectly (Kehlberg and Flatham, 1969). Indices of
Jiscrimination are often detgrminéd by an 1ntérnal'

csonsistancy method. That 1s, the -scores from the test

itself are used as internal criterion and divided into
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upper and lower groups (for example, the top and bottom
p— S

1/5). Maximum discriminating power of an item means )
everyone in the upper group answered the item correctl&ﬁand
everyone in the lower group answered it incorrectly (Ahmann
and Glock, 1981). Thus, items with high biserial
correlations are the best discriminators. The following
criteria have been used in Table III:. .items with biserdial
lcorrelations below 0 2 are considered poor discriminators,
those oetwcen 0.2 and 0.299 are,fair discriminators, and
those above 0.3 are good discriminators (Ahmann and Glock, - ;‘
1981).’A negative value means the item is unsatisfactory at
discriminating betwezn students who know the material and
those who do not; item 18 has both a negative reliabiiity
index and a negativeibiserial correlation. The.item ’
relliability indicés are indicators of item effectiveness.,
This index takes into account bilserial correlation and the
proportions of students getting a gquestion correct or

4. .

incorrect. ,

Those items which have both a difficulty index between
O.M'- 0.7, and a biserial correlation above 0.3, have been
tagged as éood discriminators of moderate difficulty (Table
II1I), i.e. good items relative to the othérs on the test.
Ten of the 20 items on the test fit this catééory (Nos. 2,
6, 7, 10, 11, 14, 15, 16, 19, 20)., Items 14 and 19 were
lncluded because they have\high biserial oorrelations
(0.504 and 0. 688 respectively), with difficulties of 0.706

each. The worst item, in this respect, is number 18 with
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Table III. Summary of item analyses performed on Phroto-
phosphorylation test scores for the whole class. N = no.
students answering each item, DIF = item difficulty index,
REL = item reliability index, BIS = item biserlal
correlaticn ’L

KR-20 Reliability Coefficient = 0.666

. \ Item # N DIF _ REL BIS
L2 1 102 0.765 0.276 0.651+
2% 102 0.422¢ 0.265 0.537+
3 102 0.794 0.241 0.597+
4 102 0.843 0.256 0.704+
5 102 0.902 0.108 0.363+
6% 102 0.608¢ 0.256 0.525+
7% 102 0.637¢< 0.283 0.588+
8 102 0.784 0.265 0.645+
9 102 0.363 0.139 0.289
10#% © 102 0.657¢< 0.162 0.341+
11% 102 0.618¢< 0.354 0.729+
12 102 0.324 0.126 0.269
13 101 0.824 0.180 0.473+
1hx 101  0.706 0.230 0.504+
' 15% 102 0.637¢< 0.268 0.558+.
16# 102 0.686¢< 0.306 0.660+
17 102 0.765 0.260 0.613+
~ 18 102 0.833 -0.013 -0.035
\ 19% 102 0.706 0.314 0.688+
¢ 20% 99 0.598¢< 0.259 0.532+

* Good discriminatilon/difficulty level
¢ Ttem difficulty index between 0.4 - 0.7
+ Good discriminator (> 0.3)
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DIF = 0.833, REL = -=0.013 and BIS = -0.035.
In a manner similér to that discussed above, the data

were separated into the CAI and W groups, and an item
analysis{was run on each of these. The item difficulty and
item rellability indices are presented in Table IV. All : ‘
difficulty indices were calculated on the basis of 51
individuals except item 20, for reasons explained earlier.
The item reliability indices are preéented ﬁo provide
evidence that the items are still reliable when considered
separately for each treatment group. Item difficulty
iﬁdices in Table IV were used strictly for comparison
purposes between the two groups. The test for the equality
of two proportlons was executed using the item difficulties
of each group for each item. Tﬁis teét resulted in a
2-score for each item; these were compared to the éritical
value of +/- 1.65 at the 0.05 level to conclude acceptance
or rejection of thé null hypothesis, DIF(CAI) <= DIF(W).

Six of 20 items (Nos. 3, 7, 11, 14, 19, 20) showed a

significantly larger difficulty index for the CAI group
than for the W group. Only item 18 showed a smaller
difficulty index for the CAI group (0.824) than for the W
group (0.843); however, a test against the null hypo%hesis,
DIF(CAI) >= DIF(W), revealéd that the values were not
significantly different. Therefore the W group did not do
significantly better than'the CAI group on any of the

itoms. Of the six items which showed a significant
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Table IV. Summary of Item Difficulty, Reliability 'and
7-Score Data for the CAI and W groups taking the photo-
phosphorylation test. N = no. students answering each item,
DIF = item diff}culty indices, REL = item reliability

indices
. " CAI . . MWRITTEN
Item # N DIF REL N DIF REL Z
1 51 0.765 0.326 51 0.765 0.280 .0
2 51 0.490 0.151 51 0.353 0.339 -1.4
3 51 0.863 0.138 51 0.725 0.282 -1.72%
5 51 0.941 0.090 51 0.863 0.090 -1.32
6 51 0.647 0.145 51 0.569 0.347 -0.81
8 51 0.843 0.293 51 0.725 0.229 -1.45
9 51 0.431 0.118 51 0.294 0.114 ~-1.U44
10 51 0.686 0.226 51 0.627 0.110 -0.63
11 51 0.765 0. 336 51 0.471 0.302 -3.06%
12 51 0.353 0. 204 51 0.294 0.055 -0.64
13 50 0.863 0.138 51 0.784 0.197 -1.05
14 .0 0.863 0.261 51 0.549 0.114 -3.48%
15. 51 0.686 0.170 51 0.588 0.339 -1.03
: 16 + 51 Q.745 0.290 51 0.627 0
17 " 51 0.804 0.150 51 0.725 0
18 51 0.824 0.051 51 0.843 -0.056 -0.26
51 0.784 0.205 51 0.627 .0.369 -1.74%
aY) 50 00800 00 287 ug 0.-'14." 0012“ -3.82*

% significant at the 0.05 level
critical z-score = +/~- 1.65
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difference, only item 3 was consldered a poor discriminator
(Tablé’III). Thérefore 1¢{ was not considered a good item to -
yield information at the distracter level.

Items 7, 11, 14, 19 and 20 were further analyzed by
looking at the percent distribution of people answering
each d ‘tracter in both treatment groups. These data are
presegtid in Tables V and VI, Shown for each group and each
item are the number of people answering each 1item, the
Jdifficulty 1ndices, and nhe;proportioniof students choésing
each distracter. The latter can be gonsidered the

tgerceptage distribution of‘student answers, 1f multiplied
by 100. Also shown in these tables are the average total
test scores of the people choosing each distracter. The )
.mean scores are presenteh only for reference and not for
comparative purboses. These méqns were transformed to
standard z-scores havingxa normal distribuytion and a mean
of zero, useful for relative comparisions between groups.
The z-scores are useful for determining the distribution
about the mean or the achievement level (based on
Photophosphorylation test scores) of the students choosing
each distracter. It must be kept in mind\thét the z-scores
are useful for relative comparisons between groups, but not
for absolute comparisons. The correct answers are 1ndica£ed

in the tables; for all items presented here, the correct
answers were a11 chosen by the greatest proportion of
students in each group.

An éxamination of the distracters of item 7 reveals

by




that 27% of the W group tended to choose distracter B
(Table V), compéred to 12% choosing B in the CAI group.

The z-scores of item T (Tablé*V) indicate that the people
choosing the correct answer in the W group generally scored
higher on the test (z=0.46) relative to each other, thun
did the CAI group (z=0.02).)ﬁven though 14 people in the W
group chose disﬁfacter B, the people who did, scored lower
on the-test (2=~0.75) relative to others in the W~g?oup,
than did the 6 people choosing E:in the CAI group
(z=-0.54).

Table V reveals a similar patte}n for item 11, with a
higher percentagé of people choosing the correct‘answer E
in the CAI group (76%) than in the W group (47%). In the W
group, 12‘peop1e (24%) also chose distracter C. No one in
the CAI group chose distracter B,.and the people who did
choose B in the W group scored low 8n the test relative tb
others in the W group (z=-0.]5).‘The z-scores for people in
bg;h‘grou;s choosing the correct answer were relatively
.close and above the mean.

A different patter: shows up in item 20 (Table V). One
person in the CAI group and two in the W group did not
answer the question. 39 of the students in the C group
(78%) chosq the correct answer, whereas the distribution— :,

for the W group was spread between distracters A, B and C

(29%, 25% and 41% respectively). No one in the W group
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Table V. Item statistics for items 7, 11, and 20, as
calculated for both treatment groups. Shown are the
proportion of students choosing each distracter (A - E) in
each group, average test score means of the students who
chose each distracter, N = no.. students answering the item,
PIF = itexr difficulty index, *correct answer

I.“l

Item 7 N DIF A¥* B C D

“GOMP 51 0.725 °0.73 0.12 0.04 0.12 Distrib.
15.20 13.30 11.00 1H380 Mean scores
0.02 -0.54 -1.35  0.02 Z-scores

WRIT 51 0.549 .-0.55 -0.27 0.02 0.16 Dis.
i 13.90 9.00 8.00 12.10 Means
0.46 -0.75 -1.05 -0.17 2

- e S e v s 0 G S -~ o S W T D s S S D Y D WG Sum S S S s —

Item 11 N DIF A B C D E*
COMP 51 0.765 ©0.06 0.00 0.10 0.08 0:76 Dis.

WRIT 51 0.471 0.16 0.10 0.24 0.04 0.47 Dis.

Item 20 N DIF A B Ck. D

coMP 50 0.800 0.04 0.14 0.78 0.02 Dis.
10.50 12.40 15.50 12.00 Means
-1.35 =-1,01 0.38 =-1.01 2

WRIT 49 0.429 0.29 0.25 0.4 000 Dis.
12.10 11.00 13.00 0.00 leans
-0.17 -0.35 0.12 0.00 2%
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chose dist}acter D. The z-scores of people choosing the
currect answer was slightly %pove the mean (z=0.12).. The
z-score of the Cgl.gnoap/égggsing the correct answer was
relatively hnigher than the.mean (2=0.38).
; The cata for item 1{ are presented in Table VI. One
/-Tperson in the CAI group did not answév thg question. 45 of
/‘50 peoplq{in tbe CAI group chosg the correct answer B, and
no one chbse\either distracter C of D. No one in the W
groub’chosé distracter D either, and nearly as ‘many peoplé
chose distracter A (41%) as chose the correct answer (55%)
in this group. The z-score of students choosing the correct
answer was 0.02 in the CAI group and 0.12 in the W group.
The choice distributions for item 19 (Table VI) show
that the most people choosing an incorrect distracter in
the W group chose distraster A (16%), whereas the 'same
proportion,of students in the CAI group.chose distracter C.
The,remaindeﬁ‘of the pegp]z not choosing the correct
answer, was somewhat evenly distributed between distracters
B and C in the W group. The z—s?ove for the correct answer
in the W group (0.46) is much higher than that for the CAI
group (0.02).
In addition tb statistical‘analysei, a few personal
.+ rvations were made. The students'wpge not asked to
record how long it took them to complete the module;

nowever, I tound that it-took most of th~i. approximately 30
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Table VI. Item statistics for items 14 and 19, as | :
calewlated for both treatment groups. Shown are thej ! .

«propontion of students chooslng each distracter (A - D) in

each greyp, .average test score means of the students who

chose each distracter, Z-scores off each mean score, N = no.

‘students ahswéring each item, DIF = ltem difficulty index, .
*correct answer

L)

Item 14 N ¢ DIF A B# C D

COMP 50 0.863 '0.12 0.86 0.00 . 0.00 Distrib.
11.70 15.30 0.00 0.00 Mean scores
_1001 0002 0.00 0000 Z ’

WRIT 51 0.549 0.41 0.55 0.04 \o.bo . Dis. o
11.20 12.70 14.50 0.00 Means
“‘0.35 0-12 0075 0-0.0 Z

< 5
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Item 19 N DIF _ A B c: D

e
COMP 51 0-78u 0002 0-0“ 0.16 9078 ~D1‘S-.
12.00 13.00 13.00 15.30 Means

-1.01 -0.54 ~0.54 0.02 2 A
N ' s
51 0.627 0.16 0.10 * 0.12 0.63  Dis. - :
11.00 7.2 9.30 i3.80 Means . !
-0.35 -1.35 -0.75 ..46 I
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minutes to run the computer program. Generally people
reading the written version took less than 30 minutes.
Noise in the lab did not seem to distract anyone working on
the module or taking the quiz; 1t was kept relatively
quiet. All of the labs seemed to react cooperatively to the
evaluatiggbgfgfppfg handful of people in the Thursday
evening and Friday afternoon labs who expressed the desire
to leavé the lab as soon as possible. lo one seemed to have
any problems with the programs and everything else ran
smoothly. In the two labs that I taught, I received ﬁany
positive comments about both forms of media to the effect

that students felt they had learned photephosphorylation

better than the first time they attempted to learn 1it.

[

e

Ovevall,'tﬁe general attitude toward the evaluation of the
lecture instructor, graduate teaching assistants and
ym s .

students ilnvolved was positive during, and after the

evaluation.
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DISCUSSION

After .analyzing the statistical and item analyses
data, certain concluslons can be made regarding the
questlion: "do differences in learning 'result from the use
of CAI or written material?" This question is basically
answered by the rejection of the ANOVA hypothesis, no
effect of media on achlevement scores, at the 0.01 level
(Table I). Thus the computer group mean score of 14.8 was
significantly greater than the 12.16 mean of the writtén
group. Thls must be considered cautiously, as theé KR-20
value for the test was 0.666, and 0.5 is considered low
(Ahman and Glock, 1§815. Despite the reliability of the
test, however, some items showed a significant difference
between groups. One would expect that if the test was
modifiedﬁand made more reliable,ﬂthe differences between
CAI and W group scores would be even more significant.

A look at the c’ass statistics (Appendix H) reveals
that this difference can not really be attributed to more
blology/forestry majors (people who may have been

.lously exbosed‘to photophosphoryla' '« n" in one group
*4an the other. There are also no other imbalances between
the two groups due to the'random experimental design. A

further investigation of why these differences exist must

N
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be made by analyzing the item analyses data.

' Use of ANOVA also showed that there was a signif}cant
difference between the mean scores of the,lab work first
(12.76) and module first (14.2) groups (Table I). Again, I
do not feel that this differ;ﬁce was caused by excessive
imbalances of different individuals .in the class.-The
factor which I would expect to cause this difference would
be an excessive number of people from lab sections 3 and 5
in the lab-first group, but sections were basically evenly
distributed. Since it was these sections in which I noticed
anxliety about getting out of lab, I anticipated that these
sections would rush through the evaluation. Perhabs this

happened, but due to the experimental design it had little

noticeable effect.

A further analysils of the ANOVA results reveaied an
interaction effect between the media and order of task
completion. Duncan's New Multiple Range test pinpointed the
Interaction to the written group oniy (Table II). The mean
scores of the CL and CM groups were equal at the 0.05 énd
0.01 levels, wifﬁ the WM and WL means not equal to each
other or thé CAI group at 0.05. At the 0.01 lqvel, only the
WL mean was significantly different from the mean. This
tmrlies that the order of task completion affected student
1ctlevement, if students learned using the written
material. It appgars as if task order sicocifically affects

achievement if the written material is done after the lab
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work. This could be due to fatigue after doing the lab

work, however the CL group woﬁld_héve also been affected in

a

this manner. The CL mean score did not indicate this.

I believe the explanation lies in qtudent motivation.
According to Bernard (1965) motivation is provided by
rewards, knowledge of progress and novelty. For-.one thing
the program may have peen consldered more novel than the
written version, even though the majority of students had
used CAI throughout the previous month (Appenaix I). T got.
this feeling from those people who had been assigned to .
read the written version, many of whom seemed openly
disappointed (expressed with éomments~etc.) when they
discovered they were assigned to read thé written version.
This, and the.fact that I felt that students were starting
to tire of CAI programs, worried me at the time. Howevér,'I
did not observe that type of open disappointment in the
computer ngup. Knowledge of progress was provided in both
the computer and written versions by 1n§orm1@g students of
the correct answers to questions 1mbédded in the module.
The big difference between the two was in terms of rewards,
student responses could not be evaluated nor praised, etc.
th the written version. Thege‘factors seemed to deqrease
motivatlion for the W group, thus affecting their learning
and resultant achlevement.

Even wcie specifically I feel that the students who

r-1{ the wWwriltten version after their lab work, became bored

-~
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with the material more/than the students who read it before
the lab work. Also, by the time these students were ready
@o take the test they were probably anxious to leave,
perhaps causing them to rush through the éest questions.
Even though these postulationshmay be ~based on subjecpive
observation, I feel that motivation and boredom Qere
factors in causing this difference betwgen the WL group, and
the other three groups. The purpose of assigning iab—first
and module-first groups was strictly for raﬂdomization,

i

therefore, with thls analysis aside I will focus on the

differences between the computer and written version

' groups.

If differing group achievement can bé attributable to, -
certain features of either medium, this may be detected.by
analyzing group responses to individual items. It 1s the
distracter/stem (question) quality which makes the ten
questions marked in Table III, good discriminators.

Basically the z-score means associlated with the distracters
of these items were all negative numbers, with a positive
z-score being associated with the correct choice. Thus
people ‘who geperally scored low on tge tést had a difficult
time distinéuishing the’incorrect distracters from the

correct answer. This means the distracfers seemed plausible; .

to students who did not possess the knowledge to answer the

~questlon. This 1s the sign of a multiple choice item which

functions well with the test; it does a good job of

™~ .
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distinguishing those who know the material from those who
do not (Ahmann and Glock, 1981). Thus it is best to examine
these items to determine where the group learning
differences 1lie. The other items did not function as well
on thils test, therefore they may¢1éad to false assumptions.
An attempt was made to determine why different numbers
of people with diffeqihé test achievement levéls chose
certain distrgcters in items 7, 11, 20, 14 and 19. The
choice dis%éibutions for item T (reproduced below) seemed
to lndicatgmﬁgéf the students in the W group had a hard ¢
time determining whether 1 or 2 electrons were needed to

form 1 NADPH, since most of them chose distracters A and B

(Table V).

T. Which of the following is needed to form a molecule ,
of NADPH from NADP+? .

>A. 2 electrons, 1 H+

B. 1 electrons, 1 H+

C. 1 electrons, 2 H+

D. 2 electrons, 2 H+
(Rote: distracters B and C uséd improper grammar, however
this should have affected all groups equally, if at all; >
indicates the correct answer.)

I believe that the simulated movement of electrons and

H+ from water to NADP+, helped create an image in the minds
of the CAI group individuals. The W group,, however, had to

rely totally on recall of verbal Information, as nothing in

the 1llustrations indicated the number of electrons needed




to form NADPH. Duchastel (1978) reported that 11lustrations
can teach by;égéwing, and sometimes‘they can be more
important in thié respect than verbal descriptions. In
additio.., psychologists believe that 1earﬂing with
11llustratioens can facilitate later retrieval from memory
(Paivio, 1975). I believe that the animated movement of
electrons etc. on the monltor, and user cqntrol of each
reaction, helped focus student attention on the critical
points which were stressed in the text.tThis seemed to
facilitate 1earniﬁg in the CAI group. The written version
simply referred to the pathway illustration; lack of more
involved pictorial information may have caused the W group
té‘rely more on what they acquired from the text, to answer
item 7. Thié is not io say that retention was improved in
elther group; investigation of this possibility is beyond
the scope of thils study.

It seems that mainly those people'who scored high on
the test in the W group, chose the correct answer to item
7. Whereas, in the CAI group, either students wﬁo answered
correctly had scored near the mean, or they were wldely
d;stributed about the mean, resulting In a z-score of 0.02.
According to Koran et al. (1989), low ability students
benefit the most from cues which;enable them to
'ticz:riminate relevant from irrelevant information (such as
tne electron moving around the pathway). Thus.low ability

students may have learned the material by focusing on the R

55 :




cues, and the higher abllity students learned it from the

tgxp (as in the W group), such that many students of all

levels could answer item 7 correctly in the CAI group. If
this is true, The combination of text with simulation could
be a powerful tool in the classroom.

Item 11 (reproduced below) resulted 1in a large

difference 1 ifficulty

ices between the CAI and W

groups (76% {and LT%

11. Which of the following is
cyclic pathway of photopho

ssocliated with the
horylation?

A. Q (plastoquinéne)
' B. P680.
C. NADP+
D. H+
>E. ADP
The distribution of responses was more widely
distributed among the incorrect distracters in the W group
ﬁhan in the CAI group (Table V). Thus 1t seems that many of
the W group could not distinguish the correct answer,
whereas the distracters must have seemed more oniously
incorrect to most of the CAI group. The CAI group even
totally eliminated distracter B as a possible choice. It
. ~eaprs that the major problem in the W group, was
rmembering whether ADP or NADP+ was the product of the
cyclic pathway.

Again, I feel that this 1s related to the animation of

the pathway, i.e. the computer version simulated an.,
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electron cycling around the cyclic pathway, thus producing
TF from ADP. Especially important here 1is the #«animated
movement of ATP off of the video screen, thus .simulating
its use in the dark reactions. The .pathway illustratieh in
the writteh version merely showed a curved arrow with ADP
producing ATP as a branch of the pathway. Those people in
the W group who chose C (24%) seem to have been misled in
thelr learning, perhaps by seeling NADP+ printed next to
ferredoxin, appearing as if it were part of the cyclic
pathway (page D4, Appendix D). Those W group students may
have becalled the pictorial relationship instead of the
text description. This seems odd, as 1t was stressed in the
text, that NADP+ must be lacking in order for the cyclic
pathway to function. Thus it seems as if some of the' W
group students did not pay attention teo, or .remember, what’
was iln the text. Again, the students whp seemed to have had
thls problem were those below the'mean (z=-o.35).

Due to the CAI group z-score of 0.38 QPP the correct
answer to item 11, I feel that this iteh refied on a
different type of learning’than did item T. Sincg item 1i
required broader knowledge (all components of the cyclic
pathway) than item 7 (numﬁer of electrons and H+ ions
needed to form NﬁDPH), it seems thag cues may not havé
played as big a role in item 1ll. Cues only aid in obtaining
iut ,rmation directly from a cue, and do ot produce general

scanning behavior to pick up incidental information
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(Kauchak et al.,1978). Therefore, I feel this resulted in
fewer "low-achievers" answering correctly in the CAI group,
as had in item}T, thus the z-score was relatively higher
(0.38 vs. 0.02) for the correct answer. Since no one
spéeific c¢ue could have provided a learner with all of the
information necessary to answer this question correctly,
some of the low ability learners were not as apt to learn
or remember the pertinent: information.

Item.20 (reproduced below) 1is the only one of the five
1teﬁs being discussed here; which was a higher level
qgestion. That is, it was not based on simple recall of
knowledge, 1t also required some application‘dzuth&t
knowledge. By recalling that the exciting of P680 by 1light
causes water to split, and that NADP+ requires two
hydrogens from water t§ form NADPH, one can apply this
knowledge to answering the question.

{

20, How many times does a molecule of P680 (PS I1)
need to be activated by light to produce one
molecule of NAPDH?

A. 0 (P680) is no’. involved in producing NADPH)
B. 1 time )
>C. 2 times ‘
D. 4 times
In addition to the fact that the proportion of
students getting this item correct in the CAI group (78%)
w23 almost twice that of the W group (41%), two people in

the W group did not answer the question (Table V). This

o

>

ke
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seems to imply that the W group, on the whole, found ltem
20 difficult. éncther indicator of this fact 1s that the
proportion of students choosing distracters A and B were
nearly equai-(29% and 25% respectively) and near that of

the correc¢t answer (41%) in the W group. The proportions in

the CAI groﬁp were again distributed similarly to those in ’

item 11,

The w_group could, only angwer this item on the basis
of verbal information, as the printed illustration in no
way indicated how many times P680 is activated by 1;éﬁtw»;
The computer version, however, simulated light actlvating
P680 twice, before one molecule of‘NADPH forms. Since the
choice distributions seem to indicate that many of the W
group students were answering the questlon based on
intuition, instead of knowledge, perhaps they ruled out
distracter D just because it seemed unlikely. Thus it
appears that the W group either 1) did not learn .the
material necessary to answer this questlon, due to
insufficient 1llustrations or 2) written material does a
poor job of teaching concepts at a hilgher learning level.
However, the latter 1s a broad conclusion to draw based on
the results of one item, despite past findings that CAI can
t+ach higher level concepts that books often can not (Bork,
1981).

Item 14 (reproduced below) also had a wide spread in

difficulty indices (86% vs. 55%), and agaln the materilal

AY
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was presented in different ways in each medium.

14. Based on the equation given in the module, haw .
veany electrons (total) can one molecule of .
water contribute to photophosphorylation? h

i A.

>B.
C.
D.

=0 Y

The computer program cued on water every time its two
eléctrons had both been donated to P680, by reprinting the
complete equation for the splitting of water, next to the
water, molecule. This animation and repetition seemed to aid
learning in the CAI group. The W group, however, had .to
rely on learning it from therequation printed beneath the
pathway illustration. Perhaps this difference caused the 21
W group students to chcose distracter A. This item
functiéned as dld item 7, in the respect that the CAI group
z-score of those people correctly answering both items was
0.02. Since both questions relate to numbers of electrons,
I again feel that the specific cue used in the computer
p?ogram to illustrate -this point may have aided learning in
the "Ibw achlevers." Again, perhaps students in higher
achievement 1evels acquired the 1nf%rmation from the text.
Thus a broad range of students (test score-wise) answered
the question correctly.

Finally, an examination of item 19 (reproduced below)

provides little conclusive evidence. The difficulty indices
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of the two groups did not vary much, but were significantly
dirferent (Table VI)., '

~

19. Wnich of the foliowing correctly describes the
sequence followed by electrons which leave P680
(28 II)? h
A. cytochromes, Q (plastoguinone), P700
B. P700, Q, cytochromes
C. cytochromes, P700, Q
>D. Q, cytochromes, PT700

The text of bogﬁ medig_;&;&ss’?gé order followed by
electrons, in step-by-step’descriptiqns. The only way for &
student to put it together, 1s to watch the paﬁhway
simulation in the program or look at the pathway
11lustration in the written version. The only advantage had
by the CAI group was that of seelng each step animated.

