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We present two: simulations:of newral transmissi
Introductory Psychology class: T?tese siulagions ilhustrate the
complex coding properties of o single niesron, espeaaﬁyhowem‘t»
atory and inhibitory: postsyniptic potentiale acon to Pro-
duce an action potential A foﬂaw»tm exercise, usmgﬂxe frmne»
work of the simple children’s game Musical, Chairs, dlustrates

apt mmmmssm mcludmg the effects of psychoactive drugs

for yse.in.an

Introductory Psychology students typically report that the
material on physielogical psychelogyis troublesome to mas-
ter. Part of the-problem may be instructors’ difficulty in'im-
parting ait appreciation of the functioning of one neuron and
how that neuron commuricates with séveral other nsuroiis.

There are few exercises that help students visualize and
assimilate the fundasmentals of rieursscience. Ackil (1986)
deseribed a trivia-typeiboard game using phvszologmal terms
nd concepts.. This game may be helpful in motivating stu-
tents to study; but it is not reallya detiongstration and thus
does not perniit studénts any experi of the workings of
the nevron. Hamilton and Knox (1985 described 4 simuila-
tion of the ‘major. sttuctures of the nervous systemn. This
simularion caprures the operation of the niervous systerr-at a
molar level; liowever, it doesnot help explain functioningat
the neuronal level. Kasschau (1981) offered a simple and
éffective; but limired, demonstration of néuronal Aimetion-
ing, depicting the relative difference in speed bétween an
action potential and synaptic transmissior.

We report herein owo addirional exercises that involve
students in-a serfes:of simulations:of neuronal processes. The
first exercise illustrates how excitatory and inhibitoty post-
synaptic poténtials accumulaté to produce an sction poten-
tial. The second exercise, a- Follow-up 16 the first, illustrates
chemiesl transmission at the synapse,

Students simulate how the neuron accumulates and de-
codes inputs to produce an action potential. This exercise
demanstrates spatial and temporal summation of graded ex-
citatory and inhibitory postsynaptic potentials, the impor-
wance of firing tate, the all-or-none nature of the action
potential, and the refractory petiod. In addition, studenss

appreciation of the complexity of evenvthe staall-
est nievral nétwork and beginito underitand hiow Roisé in the

systemi -and perturbations at the neuronal level need not
affect the output from a higher otder system. We introduce
the exercise soon. after neural furictionirig: has béen pre-
sented in 4 regular ¢lass sessior.

We use the exercise in discussion sections {10t 25 stu-
dents}, although itcould also be performed in classes of 30ta
45. Some students’ ability to view: the proceedings may be
restricted in classes latger than 45: The minifuim time re-
quired is 8'to 10 min. The only materials ngeded are severi
index cards; six cards have the letter E in one color ik, and
the seventh card has an I in a contrasting-color. We have
found that the following sequence of four cases is optimal.

The Basic Sintulation (Excitation Only)

One student acts as.the receiving nieuron and is stationed
at the blackboard facing the class, Six atherstudents, prefer-
ably in the front tow of the class; represent six input paths.
(These studerits are: referred to ai inpuss.) The ‘instructor
gives each an E index -card, tlmsallmpurs in the basic
sitnulation are:excitatory. Bach of the inputs is instructed to
‘hold up his or her-card for 3 5, with a.5-5 interval between
card flashes {i,e., each trial lasts 8 s; the instructor-shounld
stagger the starting times for each of the inputs by about 1 to
25). The receiving néuron fires whenever any three cards are
visible at the same time; thiat is, the neuron reaches o firing
thireshold whenever three cards are simultaneously pre-
sented, To represenc firing, the receiving meuron turns
around and writes"] fire” on the blackbeard. This turning
away from the inputs mirrors & re ity period; during
which time the néuron cannot respond to inputs. The re-
cewmgneumn i5told 1o ignorea card thuris inthe processof
going upor down, and the inpussare instructed to make their
card presentations crisp. After 1 or 2 min, the instractor
ends the simulation, and the class coints the number of
times the réceiving neuron fired.

Excitation and Inhibition

The second sishulation illustrateswhiat hiappens whisn in-
hibirion is added. A seventh srudentwithethe [ card joins the
inputs of the basic simulation. Whenever the receiving neu-
tongees the T card, he or she must ignore one of the E cards
thar might be vigible at'the same time. Thus, the receiving
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neuron would not fire if three Esand one [ were visiblé at the
same moment. However, itwould fire if four Es weie: present
at the same time as the I The decrease in firing rate should
‘be quiite noticeable, "

Temporal Summation

Temperil summation-tefers to the ability of the neuton o
make decisions about itsown ﬂdagmte=based on therates of
the incoming input § t signals. For ulation, six. inputs
areall excitatory. Five of the inputs flagh their ¢ 3sat
5-5 intervals, as in the basic simulation, The sixth inpu
flashes for 3 :swith a 3+s interval between signals (each trialis
6 & for this input). The increase in firing rate over tharof the
‘basic simulation. is fairly dramatic.

