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Abstract--A kev tenet of information theory, Shannon’s math-
ematical equation for the information entropy wl a diserete
communication channel. is applied by analegy to ilustrare how
aceess o political communication channcls such as cable tele-
vision could be allocated. Application of thig equation provides
w basis for maximizing the infornmation entropy ol politica!
communication. However, such applications must overcome a
number of theoretical and practical limitations to be politically
viable.

INTRODUCTION

Ty LARGELY unrealized potential application of

general systems research to the political process has
been recognized for decades by researchers such as
Wiener [27. 28]. Bertalan(ly [5). Deutsch [8]. Caston
[9]. Ericson [10]. Miller [17] and Wood. Jr [34]. The
purpose here is to dlustrate how selected concepts
from engineering systems. specifically information
theory and the mathematical theory of com-
munication {as developed by Shannon [21]). can be
applicd to allocate the access of political candidates
Lo communication media such as cable television.

This ltustrative application is addressed in part
to the relatively recent and growing political oppor-
tunities and probilems presenicd by the Infor-
mation Era’ (sometimes also known as the *Com-
munications’, “Computer’. ar ‘Microchip® Era or

*The views cxpressed are those of the author and not neces-
sarily those of the OTA. Technology Assessment Board. or LS.
Congress, The articde is based on independent research of the
author and not on work condected for the OTA.

16l

Information theory : mlormation entropy : political system : media access allocation.

Age: see [11, 30, 33]). Duning the present 'Infor-
mation Era’, the dominant technologies are infor-
mation processing and amplilying technologies
such as the computer, broadcast and cable
television. clectronic mail. electronic bulletin board.
and the like. Cable television exemplifics the diver-
sity ol media available for political communication.
However. media diversity also presents problems in
terms of : the potenual for information overload
{too many channels, too much information); the
allocation of access to the most heavily used chan-
nels ; and, in general, the balancing of diversity and
centrality in the political process necessary to main-
tain a democratic and stable sociery.

The centra! hypothesis 1s that a key tenet of the
communication theory that works for the design
and implementation of pliysical engineering sys-
tems can also be applied o political systems in order
to maximize the information entropy of political
communication. As used here. information cntropy
is a measurc ol the diversity of information (or
ideas) in a physical {or political) communication
system. Information entropy is defined as a measure
of the average number ol bits of information in
messages on i communication system that convey
information not alrcady known to the receiver or,
in other words, the level of diversity of information
{see [21, 22]). In mathematical terms, the infor-
mation entropy of a discrete noiscless com-
munication channel can be defined as
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f= =P dog(Py1 P log (1)
+ P Togd PO, (1)

where A is information entropy, log means log-

arithm to the base 10, and P, 15 the probability of

oceurence of messuge A over the communication
chinnel.

A review of the theory and application of infor-
mation entropy has been regently published {3] and
will not be repeated here (also see |20 31] and. gen-
cradly [6. 719, 24]). Suflice it to say that inlformation
entropy has heen applicd in such diverse fields as
cconomics [13. 23], sociology [1. 12], and organ-
izational structure [14]. This article illustrates its
application o the wechnical level of political com-
munication. that is, the eflicient transmission ol bits
ol information or syimbols or ideas, as contrasted
with the semantic level-- the meaning of the infor-
mation  or the etfective fevel -the impact of the
information communicated on the behavior of (he
recipicnt {see [22]).

ALLOCATING CABLLE TELEVISION
ACCESS

The following cxamples illustrate the application
ol information entropy to the allocation ol access
1o palincal communication channels. The channels
could range trom physical bulletin boards and op-
ed” newspaper space 1o broadcast and cable tefe-
viston time. Cable Lelevision has been sclected for
these examples because cable TV 15 1 medium that
gencrally has the channel capacity for public access.
These examples assume that a local cable television
stiation operator has designated one channel lor
public access. including discussion of political issues
and candidates. The question facing the cable sys-
tem operator would be how to allocate e to
candidates l'or o hypothetical public othee.

Mossage

Hypothetical probability
candidate P, —log (P
A major purty (.43 0.347
B --mujor party 0.325 048
- hird party (.10 1000
L --1minor party 0.0% 1097
F independent 0.3 1323
I independent 0.01 2.000
Cr- nudependent 0.005 2,301
Totals 100}

Weighting

Hivstration one

One possibility 18 10 allocate cable television
aceess o muximize Lhe information entropy of
the communication channel, In other words, time
would be allocated so that the probability dis-
tribution ol the different political messages con-
veyed would maxinuze the snformation entropy.
The approach tllustrated here 1s to weight the allo-
cation of access time by multiplying the total avail-
able time by the information entropy of cach can-
didate’s message divided by the totat information
of all messages. Expressed muathematically, the
equation is

Fo= TADRD) = TP log (PASP log (P (2)
where 77 is the cable access time allocated 1o can-
didate /. 7. 4s the total time available for altocation.
D15 the information entropy of the message of
candidate /. P is the probability of that message.
log stands tor logarithm to the base 10, and § stands
for sum. P, can be determined i several dilferent
ways, such as by the percentage vote of the can-
didate’s party 1o the last clection or, il an inde-
pendent candidate. by the candidatc’s support as
measured by polling results or the number of nomi-
nating petiion signatures collegted.