The z-scores for each distracter of item 19, in both 5
groups, show a similar pattern to those in item 7.
Especially in that z = 0.02 in the CAI group and 0.46 in
the W group for the correct answer. Since this item was
rather broad, as was item 11, I feel that cues may have
been less $ignificant here also, with aniﬁation and
direction of movement bging the keys._

The general conqlusion to be drawn from the analysis
of these items, is that the illustrations in each type of
media formed the root of the learning differences between

nue groups. Paivio (1969) suggests that, the effectivenesse

ol pictdres may be due to the possibiity that pletures are
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encoded in both yérﬁal,and.non~verpal storage, with
rutrieval'fﬁom both stores being possible. It is my feeling
that the computer program offered 1}1usbratiqps far

superior in usefulness (in terms of 1eacning)'anp quality

than the -written version. For oue thing, there was an
1llustration on nea}ly every page. The W group received.few
illustrations and Qere ofgered text discussions of_things,
which were not.1illustrated. Researchers have proven that -
providing a learner with relevant pictures during a ‘
learning session facilitates sciénéé learning (Holliday;
1975; Rigney and Lutz, 1976). For another thing, the CAI
picthres were sharp and gppealing, w;ﬁh énimatign \o.creape

) + hnd

.interest and fécus attention on gspecté discussed in the '
text. There we=e only four summary‘diagrams.presented in
the written version, placed.at the beginning of each‘major'-
section. Thus readers had to rely on the1; own mo?ivation,
to flip the pages back and foth to reinforce what they héq:
Just read in the text. This 1s a common mala@y of text- ’
books, in that it 1s often too expensive to incorporate a
profuse amount of quality illustrations throughdut the
text. \ . '
Questions incorporated inta the modules may. have also
played a big role. Quesgions are supposed to kéep the
student thinking and provide regular reinforcement.
However, ‘the necessity. of having to search out the aﬁswer;

may have stifled the usefulness of the questions, as W

b
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-group students may

have skipped’Looking at the answers, or

4
vven skipped the que§tioqs. With this in mind, it seems

that module questions could have played a rdie in

increasing the achieveheht of the CAI group. This may be a

key to ltem .7, in which W group students had trouble

determining if one or two electrons agg used to form NADPH.

A question in the module specifically asks where the second

* electron comes froml Perhaps many W group:students did not

v

attempt to answer this question. 'There were also questions

dealing with P680's involvement in the cyciic pathway, and

with the number of
polnt is that much
module as a result

guestion. However,

hydrogen ions needed to form NADPH. The
pertinent information was given ‘in each
of students attempting to answer each

such information was presented in the

appendix of the ;ritten version. If it had been placed in

>

the text it would have revealed the answers to the

questions. If individuals in the W group never turned to

the back nage for the answers they missed information

needed to fulflll the learning obJectives. Even though the

CAL group could press return to pass the explanaticas which

followed the questions, thé material was easlly accessed

required less effort to examine than 31'd the written

~yplanations. Also, scﬁdents in the wr;*‘Ah\group may have

had the impression that information in the appendix was
¥ .

supplemental and not necessary for an understanding of the

materlal.
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‘ Anpther dif}erencg between the JAI and written version
Juestions dealt with ﬁheir wording. Many of the questlons
in the computer version relied on action that had Jjust
occurred on the screen. The equivalent written version
quesb%yﬁs were worded such that the learner was told to
assume that a particular action had just occurred. This
could have curbed the learning effectiveness ag\the written
version questions relative to the computer questions, for
often students did not have as much to go on when answering
them. Thus they may have had a hard time answering them
correctly. Students in the written group may have become
more discouraged with thetggestions than students 1in the
computer group. This may have ihfluenced the VW group
students to skip question§. This tends. to be another
problem commonly associéted with textbooks; most books have
to rely on étudent imagination to set the scene for
questions. There 1is nothing wrong with thls, but one can
not be sure whether one 1s testing the student's

understanding of the material or his/her imaginative

ability. This 1s also a bilas in the way the written version(

was developed; It was copled from the CAI program to make
the two forms of media equivalent. The written version may
.1.w: been a better teaching‘tbol had it uveeon developed
independently of the CAI version.

Finally, the W group received relatiye.y few cues

tiiroughout the module. They had to rely on thelr own




lnterest to look at, nonetheless anglyzc. specific portions
of the diagrams. In a study done by Kauchik et al. (1978),

the use of cues In iearning was tested on lUth - 6th

graders( Three groups of students were all given a written
descrdptian of a plant growth experiment and a graph of the
results. Each'group recelved eilther a -specific cue, a
generai cue or no cue about the graph. Groups were then
tested witih questions relatecd to the cue, questions
incidental to the cue and general questions. The cued group
did the best, but only on the cue-related questions. A
similar study by Koran et al. (1980) dealt with high school
students who'were given cued and non-cued slides of
monocots and dicots to study. The cued students achieved
higher posttest scqres than the non-cued. I feel that a
similar thing happened in this study. Certalin questions
certainly dealt with information which was specifically
cued In the computer module, and not cued in.the writtenQKm’/\
version. Thus a difference in learning was evidenced by
significant differences in difficulty indices between the
two groups, for those questions. I feel that the questions
which did not yield significant differences in difficulty
indices between the two groups were either poorly |
“n~tioning questions and/or they did not require
‘nformation which was accentuated by cues, animation or
module questions, to be correctly answeresua,

A look at the item analyses for items 2, 6, 10, 15 and
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o BN
16 (good discriminators but did not sh;; a significant
(\Mf““ﬂjdifference between groups) re&%als limiteda differences 1in
the proportion of students choosing each distracter, ;,
between groups. None of these questions address the same
informnation; only questiohs 15 and 16 touch the same
objective, but deal with different pathways. Of these, item
6 1s the only one which may have beeg accentuatgé by
animation in the CAI version. Tﬁe infprmatioh\needed to
answer the other items was not reinforced by cues etc. in
the CAI version any more than 1t_was in the written
versicn. This seems to substantiape the idea that the items
which were nét significantly different between groups, did
not rely on inforﬁation which was highlighted by cues epc.

in the CAI version.
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S"™MMARY and CONCLUSIONS

.

A CAJ program presenting photophosphorylation at\the
level of general college blology was developed. From thils,
a printed version was made, élmost verbatim. After'using”'“
either the computer module or the written version in a
laboratory environment, alf.students were tegteq dsing the
same multiplé choice éfjective test. Thg test results
ylelded certain conclustons about iearning via CAI and
text. On the whoie.it can be inferred that CAI induces
better 1earﬁing in students than written material, when
teacthing photophééphorylation, as measured by the test
employed. This may also be true when tea%hing other
biological pathways which lend themselvés to agimatio;. It
was also concluded that, of all treatmeﬂt groups, the
students reading the written version after the lab work
showed the poorest achievement. ?hus, text which 1s
ﬁodelled after CAI material and implemented directly after
lab work, may reduce the ability of the materlal to induce
1earﬁing. '

Ten of the 20 questions were dete. . .: . to be g6§d«ﬂ
discriminators, and 5 of these showed a significant . . )
difference 1in correct responses between thg computer and

written version groups. Ideally all questions on the test

should have been good discriminators for the purposes of
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this evaluation. From analyzing these selected items at the
distracter I;;éi, certain inferences abgdt learning were

made. It %ppears that illustrations can provide a 1éérn1ng
wadvantageé in use with certaln topics; generally they prové

to be mout useful when presented with a verbal

description. More specifically, animéted plctures served to

promote higher teé@ achievement in this study. Those

questions which relied on information which had to be .
wobtained from illustrations, resulted in higher achievement
in the CAI group than in the W group. The major difference
between the illustrations injthese two medla was the
animation of the computer vefpsion.

Cues in ghe illustratioq7f5bag)seem‘to play an

important role. They were prevalent in the: CAI program, and

many of the questions which showed significant differences am

between groups dealt with topics which had been cued in. the ﬂ////

/

program but not in the written version. Also, those

4

juestions which seemed to rely on cues revealed a trend in
s-scores for.-the correct answers. Based on student scores
on this test, it seenms that\;ﬁes tend to aid learning in
low achievers more than 1n higg achlevers.

Finally, the use of intermittant questions in the text’
of ‘both modu%es seemed t6 be more useful in the CAI

material than in the written version. Test questions which

dealt with material that had been previously covered by

qnestions in the module, resulted in a nhisher proportion of
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correct answers in the CAIL group than in the W group. This
suggests that perhaps questions are passed over in written
material and important information 1s missed, whereas this
is not .easy to do with PAI material. Students reading the
written material may suffer from decreased motf;atioﬁ to
learn as a result of skipping questions; it has been proven
that intermittant questions in the text can provide
motivation.

It 1s 1mportant to note that the importancg of cues, .
.,animation and effective questions can not be generalized to
encompass all tutorial/simulation CAI programs. However,
the learning differences between the Cal and wriften
version groups in this speciflic study, as indicated by
objeqtive‘test scores, were mainly attributed to these
factors. To test the application of the major inferences
made here to other CAI and written:material, further
research is needed. The importance that simulation or
animation plays in iearning is of prime consideration. Both
still and animated pathways could be presented to groups in
the form of CAI. These situations could include or lack
text descriptions and include or lack cues. It would also
be Interesting to test whether learning was,affected by the
iecture and reading assignment prior to the evaluation. It
i important in such studies to use and revise the test to
Qe nsed as the evaluation instrument, a number of times

with the guidance of item analyses. This helps to insure a
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high test reliabllity and good discriminating questions
which can be utilized to acquilre reliable’ information.
Finally, continuying development and rgsearch need to
go 1560 other forms .of medla and 1ns%ruction. Even ﬁhough
this study:resulted in certain conclusions pertaining to
the teachiné functions of CAI and written material, it 1is
important to note that the influences 6f lab work, lecture,
previous readings, etc. can not be sorted out from what was
learned from the module. Perhaps éAI functions best with
text suppléments prior to use. Just as other forms of media
work best ﬁith certain types of information, perhaps CAI is
useful only for teaching certain concepts. To contlnue
effecﬁively stimulating learning, all forms of media and

teaching must be constantly tmproved, in order to meet new

challenges and the needs of new students.

PO
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Appendix A

[N

* Photophosphorylation Diskette

Attached to the following page 1s a 16 sector diskette -
created for use on an Apple II Plus Microcomputer. It
contains all BASIC subprograms which constitute the
educational program entitled Photophosphorylation.
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Appendix B

Photophosphorylation Subprogram Listings

A

The following BASIC program listings comprise the
educational program entitled Photophosphorylation. The
subprograms (page numbers in parentheses) in order are

Photophos 1 (B2), Photophos 1.5 (B7), Photophos 2 (B13),
Photophos 3. (B21), Photophos 4 (B27)and Photophos 5 (B33) .

Iy

Bl




1w GOTO 2

11e FOLE 143,

128 CHLL 132

133 CHLL &

143 PRINT LHR® 1k IHPUT “PLERSE DON’T PRESS <FESET

- > DURING THIS FROGRAM! PRESS <RETURH,

> TO RESTART THIS PART 0OF THE PROGRAM...";A%

2068 REM THIS PROGRAM WAS DEVELDOPED BY THE SUMIT I COURSEWARE DEUELOFHENT
PROJECT, DEFARTHENT 0OF BIOLOGICAL SCIENCES, .MICHIGAN TECHNOLOGICAL U
NIVERSITY, HOUGHTOH, MI 43331

219 . REM THI= MATERIAL IS EBASED UPOM HWORK SUPPORTED BY THE NATIONAL SCIEN
CE FOUMDATION UHDER SRAMT HUMSER SED-7919051

228 FREHM AMY OPINIONA, FINOIHGS, HHO CUNCLUSIONS OR RECOMMENDATIONS E-PRE
SSED IN THIS FUELICATION ARE THOSE OF THE AUTHORS AND DO NOT NECESSAR
ILY REFLECT THE "EHWS OF 'THE HATIOMAL SCIENCE FOUMDATICH '

236 REM  SUEBFROGRAM- ( PHOTOFHOS 10 0 F PHOTOPHOSHIRYLATICH

249 REM EBASED ON PUBLICATIONS BY STRYER € ‘3312 AMD LEHMINGER 14753

25 KEM  DESIGHED BY CATHERIME LEECE

269 FREH PROGRAMHED BY CHTHERIME LEECE

270 REM INTITIALIZE VARIRELE:

288 U3% = C[HR% (15> PRIMT U3$

298 PRINT CHR% (26.; CHRE® (122

385 REM HAIN PROGRAM

316 UTHE 3: HTHE (14): PRINT “INTROOUCTIOH

1

3268 VUTAB &: PRIMT " PHOTOSYMTHESIS IS THE CONUERSION OF LIGHT ENERGY T
O CHEMICAL ENEFRGY HWITHIN AFLAHT. THE REACTIONZ INUOLUED TRRE FLA
CE IN THD STHGRES.": 505UB 1199

330 VUTAE 1{: HTRE . 132>z PRINT "LIGHT RERCTIOHS"

343 VUTHB 4: PRINT " BRSICALLY, IN THE FIRST STRAGE, LIGHT EMERGY IS USED

TO CONUERT RODF

_TO ATP . . .

TO PROVIOE THE FLAMT HITH USRBLE ENERGY. * HLSO, MAOP

+ IS CONUVERTED TO HROFH

TO FROVIDE THE HYOROGEH AND ELECTRONS"

358 PRINT "NEEDED To REDUCE 10

108 TO CRARBOHYORATES. THESE RERCTIONS REQUIRE LIGHT, THUS THEYARE CALLED
THE LIGHT FERCTIOHS )

oF PHOTOZYHTHESIS, DR FHOTOPHOSPHORYLATION

<": GOSUE 1190

368 ~UTHE 1: HIRE 122z PRINT “"DARK REACTIONS"

378 VUTHE 4: FRINT * I4 THE "SECOMND STHE, THE EHERGY PRODUCT= OF TH
E LIGHT RERLCTIONS HRE USED TO CONVERT CRRBON DIOXIDE TO éEHR
BOHYORATE:., FLANT= STORE EMERSY IH

382 FRINT "THE FURM UF LHRBOHYURATES. THE RERCTIOMSOF THE SECOND STHGE DO

NOT REQUIRE LIGHT, THUS THEY ARE CALLED THE DARL

399 PRINT “REACT(OMS

OF PHOTOSYNTHES 155 THEY ACTUALLY TRKE PLACE UNDER LIGHT AND
DARKCONUITIOHN=. s GOSUE 119

B2
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403 UTEB 4: IHPUT "PRESS <RETURN .
> TO SEE & SIMULATION OF  PHOTOSYNTHETIC PRODUCTS BEIMS FORMED AND USE
D" ;A%
419 GOTC S79 , ‘
429 UTHE 1: HTAE (12 PRIMT “KEEP IN MIMD...": UTAB 4: HTAB (1): PRINT *“
EUVEN THOUGH PROGOUCTS MPPEARED TO FORMONE AT A TIME IN THE SIMULATI
ON YOI JUSTSAH, THESE AND OTHER REACTIONS OCCUR SIMULTANEOUSLY IN
THE FLAHT CELL. . '
425 HOSUB 1195
433 UTAB 1: HTHE v 14, PRINT “CHLOROPLASTS® :
440 VUTAE 4: FRINT PHOTOSYNTHE®LS TAKES PLACE IN HIGHLY SPECIALIZED OR
GANELLES, THE CHLOROPLASTSOR CHLOROPLASTIDS. CHLOROPLASTS FRE FOU
MO IM ALL HIGHER FLAMTS, ERYOFHYTESY - -
458 PRINT "AHD MOST ALGAE. CHLOROPLASTS EXIST IN  THE CYTOPLASH OF PHOTO
“SYNTHETIC CELLS, SUCH RS LEAF CELLS. THE DRRK AND LIGHT®
455 PRINT 4
REACTIONS OCCUR IN ALL CHLOROPLASTS, BUTEACH OCCURS IN A DIFFERENT LOCATIO
N INSIDE THE ORGAMELLE.": GOSUE 1130
4683 UTHB 1: HTAB <133 PRINT "CHLOROPHYLL®
4708 UTAB 4: PRIMT “  THE PIGMENT CHLORUPHYLL IS FOUND IN CHLOROFLASTS.
IT E4ISTS IM HANY FORMS  WHICH DIFFER IN THEIR STRUCTURE AND THE WAV
ELENGTH OF LIGHT THEY RESORE. THE LEAVES OF MANY FLANTS ARE GREEN
BECHUSE®
489 PRINT “THEY COMTAIM HISH AMOUNTS OF CHLOROPHYLLRELATIVE TO OTHER PIGM
ENTS. CHLORCIPHYLL ABSORES VIOLET, ELUE AND RED LIGHT AND REFLECTS, O
R TRANSMITS, GREEN LIGHT.": BOSUE 1139 .
490 UTAB 1: HTAE ¢12): PRINT “PIGHENT SYSTEHMS"

963 UTHB 4: PRIMT "  CHLOROPHYLL AMD OTHER PIGMENTS INUOLVED IN TH
E LIGHT RERCTIONS OF PHOTOSYMTHESIS MAKE UFP THO PIGMENT SYS— TEM
S. THESE SYSTEMS ARE CALLED PIGHMENT SYSTEM I RMD PIGMENT SYSTEM 11

. THEIR"

Sl@  PRINT "FUNMLTION IS TO HBSORB LIGHT THAT STRIKESTHE LEAF AND CONUERT T
HE LIGHT TO CHEMICHL ENERGY.": bOSUE 1194

528 UTAB 4: FRIMT *  LET"S 30 ON AND LOOK AT A SEEQRQTIUN OF THE PHOTOPH
OSPHORYLATION FPHTHHAY IN  ACTION.": PRINT : PRINT ", DON‘T EXPECT TO

UNDERSTRND HHAT’S ]

PRINT "HAPPEMIMS OM THE SCREEN JUST YET. THIS IS JUST TO GIVE YoU R
FECLING FOR THE  PATHWAY AS A WHILE. THEN WE HWILL BRERK IT DOWN INT
0 FPARTS TO EMRAMIME WHAT'S HAPPENING HT THE MOLECULAR LEVEL."

546 FPRINT : IMFUT “HWHEM YOU HRE RERDY 70 60 OM...PRESS <RETURN

DU'3H% '

239, PRINT U3%: PR;:T "PLEASE BE PHTIENT WHILE THE PROGRAM IS LOADING..."

w
[<Y]
[\

¢ PRINT CHRI\(4);"RUN PHOTOFHOS 1.35": EHD

968 REM FPHOTOSYHTHESIS SUMMARY STMULATION

S78  PRINT U3¥ .

586 VUTAB 23: HTAB (B PRINT "#% PRESS <ESC

> KEY TOQ STOF =+ : '

588  UTHE 2W: PRINT CHR$ (22)

BB  HFLOT 33,30 T 39,195 TO 99,185 TO 99,38 TO 39,39: HPLOT 179,30 TO 17
9,105 TO 239.10% TO 239,30 TO 179,28 o

610 VUTHB S: HT+B v32: FRL.T "LIGHT": HTAB «(7): PRINT "REACTION": UTHB 8:
(29): PRINT "CARK": HTHE <Z27>: FRINT "REARCTION"

B3
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628 .UTAB 1: HTAB (&): PRINT "LIGHT & -
“: UTAB 15: HTAB (¥): PRINT “H10@&0" .
630 FORU = i T0 v

648 GOSUB 1216: FOR S =1 TO 2 . : .

658 HPLOT £5.8 TD 66,29 T2 78,24: HPLOT 52,24 TO 56,29

€60 GOSUE 1210 )

678 UTHB 16: HTAB (1) PRINT "H1080"

€80 UTHE 16: HTAE ($): SPEED= 158: PRINT "1JE0 2100 + 2H+ + 1CADIOR"

6% 6OSUB 1218

768 VUTEB 15: HTAB (1): PRINT “H1g@o"
718 HCOLOR= B: HPLOT 85,8 TO 55,23 TO 789,24: HFLOT 62,24 TU 66,29: HLOLOR=
7 . -

728 SPEED= 255: UTAB 15: HTAE (9: PRINT "1D#%: HTAB (8): PRINT " ": GOSUB
) 1249: UTAE 15: HTAE (9): FRINT * “: UTRE 13: HTAE (3: PRINT 106"
730 BOSUB 1239: UTAB 13: 'HTAB (9)3: PRINT “ o
748 GOSUE 1218: UTRE 16: HTAE <9): PRIMT * “: UTAB 15: HTHE (83): FRINT "
1

DB*: GOSUB 1246: UTAB 15: HTAB (93: PRINT " “: UTAB 13: HTAB (92: PRINT *®
10@": GOSUEB 123@: UTAE 13: HTAE (95: PRIHT * o

790 IF PEEK ¢ - 16354} = 155 THEN 1169 ,

760 GOSUE 121@: UTAE 1S5: HTAE (13): PRINT "H+": HTHEE ¢ 13): FEINT " ": BOSUE
1248: WTRB 15: HTAB ¢133: PRINT * “: UTAB 13: HTAB (133: PRINT "H+“:.
GOSUE 1234: WTAE 13: HTAE ¢ 12): FRIMT » © .

. 770 GOSUB 1218: UTHB 15: HTAB (14): PRINT " "": UTAB 1S: HTAB ¢13): PRINT

“Ht': GOSUE 1240: UTAE 1S: HTAB (13): PRINT * *: UTAB 13: HTAE (137
PRINT "H+": BOSUB 1230: UTAB 13: HTAB ¢ 13): PRINT * o -

780 6OSUB 1216: IF PEEK ( - 16384) =+155 THEN 116€@

799 MNEXT 5

BB UTAB 16: HTAB (5): PRINT * .

816 UTAE B: HTHE (28): FRINT ">*: HPLOT 160,43 TO 181,43

828 FOR G =1 TO 3

B30 UTAB S: HTAB (163 PRINT “P": GOSUB 1248: UTAB S: HTAB (16): PRINT *
TP : :

“z GOSUE 1244: UTRE S: HTAB C16J: PRINT “ATP

“: OSLE 1298 - _

846 FUR S = 15 T0O Z2: UTEB S: HTAB ($): PRINT " ATP .

“: 60SUE 124@: NEXT : UTAB S: HTRE (23): FRINT * AT :

"z GOSUB 1240: UTAB S: HTAB (24): PRINT " A": GOSUB 1248: UTAB S: HTAB (25
>: FRINT « = L : _

155 THEN 1169

HE (2673 PRINT “3": HPLOT 188,83 TO 181,33

B 18: HTAB (16): PRINT "H": GOSUB 1248: UTAB 18: HTAB

859 IF PEEK ¢ ~ 15384
860 MEXT Oz UTRE 11: H
878 FOR T = 1 TD 2: UTH
C168): FRINT “Fy -
": GOSUB 12491z UTAB 18: HTEE (15): PRINT “DPH
“s 60SUB 124@: UTAE 1@8: HTEE (16): PRINT "ACDFH
“: GOSUB 124w: UTAB 18: HTAB (167: PRINT "NADPH

888 GOSUE 1244 )

899 FOR 5 = 15 T 20: UTAB 1H: HTAB (S)>: PRINT " NADPH
Y2 GOSUR 124m: NEXT : UTAE 1@: HTAE (21): PRINT “ NAOF
“3 GOSUB 124w: UTHB 19: HTHB (22): PRINT " NAD

‘%2 60SUB 1248: UTAE 18: HTAB (23): FRINT " NA .




92 GOSUER 1245: UTAB 10: HTAB (24)>: PRINT “ N

910 GOSUE 12403: UTAE 16: HTAE (2S): PRINT " “: GOSUB 1240: IF PEEK ¢ - 1
5384) = 155 THEN 11608

820 NEXT T ’ )

939 HLOLOR= B: HPLOT 109,43 TO 181,43z HTAB (258): UTAB 6: PRINT " “: HPLOT
168,83 TO 151,83: HCOLOR= 3: HTAE (26): UTRE 11: FRINT " "z HFLOT 173
238 T0 173,185 .

940 GOSUB 1218

959 HPLOT 242,89 TO 221,23: HPLOT 170,8 TO 192,23: FOR S

- @) UTAE (S): PRINHT “CO108": IF S = 1 THEN GUOSUB 1

96v KOSUB 1241 .