Spatial Summation

Shatial summation of graded postsynaptic petentials refers ta
dhié ‘neuron’s tendency to add ‘together inputs amvmg at
different loeations. Betause: graded potentials dec
amplitude with disrance; inputscloser tothe cell t 13
greater effect on. the: receiving meuron then t ﬁmhaer
away. To simulate this, four of the six itjputs are i
of thé classtoom, and the remaining twoare in the rear of the
room, separated by several students. (Otherwise, this sim-
ulatiei: is the same g thee bagic simulation in terms of input
signal disration: and. interval.) The students:should notice
how much more difficultiristo detecothe inputs in the rear
of the room comypared to those in the front. The negron will
occasignally miss.one of these inputs, thus failing ta reack
thireshold, resultingin 2 firixg rte that isslower than that of
the basic simulavion.

Astime permits, the itistructormay lead'the class tlu:eugh
addicional, more complex simulations. For example, ina
vatiation of the excitation/inhibition simulation,. the lone
inhibitory inpit could be shown to have an even grearer
inhibitory effect by incteasing its input tage: Ok, a lone in-
hibirory input in the back ofithe toomm ean be showh to have
very little effect on the firing rate of the receiving fieuton;

Effectiveness of the Exercise

To gauge the: impact of this exetcise.on out students, we
selected eight discnssion sections from a single semester of-
fetirig of our large lntroductory chhalagv:emme Two ins
-Stractors were immlvad th wet :
dents who weré | ou
imstructor supervimd the: s;mulanohs int '
sion sections and delivered'a lecture of about 28 fatnian thie
-action potential ard neural coding to the other o sections.
“The lectures were generar:ed fmm thy i '
the rext used for the course. Oné week later, th ,
all eight sections.whe were present the prevmus week were
given an 8-item, myltiple-choice quizion neutophysiblagy
These items were taken from the sifme item pool used in
actual exams, bur they did not duplicite items from the
exams given that seraester. Four of the items assessed general
knowledge about the functions and parts of the neuron and
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about the action p@tenml Theydid not address neural cod-
emiinin fountems didat;empt to: Eap smdm&

rtian, spm::al summat:m:. andf 1 ‘ra

The exercise groups. vetfo\- . hettet thin the lecture
groupson three of the four items thar dealt with codinig, The
pementvage correct for-each group (exercise-and lecture, re-
| each 1tem was Item 1, 32‘% and 23%, Item 2,

60%. The evarall percentages if correct tteins for eﬁéhgmup
were 63 for the exercise group and 55 for thie lecture group.
wn'act seores for the four irems were analyzed with
thest. ’fhe-‘cxcmtse groups (M = ?i 51

: 21

=1 60, b < 106, one-tailed. Differences
batween zhe exerciseand lecrre; groups ¢ould Have been due
to varighles other then the exercite—lecture manipulation
'(a.-g. the: exercrse gmup may haveszmpiy been ba‘ightetthsa

m:ms., thé meary cortect score Wak l'sﬂ t’or fhe exercise
groups and 1.87 for the lecture groups, not & significant

.36, one-tailed. The dats suggest that
is an effect that isat least a5 good as a
lectisre on nieural coding (in'a Wag that is probably more fun
than:a leetute).

&lﬂ'erence, t(119)
the e ,

Onee students hiave a grasp of neural eoding; we simulate
synaptic tansmission. In this exercise,, which: models the
familiar chilldren's game Musical Chairs, studesits vake che
role of vatious: drugs and neummmmlttém They simulate
the action of the neurochemicals at the releaser sites of the
ortiginating gxon and at th ot sites of the receiving
dendrice. Differences anionig dmgs that block rétiptake, oc-
cupy receptor sites, and mimic the neurstransmitter can be
illustrated easily.

Basic Simulation

Pla@c ffmt chaits in the fmnt of the class to represe

acihg thent resent the teceptar sites. on Ehe

i :d ] dute ]In rhe basic szmulanm. smdetws repre:
.signal f:om the mstmcter. dttempt to geclipy the receptor
chairs; they must sit eompletely in the recepior chaiis and
toTerum 10 the axon chaus (reumakz) The

tion,: amem;m 16 oceupy chiirs will be s
in later simulations, the presence of dmgs nught preverit or
fagil e ogcupation of either the receptor or teleasef
site. "When all ‘of the receptor chaiss are ocoupied by a“new-
rotransmitter,” or a substince that mimics 8 neurotransreit-
ter, the neuren reaches its firing threshold.

In the basic s:mulatton, the studemnt experiences several
basic fearures of synaptic transmission: (a) the origin of neu-
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tottansmittérs in thesénding neurdn, (b) the reléase of nev-
totrangmitters ingo the sympnc gp, () the stintalation of
feceprot sites by the newrotransn itters, and (d) the return of
the neurotransmittets to the angmnmag 'pomts ‘Tl'us last

tionof basictieurotranstiission and begm ) undemandw
different drugs affect synaptic ransmission,. This physiologi-

cal springhoard helps:the instructor-explain both the effects
of substance abuse in later chapters that cover drigs and
behavior and the of antipsychotic medications. when
the course turns towasd peyctiopathology and treatmenr. W

offer three éxamples.

Mimicking the neurotransmitter. The stimulant drug
nicorine has effects simflar to the neurotransmitter acetyl:

choline, In' the simulation, four students representing the.
four students represénting the neuto-

drug nicetine dn
transmitter aré available v sit in the receptor chatrs. Tni-
tially, students representing the drag-ean stand behind the
axon. chairs. At the instructor's sigmal vo'release the neyrg:

transmitrer, both the meurotransmitter and the drug studenits:

will atterapt tooccupy the receptor site: chairs, quicklyfilling

them. With retiptake, the neurotransmitter students fust

rétiien 16 the dxon chaits, but the. drig studenws will be
present to-continue ntcupatian of the receptor chairs, that
i, t congtinue stimulation.

Oecupying receptor sites. The classof medications used
to treat schizophrenia have their major effects by occupying
the receptor sztes that dtm: nermauy qceup:es In
sth ; be 1 :

dopamme in these paﬁents By blmsking the receptﬁr sites,

itip f_chamdmgs prevent dopamine from conmibuting to

1 ostsynaptic potentisl, The blocking of
dopamme, therefme, tends to relieve psychetic symptoms.
lation, - I__

: drtigs are mleﬁsed'mm the symapt:c gap tosit m

the rceépsm chairs.. To distinguish blecking agents {e.g., in
this: simulatiqn} from. _the mumckmg agems {e: g as in the.

chairs. Imt!allv, the adVanmge wdl .go' i:othe neurcHanstit:
ser students, but as. they return to the axon, chairs, some
recepror chaits: will be oecupied by-the stadents who. repre-

i dmgs, thus preventing the nenrotrang-
i a receptor «chair follow"'_ the

who Elﬂ not contact a receptor site because areceptor blocktr
is sitting in the receptor chalt must retum, through reup-
take, to an axen chair to be released again, We usuaﬁy
mention the other ramifications of the dopamine phenome-
notit Anitipsychotic medications can block transmissions un-
telared o the psychoric -disrarbance, resulting in
Barkinsen's-like symptoms; -and gatlem:s w:th Paikinson's
disease are often treated with the dopaininé précussor,
L-dopa.

Blocking reuptdke Sorie antidepressant drugs prevent
the neurotransmitrer norepinephrine from retusning to the
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releasing axon; thus lesving more of the newomansmitter in
the‘synaptic gap. This effece is desirable because one of the
biochemical proliems in psychotic depression is not enough
norepinephrine. In the simulation, four stiadents represent-
ing ahtidepressant drugs occupy the releasing site chigivs of
niorepinephririe after the latter have been released irito the
gap. The four students representing the neurowansmitter,
because rhey must sit somewhere, will continue to occupy
and reoccupy the receptor sites, increasing the neufo-
transmitter’s impact on the receiving neurdn.

Each simuldtioi takes less than 3 to 4 min. During the first
2to3 min, student participanits are:assigned theirroles; the
rerogining 1 min or so-of actual simulation is sufficlent to
make the appropriate points. We have found that students
patticipating in the exercise-and those observing it are able
to temémber which studénts aré neurotransmiteers and
which Have sorne othier fole—the initisl 2- to 3-mirserup; if
done carcfully, tends to siske this clear. However, some
instructors may find it helpful w have stwdents hold cards
that identify the roles.