3708 HTAB (233 UTAB (SJ: PRINT * ": NEXT : HPLOT 173,39 TO 233,39

980 HCOLOR= @: HPLOT 242,68 TO 221:29' HFLOT 176,80 TO 192,28: HCULOR= 3 |

99p GUSUB 1218: UTAB B5: HTAB (15)>: PRINT “<": HPLOT 97,43 TO 178,43

1600 FOR 0 =1 TO 3: UTAE S: HTAB <25>: PRINT "A": GOSUE 1248: UTAE 3: HTRE
(24 ): PRINT-"A0": GOSUB 1248: VTAB S: HTAB (23)>: PRINT "ADP

“s GOSLE 1230

1819 FOR 5 =22 (D 18 STEP =~ 12 UTAB S5: HTAB (S): PRINT "“FOP

170 a8 (2

21g: GOTO

[ a8 -8

H
[

==

19

4. GOSUR 1240: NEXT : VIAE S: HTAE (16> FRINT "DF

“e GUSUB 124@: UTHE S: HTAB (16): PRINT "P “: HOSUB 1249: UTAB 5: HTAB (1
63: PRINWT " ™ e

1826 IF FEEK ¢« - 1b081) =.155 THEN 1160

1836 NEXT & ZJEUE 1218

1840 HTABC 152: UTAB 11: PRINT “<"- HPLOT 97,83 TO 178,83

1gsn FOR O =1 TO 2

1656 \MTAB 16: HTAE (23507 PRINT “N

“s GOSUR 1248: UTAE 18: HTRE <24 ) FRINT “NH

“s GOSUB 1249: WTAB 18: HTAB (23>: PRIMT "NHD

e GOSUE 1249 UTAE 18: HTRE <22): FPRINT “NADP

“s GOSUB 1249: UTHB 19: HTAB <21 2: PRINT “NADP

+4%: GOSUE 1240

176 FOR S = 29 TD 15 STEP - 1: UTAB 18: HTAB (S)>: PRIMT "MRADF

+ Y: GOSUE 1240: NEXT : UTAB 19: HTAE (1&>: FRINT "ROF

+ “: BOSUB 1249: UTAB 102 HTAB (16): PRINT “DP

+ Ys GOSUE 124¢: UTRE 19: HTAB C16>: PRINT “P+ “: GOSUE 124@: UTHB 1@: HTHE
(16>: PRIMT "+ *

3798 GOSUB 1z4m: UTAB 18: HTAB (16>: PRINT " "

1899 GOSUE 1240: IF  PEEK ¢ - 18384) = 155 THEN 11&8

1188 HEXT H '

1110 HCOLORE & HPLOT 97, 43 TO 178,43: HPLOT 97,83 TO 178,83: HCOLOR= 3: UTAB
6: HTAR (15)>: FRIHMT ™ ": UTAB 11i: HTHB (15): FRINT " ": HPLOT 99,3a@ TO
39,105 |

1128 HPLOT 202,185 TO 298,125 TO 212,120: HPLOT 203,125 TO 284,120: UTHB
17: HTAE 27>z PRINT “SUGHR OR": HTAE (28): FRINT “"STHRCH": GOSUB 12@
g: GOSUE 1209

1139 HCOLOR= w: HPLOT 253,106 TO 298,125 TO 212,120: HPLOT 268,125 T0 2024
,12@' HCOLUR= 2: UTAB 17: HTAB (272 PRINT " . “s HTHB (28): FRINT

"3 hUoHB 1216

1140 IF PEEr ¢« - 16384) = 155 THEN 11560 -

1156 NEXT U ~

11568 POKE - 16368,8: UTAB 1: HTAB (8»: PRINT "LIGHT

B5
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“: 60SUR 1208: PRINT CHR$ (25):U3%

1178 GOTO 420

1138 REM PAUSE & PRESS RETURN SUBROUTINES
1188 UTAB 24: INPUT “PRESS <RETUFRN

> TO CONTINUE";A$: PRINT U3$: RETURM

1206 FOR PAUSE = 1 TO 12e@: NEXT : RETURN

1216 FOR PA = 1 TO 698: MEXT : FETURN
1228 FOR PR = 1 TO 388: NEXT : RETURN
1238 FOR PA = 1 TO S98: NEXT : RETURN
1248 FOR PA = 1 TO 1@@: NEXT : RETURN

&%
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16 GOTO 209

118 POKE 103,1

120 CALL 1962

138 CALL 6144

148 - PRINT CHR$ 15 INPUT “PLEASE DON‘T PRESS <RESET

> DURING THIS PROGRAM! PRESS <RETURM

> TO RESTART THIS PRRT OF THE PROGRAM.“:A$

268 REM THIS PROGRAM WAS DEVELOPED EY THE SUMIT I COURSEWAFE DEVELOFHENT

‘ PROJECT , DEPARTHENT OF BIOLOGICAL SCIENCES. MICHIGAN TECHNOLOGICHL U
NIVERSITY, HOUGHTOM, MI 45531 :

218 FEM THIS HATERIAL IS BRSED UPON WORK SUPPORTED BY THE NATIONAL SCIEN
CE FOUNDRTION UMDER GRANT NUMBER SEC-7519A51 ‘

228 FEM ANY OPINIONS, FINDINGS, AND CONCLUSIONS OR RECOMMENDATIONS EPRE
SSED IN THIS PUBLICATION GRE THOSE CF THE AUTHORS AIND OO NOT NECESSAR
ILY REFLECT THE YIEWS OF THE NATIONAL SCIENCE*FOLMDATION

238 REM  SUBPROGRAM (PHOTCPHOS 1.5) OF PHOTOPHOSPHORYLATION

249 FEM  BASED OM PUBLICATIONS 6Y STRYER (1£31) AND LEHNINGER ¢1975)

256 REM  DESIGNED BY CATHERIME LEECE

260 REM  PROGRAMMED BY CATHEF "HE LEECE

276 REM INTITIALIZE URRIGELE:

280 U3$ = CHRS (167: PRINT U3$:CUE = 9

290 PRINT CHRE C12)

398 F§ = »

1AEET "

319 BS = "1 GHKL  HM@“

320 E$ = “1RJEIEG" :

469 REM  MAIN PROGRAM/NON-CYCLIC PATHHAY

410 PRINT CHRE C26)5 CHR$ (12): GOSUE 1268

420 UTAE 23: HTAB (6 PRINT “#% PRESS <ESC

> KEY TO STOF 0

438 UTAB 14: HTAB (17> PRINT “LIGHT

449  UTAB 17: HTAB (7 : PRINT “H10820"

458 FOR 0t = 1 TO 40

468 GOSUB 1873: IF PEEK ¢ - 18384) = 155 THEN 1229

478 UTAE 17: HTAE (31> PRINT “>“: HPLOT 150,163 TO =12,131: GOSUE 1270

488 VUTHB 17: HTAB (32): PRINT “P18239": GOSUB 1879 HCOLOR= 8z HPLOT 159,
188 TO 212,131: UTRE 17: HTAB (31): FRINT " “: GOSUE 1&8a

499 IF @t = 1 THEN HPLOT 227,67 TD 227,123

360 HLOLOR= 3: UTAE 9: HTAR (33): PRINT “ “: GOSUB 1&56

516 FOR S = 16 TO 9 STEP =~ 1: HTAB ¢32): UTAB S + 1: PRINT * "+ UTAB
S: HTAB (32): PRINT “P1O230%: GOSUE 1900: WEXT

528 IF PEEK ¢ - 16324) = 155 THEN 1220

93¢ UTAE Sz HTHE (32>: FRINT * " “: UTEE : HTRE (35): PRINT "Plezza

348 VUTHB T: HTAB <36)>: PRINT “1D2“: GOSUB 1880: UTAB 7: HTAB (362: PRINT
" ": UTAB 6: HTAR (35): PRINT “10@": GUSUB 1886: UTAE 6: HTAE (3322 FRINT

339 UTAB 6: HTAB (34>: PRINT “1D3“: GUSUB 1889: UTAB B: HTAB (34>: PRINT
U ": UTHR 73 HTRB (33): PRINT “108": HTAB (35): FRINT "P1O238+": GUSUE
1B8®: UTAB 3: HTAB (33): PRINT “Q*

968 IF PEEK ¢ - 16384) = 155 THEN 122@

379 UTAB 8: HTAB (35): PRINT * “s FOR S = 8 TO 17: UTAB S: HTAB (32):

B7 , ™~ /

s sy —p gy




PRINT *P1023g+": 60SUB 19@9: IF S < 17 THEN UTAB S: HTAB (32): PRINT

! "3 NEAT
588 IF CUE = 2 THEN &38&
999 SPEED= 190. UTQB 17: HTAB (7>: PRINT "HIOBD 189 2109 + ICBOIOB + 2H+

"3 SPEED= 233

B9 GOSUB 1379

619 GOSUB 1889: VUTAB 17: HTAB (7>: PRINT "H1000*

620 GOSUB 187@: GOSUER 1870 '

636 IF CUE = 2 THEN VUTAB 17: HTAB (15)>s PRINT * ":CUE = @: GOTO 659

648 UTHE 17: HTAE <14>: PRINT " " |

659 VUTHB 1b: HTAB (15). PRINT “1D0%: GOSUB 188B: IF PEEK ( - 18384)
S THEW 1229 '

£69 GOSUB 18763 1D$UB 1870

673 FOR S-= 15 TO 35: UTAB 16: HTAB (S): PRINT * ": UTAB 1B: HTAB (S + 1)
: PRINT “108": GOSUE 1995: NET

6§69 5SOSUB 1839: UTAB 16: HTAB (36): PRINT " “: HTAB (36): PRINT “ "

€9@ VUTAE 7: HTHE (37). PRIMT " "z GOSUE 1908

700 U = 7: FOR S = 32 TO 11 STEP - 1: HTAB ($): UTAB U: PRINT “1D8":
19909: IF S < > 11 THEN HTAE (S)>: UTAE Vs FRINT " °

7186 IF FEEK ¢ - 153 4> = 155 THEN 1220

720 IF € ¢ 31 THEH U = 8: IF $< 27 THEN U = 8z IF § < 22 THEN ¥ = 1&: IF
§< 17 THEN U = 11: IF S < 13 THEN VU = 12 '

730 NEXT

749  GOSUB 1359

756 UTAE 12: HTAB (11): PRINT " “: HTAB (18): PRINT " ": UTRB &: ﬁ?ﬂ& (33
)2 PRINT “@®

76w GOSLE 1874

770 UTHE 12: HTAE <23>: PRINT "ADP

" GOSUE 1870: GOSUB 187@: UTARE 12z HTAB (22»: FRINT “ATF

“5 TRABC 282"  “

789 'GOUSUB 1879: FOR § = 22 TO 37z UTAB 12: HTAB (S>: PRINT " ATP

“: GOSUE 19@0: MEXT :

799 UTAB 12: HTAE (38»: FRINT " AT

vs GOSUE 19G9: UTAE 12: HTAE (39): PRINT " R

“: GOSUB 1998: UTRB 12: HTAB (4@): PRINT * “: GOSUB 1868

gea IF PEEK ¢ - 16384)> = 155 THEN 1229

810 VUTHB le: HTAE (4@)>: PRINT "A: GOSUB 198@: UTAB 12 HTAB (39): PRINT

15

)
fa()
4]
c
[s ]

19p3: UTAB 12: HTAB (38)2 PRINT "ADP
‘3 EHUE 1964
gz¢ FOR = = 37 TO 23 STEP - 1: UTAB 12: HTAB (S): PRINT “HOP
.Mz BOSUE 190w MELT
839 HFLOT 102,14 TO 75,39
B4p GOSUB 18709: UTAE 13: HTRABR (6r: PRINT "P1F330": GOSUB 1876: HCOLOR= ©:
HPLOT 188,186 TO 75,99: GOSUE 1850
85y IF 3 = 1 THEN HPLOT 52,18 °TO 52,952 UTAB 3: HTAB (8): PRINT “ *
86w HCOLOR= 3: UTAE 13: HTRAE (S)s PRINT "P1F33g *
879 IF FEEK ¢ — 16384 = 155 THEN 1220
880 HTHE (11): UTAE 12: PRINT " °
899 FOR S = 13 TO 3 STEP ~— 1z HTAB (S5)z VUTAB 5 + 1: PRINT " “: UTHB S
: HTAB-(S): FRINT "P1F33@": GUSUE 19@8: NEWT

B8




993 UTRB 3: HTAB (3): FRINT “"P1F338 “: GOSUB 1879

916 UTAE 2: HTAB (6>: PRINT “10@": GOSUE 1899: UTAE 2: HTAE (E): FRINWT *
“s UTAB 1: HTAB (7): PRINT "1D@": GOSUB 1896: UTAB 1: HTAB (7): PRINT
“ M: HTAR (2 UTRE 1: FRINT “100¢

8923 HTRB (2 PRIMT “2Z2": “THB 3: HTAB (3>: PRINT “P1F339+"

938 6G0SUE 1579: IF FEEK ¢ - 16384) = 155 THEN 1220

945 UTAB 3: HTAB (3, PRINT * “: UTAB 3: HTAB (4)>: PRIMT "PIF330+"
§58 FOR S = 3 TO 12: HTRE (4,: UTAB S: PRINT ": HTRE (43: PRINT “F

1F33B+" s GO5UB 1989: NEAT

960 UTAE 13: HTHB (4>: PRINT " P1F33@+"

978 FOR 5 = & TO 12: UTAB 1: HTAB (S>: PRIMT " ": UTAB 1: HTAB (S + 1): PRINT
"10@a": GOSUE 1988 MEXT

989 UTAR 1: KTAB C13.s: PRINT " *: UTAB 2: HTAB ¢&J: PRINT "Z": UTAB Z: HTAB
C14>: FRINT “108": HTRE (14 FRINT “FERREDOSIHY

899 IF PEEK ¢ - 16384) = 153 THEN 1220

1669 IF CUE = 3 THEN CUE = @: o700 1564

18190 IF INT (& 7/ 2> < > & » 2 THEN CUE = 2: UTRB 2: HTAB (14)»: PRINT "
“; TABC 16);"1D1@3": GOTO 1208

1626 UTHE 16: HTAB (26): PRINT "H+": HTAB (25>: PRINT " ": UTAB 135: HTQB
(28)>: PRINT “H+': HTRE (2E)»: FRINT " *

1930 FOR & = 25 7O 34: HTAB (S>: UTAB 15: PRINT “ H+": GOSUB 1968: NEXT

1848 FOR & = 15 TO S STEF, - 1: HTAE (35): UTHE S: FRINT “ ": HTHB €33):
UTAB S — 1: PRINT “H+": GOSUB 1988: NEXT

1858 VUTAE 17: HTAE ¢11)2: FRINT "
1850 FOR S = 14 TO 21: UTRB &: HTAB (S): PRINT " 1D D3": GOSUB 19@0: NEXT

1676 IF PEEK ¢ - 18324) = 155 THEM 1220 ' :

1837 VUTAE 2: HTAB <232 PRINT " “: UTAB S: HTAB (25:: PRINT "100": GOSUB
1968; UTAE 2: HTAE (25): PRINT " “: UTRE S: HTAE «27): FRIMT “1DG": GOSUB
1580 §

1890 FOR S = 25 TO 239: UTAB S: HTAB (S>: PRINT " 1D D&“: 50SUB 1830: NEXT

1168 UTRE S: HTRE ¢32): PRINT " “: UTRE 1: HTRE (13: FRINT " ‘3
GOSUB 182@: UTRE S: HTAB (31): PRINT * 1D8": UTAB 3: HTAB (33): PRINT
® o0 YTHE 3: HTAE (14): PFRINT "FERREDCCIINY

1116 UTAB 4: HTAB «23): PRINT "NHOP H

“: BOSUE 1&73: GOSUE 1878: UTABE 2: HTHE (291 FRI “NFDOPH

*z UTAB 4: HTHB (ds" PRINT * “

1128 IF PEEK ¢ - 16384, = 155 THEN 1226

1130 GOSUB 1889: FOR S = 29 TO 35: UTAB 2: HTAB (S): PRINT “ NADPH

Yz GOSUE 1933 MNET

1148 WTAE 2: HTAE <35): PRINT * NADP

“s 60SUE 1“L3: UTHE 2: HTAB (37)>: FRINT " NRD

. GOSUB 19vawi: WTRE 2: HTAB (38)>: PRINT " NA

“s GOSUE 1908: UTAE 2:-HTAE (39): PRINT “ N": GOSUE 1900

1150 UTHB Z: HTAB <49): PRINT * ": GOSUB 1860

1160 IF (0« 227 24 > INT (R 7 2> 7 2 THEN CUE = 3: UTHE
35 PRINT * "z GOTO 1190 ' .

1170 UTAB 4: HTAB ¢4@): PRINT “N": GOSUB 1998: UTAB 4: HTAB (39
NH )

“: GOSUB 1999: UTAB 4: HTAB (38>: PRINT “NAD

: HTRE (1

: PRINT *
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UTAB 4: HTAE (37)>: PRINT “NRADP
UTAB 4: HTAB (36)>: PRINT "NADP

“: 60SUB 19@0
“: 605UB. 1939
+": GOSUB 1909
~1188 FOR S = 35 TO 29 STEP
“: GOSUE 1999: NEXT

|‘.‘| as a8

1
-
(1}

UTAB 4: HTAB (S)>: PRINT “MADP+

1199 IF FEEK ¢ - 16384) = 155 THEN 1220
1260 NEXT 0 o
1216 REM END SIMULATION ~ PRESENT MENU ),

12286 POKE - 163B8,8: UTAE 14: HTAB 17z PRINT “LIGHT

“s GDSUB 1856

1258 VUTAB 23: PRINT CHR$ (S5)>: UTAB 23: INPUT “PRESS <RETURN

7 HHEN YOU HRUE FINISHED  LOCOKING AT THE PRTHWAY FOR NOW."3A$

12486 PRINT CHR$ (253;U3%: PRINT " NOW THAT %Y0OU HAVE SEEN THE WHOLE
PATHHAY, LET’S BREAK IT DOMWN AND EXAMIMETHE PARTS. HE WILL START BY
LOOKIMG AT" . .

1256 PRINT "THE THOJ PIGMENT SYSTEMS INVOLVED IN PHOTOPHOSPHORYLAT ION»
PIGMENTS SYSTEM I AND PIGMENT SYSTEM II ' '

1235 PRINT : PRINT "Y0U WILL GET A CHANCE TO REVIEW THIS AGHIN AT THE
END OF THE PROGRAM. AFTER THE SUMMRARY. "

1258 PRINT : INPUT “PRESS' <RETURN

> T0 CUNTINUE",H£ .

1278 PRINT U3$: PRIMT "PLERSE BE PATIENT. HHILE THE PROGRAM IS LDQDING...
“: PRINT CHR$ ¢4)3"RUN FHOTOPHDS 2": END .

1288 REM DRAW PATHWAY SUBROUTINE

1238 PRINT CHR$ (25);U3%: HCOLOR= 3: HTRAB (1): UTAB 12: PRINT CHR$ (23>
7 "ENERRY .

"3 CHR$ (25

1398 HTAE ¢1,: UTAE 1: PRINT “HIGH": HTQB (8): PRINT “Z2": HTAB (13.: PRINT
“2FERREDOXIN": HTABE (1): UTAER 17: PRINT “LOW"

1318 UTAB 3: HTAB (12): PRINT “>“: HPLOT 162,28 TO 151,29

132@ HF‘LUT i :11 TD ?:‘l:lq .

1338 UTRB 2: HTAB (27)>: FRINT F$.

1348 UTRAE 4: HTAR (29): PRINT “NADF g

4+ .

135¢ FOR S = 2 TO 15 STEP 3: HTAB (3): UTAB S: PRINT "-": NEXT

1360 HTAE (33> UTRE &: PRINT 0" .

1378 UTRB 17: HTHB (32)>: PRINT “P102386* S

1389 UTRE 13: HTAB (6)>: PRINT “P1F33a+"

1399 UTRAB 3: HTAB (8 : PRINT "a*

146 HPLOT 52,18 TO S2,92

1418 UTAE 3: HTAB (33): PRINT “a

14286 HPLOT 227,67 TO 227,123

1438 VUTAB 1i: HTAB ( 19)>: PRINT “CYT* ,

1448 UTRE 13: HTHEE C11): PRINT "¢ i

1459 VUTRB 19: HTHB (24 >: PRINT-§$ -

1468 HPLUT 221,62 TO 147.88: HRLOT 123,86 TO 72,100

1479 UTAB 9: HTASB (11): PRINT “EYT"

1488 VUTHE 12: HTHB (28)>: PRINT “QOP

hﬁffﬁUTHB S: HTAB (14): FRINT E$
1508 UTEB S: HTAR (16): PRINT “ADP

[a]
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1516 UTAB 12: HTAB (9): PRINT “1LB* :

1526 HPLOT 102,25 YO 79,63: HPLOT 73,73 TO 63,57

1538 HPLOT 9,178 TO 279,170

1548 VUTAE 19: PRIMT /CHR$ <22): RETURN

1556 REM CYCLIC PATHWAY

1558 \FOR R = 1 TO 2: UTAB Z: HTAB (14): PRINT " “:H = 14

1576 IF PEEK ¢ — 16384) = 155 THEN 1228

1538 FOR S = 4 TO 11: VUTAB S: HTAB (H): PRINT “1D9": GOSUB 1989: UTAE S: HTAB
(HJ: PRINT * "

19386 IF S < 7 THENH =H - 1: GOTO 1616

16006 IF S > 7 AND S < 18 THEN H = H — 1z GOTO 1618

1616 NEXT

1620 VUTAB 12: HTAB (18): PRINT “108": GOSUB 1838: UTAB 12: HTAB (18): PRINT
“ov: HTRE (1@7: PRINT "

16386 VTAB 3: HTAB (14): PRINT “FERREDOXIN®: UTAB S: HTAB <(16): PRINT “ADP

“s 60SUB 187@: GOSUE 1&78: VUTAE 7: HTAB (16): FRINT "ATF
“: UTAB 5: HTAB (1B6): PRINT " "
1646 GOSUE 187@: FOR S = 16 TO 37: UTRB 7: HTAB (S): PRINT " ATF
“: GOSUB 192B: NEXT
1656 IF PEEK ¢ - i6384) = 155 THEN 1228
1660 VUTRE 7: HTAB (3&): PRINT " AT
“: GOSUB 138@: UTAB 7: HTAB (393: PRINT “ A“: GOUSUB 1989z UTAB 7: HTAB (49
’ 2: PRINT " ": GOSUE 15Ed ’
16V6 VUTHAB 5: HTAB (48): PRINT “R":z GOSUB 198@: VUTAB S5: HTAB (39): PRINT *
0 .
"+ GOSUS 1
“s GOSUE 1
1628 FOR S
“z GOSUE 1984
ISdU IF PEEK ¢ = 163842 = 130 THEN 1228 :
1760 HPLOT 168,186 TO 75,99: GOSUE 187a: UTHE 13: HTAE C(&): FRINT “"P1F33
8": GOSUB 187B: HCOLOR= 9: HPLOT 183,185 TO 75.,P9: GOSUB 18886
1718 HCOLOR= 3: UTAE 13: HTAE (S): PRINT "P1IF33@ "
17280 HTAB (11): UTAB 12: PRINT " *
1738 FOR S = 13 TO 3 STEP - 1: HTHB (52: UTAB S + 1: PRINT * ": UTAB
S: HTRE (3): FRINT “PI1F3EB": GOSUE 1888: NEUT '
1748 VUTAB 3: HTAB (3,: PRINT "P1F330 “: GOSUB 1270
1796 VUTRE 2: HTRE (&): PRINT "10@": bUCUE 1898: UTHE 2: HTRE v&2: PRINT
“: UTAB 1: HTAB (72: PRINT "1DB": GOSUB 13%8: UTHB 1: HTAB (72: PRINT
“ "3 HTRE (&> UTRE 1: PRINT "“1D&"
176y GOSUB 187a: IF FEEK ( - 16384) = 135 THEN 1220
177 UTHE 3: HTHE (32): FRINT “ ": UTRE 3: HTRE ( d: PRINT “P1FG30+"
1788 FOR S = 3 TO 12: HTRL. (4): VUTAB S: PRINT . HTQB (4): PRINT *
P1F333+": GOSUR 1900: NENT
T 1799 UTHRE 13: HTAB <4 : PRINT " PIFZ3@+"
1e@@ FOR S = & TO 12: UTHE 1: HTHB (S PRINT " "z UTRE 1: HTAE (& + 1)t FRINT
“108": 50SUB 1999: NEXT '
1818 UTHB 1: HTRAB <13,z FRINT " .": UTAB 2: HTAB (8): PRINT “2": UTAE 2: HTAB
© (14> PRINT “10@": HTRB (14): PRINT “FERREDOSIN' ' )
1829 0SUB 1879 .
1839 NEXT : UTAB 3: HTAB (13): PRINT "2"

¢

aoa: UTAB 5f HTAB (38): PRINT “ROP
g

&
8]

1 it |§| |S|

37 TO 18°STEP — 1: VUTAB 3z HTAB (S)>k"PRINT "“RDP
B: NEXT

N Bll




1840
1650
1866
1676
1880
1899
1900

UTﬂB 2: HTAB (14): PRINT "' TRBC 16): PRINT "1De": GOTO 1176

FEM  PRUSE SUBROUTINES
FOR PRUSE = 1 TO 12o9: NEXT, : FETURN

FOR PR = 1 TO 288: NEXT : RETURN
FOR PR = 1 TO 1‘8' NEXT : RETURN
FOR PR = 1 TO 849: MEXT : RETURN
FOR PR = 1 TO 55 NEXT : RETURN
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169 GOTD 299 ™~

118 POLE w3, ‘
128 CALL 1992 . )
133 CALL G144 .
148 PRINT "CHR$ (16,: IMPUT "FLEASE DON‘T PRESS <RESET
> DURING THIS PROGRAM! FRESS  RETLRY :
> TO RESTHRT THIS PART 'OF THE PROGREM. *;0s" .

208 REM THIS PROGRAM WAS DEVELORED BY THE SUMIT I COURSEWARE DEVELCFHENT
1
|
|

PROJECT, DEFRRTMENT OF BIOLOGICHL SCIENCES, MICHIGAN TECHNOLOSICAL U
. NIVERSITY, HOUGHTON, MI 4947)
218 REM THIS MATERIAL 15 ERASED LSON WORK SUPPORTED BY THE NATIONAL SCIEM
~ CE FOUNDATIGN UNDER GRANT MUNEER SEQD-7313351
228 FEM ANY OPINIONHSS FIMDINGS, HMD CONCLUSIONS OR RECOMMENCOATIONS EXPRE
i SSED IN THIS PUELICATION RRE THUSE OF THE AUTHORS AND D0 NOT NECESSAR
ILY FEFLELT THE WIEWS OF THE NATIONAL - SCIENCE FOUNOATION
236 REM  SUBPROGRAM (FHOTNEHIS 25 OF PHOTOPHIQFHORYLATION
248 FEM BASED "GN PUBLIUHTIUNS BY STRYER < 1984 ) HND- LEHNINGER €1975)
256 FEM DESIGNED EBY CATHERIME LEECE
269 FEM  PROGRAMMED BY CATHERINE LEECE :
279 REM INTITIALIZE UARIAELES- .
288 U3% = CHR$ (16,: PRINT U3$
298 PRINT CHRE (12)

309 F$ = *
1ABEIJa" B -
319 BE$ = "1 GHKL  M@" -
320 E$ = “1RJEIEA"

469  REM ~MAIN PROGRAM X

418 PRINT CHR$ (ZE); CHR$ ¢ 12): GOSUE 1750

420 FPRINT “THIS DIAGRAM REPRESENTS PRART OF THE PHOTOPHOSPHORYLAT 10N P
ATHHAY. THE COMPUNENTS OF THIS PATHKAY WERE DETER- MINED THROU |
GH EMPERIMENTATION WITH CHLOROPLASTS.": GOSUB 1979 . |

438 PRINT “THE REACTIVE CHLURUPHYLL MOLECULE IN PIGMENT SY3TEM I (PS I !

\
> 1S CHLLED PIF33:® L
449 UTHE 14: HTAB (89: PRINT "a": HTAB (7>: FRINT "PS I.
“: GOSUE 197h .
458 VUTRE 14: HTHE +8s: PRINT ® “: HTAB (7>: FRINT * "+ UTAB 19: FRINT
“THE REACTIVE UHLOROFPHYLL MOLECULE IN FIGMENT SYSTEM I1 WF5 I1 (
> IS CALLED FF10239, "
- 468 VUTAE 17: HTAB (24)>: PRINT "FS JI » }

“: GOSUB 1979 |

4700 UTHB 17: HTHE (24): PRINT * " X i |

460 UTRE 19: FRINT “HHEN THE HPFROFRIATE COLOR OF LISHT - STRIMES F3 7

OR PS 11 - |

» HN ELECTRON IN  THE REACTIVE MOLECULE (P1F339 OR P19238> IS RAISED TO A, |
N EXCITED STATE.“: GOSUE 1970

499 FRINT “THIS MEANS THOT THE REALTIVE MOLECULE ISRAISED ABOVE ITS GROUN

D STATE 10 R HIGHER ENEFRGY LEUEL. THIS ACTIUATE: THE ELECTRON sa

IT MAY BE FASSED TO AN HULEPTOR MOLEGULE.": GOSUB 1970 |

588 PRINT “AS WE LUUK AT ERCH ELECTRON ACCEFTUR, KEEF IN MIND THAT A MO |

LECULE HILL NUT  RCCEPT AN ELECTRON UNLESS IT IS HLRERDY LACKING AN 1

B13

{ ' ”
\:)Q' oo




o519

RY-LY)

720

~ LIGHT
’ “: GOSUB 19308

‘/
ELECTRON. ": GOSUE 1374 o
INPUT "TO SEE WHAT HAPPENS WHEN LIGHT STRIKES PS II

» PRESS <RETURN
SRS

PRINT U3$: VUTRB 14: HTQB (1?). PRINT * ' ' \

>
UTAB 17: HTAB (31): PRINT ">": HPLOT 156,198 TO 212,131: G0OSUB 19806

X
549 UTAB 17: HTAB (32): PRINT “P10230": GOSUB 1988: HCOLOR= @: HFLOT 150,
188 TO 212,13r: UTAB 17: HTAB (31): PRINT * ": GOSUB 1980
S50 HPLOT 227,67 TO 227,123: HGOLOR= 3: UTAB 9: HTAE (333: PRINT " “: GOSUE
: 1980 : -
,. ‘568 FOR S'= 16 TO 9 STEP -— 1: HTAB (32): UTAB S + 1: PRINT * "s UTAB
‘'« - 8: HTAE (32): PRINT "P10230": GOSUE Z010: HENT : o
579 VTAB 9: HTAB (32 PHINT " “: UTAB S: HTAB ¢35): PRINT "P10233"
560 UTAB 7: HTEB (36): PRINT "“10@": GOSUE®199@: UTAE 7: HTAB (3&): FRINT
| “ *: UTAB 6z HTAB (35)>: PRINT "1D@": GOSUB 1998:-UTAB 6: HTAB (35): PRINT
599  UTAB 6: HTAB (34): PRINT “1D3":*G0SUB 1999: UTAB B: HTAB (34):, PRINT
wowe UTAB A7: HTAB ¢33): FRINT "I0E":, HTAE 35): FRINT "P18239+"
600 GOSUB 199@: UTAB B: HTRB (33): FRINT "@" N N
618 VUTFAB 14: PRINT “P18230 HAS DONATED THE ELECTRON AND WILL NOW RETURN
TO A LOWER ENERGY LEVEL. THE + SIGN INDICATES THAT THE MDLECULE IS
MISSING' N ELECTRON, THUS IT IS POSITIVELY CHARGED.": GOBUE 1
. 970 - ‘
§20 VUTAB 8: HTAB (35): PRINT * * ": FOR S £ 9 TO 17: UTAB S: HTAB (32):
PRINT “P1e23@+": GOSUB 2010; IF § < 17 THEN UTAB S: HTAB (32): PRINT
": NEXT ’
630 UTnB 19: IMPUT “P18230 NOW DRAWS AN ELECTRON AHAY FROM A MOLECULE OF
"HATER. THIS CAUSES THE HWATERMOLECULE .TO SFLIT, THUS OXYGEN IS
RELEASED FROM THE PLFNT. TO SEE THE ELECTRON TRANSFER PRESS <RETU
. " RN - ,
>.";A% »
B49 © PRINT U3$: SPEED= 160: UTF 17; 'HTAB (7): PRINT "H1000. 180 2109 + 1C
@0108 + ZH+": SPEED= 255 ‘
. 659 G0SUB 19g8 ' -
" 669 VUTAB -17: HTAB (14>: PRINT * "z UTAB 16: HTAB (15): PRINT " 108" .
670 GOSUE 1980 v - SN
660 FOR S = 15 TO 35: FOR PR = 1 TO 1893: NEXT : UTAB 16: HTAB ¢(S): PRINT:
"ous YTAB 16: HTAE (S + 12z FRINT "1 - P
DB": NENT E ‘ o ®
599 GOSUB 1998: UTHB 16: HTAB (36): PRINT " “: HTAB (3B): PRINT * °
708 VUTRE 19: ERINT “P1£230 AGCEPTED THE ELECTRON IT MEECDED,  THUS IT RET .
URNED TO ITS GROUND STATEa ITHILL REMAIN AT THIS ENERGY LEVEL UNTIL
. IT PICKS UP HORE LIGHT WAUES OF THE ~ APPROPRIATE WAVELENGTH.": GOSUE
1979 .
716 PRINT "MEANWHILE, THE EXCITED ELECTRON IS PASSED BY ‘@’, A MOLEC

ULE OF PLASTO- QUINONE, TO A SERIES OF CYTOCHROMES AND OTHER ELECT
RUN CHRRIERS HHICH RLT AS ELECTRDN QCCEPTORS RND DONORS. "= GOSUB 1

q7a ' -
PRINT "AS THE ELECTRON IS PHSHED IT LOSES SOME OF ITS ENERGY TO EACH
ELECTRON CARRIER. THIS ENERGY DRIVES THE SPUNTANECOUS “DOHNHARD M
Bl4
¢
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OUEMENT” OF ELECTRONS.": GOSUB 1978 _ ¢

" 738 PRINT “EUEN THOUGH THE ELECTRON LOSES ENERGY. ASIT PASSES THROUGH THE
CYTOCHROME CHAIN, IT IS STILL AT A RAISED ENERGY LEVEL, ., ‘RELATIVE TO
ITS INITIAL ENERGY LEVEL, HHEN IT - -IS FINALLY AGCEPTED EY. P1F3«B.“
GOSUB Y970

749 PRINT "OURING THE -ELECTRON TRANSFER, SOHE . ENERGY IS CAPTURED TO
FORM A HIGH ENERGYMOLECULE. ": FRINT : INPUT “PRESS <RETURN

> TO SEE THIS HAPPEN";A$ Qo v .

758 PRINT U3$: UTAB 7: HTRB (33)>: PRINT " ": HTAB (33>: PRINT “@": GOSUB -

o 2aan ) - '

760 U= 7: FOR 5 = 32 TO. 11 STEP - 1: HTAB <S): UTAB V: RRINT "108": GOSUB
2009: IF S < > .11 THEN HTAE (S): UTAE Uz PRINT “°"

770 IF S< 31 THENV =8: IFS < 27 THEN U = 9: IF S < 22 THEN VU = 18: IF

S < 17 THEM' = 11: IF &< 13 THEN U = 1,

768 NEXT l : “\\\

799" GOSUE 1990 y

860_ UTAB 12: HTAB (11): PRINT * ": HTAB (18): PRINT * *

818 GOSUE 1588 ~ -

© 829 VUTAB'12: HTAB (Z8):”PRINT “ADP. ' . :

“:-B0SUE 1980: UTAE 12: HTAB (22): FRINT “ATF . v,

“; TABC 257" " C

B3 GOSUB 158m: FOR § = 22 TO 372 UTnB 1; HTAB (S): PRINT " ATP .

“; GOSUE 2018: NEWT ~

84% VUTAB 12: HTAB (38): FRINT - AT / .

“: GOSUB 2016: UTAB 12: HTAB (39): FRINT " A": GOSUB 2010: UTAB 12: HTAB <
4@): PRINT " “: GOSUB 198&¢ GOSUE 1995

858 UTAB 12: HTAB (48): PRINT “A*: GOSUB 2610: UTAB 12: HTAB (39): PRINT
Ilncl

“: GOSUB 2818: UTAB 12: HTAB (38)>: PRINT “ADP

“: GOSUB 2a14
860 FOR S = 37 TD 28 STEP - 1: UTAB 12: HTAB (S): PRINT “aoF

"+ GOSUE 2818: NEXT
879 VUTAB 9: HTAB (337: PRINT "a": HPLOT 227,87 TO 2P7,123 - .
889 UTAB 19: PRINT "AS THE ELECTRON WAS PASSED ALONG THE SERIES OF CYT
OCHROMES, THE ENERGY NEEDEDTO JOIN RDP
AND INOKBANIC PHOSPHATE WAS TRAPPED. THUS A HULELULE OF ATP
HAS FGRMED.": GOSUB 1979
899 PRINT “HOULD YOU LIKE A DEFINITION OF QTP ' T
“: INPUT A%

T e

'9¢8  IF LEFT$ (A$-,1) = "N" THEN PRINﬁ 9RINT "OKAY, HE MWILL GO 6N...“: G0SuUB
, 1979: GOTO 940 ‘
919 IF LEFTE (A$-1) < > "Y" THEN PRINT : INPUT "PLERSE RE-ENTER YES OR

ND.-- WiRes GOTO SEE
928 PRINT U3$: PRINT "ATP -
FUNCTIONS A5 THE MAJOR CARRIER OF  CHEMICAL ENERGY IN THE CELLS OF ALL
LIVING CRGANISHMS. AS IT TRANSFERS ENERGYTO OTHER MOLECULES IT LOUSE
S 175 TERMINALPHOSPHATE GROUP AND BECOMES' ADP
.4: GOSUE 1978
933 PRINT "ADP \ .
CAN ACCEPT CHEMICAL ENERGY BY  _—~BRINING A PHOSPHATE GROUP, THUS IT
BECUHES ATF N\NJEi > L

.. $ .
3 [ - /
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- . ‘ ) ~ &
« IN THE CRSE OF PLﬂNTSa ATP ’ T V.
FORMS AT THE EXPENSE OF. SOLAR.ENERGY.": CDQUE 1974 . ) ‘
948  PRINT “IT IS BECRUSE UF THIS LIGHT ACTIVATED  PHOSPHORYLATION OF ADP

n

* 70 FORM. ATF" : o,
, THATTHE LIGHT REACTIONS OF PHUTOSVNTHESIS . HERE NAMED “PHOTO ~ PHOSPHOR
-+ WLATION. °": GOSUE 1976 L, S

953 PRINT "ATP . 5
AND ACF u)

MOLECULES HOUED TO ANDJFROM THE PATHHAY TO REPRESENT THE USE OF ATP

AND THE REFLENISHHMEMT OF ADF

BY THE DRRKREACTIONS OF PHOTOSYNTHESYS ELSEHHERE INTHE CHLOROPLAST.": GOSUB
v 1'{'?‘.1 '

960 UTEE {9: INPUT "NOH. WHAT MILL CAUSE PIF338 TO BE BUU?TEO TO A HIGHER.

% ENERGY LEUEL? ";@$ J

§70 IF LEFT$ (A$.3) = "LI" OR' LEFT$ (A$,3) = "PH" OR -LEFT$ (A$,3) = S

“ THEN PRIWT : PRINT. “YOU ARE.CORREET!": GOUSUE 1978: GOTO 1016

9?5 LEFT$ (A$da» = "EN" THEN PRINT ': PRINT "“Y0U ARE CORRECT. IF YOU
- HEQN LIGHT ~ ENERGY." : GOSUE 1570: GOTO 1816
980 “IE A% = "% THEN PRINT = INPUT “PLERSE TRY TO HNSNER THE QUESTIDNr":R

$: GOTO a7Fo
998 IF FLRG = 1 THEN PRINT U3$. PRINT “YOU ARE INCORRECT AGRIN.": HOSUB
. 1976 GOTO 1818 ’
1680 PRINT U3%: INMPUT “SORRY, ?ﬂU ARE, INCORRECT. THINK REOUT  WHAT HAPPE
NED TO P1@236 AND TRY TO ANSHER AGAIN-"SA$:FLAG = 1: \:0TO S7@ ~
1618 PRINT "THE COLOR OF LIGHT APPROPRIATE FOR PS I . '
STRIKES A RERCTIUE HOLECULE OF P1F338. THUS AN ELEL]RGN IS EACITED, CA "
UbING P1F339 TO BE RRISED TO R HIGHER ENERGY LEVEL.": GOSUB 197

1626 UTyg 19 PRINT "IF THE LIGHT SOURCE IS ﬁUPNED OFF, THE ENTIRE PATHH
HUTS DOWN‘ AT THE REACTIVE CHLOROFHYLL MOLECULES. THAT “IS,N
0° ELECTRONS an BE PASSED FROM THESE ~ HOLECULES IN THE DARK.": GOSUB
1876
1630 INPUT "WHAT MUST BE MISSING FROM O P1F330 MOLECULE» AT THE MD °
"LECULAR LEVEL. BEFOREIT CAN HCCEPT AN ELECTRON FROM A CYTO-  CHROME M
. OLECULE? “;M% o
1848 IF'A$ = “" THEN , INPUT "PLEASE TRY TO RNSNER<\mE QUESTION-";R$: GOTO
1048 ‘
1656 . IF LEFT$ (A$,4> = “AN E" OR LEFT$ (A$,3) = "A E" DR LEFTS CA$.1) =
“E* THEN PRINT U3$: PRINT "ELECTRON® IS LURRELT'“' FRINT : GQTO 187
%] s
1660 PRINT U3$: PRINT “SORRY, ‘":A$:“‘ IS INLUFRECT.“' PRINT PRINT “RENM N
EHPER», A HOLECULE CANNRT ACCEPT AN  ELECTRON UNLESS IT IS MISSING AN~ ~
ELECTROM.": Z0SUE 1978: GOTO 1@80
1678 PRINT “YOU REMEMBERED THAT A MOLECULE.CANNOT  ACCEPT aN ELECTRDN UN
LESS IT IS ALREADY MISSING AN ELECTRON.": GOSUB 1978 ,
1888 INPUT "TO SEE WHAT HAPPENS WHEM LIGHT STRIKES PS I
» PRESS ' <RETURN .
>.";As , s
1698 PRINT U3$: HPLOT 108,186 TD 75,99 e
11690 60SUB 1980: UTAB 13% HTAR (&): PRINT “P1F33@": S0SUB 1989: HCOLOR= &
¢ HPLOT 108,106 TO 75,99: GOSUB 1988

A%

»
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Ah

+ 1110 HPLOT 52,18 TU 52,95: UTHB 3: HTAB (8). FRINT " ": GUSUB 1980: HLULGR—
3
1126 HTAB (11): UTHB.12 PRINT *» ®
1138 FOR S = 13 TO 3 STEP -~ 1: HTAB (B): UTAB S + 1: PRINT * it UTQB'
i S: HTAB (€): PRINT "P1IF33g": GOSUE 2018: HNEXT
1146 - UTAB 3: HTAR (37: PRINT "P1F3«U “: 50SUB 1956 :
1136 VUTAB 2: HTAEB (E): PRINT “10@": GOSUE 1998: UTAE 2: HTAB ¢E): PRINT *
"+ UTAB 1: HTAB (7): PRINT "iD@%: GOSUB 1996: UTAB 1: HTAB (?»: PRINT
“ s HTAE (£2: UTRE 1: FRINT “i[m"
1166 HTRB (3>: PRINT "2": UTAB 3: HTRB (3): PRINT “P1F330+" Y
© 1170 GOSUB 192@: GOSUE 1930 , . '
1188 VUTAB 3: HTAB <(3»: PRINT " P1F338+": GUSUB 2010
1190 FOR S =2 TO 12: HTAE (Ej: UTAE S: PRINT ™ " HTﬂB {6J): FRINT " .
PIF330+": GOSUB 2910: HEXT . .
‘1286 VUTAB 19: PRIMT “P1F33@ IS NOW AT A LOWER. ENERb? LEVEL BUT HILL NOT R
ETURN TO ITS GROUND STATE- LNTIL IT RCCEPTS ANOTHER ELECTRON.": GOSUE ¢

1979
1216 PRINT “THE MOLECULE'‘2” NOW PRSSES THEELECTRONDOMN AN ENERGY GRADLE
" NT TO FERREDCXIN: AM IRON PROTEIN.": PRINT : INPUT "PREbs <RETURN .
. > TO SEE THE TRANSFER.™:R$ _
1226 FRINT U3% ) ~
1238 FOR S = 8 TO 12: UTAB 1: HTAB ¢S)>: PRINT " “: UTAB 1: HTAB ¢S + 1): PRIN
“1D:": GOSUE 2018: NEHT ) \
1248 UTAB 1: HTAB (13J: PRINT “ “: UTAB 2: HTAR (S): PRINT "Z": UTAB 2: HTAB
€14>: PRINT “108": HTAE (13): PRINT "FERR%?bHIN“ - .
1256 UTAB 3: HTAE <S> PRINT “a%: HPLOT 52,18 A0 52,92
1260 VUTAE 19: PRINT. "IF THERE IS SUFFICIENT HRDF '
+ TO ACLEPT ELECTRONS FROM FERREDOXIN, THEN FERREDOXIN DONATES IT
S ELECTRONS TO NROP
+. FOR EVERY THD ELECTRONS DONATED, ONE HOLECULE OF NADPH - {

IS FORMED.": GOSUE. 1974,
1278 PRINT "HOULD YOU LIKE A DEFINITION OF NRADP - e
“: INFUT As A ‘=
1238 IF LEFT$ ¢(A$,1) = "H" THEN FRINT : FRINT "OKAY, WE WILL CONTINUE D
. ISCUSSING THE THO ELECTRONS NEEDED TO FORM NREIFH
.": GOSUB t978: GOTO 1320 ‘ )
1298 IF LEFT$ (A%;12 < > "% THEN PRINT : INPUT "PLERSE RE- ENTER YES O .
R NO...";H3$: GOTO 1a-ﬁ . ) '
1390 PRIMT U3$: PRINT “MED
P IS AN ORGAMIC MOLECULE THAT CRRRIESELECTRONS FROM ELECTRON DONORS TO .
ELECTRON ACCEFTORS.": GU3UE 1&7@ - .
1310 PRINT "IN THIS CHSE, NADP
ACCEPTS ELECTRUNS FROM FERREDOUXIN AND CRRRIES THEM TO THE PART OF THE
CHLOROPLAST WHERE THE DARK REACTIONS OCCUR.": GOSUE 1978
1315 PRINT “"THE ELECTRONS HRE THEN DONATED TO AURIL-ABLE ELECTRON QCCEPTU
RS IN THE [ARK REACTIONS. ": GOSUE 1974
1320 INPUT "“FROM WHAT MOLECULE INVOLVED IN THIS PnTHan DO YOU THINK
: \THE SECOND ELECTRUONCOMES?® ";A$
1339° IF A$ = "“ THEN PRIMT : INPUT “PLEARSE TRY TO nNSHER THE QUESTION-";
Afs GOTO 1338
1340 IF LEFT$ (H$,2) = "HA" OR LEFT$ (A$,2) = "H2' OR LEFT$ (A$,3) =
P68 THEN PRINT : PRINT “‘HATER‘ IS THE BEST ANSHER.": GOSUE 197@: COTD

1370
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1350 IF FLAG = 2 THEN PRINT "“YOU ARE INCORRECT RGAIN.": GOSUB 1978: GOTO
. 1374 : . __ . .
1359 PRINT U3s: PRINT “7*;A$;"/ IS INCORRECT.": QIMPUT "THINK ABOUT WHERE
., THE FIRST ELECTRON CAME FROM FND TRY TO ANSHER RGAIN-";A$rFLAG = 2
! 3 GOTO ¥349 . , . . N
1370 - PRINT U3$: FRINT “THE SECOMD -ELECTRON HILL COME FROM P18230,KHICH OR
__%GINQLLV ACCEPTED IT FROM WATER-IT HILL FOLLOW THE SAME PHTHHAY THAT
HEF IRST EAECTRON DID BECAUSE A MOLECULE OFNRDP
+ IS RUARILFELE TO ACCEFT IT.": GOSUE 197@ - . .
1380 PRINT "SINCE FERREDOXIN IS ONLY A ONE-ELECTRON CARRIER, THO MOLECULE
S OF IT 'ARE NEECED,OME FOR EACH ELECTRON. THESE ELECTRONS THEN CONVE
RGE ;9 FORH ONE MOLECULE OF  NADPH ‘ .
FROM NAD ' N
.y GOSUE 1970 ) N '
1339 INPUT “A HYDROGEN ION IS ALSO MEEDED TO FORM- NRDPH
_ FROM NADP . - : .
+. OF THE MOLECULES WE HAVE DISCUSSED SO FAR, KWHICH DO YOU THINK SUR
PLIES THE HYDROGEW ION? ";A%F ' .
1499 IF R$ =.°" THEN PRINT : INPUT "PLERSE TRY TO ANSHER THE QUESTION-";
‘A%: GOTO 1400 R . ‘
1419 IF LEFT$ (R$,2) = "WA" OR LEFT$ (A$,2> = "H2" THEN PRINT "“HATER’
1S THE CORRECT ANSHER RGAIN!": GOSUE 197@: GOTO. 1438 :
1420 . PRINT “/“;A%;"/ IS IMCORRECT.": GOSUB 1§78 . |
1430 - PRINT “THERE MAY BE OTHER SOURCES OF HYDROGEN ICNS IN THE CHLOROFLA
ST, BUT WATER SPLITS AND DONATES THE HYDROGENS TO NADP
- 4 WHEM LIGHT IS PRESENT.": GOSUE 1978 ~ . TN
1446 UTHR 19: PRINT "LET’S ASSUME THAT THE SECOND ELECTRON HAS ALREADY
BEEN RCCEPTED EY A, SECOND MOLECULE OF FERRELOKIN.": PRINT = INPUT *
T0 ADD THE SECUND FERREDOXIN TO THE PATHHAY»> PRESS <RETURN
MiAF . ” _
1456 PRINT U3$: UTAB 1: HTAB (13>: PRINT "FERREDOXIN 1D8": UTRB 208: INPUT
“NOW, TO FORM NAOPH ‘ . .
» PRESS <RETURN ‘ _
RS . : "
1480 PRINT U3$ - :
147 UTAB 16: HTEB ¢(26): PRINT "H+': HTAB (25): PRINT * ": UTAB 15: HTHB
¢26): PRINT "H+": HTAB (Z&»: PRINT "
1489 HCOLOR= B: HPLOT 227,57 TO 227,123: HCOLOR= 3 .
149p  GOSUE 1820 ‘ - .
156 FOR S = 25 TO 34: HTAB (S): UTAB 15: PRINT " H+": GOSUB 201@: NEXT
1516 HFLOT 227,87 TD 287,123 _
1528 FOR S = 15 TO 5 GTEP - 1: HTAB (35): UTAB S: PRINT " "z HTAB (35):
UTEE S - 1: PRINT "H+": GOSUB 2018: NEXT . . .
1538 FOR'S = 14 TO 23: UTAB 2: HTAB (S>: PRINT " 1D9": GOSUB 208B: NEXT

9 .

1548 UTABR 1: HTAR ¢24>: 'PRINT " “: UTAE 4: HTHB (24): FRINT "10@": GOSUB
2809: UTAB 2: HTAB (=24): .PRINT * ": UTAB 5: HTAB (24): PRINT "“1Da": BOSUB
2000: UTFHR 4: HTAE (24): PRINT " “: HTRAE (ZE): PRINT “1D@": GOSUB 2¢9
9 .