Beyond these basic simulations; ‘the instructor can intro-
duce complexity by combining drigs, placing inért sub-
starices into the system, considering the role of enzymatic
degradation {e.g., by having some enzyme students “grab”

Rearotrassmiteer seudenns, removing ‘them fom the syn-

apse), and considering the more complex actions of some

drugs. Cocaine, for example, stimilates the rélease of nor-

epinephritie and imhibits its reuptake. Amphetamines stim-

ulate the release of norepinephirine, mimic norepinephsirie,
and block reuptake.

Conclusion

The data e collected Suppm‘t our m_tprgssmns that the

the cumple)dty of coding Because the smapﬂc ﬁcansmission
follow-up exercise is used optionally, dependmg on. time
availability, we have .no formal data on. lts effectiveness,
However, -anecdotal reports from: our discussion instructors
Gvet several semesters sugest that it hiélps make ¢onereté the
m abstract presentations.of synaptic fansmission in'text-

For both exetcises, students (and sometimes instructors)
often: report that they feel silly playing their roles., We tell
them that feeling silly is appropriate and acceptablé if an

randing of neiral functioning results:
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Using Feature Films to Teach Social Development

Chris J. Boyatzis
California State University, Fullerton

To promote understanding of children’s social development during
middle childhood, students select, view, and analyze a feature film
using theory and research from the course. Students write papers
analyzing the protagonist’s social development, focusing on peer
relations and friendship issues. The quality of these papers and
student evaluations demonstrate that this assignment is a valuable
educational experience. The exercise enriches students' under-
standing of course content and fosters a more sophisticated per-
spective on movies about children. Instructors can modify this
technique for other developmental topics.

Peychology instructers have used feature films. to foster
students' learning (e.g., Bolt, 1976; Dorris & Dugey, 1978;
Kﬁnne'{, 1975). More recently, Flemm, Piedmont, and
Hiar (1990) discussed the effective use of film ina.course on
psycliopathology, and Ariderson (1992) describéd the value
of film in a'cousse on psychology and law. s authors
described many valuesof filin in-psychology classes. Stidents
esponded positively to. the films, perhaps because thiey
offer entertaining, contrete examples of course topics. Stu-
dents also secmed to' become eéngaged directly with film
themes, thereby becomiing more involved with ¢ourse con-
tent (Fleming etal., 1990). Fil may also improve students’
critical thinking and petspectives (Anderson, 1992).

‘For several years I have used feature films, mostly Eu-

repean iy an uridergraduate course, Middle Childhaod,
covering development during the tary school years.
Ebropean films were emphasized be s they capture chil-

dren’s experiences and development: miore genuinely than do
Americanfilms. The majot purpose of the-assignment was to
elucidate social development topies: that we studied'in the
course via scietitific research and theory.

The Film Analysis Assignment
The timeline for this assignment spans several classes

(about 2 weeks} during coverage of social development and
peet relations. Students complete the assignment during the
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latter portion of this eoverige. Dufing this tine, students
continwe to learn about social developmest tbmugh lecture,
readings, and educational films. Sources that | present in
¢lass and assign in readinigs include thosebyBuhrmestermd
Burtean {1987); Dodge (1983); Hartup (1983); Thorne
(1986); and Zarbatany, Hartman, and Rankm (1990).
‘Students selecrafitmfrom alist 1 provide. They watch the
movie at home, usually over.a weekend, for several reasons.
Showing 4 film in ¢lass would require excessive tithe and
would allow stadents to watch only oné film for-the assign-
ment. The take-home assignment allows students to watchia
film of their own choice, probably one they had nor et seen:
Home viewing alsoallows the luxuty of watching the film or

.cértain scénes. more than once, which could help students

better understind how theory and research are exemplified
bythe character’s sxpenence {Anderson, 1992). Althougha

film. rental may pose logistical problems for somé stadents

{e:g., those not omg a videocasserre recorder), students
may watch a movie with a classmate, sharing the costs and
equipment. Students are also encouraged to conract Jocal
libraries, which often have varied and inexpensive movie

selections.

Afterwatching the movie; studentswrite an essay (of two
tofour pages), analyzing some-aspécts:of the film characrers’
social development. Students are instructed to *use the psy-

chological theory and research from the course as4 frame-

work-in whitch to understand the social development of the

children in the movie.™ Studetits are told ro “make conmec-

tions between: the characters and their experiences with
ideas we have read or discussed inclass.” Studenits write their
-gaym ibout 1 week and submit it around che time I finigh
€ topic
To facﬂime their analysis; students are given the follow-
ing questions on a handout: (a) How does the film capture
thewayachlldspeergroup makeaupasubculnneox society
of childreri”! How does the child’s experience in this society
differ from hisor her expérience with adults? (b) How does
the film illustrate psychological benefits -of having friends
and being in a peer group? Conversely, how does the filin
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