1550 FOR S = 24 TO 2u: QTRB S: HTAB (S): PRINT, * 1D D:": GOSUB 208@: NEXT

1568 UTHAB S5: HTAB (33): FRINT W we UTAE 1: HTAE °(13>: FRINT " "3
GUSUB 2099: UTAB S: HTAB (31): PRINT * 1D@": UTAB 5: HTAB (33>: PRINT
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“ #s UTAB 3: HTAB (13>: PRINT “FERREDCXIN"
1579 UTRB 4: HTAB (29)>: PRINT “"NADP H
" “: 60SUB 1980:—UTAB-2: -HTAB (29): RRINT “NADPH.
‘2 UTQB 4: HTRAB <23): PRINT " "
158@ GOSUB 1990z FOR S =29 JO 35: UTAB 2: HTAB (S): PRINT " NAQFH
“: GOSUB 2@109: NEXT L ’ ¢
159@ UTAB 2: HTAB (36): PRINT " NADP : .
“: 60SUB 2516: B 2: HTAB (37)>: PRINT ¥ NAD ‘ '
“: 60SUB 2018: WIAE 2: HTAB (3&)>: PRINT. " NR
. GOSUB 20810:, UTFB 2: HTAB ¢(39): PRINT “ N*: GOSUB 2010:) UTAB 2: HTAB, (48
’ 22 PRINT ws: GOSUR 198@: GOSUE 1394
16 UTAB 4: HTRB (4m): PRINT "Nz GOSUB 2018: UTAB 4: HTAB (39)¢ PRINT *
NA": GOSUB Z@1&: UTAB 4:. HTRE (38): FRINT "HAD )
“: GOSUB 2919: UTAB 4: HTAB (37>: PRINT “NACOP : .
“: 60SUR 281@: UTAR 4: HTﬁB\(38):yP@JNT “NADP- )
T GOSUB 20819 ’ g '
16180 FOR S = 35 TO 29 STEP -~ 1: UTAB 4: HTAB'(S>: PRINT “NADP

+,": GOSUB 2019: NEXT r,
1620 UTAB 19: PRINT "THE HOUEHENT OF NRDP
+ AND NADPH

’ MOLECULES TO HND FROH THE PRTHHR? REPRE-SENTED THE USE OF NADPH
AND REFLEMISH~-. MENT OF NACP .
+ BY THE DRRK REACTIONS OF PHOTOSYNTWESIS.": GOSUB 1979
1630 PRINT “HHEN THO MOLECULES OF FERREDOXIM ABRIN HAVE ONE ELECTRON EAC
H TO DONATE» THEY WILL PASS THEM TO MADP -
+ IF IT IS RVUAIL— ABLE.": GOSUE 1976
1640 .PRINT “"THE PATHWAY THAT HE JUST . TRACED YHRP«JGH.ENDIN!: HITH THE FORMA
TION OF HADFH .
> IS CALLED NON-CYCLIC . \\
PHOTOPHOSPHORYLATION. “: Ggf?B 1978
0
P

+

16560 PRINT "IT IS CALLED “MON-CYCLIC’ BECRUSE ELECTRONS ESSznNTIRLLY
FLOW FROM WARTEE TONAD .

+ HITHOUT CYCLING BACK TO P1F338.": GOSUB 1570

1668 PRINT CHR$ (25);:U3% :

16v0 PRINT "THAT’S 1T FOR NON‘C?CLIC PHOTOPHOS— PHORYLATION. HOULD YO
U LIKE TO": FRINT
1638 PRRINT " 1) REVUIEH THIS SECTION ON NON-CYCLIC PHOTDPHOSPHDRV

LATION": PRINT = FRINT " 2> 60 ON AN LERRW AEQOUT CYCLIC
PHOTUPHObPHURVLQTION."' PRINT : PRINT “OR 3> EXIT FROM THE PROGRAM

1698 PRINT : INPUT "HHAT IS YDUR CHOICE (1, 2 OR 337 "3A%: PRINT
1768 IF VAL CA%) = 1 THEN 418: END
1716 IF UAL.CA$> = 2 THEN PRINT "PLERSE BE PATIEMT WHILE THE PROGRAM IS
LOARING. <. ": PRINT CHR$ <4);"RUN FHOTOPHOS 3": END
1720 IF VAL CA$> = 3 THEN PRINT U3%: PRINT “I HOPE YOU BENEFITTED FROM
© THIS PROGRAM.": FRINT “THRENK YOU."“: END
1736 INPUT “THAT k3S NOT ONE OF THE CHOICES; PLEASE RE-ENTER-";A$: GOTO 1
vaa: END
1748 REM DRAW PRATHWAY SUBROUTINE

17586 P éNT CHR$ (25)U3%: HTAB (1)>: UTAB 12: PRINT CHR$ (23);"ENERGY
"5 CHRE$ 923
1768 * HT

B (1): UTHB 1» PRINT "HIGH": HTRB (B)>: PRINT "“2": HTAB (13>: PRINT

'
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“FERREDOXIN": HTAE (1): UTAB 17: PRINT "LOW"
1778 UTAB 3: HTAB (12): PRINT “>": HPLOT 156,20 TO 181,20

195@ VUTAE 19: PRINT CHR$ (22): RETURM .

1958 REM PARUSE & PRESS RETURN SUBROUTINES . RN
197@ UTAB 24: INPUT “PRESS <RETURHM )

> TO CONTINUE"3A$: PRINT U3%: RETURN

198@ FOR PAUSE = 1 TO 12e@&: NEXT : RETURN

1980 FOR PA = 1 TO 4@88: NEXT : RETURN ‘ .
+ 2008 FOR PA =1 TO 188: NEXT : RETURN- _ - :
2018 FOR PA = 1 TO 1wB: NEXT = RETURN
: \ | ' o .
N - 2‘\;'
( \
. .
* Y

B20

176@ HPLOT 57,11 TO 79,19 - .
1736 UTEB 2r HTAB (27): FRINT F$ . ’
186@. UTHB 4: HTAB <23)>: PRINT “NADP : c/
41 . . [ , .
1818 FOR § = 2 TO 15 STEF 3: HTAB €3>z UTRAB S: PRINT “-*: NEXT
1820 HTAE (33): UTAB 8: PRINT "@" '
1830 VUTAB 17: HTAB ¢32): PRINT “P10238% . ’ .
184@ UTAE 13: HTAB <¢6): PRINT “P1F33a-+" e
1858 UTAB 3: HTAB (89 PRINT “a® '
1868 HPLOT 52,18 TO 52,92 .
1878 VUTAB 9: 'HTAB ¢33): PRINT ™a® -
1886 HPLOT 227.67-TQ 227,122 v .
. 1890 UTAB 11: HTAB < 19): PRINT “CYT" . .
182 UTAB 13: HTAB ¢11): PRINT <" \
‘ 1910 UTAB: 18: HTAB ¢(24>: PRINT B$ .
192 .HPLOT 221,62 TO 147,8@: HPLOT *123,86 TQ 72,106
1930 UTAB 12: "HTAB (58)- PRINT “RpP
1948 HPLOT 98,148 TD 579.149 v




108 GOTD 209

118 FOKE 103,1 ¢

126 CHLL 1992 .

128 CALL 6144 ~

148 PRINT THR$% (16): INPUT "PLEASE DON’T PRESS <RESET

- > DURING THiS PROGRAM! PRESS {RETURN

> TO RESTRART THIS RART OF THE PROGRAM. A%

260 REW THIS PROGRAM Hﬂé DEVELIPED BY THE SUMIT I CUUF“EHQFE DELELDFHENT
PROJECT, CEFARTHENT YOF BIOLOGICAL SCIENCES. HICHIGAN TECHNOLUGICHL U

- NIVERSITY, HOUSHTOM,. MI. 49331
218 FEM THIS MATERJAL IS EASED UPON HORK SUPPURTED BY THE NRTIONAL SCIEN
CE FOUNDATION UNDER GRANT NUMEER SED-7813031 ' ¢

228 REM™ ANY OPINIONS, FIMDINGS, AND CONCLUZTONS OR RECUMHENDATIOMNS EXPRE

" SSED IM THIS PUELICATION ARE THUSE OF THE AUTHORS AND DO NOT NECESSAR
ILY REFLECT THE VIEWS OF THE NATIONAL SCIENCE FOUNDATION

230 REM SUBPROGRAM ¢ PHOTOPHOS 2 OF PHOTOPHOSPHORYLATION -

248 FEM BRSED OM PUBLICHTIONS BY STRYER (1931 > AND LEHNINGER (1975)

258 REM DESIGNED EY CATHERINWE LEECE .

260 REM  PROGRAMMED BY CRTHERINE LEECE -

278 REM IMTITIALIZE VARIABLES

208 U3$ = CHR$ (162: PRINT U3$

299 SCC1) = @:SC = B: PRINT CHR$ (12):CUE = @ .

P F$ =" . » ‘

1ABEI G" . ' ‘ '

318 B$ = "1 GHKL  Md"

320 E$ = “1AJEIEA" ) :

4p3 REM MAIN PROGRAH e

41@ PRINT CHR$ (2875 CHRs (12> quUB '@1u

420 VUTAB 13: PRINT "THIS PATHWAY REPRESENTS WHAT BIOLOGISTS BELIEUE TO BE

« A IS

-

CQYCLID -
PHOTOPHDS— PHDR?LHTIUNZ NOTICE THAT IT CONTRINS PDRTIUNb OF TH

E NON-CYCLIC PATHMAY.": GOSUE 2214 ‘ -
439 * UTAB 13: PRINT “BIOLDbISTS BELIEUE THE PLANT UTILIZES  THIS PATHWAY .

» WHENW NADF .

+ 1S NOT AVRILABLETO ACCEPT ELECTRONS FROM FERREDOXIN.": GOSUB 222@ “ -
440 PRINT “HROF «
+ WILL BE REHOUED FROH THIS PICTURE BECRUSE HE HOULD LIKE TO SEE HHRT /

ONS.": INPUT “"PRESS <RETURN
> TO DO S0. ;s S \
458 PRINT u,é FOR S = 2 TO 4: VUTAB S: HTAB <(23>: PRINT " " NEXT
. -, . N
460 VUTAE 18: PRIMT “LET’S ASSUME THAT AN ELECTRON HAS ALFEADY | BEEN '
BOOSTED TU A HIGHER ENERGY LEVEL BY LIGHT. nND,Pnsssn\ij7n HHTER TOFE

HAPPEHS WHEN IT IS*NOT AVAILABLE TD THE PHOT(PHUQPHURVLHTIUN\CEHCTI

RREDOXIN UIR NON-CYCLIC: PHOTOFHOS- - PHORYLATION.

479 VUTAB 24: INPUT “TO SEE THE ELELTRON, PRESS <RETURN

>"5H3: FRINT U3g '

488 UTAB Z: HTAB (14)>: PRINT “1D:B": HTRB (13): PRINT *“FFERREDOXIN®

480 VTRE 19' PRINT “THIS HERNS THAT FERREDOXIN NEEDS JO DONATE THE EX
CITED ELECTRON TO AN ACCEPTOR SO IT CRN BEC\HE A STRBLE MO~ .
LECULE.": GOSUE 2218

569 VUTAB 18: PRINT “SINCE NRADP

L3




+ 1S UNAUAILABLE, THE ELECTRONIS DONRTED T0- A CHAIN OF UARIOUS CYTO- CHRO
ME MOLECULES.": GOSUE 2214° -
'S51p UTAB 13: PRINT “AS IN_ THE NON-CYCLIC PATHWAY, THE ELECTRON LOSE
S SOME OF .ITS ENERGY TO  EACH CYTOCHRUME, AND SOME OF ITS ENERGY- 1S
TRAPPED TO FORM A MOLECULE_OF ATP -
.": B0SUE 2210
528 VIAE 15: PRINT “BECAUSE F1F338 DOMATED ITS ELECTRON TO - .FERREDOXIN
) ~HHEN ACTIVATED B¥ LIGHT, IT HAS A NEED FOR AN ELECTRON. THEREFURE
¢ IT ACCEPTS THE ONE PASSED ‘DOHN‘ THROUGHTHE CYTOCHROHE CHAIN.": GOSUB
. 2218
538 UTAE 18: RRINT "UNLIKE THE FORHATION OF NADPH
» ONLY OHE
MILECULE 0OF FERREDOXIM IS NEEDED TO DONATE AN- ELECTRON THROUbH THE CY
TO-  CHROME CHAIf EACK TO PIF334.
535 INPUT “TO SEE FERREDOXIN DUNATE THE ELECTRON. PRESS <RETURN
Voo ' iAE o
548 PRINT U3% . . ] !
558 UTAB 2: HTAB (14): PRINT " ":H = 14
S6d FOR § = 4 TO 11: UTAE S: HTRB (H): FRINT "10@": GOSUB 2250: UTHE S: HTAE
CH»: PRINT * ® '
S79. IF S < 7 THEN H.= H - 1z GOTO 598,
* 588 IFS' > 7ANDS/< 18 THENH =H — 1: GOTO 520
¢ -S588  NEM
660 UTAE 12: HTAB K18: PRINT "10:6": GOSUB 2230: UTAB 12: HTAB:(18): PRINT
W ons HTRE ¢1@4: FRINT “ *
510 UTAE 3: HTEB (13): PRINT "FERREDOXIN': GOSUB 2238: UTAB S: HTAB (16):
PRINT “A0P - . .
n: GOSUB Z228: UTAB 7: HTAB (16): PRINT "ATP
“: YTAR S: HTAB C16): PRINT ™ " .
620 GOSUB 2539: FOR S = 16 TO 37: WTAB 7: HTAB ¢(S): PRINT " ATP
. % GOSUR 2ZE&: NENT
630 UTAB 7: HTAB (38> PRINT “ AT .
s GOSUE 226@: UTAE 7: HTAB (39): PRINT ™ A ‘
“: GOSUE 2258: UTHB 7: HTAB (48> PRINT " ": GOSUB Azza. G0SUB 2230 -
640 ggns 5: HTAR (4@): FRINT "A": GOSUB 2260: UTHE S: HTAE (38): FRINT "

~

*
-

“: GOSUB 2269: UTAB S5: HTGE (38>: PRINT "ADP
“: GOSUE 2254 ] ~
656 FOR S = 37 TO 16 STEP - 1: UTAB 5: HTEB (Sx: PRINT .“ADP

“s GOSUE Z268: NEXT ’ :
669" IF CUE < » &1 THEN RETURN
678 UJAE 18: PRINT "THE FORMATION OF RTP

IN THE CYCLIC PATH-HRY KEEPS ATP

SUPPLIED TO THE CELL IN. THE ABSENCE OF NON-CYCLIC PHOTOPHOS-  PHORYLA .

TION.": BOSUE 2210 P

680 FPRINT "IF-THERE IS A SURPLUS OF ATP

» IT CAN BE USED FOR OTHER.SYNTHETIC PROLEngS, IN ACDITION TO THE DARK R
EACTIONS.": GOSUB 2218 . '

_ 690 INPUT "RS P1F33@ NOW IN ITS GROUND STRATE? “iH% '
788 IF.A$ = "" THEN FPRINT : INPUT “PLERSE TRY TO ANSHER THE QUESTION-";R '

-




4

719
720

739

748
750
769

778
789

]

$: GOTO 7@ : -
IF LEFTS (A%,1) = “v" THEN PRINT : PRINT 21¥0U ARE CORRECT.": GOSUB
2290: GOTO 730 -

PRINT "YOU ARE INCORRECT. THINK ABOUT WHAT CAUSED P1F336 TO RETUR

. N TO-ITS GROUND STATE-IN NUN-L?LLIC PHOTORPHOS- . PHORYLATI

ON.": GOSUB 2210 . ‘
PRINT “SINCE P1F33%9 ACCEPTED THE ELECTPDN THAT  PASSED THROUGH THE C ¢
YTOCHROME .CHAIN, IT FULFILLED ITS MEED FCR AM ELECTRCN. THUSIT RETU?N
ED TO ITS GROUND STATE ENERGY LEVEL.":.GOSUB 2210

INPUT “1IS FS IT ‘

(P1v23@)> INVOLVED IN CYCLIC PHOTOPHOSPHORYLATION? “;A%

IF A% = """ THEN PRINT & INFUT “PLEASE TRY TO ANSHER THE QUESTION-";R

$ r
IF LEFT$ (A%,1) = "N" THEN PRINT : PRINT “YOU ARE CURRECT.": GOSUB .

2218: GOTO ?ag - e -

PRINT FRINT "¥YOUR RANSHER IS INLURRECT.": (0SUB 2219

PRINT “THE-ELECTRON HHICH FILLS THE ‘ELECTROM HOLE- IN PIF33@ CPS I

> 1S COMSTANTLY RECYCLED, THUS THE REACTIVE MOLECULE IN PS II

Y (P16239) 1S NOT NEEDED TO DONATE AW ELECTRON.": GOSUE =214

. 799 PRINT "P19230 WILL STILL BE ACTIVATED WHEN LIGHT STRIKES PS II

» BUT IT HILL NUT BE RELE TO PASS ITS EXCITED ELECTRON UERY FAR  HLONG T

IS

209
81v
829

HE NOM~CYCLIC FPATHWAY WHEN THE  PLANT IS UTILIZING THE BYCLIC PATHHA
Y. 's GUSUE 2218 .
INPUT "PRESS RETURN TO SIMULATE LIGHT 'STRIKING P1F330...":R$

FRINT U3s . .
UTAB 13: HTAB (19): FRINT "LIGHT//

": GOSUE 2228

839

949
asa

960 UTAB 13: PRINT "AS LONG AS 1) NADP
+ MOLECULES ARE AUAILABLE AND 2) LIGHT OF THE MPFRO- FRIATE WAVEL ¢
ENGTH IS PRESENT, THE EXCITED ELECTRON HILL CONTINUE TO CYCLE."

.= B23

UTAB 13: HTAB (18): PRINT “<": HPLOT 125, 99 TO 65,99: LGOSUB 222B: VUTRB
13: HTAB ¢6): PRINT "P1F33@": GOSUE Z2220: HCUOLOR= s HPLQT 1¢Vx39 TQ

65,99: UTAB 13: HTAB (10> PRINT " “: GOSUB 2220

HPLOT 52,18 TO 52,95: UTABR 3: HTAE (9)' PRINT "oty bUHUR/fEhB. HCOLOR=
3z UTAB 13: HTAB ¢(3): PRINT "PMk339 *

FOR S = 13 TR 3 STEF - 1: HTAE €S> UTAE S + 1: PRINT *  ": UTRE &
: HTAB (5)>: FRINT "P1F339": GOSUB 2280: NEXT ”

UTAB 3:- HTAE (3): FRINT “"PIF33@ ": GOSUE z7Za - ’

UTAB 2: HTEB (5): PRINT “1D16": GOSUB 223B: UTAB.2: HTHAB (B): PRINT *
“s YTAB 1: HTAE (7): FRINT "1C@": GOSUE 2238: VUTRE 1: HTRE (?). PRINT
" “‘ HTAB (8>: UTAB 1: PRINT "1Dg"

HTRB ¢8): PRINT “2": MTAR 3: HTAEB (3):" PRINT "PIF338+": GLCLIE ZCLU

UTAB 3: HTRB (32: PRINT * “; UTAB 3: HTAB (4): PRINT “PIF33o+"

FOR S = 3 TO 12: HTRAE (4): VTAB S: PRIHT—' “s HTRB ¢4): FRINT “P
1F330+": EDHUB 2268: NEXT ’

UTHB 13: HTAE (4): PRINT * P1F3?B+"

FOR S = 8 TO 12: VUTAB 1: HTAB (S>: PRINT " “: UTRB 1: HTRB ¢S + 122 PRINT
“100": GOSUR 2250: NEXT
UTAB 1: HTAB (13): PRINJ “ “: UTAB 2: HTAB (83: PRINT "2": UTAB 2: HTAB

¢14): PRINT "i08": HTABY(13): PRINT “FERREDURIN®
‘UTAB 3: HTAB ¢8): FRINT “a®": HPLOT 52,18 TO 52,85
CUE = 1: GOSUE 340

~




: 60sue 2214

978 UTRABR 19: PRINT “THIS ENDS THE EXPLANATION OF €YCLIC PHOTOPHOSPHOR |
VLATION. NEXT YOU HILL BE PRESENTED HITH 5 GUESTIUNS. EARCH GOES- TI
ON MAY DEAL WITH THE CYCLIC OR NON-  CYCLIC PﬁTHHRVS, OR BUTH_". GOSuUB

2210
972 INPUT “HRUE YOU TRKEN THE UPCOMING uu12 BEEORE (I.E. WILL THIS BE AR
EVIEW FOR YOU)X?  “;R3$

973 FRINT U3s: IF LEFT$ (R$,1) = "Y* THEN 1409
974 -IF 'LEFT$ (A$,1> < > “N" THEN PRINT : INFUT "PLEH¢E FE-ENTEF~";H$. bUTU

973
989 UTAB 19: IMPUT "WHEN YOU RRE THROUGH EXAHINING THE - CYCLIC PATHHA
) Y SHOWN HERE, PRESS {RETUFN

> FOR THE FIRST BUESTION. REMEM- BER, YOU WILL 'GET A CHANCE TO SEE THE E
NTIRE FATHHAY RGRIN LATER. ";R$ '
993 REM (GUESTIONS s
1668 PRINT CHR$ (232;U3%
1629 PRINT "1) CYCLIC 2> NON-CYCLIC 3) BOTH 1 & 2": PRINT .
1030 PRINT "RESPUND TO EACH QUESTION BY ENTERING THENUMEER 1, 2 CR 3, DEP
ENDING ON HHICH CHDICE CORRECTLY RANSHERS THE QUESTION:*
£B4Bn UTAB 8: PRINT CHR$ ¢22): INPUT “HWHICH PATHHAY PRODUCES NET ATP
B - ;
1658 IF VAL (A%$> = 3 OR LEFT$ (R%,1) = “B" THEN SC(1)> = 1: PRINT, : PRINT
“YOUR ANSHER IS CORRECT!": GOSUE 221&: GOTO 1uc5 .
1850 PRINT : PRINT "YOUR ANSHER IS INCORRECT. BOTH THE . EYCL1IC QNU,NO
N-CYCLIC PATHHRYS FRUODUCE RTR..T ) .
HIS RESULTS IN R NET GAIN OF ATP
- HHICH CAN BE USED IN THE DARK RERLTIONS OF PHDTOSYNTHESIS OR IN OTHER sY
NTHETIC" .
1678 PRINT "PATHHAYS HHEN IN SURPLUG.“: bOSUB 2819 ,
i@B@n INPUT “HHICH PRTHHAY INVOLVES F“ II i ’ . .
Q. u' S . ’
1630 IF VAL ¢R$)> = 2 OR LEFT$ (A$,1> = "N" THEN SCC1> = SC(1) + '1: PRINT
: . PRINT “YOU ARE CORRECT. THE GYCLIC PATHHRY ONLYIMVOLVES FS I .
. GDSUB 2219: G0TO 1119
11@8 PRINT = PRINT "Y0U ARE INLORRECT THE NON-cvCLfC 1S THEONE HHICH INV
b 0 UEH PQ 11
AS HEL P5 I.
THE CYCLIC FATHHAY OMLY INUOLUES PS I
.": BOSUB 2219 - .
1118 . INFUT "HHICH PATHWRAY PRODUCES OXYGEN? “,Rs a
1120 IF VAL <(A%> = 2 UR LEFTY (A%,1> = "N" THEN SC{1» = SCC1) + 1”‘FRINT

: PRINT "YUUR ANSHER IS CORRECT! HHEN LIGHT STRIKES.PS 11
» A HOLECULE OF HRATER SPLITS RND RELERSES UXYGEN.": cOslE 221@: GQTO
1140
1136 PRINT : PRINT “SORRY, YOU QRE INCORRECT. SINCE THE NON-CYCLIC PATHHRA ¢
¥ IS éﬂ ONE HHIGH INUOLVESHRTER, IT IS THE ONE THAT FRODUCES | OX
YGEN WHEN A HATER MOLECULE SPLITS.": 50SUB 2216

1142 INPUT "WHICH PATHHAY TAKES PLACE UNLY IN THE LIbHT7 iR

11590 IF UAL (A%) = 3 OR LEFTS CA$,1) = “B" THEN SC(1> = SC(1) + 1z PRINT
: PRINT "YQU HRE F.IbHTl Wy GOSUR 2210 GOTO 1179

1158 PRINT : PRINT “YOU RRE NOT RIGHT. THE ENTIRE PFOCESS OFPHOTOPHORPHOR

YLATION REQUIRES LIGHT. THEREFORE BOTH PATHHAYS REQUIRE LIGHT. RE




. -/ -~

/ - | ;

(

HEMBER ‘HOH 'THE PATHHAY GOT ITS NAME.“: GOSUB 2218

1179 . INPUT “P1F332 IS THE RERCTIVE €HLOROPHYLL _  HOLECULE OF HHICH F
ATHHRY? " 5A$ . ) : , o

1188 IF UAL (A$» = 3 OR LEFT$ (As$,1)> = "B" THEN SCC1> = SC(1> + J: PRINT
: GOTO 1220

1133 PRINT : PRINT "SORRY, YOU ARE NOT CORRECT. YOU HUST ~ HRUE FORGOTTE

. N THAT P1F336 IS THE REACTIVEMOLECULE IN PS 1

» AND PS I - ’ »

IS IMVOLVED IM BOTH PATHWAYS. RLSO, DD NOT FORGET ~ THAT THE RERCTIVE 0L
ECULE IN ERCH * . - !

1299 PRINT \PIGHMENT SYSTEM DUES MOT MAKE UP THE ENTIRE PIGHENT SYSTEM
. THERE ARE OTHER PIGMENTS INUOLVED ALSC.': SOSUB 2218 ° \

1218 GOTO 123 T ) L ‘

122 PRINT “G00OD FOR YOU, YOU GOT THIS ONE RIGHT!  YOU MUST HAVE REHEHBE
RED THAT P1F33@ IS . THE REACTIVE MOLEGULE IN FE 1

» AND PS, I

15 INVOLUED IN BOTH PATHHAYS.": GOSUB 2210

1239 PRINT CHR$ (25)5U3$:iSC = (SCC12 ~ 5) % 1@@: UTRAE 4: FRINT "¥0U CURR

ECTLY ANSHERED "sSCC12;* OUT OF 5: PRINT “OF THESE RUESTIONS.": PRINT

, : PRINT "THIS GIUES YOU R PERCENTILE SCORE OF“: PRINT &Cj;"i.”

1235 PRINT : PRINT "KEEP THESE.QUESTIONS IN MIND WHEN YOU ~REVIEW THE SI
: HULATION OF THE ENTIRE PHOTOPHUSPHORYLATION FATHWAY LATER ON."

' 1249 UTAB 22: INPWT "PRESS <RETURN . '

> FOR A HRITTEN SUMMARY UF PHOTOPHOSPHORYLATION.":RS$

12580 'REM SUMMARY T ' i :

1258 PRINT .CHR$ €25:;U3%2 PRINT “YHE OUTSTANDING/ FEATURES OF CYCLIC AND

NON-CYCLIC PHDLQPHGSPHDR?LRTIUN ARE SUMMRRIZED BELUM.“: FRINT

.

1270 PRINT “NON-CYCLIC - . . .
Cz': PRINT * 1) INVOLUES PS.I  ° : . o

AND, FS 11 T - \

*: PRINT " 2> PRODUCES ATP °

AND NALPH : L -

s PRINT " 3) CAUSES WATER TO SPLIT AND, RELEASE OXYGEN. “z PRINT

128@ FRINT "CYCLIC "

z%r PRINT * 1) INUOLUES PS I

ONLY": PRINT " 2) PRODUCES ATF

» BUT-NOT NADFH ) _ .

*: FRINT * 3) DUES NOT INVOLUE WHTER, THEREFORE . OXYGE: IS NOT PRODU
. CEDL“: GUSUE 2210 ‘ \

12398 UTHB 3: PRINT "HELL, THAT SUMS UP PHOTOPHOSPHORYLATION.PRESS <RETURN

> FOR ANOTHER LOOK AT THE " SIMULATION OF THE ENTIRE PHUTOFHUS- PHORYLA
TION PATHHAY. HOPEFULLY IT WILL, HELF YOU PULL TUGETHER THE INFORMAT I

. ON" .
1235 PRINT ,"PRESENTED IN THIS MODULE “ ' .

136@ PRINT : INFUT “REMEMEER, MANY OF THE RERCTIONS IN THESEFATHWAYS QCCU -

R SIMULATANEQUSLY IN THE  CHLORDRLMSTS OF ERCH PHOTOSYNTHETIC CE

LL» NOT ONE AT A TIME AS SHOWN IN THISFROGRAM.":HE :
1319 PRINT U3$: PRINT "PLENSE BE PATIENT WHILE THE PROGRAM IS LOADING: . .,

ne PRINT CHR$ (4);"RUN FHOTOFHES 4%z ERD o .
145 PRINT CHR$ <255U3%: PRINT “SINCE THIS IS R REVIEW FOR YOU, HWOULD

" 2>60 0N TO THE’SUHHHRV“

'B25 : . /’“\Q\{
o Ing o

\l

YOU LIKE TO": PRIMT : PRINT " 1) TAKE THE @UIZ AGAIN": PRINT : PRINT




P <1405
1416

' 4z
1430

1449

1450
2080
2619

"3 CHR$ 25 ¢ a1

2Bzv
039

26449
2854
P45 1515
2070
\ +II .
2639,
298
2189
) )ll
2118
2126
2138
214a

2159°

2160
2176
2188
2146
2200
2216
> 10
2r7n
2230
2240
2256
226@

L]
3

PRINT : PRINT “OR 3) EXIT FROM THE PRUbRHH"

PRINT INFUT (1 OR 257 “;H$ T . 2
IF VAL (A%)> = 1 THEN lewu ,

IF UAL (A% 2 THEN 12b9 - ' -
IF uAL «As) = 3 THEM PRIMT U3$: PRINT-"HOPE YOU ENJOYED THIS PROGR -
HAM HND ~ . BENEFITTED FROM IT.": vFRINT “BYE FOR MOW.": END - - B
PRINT = INPUT "PLEASE RE-EMTER 1,2 OR 3..,";H$: 60TO
REM CORAW PATHHAY SUBROUTIHE '

FPRINT CHR$® &35)5V33%: HTHB (1s: UTARB 12: PRINT - CHR$ (232

—
-
6]
[\

an

PRINT CHR$ (2635 CHR® (12) _ . ’
HTHE (1,2 UTAB 1: PRINT "HIGH": HTRI3 (83 PRINT "Z2"& HWTAB (137: PRINT
"FERREDOHIN": HTAE <133 UTRE 16: FRIMT "LOH" _ \
UTHE 3: HTAB (12): PRINT “>": HPLOT 15§.20 TO 181,20 "
HFLOT S7,11 TO 749, {9 '

UTAB 2: HTAB (27): FRINT F$ o7

UTAB 4: HTAE (29): PRINT “NAOP .

FOR § = 2 TO 15 STEP 3: HTAB (3): UTHB S: PRINT “-": NEXT .
UTEE 13: HTEE <6>: FRINT “FIF330+"
UTEB 1S5: HTHB <52z PRINT “(PS I

UTAE 3: HTAB (S): PRINT " | g
HFLOT S2,18 TO 52,92

UTAE S HTAB < 113: PRINT "CYT"

UTRE S: HTAE C14): FRIMT _E¥

UTHB S: HTHE (167: PRINT "ROR.

UTHB 12: HTAB (9): FRINT “1L8" T . - . .
HPLOT 182,25 TO 79,83: HPLOT 73,73 TO 63,87~ . : .
HPLOT 9,133 TO 279,133 ~ _ -

UTEE 1&: PRINT CHR$ (22): RETURM - : RS .
REM PAUSE % PRESS RETURN SUBROUTINES . :

UTAR 24: INPUT “FRESS <RETURN N
CONTINUE" ;A%: PRINT U3$: RETURN T~
FOR PAUSE = | TO 12@@: NEXT : RETURN . : ,
FOR PR = 1 TO 498z NEXT : RETURN

FOR PH = 1 TO 18@: NEXT : RETURN :
FOR P = 1 TO 398: MEXT #.RETURN < :
FOR PA = 1 TO 1@@: NEXT : RETURN

B26




-

169 007D 209

1106 FORE 1832,1 ’ : -
129 CALL 1882 ’

138 CHLL 6144 .
199 PRINT CHRE ¢ 15 »: IHPHT "PLERSE DON‘T PRESS <RESET

> DURING THIS PROGRAN! PRESS < RETLRH

> TO RESTART THIS FHRT UF THE PROSGRAM.";A$

263 REM THIS PROGRAH WAS DEVELOPED .BY THE SUMIT I COURSEWARE CEUELOFHMENT

PR3JELCT, FHRTHEHT 0OF BIOLOGICHL SCIENMCES, MICHIGHAN TECHNULUBICHL U
NIVERSITY, HOUGHTOM, HI 49331

213 REH THIJ HATER[RL IS BRSED UPOH HORK bUPPuPTED BY THE NATIONAL SLIEN

CE FOUNDRTIOM DMOER GRAHT MUHEER ZED-7919051

23 REM ANY OPINIONS, FIHDIHGS: AHD CONCLUSIONS OR RECOMMENDATIONS EXPRE
SSED IN THIS PUELICATION ARE THOSE OF THE AUTHORS FAND DO MOT NECESSHR
ILY REFLECT THE VIEMWS 0OF THE HATIOMAL SCIENCE “FOUNDRTION

2339 REM SUEPROGRAM ( FHOTOFHDS 4) OF FHOTOPHOSPHORYLAT IOH

243 REM BHSED OM PUELICATIONS BY STRYER (13931)> AND LEHNINGER ¢ 1975)

233 REM DESIGHED EY CHTHERIME LEECE .

. 263 FEM  PROGRAMMED BY CATHERINE LEECE

270 REM INTITIALIZE UARIAELES
288 U3 = CHR$ (15,2 PRINT U3$:CUE =
290 PRINT CHA$ Clin ,
308 F$ =

1REE1JE"

© 318 BF = "1 GHKL  Ha" .

328 EF = "1RAJEIEAY

409 REM HMAIN FROGRAM *+++ L

448 REM MARIN PROGEAM/NOH-CYCLIC PATHWAY

458 PRINT CHR$ (Z2B¢; CHR$ ¢ 1273: FOSUB®137H

468 VUTHRE 23: HTAR (&) FRINT “%+ PRESS {ESC

> HEY TO STOP #+"

4 UTHB 14: HTAE (17 22 PR{?T "LIGHT

483 UTAHE 17: HTAB <7 .2 PRINT "H1080"

4% FOR G =1 TO 43 - .

563  QOSUEB 19S6: IF FEEN ¢ - 1B384) = 155 THEN 1269

316 UTAE :7: HTRE (31 PRINT “>": HPLOT 158,183 TO 212,131: G 9L5 IHSG

528 VUTAB 1¥: HTRE (322 PRINT "P1O239%: GOSUB 1950: H
168 TO 212,1321: VTHE 17: HTRE («1): FRINT " ": 50

933 IF .= ; THEN HPLOT 227,67 TO 227,123 :

344 HCUL@R— 3: UTHEB 9: HTRE (33): FRINT " ": ROSUE 19

939 FOR S =\I6 TO 9 <STEP - 1: HTAB (32> UTRB S + 1:
S: HTHE (83y: PRINT "PIGEEU". GOSUE 1988: NEXT

568 IF FEEK:C ™= 1R3342 = 155 THEN 1268

578 « UTAE s: HTRE (322 FRINT © “: UTHE &: HTHRE (3%): FRINT "FP1ozaav

S58% UTAB 7= HTHB C3b e FRIMT “"108": BOSUB 1968: UTHAB 7: HTAB (36): PRINT

"ot UTQB 6: HTHAE (35): FRINT “1Da“: GUCUE 1968: UTHE 6: HTHE (3%): PRINT

593 VUTHB 6: HTRAB (34 »: PRINT "IDU": GUSUBAleG: UTRB 6: HTHB (34)>: PRINT
“ "1 UTRB 7: HTHE (33> PRINT "100": HTAB (35): PRINT "FP10230+": GOSUB
1968: UTHB 8: HTAE «33): PRINT "0 <

SO
PRINT *  “: UTAB

*

668 IF PEEK ¢ - 16384) = 155 THEN 1266a .
’ ’
< ) .
B27




610 UTRB 8: HTAB'(35): PRINT “ “: FOR § =6 TO 17: UTAB S: HTAB (32):
.~ PRINT “Pla23s+": GOSUB 1989: IF § < 172/THEN UTRE S: HTRAE (32): FRINT
" "1 NEXT - o

628 IF CUE =2 THEH &7/4 .

.*838 SPEED= 159: UTRB 17: HTHB (7): PR}N% “H1090 1JBB 2109 + 1060108 + 2H+
"y SPEED= 255 . ' -

B48  GOSUB 13

ES8 HOSUB 1:

66@ GOSUE 1t . .

6§78 IF CUE = 2.THEN VUTAB 17: HTAB {15): PRINT ™ ":LUE = ©8: GOTO B9

68 UTHE 17: HTQE €14z PRINT * "/ P

£9% UTAB 16: HTAB (152: PRINT "1D@": GOSUB 1368:° IF PEEK ¢ - 163842 = 13
S THEM 1284 ] -

50 g .
E@: UTHE 17: HTAB (7)>: PRINT “H1080"
SE

I’_Ll u_l

708 GOSUE 1358 . ‘
~ 716 FOR § = 15 TO 35: UTAB 16: HTAB (S): PRINT * ": UTRB 16: HTAB (S + 12
: PRINT "10E": GOSUE 198G: HERT N
256 SOSUE 1950: UTAB 16: HMTEB (36)¢ PRINT * *: HTRE (36): PRINT * *
730 UTRE 7: HTAE (32): PRINT " ": GOSUE 1980
743 U = 7:.FOR S = 32 TO 11 STEP - 1: HTRAE (S»: UTAE U: FRINT “1D8": GOSUB
1988: IF & < > 11 THEN HTAE (S)>: UTAE U: FRINT " " ;
750 -IF PEEK ¢ - 16384) =155 THEN 1260 :
S < 3L THEN U = & IF § <_27 THEN U
S17 THEN U = 11: IF § < 13 THEN U =
“NEXT
GOSUB 1969 \
790 \TAB 12: HTAE ¢11): PRINT
d: FRINT "@" - ‘
ga@ GOSUE 1358
|
I
|
|
\

Q: IF, S < 22 THEN Y = 1@: IF |

12

HTAB (1@>: PRINT " “: UTAB 8: HTAB (33

B1g VUTRB 12: HTAB (28): PRINT “ADP ‘// .

L “; GOSUR 1950: GOSUE 1956: UTAB 123 HTAE (22): FRINT *ATF

“; TAEC 250" :

B29  GOSUS 1958: FOR S = 22 TO 37: UTAB 15: HTAB ¢S>: PRINT * ATP ,

u; GOSUE 1988: NEAT , ,

83% UTAB 12: HTAB C38): PRINT “ AT / '

“f GOSUE 1959: OTAE 12: HTRE ¢39): FRINT “ A .

“: GOSUE 19@@: UTAE 17: HTAE (483: PRINT “ ": GOSUB 1340 ..

gan IF PEEK ( — 16384) = 155 THEM 1260

850 UTAB 12: HTAB (4@ PRINT “A°: GOSUB 198@: VTR 12:_HTRE (393 PRINT

Ilnl:l , ’

we GOSUE 1999: UTAB 12: HTAB (38): PRINT "ADP

. v GOSUE 19€8 : .
863 FUR S = 37 TO 28 STEP - 1: UTAB 12: HTAB (S PRINT “AOP ;
we GOSUE 1986 NEXT

870 HPLOT 168,186 TO 75,99

ge  BOSUB 19503 UTAB 13: HTAB (61 PRINT "PlFSSB"- G0SUB 1950: HCOLOR= ©:

HPLOT 10,108 TO 75,59: GOSUE TSEG

893 IF @ = 1 THEN HPLOT 52,18 TO 52,95: UTAB 3: HTFE (8 PRINT * "

9@a HCOLOR= 3: UTRE 13: HTAE (S): PRINT "PIF330- "

918 IF PEEK ( — 163%4) = 155 THEN 1269

926 HTAB (11):. UTAE 12: PRINT * °

933 FOR S =13 TO 3 STEP ~ — 1: HTAB (5>: VTAB S + 1: PRINT * “: UTAB S
: HTAB (35): FRINT "PﬂFB3@":’BUSUB 198@: NEXT . l
. ' B28
L o 1dy . %\

v o . 3;




949 UTAB 3: HTAB (3): PRINT "PIF333 ": GOSUB 1950

858 VUTAB 2: HTAE (6): PRINT "10@": GOSUE 1979:

UTRE 2: HTAE (EJ: FRIMT *

“: UTAB 1: HTAB (v ): FRINT "10B": 50SUB 1978: UTAB 1: HTAB (?);\FRINT

+* "y HTRE (&1 UTHE 1: FRINT “104"

968 HTAB (8: PRINT “2": UTAB 3: HTHB (3)>: PRINT "PIF335+"

97@ . GOSUR 19%u: IF PEEK ¢ - 183843 = 155 THEN 124 .
989 UTAB 3: HTRB (Z): PRINT M2 UTHB 3: HTAB (4): PRINT "P1F330+"

990 FOR S = 3 TO 12: HTAE <4): UTAE S; FRINT ¢
1F330+": GOSUEB 1930: HEXT '
16ep VUTHE 13: HTAR €4): PRIMT " P1F33E +"

“: HTEE (4>t PRINT,"P
I -

1818 FOR S = 3 TD 12: UTAB 1: RTAB (5): PRINT " ": UTAB 1: HTAB (S + 1): PRINT

“100": GOSUB 13E0: HENT

1628 UTAB }i HTHE ¢ 12)% FRINT " “: UTHE 2= HTAB (8): PRINT “Z": UTAB 2: HTAE
(14): PRINT “108"s HTRE C14)>: PRINT “FERRECCRIN®

1639 - IF PEEK ¢ ~ 1E384> = 155 THEM 1259
1649 IF CUE = 3 THEM CUE = B: GOTO 16489

1656 IF INT (@ ~» 2) < » & ~» 2 THEN CUE = 2: UTAB 2: HTAB (145: PRINT '

"; TAEC 163;“10183": GOTO 1245
16589 UTAB 16: HTAE (26J): PRINT “H+": HTAB (25):
(Z2€2: PRINT "H+'*: HTRE (2E»: PRIHNT "

1118 IF PEEK ¢ - 16384) = 133 IHEH—&;F'

PRINT "‘“: UTAB 13: HTAB

078 FBR 5 = 26 TO 34: HTRR (S»: UTAB 15: ﬁkINT " H+': GOSUB 1980: NEXT
1680 FOR & = 15 TO S STEF - 1: HTRAE (35): UTHE S: PRINT " ": HTHE (39):
*UTAB S - 1: PRINT "H+": GOSUB 1988: NEXT ‘

1698 UTAE 17: HTAB <112 FRINT " "
1198 FOR S,= 14 TU 21: UTRE 2: HTHB (S)' PRINT

" 10 D9": GOSUB 1988: NEXT 4

S
1128 VUTHE 2: HTAER (23r: PRINT " “: WTAB S: HTAB (25): PRINT "1D0": GOSUB

1980: VUTAE 2: HTRE (25): PRINT " “: UTHB 3:
1988 2
1130 FOR S = 25 TO 29: VUTAB S5: HTAB (S>z PRINT

HTHE (f()‘ FRINT "1D@": GOSUB
“ 10 DB": GOSUB 1978: NEXT

114@ UTAE S: HTRE (33> PRINT " ": UTRE 1' HTHE (13): FRINT Y “3
) BOSUB 1968: UTAB S: HTAB (312: PRIMT " 108": UTAB S: HTAB (33): PRINT

~

" ": UTHE 3: HTHE (14): PRINT “FERREDONIM
11538 VUTAB 4: HTHE «23): PRINT "NADP H .

Y: 60GUE 195%: GOSUE 1956: -UTRE 2: HTRE (29):
uy’ UTHB Az HTAB (23)>: PRINT * "
116@ IF PEEK ¢ - 1B3G4)» = 155 THEN 126&

«

FRINT “NADFH .

b R

‘1}78 GOSUR 1968: FUOR S = 23 TO 39:- UTﬂB 2: HTAB (S): PRINT “ NADPH

": GOSUB 1oz MEST

1186 UTAB 2: HTABR (38>: PRIMT " NADP :
": BOSUE 19€@: UTRE Z: HTRE (37)>: PRINT " NAD
“: GOSUB 1988: UTHB 2: HTAB (38): PRINT'" NA

": GOSUE 1989: UTRE 2: HTRAE (3%9): FRINT " N": GOSUB 1986

1198 UTAB 2: HTAB (4w): PRINT " “: G0SUB 1940

1208 IF.C@ 7 20 2 2 ¢ > INT (& /7 2) ~ 2) THENLUE = 3: UTAE 3: HTHE <1

32: PRINT " ": GOTD 1330

1210 VUTHB 4: HTHB (4@): PRINT "M": o0SUB 1980:
NE

“: GOSUB 1989: UTHB 4: HTA3 (38)>: PRINT "NAD

UTAB 4: HTAB (39): PRINT "

v

. . <
[




“: 60SUB 198@: VUTAE 4: HTHB (37): PRINT “NADP
“: GOSUB 193@: UTAB 4: HTAB (36): PRINT “NROP
+': GOSUB 1968 , : )
1226 FOR S.= 35 TO 29 STEP =~ 1: VUTAB 4: HIAB (S>»: PRINT “NADP+
"3 GOSUE 1988: NEWT . ) :
1236 IF PEEK ( - 18384)> = 155 THEM 1260 . ’
1248 NEXT @ '
1236 REM  END SIMULRATION
K 1260 POKE -~ 16368,8: UTAB 14: HTAB (17>: PRINT “LIGHT

": GOSUE 1346 . K
. 1276 UTAB 23: PRINT CHR$ (5): UTAB 23: INPUT “PRESS <RETURM .
> HHEN ¥0U ARE THEOUGH EXAMINING THIS DIRGRAM" ;03
1236 PRINT CHR$ (255;U3%: PRINT "NOM THAT YOU WAVE EXAMINED THE COM- . .
NENTS OF PHOTOPHOSFRORYLATION, AND  REVIEWED THE SIMULATIGN OF T
E ENTIRE PATHHAY, THE SIHULAGION OF PHOTO- SYNTHETIC PRODUCT

: S EEING FORMED AMD
1296 PRINT "USED SHOULD MAKE MORE SENSE.": PRINT = INPUT "PRESS <RETURN ,
> TO REUIEW THE SIMULATION OF PHOTOSYNTHESIS. AFTERMARDS YOU HAY  EXIT TH ,
E PROGRAM OR(REMIEW ANY OF ITS - SECTIONS.":As .
1366 PRINT UZ$: FRINT “PLEASE BE PATIENT WHILE THE FROGRAM I$ LOADING...
s PRINT CHR$ (4);"RUN PHOTOPHOS S": END
- 1366 REM ORAHW PATHWAY SUERCUTINE
: 1376 PRINT CHR$ (25);U3$: HCOLOR= 3: HTRB (1> UTAB 12: PRINT CHRS (23)
- 3UENERGY . , .
" “; CHRE (25) -
1338 HTAB (1): UTAE 1: PRINT "HIGH": HTAE (8)- PRINT "2": HTRAB (15). PRINT
. “2FERREDOXIN": HTAE (12: UTAE 17Pr“PRINT “LOW*
1350, UTOE 3: HTAB (123: PRINT “>": HPLOT 162,28 TO 151,26
140’ HPLOT 57,11 TO 79,19
© 14180 UTHB 2: HTAB <273 PRINT F$

-~

1428 VUTAB 4: HTAB (292: PRINT “NADP oy} nN
+4 _ . o
1436 FOR S = 2 TD 15 STEP 3: HTAB (3): VUTAB S: PRINT “"-"2 NEXT p

144@ HTHE (33> UTRE &:. PRINT "
1456 WYTAE 17: HTAB (32): PRINT “F108230" :
1460 UTAE 13z« HTAB (6): PRINT. “P1F33@+" A

1470 UTRB 3: HTAB (&): PRINT "a" . Lo
1488 HPLOT S2.18, T 52,92 ' e
1499 UTAB 9: HTRB€Q33): PRINT “a* . : ’
gsaa HPLOT 227,67 TO 227,123 ,

5180 UTHE 11: HTAB (19): PRINT “CYT“ ‘
1528 UTAE 13: HTAE (11): PRINT “<*
1536 UTAB 18: HTAB (24): PRINT BS$

1548 HPLOT 221,62 TO 147,88: HFLOT 123,86 TO 72,100 .
1550 VUTAE 9: HTAB (11): PRINT “CYT® - S,
1560 VUTAE 12: HIAB (28): PRINT “ADP

1576 UTAB S: HTAB (14): PRINT E$ L
1580 UTAB S: HTAB (16): PRINT “ADP - -

15990 UTAB 12: HTAB (9): PRINT "1L6" ' o
16680 HPLOT 182,25 TO 79,63: HPLOT 73,73 TO 63,87

"




. ' v '
. v -
-
i .
s

1618 HPLOT 8,170 TO 279,179

" 1628 VUTAE 19: PRINT CHR$ (22)>: RETURN ° o :

o T TR e T T ..
i

1636 REM CYCLIC PHTHHAY.
1648 FOR R = 1 TO 2: VUTHAB 2: HTHB (14): PRINT * ":H = 14
1658 IF PEEK ¢ — 16384)> = 155 THEN 1z&@

1668 FOR S = 4 TO 11: UTHB S: HTAB (H)>: PRINT “108": GOSUB 1988: UTAB S:
. (HJX: PRINT " "
1670 IF S < 7 THEM H H - 1: GOTO 1598 ?

1688 (IF S > 7 AND S < 1@ THEN H = H - 1: GOTO 16948

. 1698 HEXT

1790 UTAB 12: HTAB €18): PRINT *109": GObUB 1960: UTHB 12. HTAB (1B)>: PR
I HTHE (1g): FRINT " "
1710 VUTRB 3: HTAB (14): PRINT, " FERREDOXIN® 5 UTHB 9: HTAB (18): PRINT "AD

“: GOSUE 1950: GOSUB 1958z WFAE 7: HTHE ¢16): PRINT "RTF

"%t UTHB 35: HTRB (1B PRINT vt .
1726 GOSUB 19%8: FOR S = 16 TO 37: UTHB 7: HTHE (S): FRINT " ATP

“: GOSUB 1930: NEXT ¢
1736 IF PEEK ( — 18384)> = 135 THEN 1268
1748 ,UTHB 7: HTRE (3E3: FRINT ' HT

o
“: GOSUB 1939: UTAB 7: HTRB (33>: PRINT " A": GOSUB 198@: UTAB 7: HTAB (4
YO PRINT " ": BOSUE 1848 |
. 1758 UTAB St HTAB (4i): PRINT “A": GOSUB 198@: UTAB.5: HTAB <39): PRINT
AD o |
“: GOSUB 1928: UTAE 5: HTHB (38 PRINT "ADP
“: GOSUE 1980

l?bB FOR & = 37 TO 16 STEP - '1: UTAB S5:.HTAB (S): PRINT "ADP°
"s GOSUE 1958: NEKT :

1776 IF PEEK ( = 163843 = 135 THEN 1260 .

1788 HPLOT 1@&,18E TO 75.99: GOSUE 195@: UTHE 13: HTAE (&) PRINT "P1F33
@": G0SUB 1950: HCOLOR= B: HPLOT 188,165 TO 7?3,99: GOSUB IQbB

1790 HCOLOR= 3: UTAE 13: HTAB (S): PRINT "FiF33@

1888 HTAB (112: UTAB 12: PRINT “ "

1816 FOR S = 13 TO 3 STEP — 1: HTAB (S): VUTAB S + 1: PRINT. " ": UTAB
S: HTRE (S): FRINT "P1F33@": GOSUE 1988: NEXT ,

1828 VUTRB<S: HTAB (3)>: PRINT "PIF330 ": GOSUB 1950

1830 UTAE 2: HTAB (E&): PRINT "1D@": GOSUE 1S97@: UTHE HTRE (&) FRINT
"s UTAB 1: ‘HTAB (7>: PRINT "iDB": GOSUB 157@: UTHB 1: HTAB (7): PRI
“ 3 HTAE (8): UTAE 1: FRIMT "1Da" -

184 GOSUB 135%: IF PEEK ¢ - 18384) = 155 THEN 1260

1916 NEXT : UTAB 3: HTAB (13): PRINT "2 N
1920 UTHAB 2: HTAB (14): PRINT " "; TRBC 16> PRINT "10@"' GOTO 121H

'1938 REH  PRUSE SUBROUTINES .

HTRE

INT
P

8

NT

1856 UTAE 3: HTAB (3J: PRINT " "s UTAE 3: HTAR <{4): PRINT "P1F3ZE+"

1850 . FOR S = 3 TO 12: HTAB (4) UTEB S: PRINT " “: HTAB (4): PRINT "
PIF330+": GOSUE 198G: 'NEXT . . ii

1876 UTAB 13: HTHB C42: PRIMT ® PlFa36+" .

1680 FOR S = & TO 12: UTAB 1: HTAB ¢S): PRINT ¥ “: UTAB 1 HTAE (& + 1): PRINT
"ot GOSUB 1939: NEXT

1839 UTAB 1: HTRB (133: PRINT " “: UTAB 2: HTAB (8): PRINT “Z": UTAB 2: HTAB
(14): PRINT ['1D@": HTAE (14): PRINT “FERRECOKIN® '

1980 GOSUB 1950




1840
1958
1960
1978
1984

1

FOR™ PAUSE =

s 0 126@: NEXT : RETURN
FOR PR = :

T

208: NEXT = RETURN
FOR PH 158: NEXT = RETURN
FOR PR 8
S

FOR PA

d: NEXT = RETURN
Se NEXT : RETURN
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162  GOTO 298 . -
116 POKE 183,1
125 CALL 1992 , ’ : o ‘ .
133 CHLL 6144 ) !
149  PRINT CHR$,(152: INFUT "PLEﬂqE DON’T PRESS <PESET
+ > DURING THIS PROGRAM! PRESS <RETURH -
> TO RESTART THIS PHRT OF THE-PPDERHH.“;Q$
200 REM THIS PROGREAM WAS DEVELOPED EY THE SUHIT I LUUFHEHHFE CELELOFMENT
.PROJECT, ODEPHRTHENT OF BIOLOGICRL SCIENCES. TEEELQHN,TECHNULUCICRL U
) NIVERSITY, HOUGHTON, MI 49331
218 REM THIS HATERIAL IS BASED UFPON HORK QUPPURTED BY THE NATIONAL SCIEN
- X CE FOUNDATION UNDER_ GRANT NUMEBERSED-7913851 °
220 REM JANY OPIMIONS, FINDINMGS, AND COHCLUSIONS ok RELUMHENDQTIDNb EXPRE
SSED IM THIS PUERICATION ARE THOSE OF THE HUTHURq fND DO MOT MECESSAR
. ILY REFLECT THE VIEMWS OF THE NHRTIONRL SCIENCE FOUNDATION
* 233 REM - SUBPROGRAM (PHOTORPHOS S) OF PHOTOPHOSPHORYLATIOM
' 249 REM BASED ON PUBLICATIOMS BY STRYER (19381)> AND LEHNINGER (13(5)
259, REM DESIGNED £ CATHERIME LEECE
269 .REM  PROGRRAMHMED BY CATHERINE LEECE
276 REM- INTITIALIZE UARIABLES
288 U3 = CHR$ (16): PRINT U3$ ¢
2598 PRINT CHR% <122
1318 PRINT U3s$ ‘
1328 VUTAB 23: HTAB (56Xt PRINT "“#¥ PRESS <ESC a
> KEY TO STOR %% \
1338 UTAE 28: PRINT CHR$ (22>
, 1340 HPLOT 39,28 TO 39,195 TO 99,165 TO 99,38 TO 39,38: HPLOT 1?9:39 TO0 1
?9‘:1@:5 TO 239,185 TO 239,38 T 179,38
1398 UTHB &: HTAB (8> PRINT "LIGHT": HTAB (7)>: PRINT "REQPTIUN" UTQB 8:
HTAB (29)>: PRINT "DARK": HTAE (27): PRINT “RERCTEON"
1368 UTAB 1: HTAB (8> PRINT "LIGHT L
“: UTAE 16: HTEE C1): PRINT “"se080" -
1378 FOR U =1 TO 20 . . .
’ 1386 .GOSUE 2238: FOR S =1 TO 2 .
1399 HPLOT B86,8 TO 65,29 TO 78.2 ¢ HPLOT B2,24 TO 66,29
. 14a8 GOSUE 2220 .
, 1418 VTAEB 15z HTAB (1): PRINT "H10B0"
1420 VUTAE 16: HTAE (S): SPEED= 15@: PRINT "1JE@ 21D &+ ZH+ + 1CB010&"
1438 GUsUB 2239
1449 UTAB 16: HTAB (1): PRINT "Hi0@0“
145@ HCULGR— @: HPLOT B&.& TO 66,29 TO 78,24% HFLOT €2,24 TO 68,2%9: HCOL UE—

14606 é}EED= 255: UTAB 15: HTAB <9): PRINT “1D8": HTAB (8>: PRINT " i GOSUB

226@: UTAE 15: HTAE (9): PRINT " “: UTAB 13: HTRE (&): PRINT "1Da@"
1470 GOSUB 2250: VTAB 13: HTAB (9): PRINT * ¢ :
1486 CﬂbUB 2230: UTAB 16: HTAB (9): PRINT “ ": UTAE 13: HTAE (9): PRINT
DO“: GUbUB 2260: UTAB 15: HTAB (9): PRINT " ": UTAB 13: HTAB (8>: PRINT *

10@": GOSUB 2238z UTAE 13: HTAB (S): PRINT "
1438 IF PEEK ( - 15384)> = 135 THEN 1900
1560 GOSUB 2230: UTARE 15: HTAE (13): PRINT "H+": HTAB (13): PRINT " “: GOSUB
22608: UTAB 15: HTAB <139z PRINT " “: VUTAB 13: HTAB (13): PRINT "H+":

/
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60SuUB 22¥9: UTAE 13: HTAB (13): PRINT.S ¢
1510 - GOSUB 2239: UTAB 16: HTAB (14):-PRINT " ": UTAB 15: HTAB (13): PRINT
sHets GOSUB 226@: UTAE 1S5: HTAB (13): PRINT " “: UTAE 13: HTAB (13):
_ PRIMT "H+": GOSUB 2259: UTAB 13: HTAB (13): PRINT " *
1520 60SUB 223@: IF PEEK ¢ - 16384) = 155 THEN 19@@
1538 NEXT S \ e
153¢ UTAB 16: HTAB (S»: PRINT "o~
{558 VUTAB 6: HTﬂa§i26>: PRINT. ">": HPLOT 188,43 TO 181,43
1560 'FOR @ =1 TO G . ,
1579 VUTAB S: HTAB ¢gs>: PRINT "P*: GOSUB 2260: UTRAB S: HTAB (16): PRINT *
TP . . - N '
": GODSUB 226@: UTAB Sy HTAE (162: PRINT MATP

.

~

"s GOSUB 2263 - n .

1539 FOR S = 16 TO 22: UTBB*S: HTAB (8): PRINT * ATP

ue GOSUB 2268@: NEXT : UTRR S5: HTAE (23): PRINT " AT

“. GOSUB.226@: UTAB S5: HTRB ¢(24X: PRINT * FA“: GOSUB 2260: VUTAB 5: HTAB (29
>: FRIMT " '

1539 IF FEEK ¢ - 16384) = 155 THEN 1900 . ’

1690 NEXT Or UTAR 11: HTAB ¢28): PRINT ">": HFLOT 18@,83 TO 181,83

1619 FOR(T.= 1 TO 2: UTAB 18: HTAB (16): PRINT “H": GOSUB 2260: UTAB 46: HTAB
¢ 18): RRINT “PH :

"s GUSUB 226@: UTAE 19:- HTAB (15): PRINT “DPH

v, GOSUB 226@: UTAE 18: HTAB C16): PRINT "“AOPH

“:; GOSUB 2260: UTAB 10: HTAB (16)>: PRINT “NADPH - .

1623 GOSUE 2268
1638 FOR S = 16 TO 28: UTAB 18: HTAB (S): PRINT " MNRDPH
“. GOSUB 228@: NEXT : UTAE 18 HTAE (21): PRINT " NRDP
*: GOSUB Z26@: UTAB 1§: HTAB (22)>: PRINT * NAD

- %2 §0SUB 226@: UTAB 19: HTHB (23> PRINT " NR

1640 GOSUB 226g: UTAB 10: HTAB (24): PRINT * N o

1650 GOSUE 226%: UTAE 1@: HTAS (25): PRINT " ": GOSUB 2268: IF PEEK ¢ -
16384) = 155 THEM 1980 - o ‘ -

1668 NEXT T . ‘

1679 HCOLOR= B: HPLOT 189,43 TO 481.43: HTAB (26): UTAB B: PRINT * “: HPLOT
100,82 TO 181,83: HCOLOR= 3: HTAE (28): UTAE 11: PRINT * “: HPLOT 179
»38 TO 179,185

1600 GOSUB 2238 :

1699 HPLOT 242,00 TO 221,28: HPLOT 170,8 TO 192,29: FOR S = 1 TO 4z HTAB (
29y: UTRE (S): PRINT "CO10@": IF S = 1 THEN GOSUB 2238: GOTO 1718

1760 GOSUB 2289 _ :

1718 HTAB (29): UTAB (S): PRINT "  “: NEXT : HPLOT 179,30 TO 239,30

1720 HCOLOR= 8: HPLOT 242,@ TO 221,29: HPLOT 17@,8 TO 192,28: HCOLOR= 3

1730 GOSUB 2230: UTAB 5: HTAB €15)>: FRINT “<“: HPLOT 97,43 T0 178,43

1748 FOR Q@ = 1 TO 3: UTAB S5: MTAB (25): FRINT "A“: GOSUB 2260: UTAB S: HTRAEB
(24>: PRINT "AD": GOSUB 2260s UTAB S: HTAB <23)>: PRINT “ADP

"; GOSUE 225 o :

1750 FOR S = 22 TO 16 STEP - 1: UTAB S5: HTAB (S): PRINT "ADP .

4 «
». GOSUBR 226@: NEXT : UTAB S5: HTAE (1€)>: PRINT "OP
v. GOSUB 2268: UTAB S5: HTAB (16):; PRINT “P "“: GOSUB 2268: UTAB S5: HTAB (1




6y: PRINT " ® I . -.
1760 IF FEEK ¢ - 1384) = 155 THEN 1900 "
1770 NEXT 0: GOSUB 2230 :

1750 HTAB (152: UTAB 11: PRINT "<": HPLOT 97,83 TO 178,83 N

1796 FOR 0 =1 TO 2 . !
1888 VUTAB 18: HTHB (25): FRINT "N : y

“: 60SUB 22&@: UTAB 18: HTAB (24): PRIMT "“NR’

“: GOSUB 2z8B: UTAB 18: HTAB (23): PRINT "NRD i:)

“: 60SUB 2268: UTAEB 48: HTAB (22): PRINT "“NADP .

*: GOSUB 2260B: UTAB 18: HTRB (21): PRINT "NADP

+'2 GOSUE 2264

18186 FOR 5

+ “: GOSUB 22Ea:. NEXT : UTAE 1@: HTAE (16): PRINT “ALCF

+ ": GDSUB 226B: UTAB 18: HTAB (162: PRINT "DP .

+ “: 60SUE Z22e@: UTAE 1@: HTAB (16): PRINT "P+ ": GOSUE 2268: UTAE 18: HTHE
(16): PRINT "+ " ' .

1826 BOSUB 2z80: VTAB L@: HTAB (18): PRINT “-"

1838 GUSUB 2z&@:- IF PEBK ¢ - 18384) = 185 THEN 19@

28 TO 16 STEP —-'1: UTAB 10: HTAB C(S>:” PRINT "“NADP

1848 HNEXT @

1856 HCOLOR= @: HPLOT 97.43 TO 178,43 HPLOT 97,83 TO 178,83: HCOLOR= 3: VUTRAB
B:° HTAB (15): PRIMT " ": UTAB 11: HTAB (13): FRINT B HPLDT 93,33 TO ¥
99,103 .

1868 -HPLOT 263,188 TO 288,125 TD-212,128: HPLOT 288,125 TO 234:3&3: vTAB
17z HTAB (27)>; PRINT “SUGAR OR": HTAB (28)>: PRINT "STHRCH": ﬁFSUB 222
(%

1855 GOSUB 2220 ) . <
1876 HCOLOR= 8: HPLOT 298,165 TO 208,125 TO 212,128: HPLOT 208,123 TO 284

1120. HCOLOR= 3: UTRE 17: HTRAE (272 PRINT " “s HTAB (2&): PRINT 7
": GOSUB 2238
1866 IF FPEEK ( - 16384)> = 135 THEN 1S@@ 5

1898 NEXT U .
1998 POKE - 16368,0: UTAB 1: HTAB (8): PRINT "LIGHT

» 1985 VUTAB 22: PRINT CHR$ (B6): UTAB 23: INPUT "PRESS <FKETURN .
> FOR THE PROGRAM MENU";A$: FRINT . CHR$ (25);5VU3% &l
* 1918 * REM MENU
1915 PRINT "YOU HRVE RERACHED THE END DF THIS PROGRAMON PHOTOPHDbPHORVLﬁTI

UN.
1928 PRINT : PRINT “WOULD YOU LIKE TO": PRINT : PRINT ® 1 REUIEH THE C
YCLIC FHTHHHU": PRINT = FRINT “ 2) REU‘EH THE NOM-CYCLIC FATHHRY": PRINT
1938 PRINT " 3> REVIEW THE SIMULATIUN OF THE PHOTOPHOSPHORYL ‘
ATION FATHHAY": PRINT : PRINT " 4> REVIEW THE SIMULATION COF PHOTO-

SYNTHESIS": PRINT : ‘PRINT "OR 5> EXIT FROM THE PROGRAM

1946 PRINT : FRINT “(BE SURE TO REVIEW ANY SECTION YOU DID NOT {NDERSTHN
O!>": PRINT : INPUT R$

1956 IF WAL (A$) = 2 THEN FRINT U3%: PRINT “PLERSE BE PRTIENT WHILE THE
PROGRAM IS LOADING...": FRINT CHR$ ¢4);"RUN PHDTUPHDQ 2": END

18686 IF UAL (P$) = 4 THEN 288

1976 IF VRL (AF> = 3 THEN *~ PRINT U3s$: PRINT "PLEASE BE PATIENT HHILE THE ,

PROGRAN IS LOADING...": PRINT CHR$ C4);"RUN PHOTUPHOS 4": END

IF VAL (A$) = 1 THEN PRINT U3$: PRINT "PLEASE BE PRTIENT HHILE THE

- 1975
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PROGRAH 1S LOADING...": PRINT CHR$ (4);“RUN PHOTOPHOS 3": END .
1958 IF VAL (A$» < » 5 THEN PRINT : INPUT “PLEASE RE~ENTER-":f$: GOTO _
1955 - N
1999 PRINT U3$: FRINT “THANK YOU FAR RUNNING TMIS PROGRAM. HOPE IT HE
. LPED YOU!": END
2208 REM FRUSE % PRESS RETURN SUBROUTINES -
‘ 2210 UTAE 24: INPUT “PRESS <RETURN . _ :
> TO COMTIMUE";R%: PRINT U3$: RETURN v
. 222@ FOR PA = 1 TO 1209: NEXT : RETURN
. ' 2238 FOR PA =1 TO 498z NEXT : RETURN
> §§4e FOR PR = 1 TO 1€@: NEXT : RETURM .
S8 FOR PR = 1 TO 329: NEXTy: RETURN - .
2266 FOR PA = 1 TO 1@@: NEXT : RETURN . : -

]
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Appendix C
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Phé}ophosphorylation
User's.Guilde
. ? . ‘

The User's Guide presents background informatilon,
applications, suggested exerclses and documentation for the
Photophosphorylation program.
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Abstract ‘ oo .
This program presents an introduction to the light o

reactions of photosynthesis, photophosphorylation., After an ¥

introduction, the complete pathway is presented‘to provide

an overview. and foundatlon from which to progress. The

pathway 1s then broken into its cyclic and non-cyclic .

componenty, and each 1s discussed step by step at the

molecular ‘level. The program leads the user along the

pathways taken by an electron which has become excited by

light energy. The program also stresses thé importance of

the products of the light reactions to the dark reactions

of photosynthesis. Several questions -are presented

throughout the program to test the user's understanding of

the concepts and. to credte an interactive program.

’ -

Prerequ%sité: ‘Basic understanding of molecules and atoms.

<

Objectives: The user will *be able‘to:

Distinguish between cyclic and non-cyclic photophos-
phorylation and explain the conditions necessary for each
to occur.

Explain the basic differernce between an electron donor
and electron acceptor at the molecular level.

Explain the roles played by light and pigments in
photophosphorylation.

-~

Background Information

Photosynthesis 1is the conversion of light energy to
chemical energy within a plant. The reactins involved take
place in two stages, the light and dark reactions. The
light reactions depend on photosynthetic pigments to
convert light energy to ATP and MADPH. These products are
then used in the dark reactions to convert rbon dioxide
to' carbohydrates. The dark reactions can ocgur “in either
light or dark conditions because they do not rely on
pigments. However the light reactlions, also termed
photophosphorylation, depend on pigments to absorb light,
thus initlating the reactions involved.

The photosynthetic cells of a plant, such as leaf

. cells, contaln organelles called chloroplast(id)s. A
chloroplast is surrounded by a single membrane; an inner
membrane 1is folded to form many flattened veslcles called
thykaloid disks. These disks occur in stacks called grana
on which the light reactions of photosynthesis occur; the
grana contain all of the pigments and enzymes necessary for
the reactlons. The dark reactions occur in the stroma or
.liquid phase of the chloroplast. Most chloroplasts contain

c2
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thafpigméﬁt chlorophyll, as well as the twp classes of

addessory pigments, carotenoids and phycobAlins (Lehninger,
.1975) . All oxygen producing photosynthetic <ells of higher

plants contain two types of chlo?ophyll,.chlorophyl&_a and .
clilorophyll b, ¢ or d depending on the type of plant.

A pigment is a Aolecule which cam absorb light because
of 1its molecular structure, particularly the arrangement of
electrons associated with the double bonds. When 1light
Strikes a pigment iolecule capable of absorbing light of a
given wavelqngth, light energy is absorbed by some of the
electrons which are boosted to a higher energy level; the
molecule thus becomes excited (Lehninger, 1975).

In 1937 Rs Hill provided the first experimental
evidence that the absorption of kight energy causes )
electron flow (Lehninger, 1975). When he exposed a solution
of cell-free preparations obtained from photosynthetic
organisms (intact chloroplasts), water, and an electron
acceptor to light, he found: that oxygen was produced and
the acc¢eptor molecules were reduced. Light energy caused
certain chlorophyll molecules to\become excited and lose an
electron to an acceptor molecule; then water split to lose
an electron to chlorophyll to fill the "electron hole,"

- . .

 simultaneously releasing oxygen. This discovery (called the

Hill Reaction) formed the basis of the photophosphorylation.

pathway, and gradually each of the electron donors and Ct -
acceptors was disc?vered to yield the pathway we know

today.

Applications

{

This program is best suited for an introductory *

gollege level general bilology or botany class. It may also
e useful review for a basic blochemistry or plant

physlology course. Due to the large amount of materlal
presented in the program, 1t is suggested- that the user
should be exposed to the subject prior to running the
program. That 1s, either through a lecture introcducing the
topic or through an introductory text such as Blology of
Plants by Raven, Evert and Curtis (1976). For the more
advanced user, Lehninger's Short Course in Bilechemistry or
Bidwell's Plant Physiology would suffice. If a more |
advanced look at photophosphorylation is desired, after
running the program, Stryer's Bilochemistry (1981) provides
an up to date, detailed coverage of the topic. A laboratory
eyercise dealing with the Hill Reaction 1is presented in the
Appendix; it 1s suggested that such an exercise be used as
a supplenment to this program in a laboratory situatlon.




Suggested Exerclses

1. Explain why the two phases of photophosphorylation are
termed cyclic and non-cyclic. What makes them different?
What are their products? What condlitions are necessary for:
the cyclic pathway to operate? o,

2. Explain the difference between Pigment Systems I and II.
Where do they -fit into the light reactions? .

3. Explain how light is related to the release of oxygen
from a plant at the molecular level, ‘

-

\\ -
R

This\ program operates in a specilal graphics mode
called_the High Resolution Character Generator (HRCG). This
allows e HGR screen to operate as both a graphics znd a
text screen. Since pressing the RESET key interferes with
the proper functioning of thlis mode, it 1is suggested that
the user press the CTRL and C keys simultaneously if (s)he
wishes to break the program. For more information about
HRCG refer to the Applesoft Tool-Kit Manual (Apple Computer
Co., 1980).

ch
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LINE NUMBERS FUNCTION

In all subprograms:
100-140 RESET error message
200-260 Remarks -

Subprogram: PHOTOPHOS 1

270-290 Iritialize variables

300-550 Main program (IAtroduction)
'560~1170 Photosynthesis simulation subroutine
* 1180-1240 Pause subroutines

Subprogram: PHOTOPHOS 1.5

(
270-320  Initializé variables

400-1200 Main program (Non-cyg¢lic pathway)
1210-1270 Menu . A“S

1280-1540 Subroutiné which draws basic pathway
1440-1840 Subroutine which simulates cyclic pathway
1850-1900 Pause subroutines

Subprogram: PHOTOPHOS 2

270-320 Initialize variables

400-1650 Main program (Non-cyclic pathway)
1660-1730 Menu

1740~1950 Subroutine which draws basic pathway

1960-2010 Pause subroutines . ‘ <

Subprogram: PHOTOPHOS 3-

270-320 Initialize variables
400-1990 Main program (Cyclic pathway)
990-1240 Quiz questions
12501450 Summary
2000-2190 Subroutine which draws basic pathway
2210-2260 Pause subroutines.,

.Subprogram: PHOTOPHOS 4

270=320—H1 HzeVarlables

400-1920 Main?program (Simulation of entire pathway)
1930-1980 Pause subroutines

. '%

L ]
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LINE NUMBERS - FUNCTION

Subprogram: PHOTOPHOS 5 . &

270~290 Initialize variables

1310-1950 Main program (Simulation of photosynthesis)
1910-1690 llenu
2200~2260 Pause subroutines o 4

cb
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Glossary for Photophosphorylétion Sﬁbpgograms

A - Holds input from keyboard
B$ -~ Holds grrow shape - '
CUE - Flag used in printing pathways

E$ - Holds arrow shape S

F$ - Holds arrow shape -..
FLAG - Flag for counting wrong answers o
H - Htab counter

PA(USE) - Pause looppcounter

Q - Loop counter

R - Loop counter

S - Loop counter .

SC - Holds raw score out of 5 qulz questions
SC( - Holds percentile score for qulz

T - Loop counter ¢ o

U -~ Loop counter

v - Vtab counter

V3$ - -

CHR$(16) ~ Clears screen and homes cursor#

s

*Function of HRCG (see Apple Computer Co., 1980)




Appendix
. VA
’Laboratory errcise: The lH{ill Reaction

, To- be used in conjunction with the Photophosphorylation .
program. ’ . 4‘5&*

Note: It is’ important tq keep the temperatu%és*low after
the chloroplasts have been isolated, be certain-@hat all
test tube samples are kept immersed in a\\lce water bath.
t

.Remove the midribs from the spinach leaves provided, welgh
out 50g of leaves and homogenize them with 50ml isolatlon
medilum (0.4M sucrose in Q. 06M potasium phosphate buffen, pH
6.5). in a blender for Zifftnutes. Fil.er the green . ,
suspension through several: layers of cheesecloth and theq,
centrifuge theée supevnatant for 2 minutes at 600g. Remove
the supernatant “and centrifuge it for 10 minutes at 100g.

~

small volume of the isolation medium and centrifuge again
under the same conditions. Finally, suspend the pellet in
20ml of the cold reaction medium (0.03M potassium phosphate
buffer, pH 6.5, with 0.01M,potassium chloride) by gently
agitating with a glass stirring rod. .

Dilute the original ch‘oroplast suspension (with reaction
medium) to give a chlorophyll concentration of 5mg/ml.
Using 3 cuvettes, add 1ml of the chloroplast suspension to
each tur:, followed by 3ml of DPIP solution. Immediately
wrap 1 tibe in .aluminum foil and place in a dark -
~refrigerator. Add several crystals of. sodium dithionite to

thesecond tube and use—it to-set- 100% transmission—in a —

spectrophotometer. Next, insert theLthird tube and read the
optical density (OD), note the time, and record 0D and

time. Place this tube in front of a light bulb (about 20cm)
and record its OD every 5 minutes for 30 minutes. After 30
minutes read the OD of the tube kept in the dark and the

tube to which sodium,dithionite was added. Plot OD vs. time
for the tube expose'that had been exposed to light.

“— What_ does the tube to hhich sodium dithionite was -
added represent?

- What does the tube in the ‘dark represent? .
— How can the results be explained in terms of the Hill
, Reaction?
¢t — Explain the role oft DPIP in the experiment. Y/’\‘~—/

(Source: Dr. J. Carrier, Albion College, Albion, MI, 1980)

i

c8

Wash the precipitate (chloroplasts) by resuspending in a h‘
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Appendix D

\

-

?hotophosphorylatidﬁ Written'Version

4

* The following is the written material which was presented .
to the control group in the Photophosphorylation
‘ . evaluation.

¥
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) ~ PHOTOPHOSPHORYLATION

Insﬁructions

Read through this. module as you would a textbook
chapter. When you are instructed to refer to specific pages
or figures, -you should refurn to where you lef't off" when
you finish examining the peference. Note that térms
normally contalning superscript and/or subscript notation
have been written here w{thoyt such notation (example: H+). '




Introduction

v

Photosynthesis 1is the conversion of light energy to

chemical energy within a plant. The reacticns involved take .
- place 1in two stages.

-
n

Light Reactions :

Basically, in the first stage, light energy 1is used to
convert ADP to ATP to provide the plant with usable energy.
Also, NADP+ is converted to NADPIl to provide the hydrogen
and electrons needed to reduce carbon dioxide to .

carbohydrates. These reacFions require light, thus tﬁey are

called the LIGHT REACTIONS of photosynthesls or

PHOTOPHOSPHORYLATIOHN. -

)

- ,
3 : 1

Dark Reactilons

. In the second stage, the energy products of the 1ligh?t
reactions 4re used to convert carbon dioxide to ’
carbohydrates. The reactions of the second stage do' not
require light, this they are called the DARK REACTIONS of
photosynthesis; they aytually take place’ under light AND

q§rk conditions.’

\ K}

| LIEPT \\coz-{
i ATP ©

N
ré

Light ADP Dark -
Reaction Reaction ’
NADPH
NADP+
'3 .

,  Hp0—>2e~ + 1/2 0, + 2t sugar or
N . starch

i

Figure 1. Summary diagram of photosynthesis.

Figure 1 is a dlagram of photosynthetic products being
formed and used. Keep in mind ... even though products
appear to form one at a time in this diagram, these and
other reactions occur simultaneously in the plant cell.




Chloroplasts \
Photosynthesis takes place ?n‘highly specialized

organelles, the chloroplasts or chloroplastids. *

Chloroplasts are found in all higher plants, bryophytes and

most algae. Chloroplasts exist in the cytoplasm of

photosynthetic cells, such as leaf cells. The dark and

light reactions occur 1in all chloroplasts, {but each occur
- in a different location inside the organelle.

Chlorophyll 4

The pigment chlorophyll is found in chloroplasts. It .
exists in many forms which differ in their structure and
the wavelength of light they absorb. The leaves of many
plants are green because they contain high amounts of
chlorophyll relative to other pigments. Chlorophyll absorbs
violet, blue and red ligﬁt and reflects, or transmits,
green light. .

Pigment Systems : ;

Chlorophyll and other pigments involved 1n the light
reactions of photosynthesls make up two pf@ment systems.
These systems are called Pigment System I and Pigment

_System II. Their function is to absorb light that strikes
the leaf and convert the light to chemical energy.

Let's go on and look at a diagram of photo-
phosphorylation. Don't expect to understand 1t Just yet.
This is just to give you a feeling for the pathway as a
whole. Then we will break it down into parts to examine
Rpat's happening at the molecular level.

\

A\ [ 4

Migh .
\ R NRDPH
\ 4 >2Ferredoxin-_<j
\\\ - HDP NADP +
\ 5 ‘ ATP
\\\ E ) cyt Q
- cy e
\ ono+<ﬁf"”” - ATP  RDP

'3
.

-
Seo 3
~§
Sm

%ow HO—2¢" + a0, + %H+ ’Peso
\ (PSII)
Figure 2. Summary dlagram of photophosphorylation

™
When you are through looking at Figure 2 for now, go on to
the next page. -
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. Now ¢hat you have seen the whole pathway, let's break
it down and- examine the parts. We will start by looking at
the two pigment systems ‘involved -in photophosphorylation,

Pigment System I and Pigment Sygtem I1.
{
/ Hi?h- z - - . v DPH
T\“ﬁFerredouin~——~ NA
- NADP+
E
N
E - Q
§. ¢
- ~ cy )
[ oo ATP ADP e
; - ; \'\o“-_‘ LlGHT -~ \’;\ , .
! Low T Pegao

\

- Figure 3. Summary diagram of non;cyclic photophos-
A ’ phorylation

.
4

. [\r
<?h,oughout the fol

. -

i\J This diagram (Fig.3) represents ‘part of the
N photophosphorylation pathway. The ‘coemponents of this
i pathway were determined through experimentation with

chloroplasts.

lowing_description} refer to Figure 3>

The reactive chlorophyll- molecul€ in Pigment System 1
«~ (PS I) is called P700.‘'The reactive chlorqphyll molecule in
Pigment System II (PS II) is'called P680. When the
. appropriaty color of 1light strikes PS I or PS I, an
electron in the reactive molecule (P700 or P680) is raised
to an excited state. This means that the reactive molecuré/”k
is raised above its ground state to a higher energy level.
This activates the electron’so 4t may be passed to an

acceptor molecule. _ R

As we look at each electron acceptor, kgep in mind
that a molegule will not accept an electron unlesS 1t is
. already lacking an electron.

(3

When light strikes' P68C (PS II), 1t donates an
electron to the acceptor molecule. "Q." P680+ then returns
to a lower enerpyy level. The .+ sign. indicates that the
molecule is missing an @lectron, thus it - ts. positively

charged.

v

~

o

~n
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L
" P680 then draws an electron away from a molecule of
water. This causes the water molecule to split, thus® oxygen
is released from the plant. Once P680 accepts the electron
it needs, it returns to its ground state and remains at
this energy level until it plcks up more light waves of the
appropriate wavelength.

M anwhile the excitted electron is passed by "Q," a.
molectdle of plastoquinone, to a series of cytochromes and
other electron carriers which act as electron acceptors and
donors..As the electron 1s passed it loses some of itS\
energy to each ele~tron carrier. This energy drives the
spontaneous "downward movement" of electrons. Even, though
" the electron loses energy as 1t passes through the
cytochrome chair, it is still at a raised energy level,
relative to its 1lnitial enehgy level, when it 1is tfinally
accepted by P700.

. .

As the electron is passed along the serles of
cytochromes, the energy needed to join ADP and inorganic
phosphate 1s trapped. Thus a molecule of ATP is formed.

I you would like a definition of ATP, briefly turn.to page

" 10.

It is because of this lfght activated phosphorylation
of ADP ta form ATP, that the light reactions of
photosynthesis vere named "photo ~ phosphorylation.”

Remember that ATP and- ADP molecules move to and from
the pathway. Tr dark reactions, which dccur elsevhere in
the. chloroplast, use ATP and produce ADP.

What causes P700 to be boosted to a higher énergy level?
{Briefly turn to page 10 (F) to check your answuer>

What must be missing from a P700 molecule, at the molecular
level, before it can accept an electron from a cytochréme
molecu1e° *

¢Briefly turn to page 10 (A) to check your answer>

When light strikes PS I, P700 donates its electron to
aceceptor molecule "Z." It then returns to a lower energy
level, but does not return to 1lts ground state until it
accepts another electron. The molecule Z passes the
electron down an enerpgy gradlent to ferredoxin, an/iron
‘protein. If there is sutffcient HADP+ to accept ;ﬂ/
electrons- from terredoxin, then ferredoxin donat its
electrons to NADP+. For-every two electrons donated, one
molécule of NADPH is tormed.

If you would like a definition of NADP, briefly turn to
page 10.




From what molecule involved in this pathw‘ay do you®™hink
the second electron comes? ' .
<{Briefly turn to page 10 (E) to check your answer>

Since ferredoxin is only a one-electron carrier, two
molecules of it are needed, one for each electron. These
electrons then converge to form one molecule of NADFH from
NADP+. ’

A hydrogen ion is also needed to form NADPH from NADP+. Of
the molecules we have discussed so far, which do you think
supplies the hydrogen ion? _
¢(Briefly turn to page 10 (C) to check your answer>

After a molecule of NADPH forms, it "moves from the
.pathway" to be used in the dark reactions elsgwhere in the
e@ehloroplast. The dark reactions produce’ the' H{DP+ which
gets used in the light reactions. When two molecules of
ferredoxin again have one electron each Lo donqjte, they
will pass them to NADP+ if 1t 1s availlable.

The pathway that we just traced through (Fig.3),

ending with the formation of NADPH, is called NOM-CYCLIC .
photophosphorylation. It is called "non-cyclic" because
electrons essentially flow from water to NADP+ without
cycling back to P700. R -
At this point you may:

1) review this section on non-cycilic

*  photophosphorylation A o x|

2) go on and learn about cyclic
' photophosphorylation P A 8

Turn to the page number which corresponds with your choice.

D7
13;5_




" Hish

- Z b
. , A\""*‘J‘Fer'r"edoxin
€ - j ROP ,
‘ E _ e ATP )
c cyt
-~ Y..
— _ P7oot (oo LIGHT
(PS 1)
Low N

Figure 4. Summary of cyclic photophosphorylation.

-

<Throughout the following description refer to Filgure he>

This pathway (Fig.4) represents what blologists
believe to be CYCLIC photophosphorylation. Notice that it
contains portions of the non-cycllc pathway (from Fig.3).
Biologists believe the plant utilizes this pathway when
NADP+ is not available to accept .electrons from ferredoxin.

NADP+ is not shown in Figure 4 because we would like
to discuss what happens when it is not avallable to the
photophosphorylation reactions.

¥
. Let's assume that an electron has been boosted to a
higher energy level by light, and passed from waterwig
ferredoxin via non-cyclic photophospirorylation. This means
that ferredoxin needs to donate the exclted elegtron to an
acceptor so it can become a stable molecule. o

When NADP+ is unavailable, the electron Is donated to
a chain of various cytochrome molecules. As in the .
non~-cyclic pathway, the electron loses some of its energy
to each cytochrome, and some of its energy is trapped to
form a molecule of ATP. The formation of ATP in the cyclic
pathway keeps ATP supplied to the cell in the absence of
non-cyclic photophosphorylation. If there is a surplus of
ATP it can be used for other synthetic processer, in
addition to the dark reactions. .-

D8
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Unlike the formation of HADPH, only one molecule of
ferredoxin 1is needed to donate an electron back through the

—eytochrome chain to P700. Because we ar: assuming P700 °

donated its electron to ferredoxin it follows that 1t has a
need for an ,.electron. Th&tefore it accepts the one passed
"down" through the cytochrome chain.

Once P700 has accepted this electron, is it in its ground
state? <Briefly turn to page 10 (B) to chetk your answer>

.

Is PS II (P680) involved in cyclic photophosphorylation?
{Briefly turn to page 10 (D) to —check your answer>

As long as 1) NADP+ molecules are unavailable and 2)
light of the appropriate wavelength is present, the exclted
electron will continue to cycle.

This ends the explanation of cyclic photophos-
phorylation. Next you will be presented with 5 questions.
Each question may deal with the cyelic pathway, non-cyclic
pathway, or both. When you are through examining Figure U,
turn the page for the first question. 1 )

L

You'may skip the upcoming questions if you have already
answered them once (i.e. if this will be a review for you).

AN

SRS —




- [) [+
' 1) cyclic 2) non-cyclic 3) both 1 & 2

estton—by entering the number 1, 2 or 3,
depending on which cholce correctly answers each question
below. Decide on your answer for each questio. and turn to
the appropriate page to check your answer and recelve an
explanation. N

- Which pathway produces net ATP?
{see page 11 (H)>

- Which pathway involves PS II? ’
{see page 10 (G)>
- Which paﬁgﬁéynbﬁgaﬁﬁes-oxygen?”‘"W T T e —
{see page 11 (K)>
- Which pathway takes place only in the light? '
{see page 1l (J)>
' ~+ . P700 is the reactlve chlorophyll molecule of which
pathway?. . .
<see page 11 (I)> . ’
a Keep these questioﬁs in mind when you review the diagram of
the entire photophosphorylation pathway (Fig.l) after

reading the summary on the next page.

D10
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The outstanding features of cyclic and non-cyclic
photophosphorylatign are summarized below:

NON-CYCLIC
1) involves PS\I and PS II

CYCLIC . .
1) involves PS I only ~
2) produces ATP, but not NADPH
3) does not 1nvolve water, therefore oxygen is not
produced

Well, that sums up photophosphorylation. At this point you

should--review Figure 2, the summary diagram of_ the entire . L B
photophosphorylation pathway. Hopefully' it will make more

sense this time. You should also review Figure 1, the &

summary diagram of photosynthesis. Reviewing these two ‘.

diagrams should help you pull together all of the

information presented in this module. Also, be sure to

review any section you do not understand.

Remember, many of the reactions in the above pathways,
occur simultaneousl; in the chloroplasts of each
photosynthetic plant cell. .

D11
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Appendix A

Definition of ATP:

)

ATP functions as the major carrigr of chemical energy in
the cells of all living organisms. As 1t transfers energy
to other molecules it-loses its terminal phosphate group
and becomes ADP. ADP can accépt chemical energy by gaining -
a phosphate group, thus it becomes ATP. In the case of
plants, ATP forms at the expense of solar energy.

Definition of NADP:

NADP is an organic molecule that carries electrons from
electron donors to electron acceptors. In this case, HNADP
accepts electrons. from ferredoxin.and carries them to the
part of the chloroplast where the.dark reactions occur. The

&&&&&& __electrons are then donated to available electron acceptors

in the dark reactions. . —

-

(A) The answer 1s electron. A molecule cannot accept an
electron unless it 1s first missing an electron.

(B) The answer is yes. Once P700 accepts the electron which
was passed through the cytochrome chain, it -has fulfilled
its need for an electron. Thus it returns to 1ts ground
state energy level. . :

* (C) The answer is water. There may be other sources of

hydrogen ions in the chloroplast, but water splits and

" donates the hydrogens to NMADP+ when light 1is present.

(D) The answer is no. The electron which fills the
"electron hgle" in PT700 (PS I) is constantly recycled, thus
the reactive molecule in PS II (P680) is not néeded to
donate an electron. P680 will still be activated when light
strikes PS II, but it will not be able .to pass 1ts excited
electron very far along the rnon-cyclic pathway when the

plant is '+ilizing thé cyclic pathway. ~

() The—best answer 1s water. The second electron domes
from P680, which originally accepted it from water. It
follows the same pathway that the first electron did
because a molecule of NADP+ 1s available .to accept 1t.

(F) The answer is light (energy). The color of 1light
appropriate for PS I strikes a reactive molecule of PT700.
Thus an electron is excited, causing P700 to be raised to a
higher energy level. If the light source is turned of'f, the
entire pathway "shuts down" at the reactive chlorophyll
molecules. That 1s, no electrons'can be passed from these
molecules in the dark.

(G) The answer 1s 2 (non-cyclic). The non-cyclic pathway 1s

the one, wnich involveés PS II as well as PS I. The cyclic
pathway only involves PS I,~

D12
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(H) The answer is 3 (both cyclic and nbn-cyclic). Both the
cyelic and non-cye¢lic pathways producijtﬁg. This results in
— & net gainof AFPwhieh—ean be— rk reactions

of photosynthesis or in other synthetic pathways when in -
surplus. :

(I) The answer is 3 (both cyclic and nen-cyclic). P700 is
the reactive molecule in PS I, and PS I is involved in both
pathways. Also, do not forget that the reactive molecule 1n
each ' igment system does not make'dﬁ’%ﬁe entire pigment
syst: 1. There are other pigments involved also.

(J) The answer is 3 (both cyclic and non-cyclic). The
entire process of photophosphorylation requires lighte -
Therefore both pathways require 1ight. Remember how the
pathway got Jts name. !

(K) The ansver is 2 (non-cyclic). Since the non-cyclic
pathway 1s the one which involves water, it is the one that
produces oxygen'when a water molecule splits.

O S
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Photopnospnorylation Study Guilde

. The study guide s a copy of the instructions and
objectives glven to all students participating in the
Photophosphorylation evaluatlon. Occurring in parentheses
after each objective, for the purposes of this report, are
the item numbers of the items on the Photophosphorylation

Test which fit each of the objectlves.

.
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— —Poday—youwiil—Ytook—at -a—medule—entitled Photophos-~

phorylation. You will either run the computer program
version or read a written version as specified by your
instructor. The written version is a printed copy of the
text and diagrams presented in the computer program.

Below is a list of learning objectives (things you should
learn from the module). These are listed in the order in
which they occur 1n the module to help guide you. You will
take a .written 20 question multipk¥e choice quiz immedlately
after you Look at the module. The quiz questions are all
taken from (based on) the below objec.ives. IF YOU MEET THE
BELOW OBJECTIWES WHILE USING THE MODULE, YOU WILL DO VELL
ON THE POST-QUIZ.

IMPORTANT: This quiz score may replace your lowest quiz
grade in recitation! There will be one question pertaining
to this module on your recitation quiz next week. There
#111 also be questions about photophosphorylation on your
final exam .in:lecture. \ : '

0Ob jectives:

-Comprehend why the light reactions of photosynthesils
require light and the dark reactions of photosynthesls do

"not. (5,8)

~Identify the products supplied to the dark reactions of

— =~ —photosynthesis by the light reactions of photosynthesis
and vice versa. (1,17)

-Recall where, in the cell, the light and dark reactions of
photosynthesis occur. (18)

-Explain why Pigment System I and Pigment System II are
activated by different wavelengths of light. (2)

-Distinguish between an electron acceptor and an electron
donor. (3) , ‘

-Explain the relationship between ground state energy level

-0t a molecule and its excited energy state. (9)

~Explain how light is related to the release of oxygen from

A

a plant. (6)

~Identify the contributions made by water to
photosynthesis. (12,14) )

~-Recognize what conditions and/or molecular components are
necessary for a molecule of ATP or NADPH to form during
photophosphorylation. (7,20)

-Re¢all the conditions necessary for cyclic

. photophosphorylation to occur. (8,15,16)

-Predict where.an electron will go in the
photophosphorylation pathway, given its location in the
pathway. (10,19) ) |

~Distinguish between cyclic and non-cyclic
photophosphorylation based on the components and outputs
of each. (4,10,11,13)

E2
14,




Appendix F,

Photophosphorylation Quiz

The following is the test administered to students
immediately after they completed the Photophosphorylation
module, as part of its evaluation. Correct answers are
indicated with an asterisk for the purposes of this report.

-




RECORD YOUR MNAME AND STUDENT NUMBER ON THE COMPUTER ANGSWER

SHEET. Choose the most appropriate answer for eadh question

and mark it on the answer sheet. Note that terms normally
containing subscript and/or superscript notation have been
written without such notation (examples: P680, NADP+).
PLEASE DO NOT WRITE ON THIS QUIZ. . . '

1. Which of the following are produced by the light
reactions of photosynthesis (photophosphorylation) and used
in the dark reactions of photosynthesis?

*A. ATP and NADPH
B. ADP and NADP+
C. ATP and NADP+
D. ADP and NADPH

2. Pigment System I (PS I)‘and Pigment System II (PS II)
arg activated by different wavelengths of light because
they have different

A. cytochrome molecules. .
¥B. pigment molecules. f
C. locations in the chlor&ﬁ&a&t«

D. ground state energy levels.

3. Which of the following 1s in the proper molecular
condition to accept an electron?

®#A, P68O+
B. NADPH
C. OH- . \
D. °700 )
E. more than one of the above is correct

4. Which of the following is true of cyclic photophos-
phorylation?

A. involves PS II (P680) only
B. ATP is not produced
®C, oxygden is not produced

D. all of the above are true

.

A
5. The light reactions occur only when the plant is exposed
to light.

®A. true 3
-B. false s




6. Oxygen 1s produced when

%A, P680 removes an electron from water.
B. P680 donates an electron to water.

C. NADP+ removes an electron from water.
D. NAQ?+ removes a H+ from water.

7. Which of the following is needed to form a molecule of
NADPH from MADP+?

%A, 2 electrons, 1 Ht N\
B. 1 electrons, 1 it '

C. 1 electrons, 2 H+

D. 2 electrons, 2 H+

8. When cyclic photophosphorylation is in use,; it keeps
cycling the same electron through the pathway. Therefore
the cyclic pathway does HOT require light to function.

‘A. true
%#B. false ~\\ .

C. sometimes true, sometimes false )

. e
9. Based on this portion of :-the photéphos- Z
phorylation pathway, which of the following T
best describes the condition of P700?
P700+

A. ground state energy level
B. excited energy state
#C. between excited and ground states

D. none of the above

10. Which of the following best describes what happens as
an electron is passed through a cytochrome chain in photo-
phosphorylation?

A. energy 1s lost by the electron

B. energy 1s trapped to form ATP

C. P700 returns to 1ts ground state

D. none of the above, it depends on which cytochrome
chain one is referring to

*E. A, B, and C
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11. Which of the-.following is assoclated with the cyclic

pathway ol photophosphorylation?

A« Q {plastoquinone)
B. P680
C. NADP+

12. Which of the following 1s DIRECTLY related to waver in
the photophosphorylation pathway?

A. ferredoxin

B. P700 )

%¥C. NADP+

D. none of the above .

13. Assume that plant.cells were treated with a chemical
known to inhibit transfer of electrons by cytochromes. What
- would you expect to occur°

A. only the cyclic pathway of photophosphorylation
. would -be inhibited

B. only the non-cyclic pathway would be inhibited

C. neither cyclic or non-cyclic would be inhibited
%D, both cyclic and non-cyclic would be inhibited

14, Based on the equation given in the module, how many

electrons (total) can one molecule of water contribute teo
photophosphorylation?
A}

A.
*B,
c.
N 'Dc

E—g UL\

15. Where do electrons, obtained from water, end up during
the process of non-cyclic photophosphorylation?

A. oxygen
*B. NADPH
C. ATP
D. P700




—3 6+ here-do—the—electrons of ferredoxin g6 when MADP+ 1is

A.
B.
C.
*D.

A.
B.
c.
*D.

A.
B.
*C.
D.

A'
B'
c.
D,

A
B.
xC.
D.

NOT available to serve as an acceptor?

they remain attached to ferredoxin

they combine with H+ ions

-they combine with ATP to make ADP

they return through the cytochromes to PT700

17. Which of the following 1is NOT produced by the light
preactions of photosynthesis?

ATP
NADPH
oxygen
sugar

-

18. Which of the following occurs 1ln the chloroplasts of
plants

?

light reactions qQf photosynthesis

dark reactions of photosyrithesis

both light and dark reactions

neither, both photosynthetic pathways occur outside
the chloroplast

19. Which of the following correctly describes the’sequénce
followed by electrons which leave P680 (PS II)?

cytochromes, Q (plastoquinone), P700
PT00, Q, cytochromes
cytochromes, P700, Q
G, cytochromes, P700

20. How many times does a molecule of P680 (PS II) need to
be activated by light to produce one molecule of HADPH?

0 (P680 is not involved in producing NADPH)

1 time
2 times ) i .
4 times
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) Appendix G

" Photophosphoryldtion Lecture

The following is the lecture presented by the BL 104
instructor 42 days prior to the Photophosphorylation
evaluation. This pro'ides an idea of student background,
for those students participating in the evailuation.
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Plants have many of the same energy needs as ‘animals

" (synthesis of proteins, nucéleic acids, -cellulose, ete:)."

However they have the advantage of being able to to produce
TP energy from light by the process of photophos- -
horylation. This process occurs in plants in the

chloroplast; an organelle which contains chlorophyll

molecules arrayed on a membrane in clusters in order to
perform two kinds of photophoaphorylation. In each case the
chlorophyll is important in that:

.A. It oan absorb light with the consequence that one
“electron in the molecule is activated to'a higher energy

level.

Unlike most molecules this ;:ETvated electron can be
fo;E ed 1nto some acceptor molecule and thereby causes it to
be reduced (reverse of being oxidized). This reduced
-acceptor_can then react in eithep of two ways:

1. To ‘produce the reduced coenzyme NADPH2 (Nicotinamide

Ade?ine Dinucleotide Phosphate, a coenzyme similar to
s NAD , .

2. To pass its electron through a chain of reactions
similar to the respiratory cytochrome electron trans-
port chain with the consequent produyction of ATP.

Both of these results occur in the process called non-
cyclic photophosphorylation.

C. Non-cyclic photophosphorylation -~ in this process
electrons are taken from water (with tﬂe result that oxygen
is formed), passed to the chlorophyll mpleculgs, activated -
twice by light to a high energy level, and after several
transfers finally end up being used to reduce ‘NADP to
become MNADH2. This process is called non-cyclic because
electrons start at water, and end up in the NADPH2
molecule. Note that the end result is almost the opposite
from that which happens in the respiratory cytochrome
electron transport. In respiration, we start,with the
reduced coenzyme NADPH2, and electrons ana hydrogens are
passed down the energy gradient to oxygen to form water;
energy was produced as ATP. In non-cyclic photophos-—
phorylation hydrogens and electrons are removed from the
oxygen of water*and pumped up the energy gradient by kgght
to produce the reduced coenzyme NADPH2.

D..Cyclic photophosphorylation -is- believed to be a
reiatively minor process wiiieh results in chlorophyll

electrons belng pumped up to a high level by light, passing

back through a chain of cytochrome to chlor‘ghyll again
ylelding ATP as a product. The electrons cycle around, no
oxygen 1s formed, no NADRR? is formed, only ATP.

- ’

-

Dr. H. Robert Krear, Ph.D. )
Michigan Technological University -
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Appendix H

BL, 104 Class.Statistics

Following are the field of study, Séx and academic year
statistics summarized for individuals in each treatment
group of the Photophosphorylation evaluation. Also

indicated are the number of people who attended each lab "
section for the evaiuation. The lab sections were at the
following times:

Section

1
2
3
4
5

Thursday (1/21/82) 12pm - 3pm . '
Thursday 3pm - 6pm .

Thursday Tpin -~ 10pm
Friday (1/22/82) 9am - 12pm
Friday 12pm - 3pm
\ e~
~— “//

o




Groups
CH CL pia WL
Field ’ -
Bio. Sci. 1 1 2 1
Forestry 10 8 .. 11 11
Computer Sci. 3 1 2 1
Engineering 5 9 5 10
Other 6 T* 5 3%
Academic Year
Freshman 18 16 18 17
Sophomore 6 L 3 3
Junior 1 il 2 3
Senior 2 1 3
Post Graduate 1l
Sex s .
Male 16 17 16 20%
Female 9 9 9 6
Lab Section
1 g 6 5 it
2 5 5 l 6
3 y 5¥* 6 6%
I 6 5 l 5
5 6 5 6 5
CM = computer/module first
CL = computer/lab work first
WM = written version/module first
WL = written version/lab work first

¥Subtract 1 when considering ANOVA and related statistics,
to account for two students being randomly ellminated.
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Appendix I

Schedule of Lab Topics and SUMIT Programs Used in BL 104

The following schedule outlines the topics covered and the
SUMMIT programs available during the flrst(six weeks of BL

104, winter quarter (beginning 11/30/81). CAI programs were
’ assigned as either manditory or optional each week.
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Lesson Topic SUMIT CAI . Lab Sections
(week) programs 1 2 3 b
1 Céil structure Cell Structure M 0 0 i1
2 Chemistry Enzyme Activity 0 M 0. O
3 Genetics Mitosis/Melosis M Q@ 0 M
. - = -~ Two Week Vacation - - -
b Genetics 2 Monohybrid Cross 0 M O 0
5 Animal Behavior Life Expectancy 0 0 0 0
. ) & Baffles (games)
6 Ecology/Soil Photophos. M M M M
M = Manditory o
0 = Optional

N

S

12

M

M