Figure 1 tllustrates the results for seven hyvpo-
thetical candidales -two major party candidates.
one third party candidate, one minor party candi-
date, and three independents— with a total ol 10
hr of cable television access time 1o be allocated.
The message probabilities (£ are based on the
results of hyvpothetical voler prelerence polls, con-
ducted. for example. by professional public opinion
pollsters hired by the cable television station or
perhaps by the local chapter of u nonpartisan civic
group {such as the League ol Women Volers).
These polling percentages arcillustrative and puorely
arbitrary. The weighting factors are P log (7)Y or I,
and the weighted probabilitics are D80, The hours
allocated are caleulated using egn (2).

Weighied Hours

fuctar probubility allovated
Polop (P) D, Db T
0. 156 0.269 2,69
0.139 0.275 20a
0,100 0.172 1.72
008K 0.151 1.51
0.6 0.079 0,79
0020 0.034 (4,34
a0l2 0.020 (.20
{.551 1000 113,00
#h, T

Fig. | Hlustrative use of weighted probability to allocate cable felevision aceess. 7, iy the cuble
access lime allocated to candidute 7277 0s the total time available for ullocation, £, is the weighted
prebability of the messige of candidate ¢ £is the probahility of that message. log stands for the
logarithm to the base 10, and § stunds Tor sum. In this example. 2,35 based on the resulis of
hypotheticul voter preference polls, 7, s caleulited using eqn (2) 1 the fext
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The resulting aliocation of cable access time
iMlustrates the use of information entropy for
weighting the allocation. The two candidates with
the largest support receive somewhat less than the
allocation that would be bascd strictly on their level
ot support in the polls, but stll mere than the other
candidates. The candidates with lower support
received a somewhat greater than proportional
allocation. This is because maximizing informa-
tion eniropy in this dlustration translates into
maximizing the diversity of the mcessages being
communicated by the candidates.

Thus. tor example as shown in Fig. 1, inde-
pendent candidate G would be allocated 0.05 hr (or
3 min) i based solcly on the level of support (as
indicated in voter preference polls) but would
recerve (1.2 hr (or 12 min} based on egn (2) in order
to maximize information diversity and information
entropy. On the other hand. major party candidate

A would be altecated 4.5 hr based on the level of

support in the polls, but would receive 2.69 hr based
onegn (2).

Hiustration two

Communication channel access could also be
allocated by some combination of direet pro-
portional measure und weghted probability mea-
sure (see |32)). For example. one-half of the total
access ime available could be allocated on a major
miner third party proportional basis. determined
by cach party’s pereentage vote in the last election,
to assure adequate exposure tor candidates of the
arganized political entities. The other half of the
time could be allocated on a weighted probability
basis. determined by voter preference polls, 1o
guarantee at least some exposure for independent
candidates with some minmmal level of support.
Lxpressed mathematically. the eguation is:

T =) T, + (L =) T (DS D)) {3

where 7, is the cable access time allocated to can-

Proportional

didate i, T, is the total time available for allocation.
}.is the percentage vote of candidate ¢ or his party
in the last eleciion. (a) is the fraciion of time (in this
examplc 0.5) 1o be allocated on a proportional basis.
{1 — ) is the fraction of ime to be allecated on an
imformation-entropic basis, £, is the intormation
entropy of the message ol candidate 7 (as defined in
eqn (2)), and § stands for sum.

Figure 2 illustrates the results for the same seven
hypathetical candidates with the same total of 10
hr ol cable television access time 1o be allocated.
The time 15 split evenly with 5 hr allocated on the
hasis of hypothetical percentage vetes in the last
election (I7) and 5 hr allocated on the basis of
hypothetical voler preference polls (message prob-
ability #,). The results show how allocation on a
party proportional basis favors the established and
majority political interests while allocation on g
welghted probability basis [avors minority and
independent political interests. The effect of the
weighted probability allocationis to partially offset
the advantage acceruing to major party candidales
[rom the proportional allocation.

Thus. as shown in Lig. 2, independent candidate
G would be allocated no time i based solely on the
pereentage vote from the last clection (assuming
a new candidate not afliliated with an organized
political party) but would receive 0.1 hr (or 6 min)
based on egn (3). This is one-half the time allocated
to candidate G in the previous example, since only
one-hall of the total uliocation in the current exam-
ple is based on weighted probability. On the other
hand. major party candidate A would be allocated
a total of 3.85 hr, 2.530 hr based on the mujor party
A5 50%6 vote i the last election plus 1.35 hr based
on candidate A's 45% support level in voter pref-
crence polls,

A practical reason for not allocating all access
time on a weighted probability basis 1s that the
majority party would likely feel unduly penalized
for high levels of support. For cxample. in Fig. 1

Total combined

Weighted probability
Flvpothetical allocation allocation allecation
candidute % Vote 1, Hr Tir
A major party 0.50 250 0.45 0.269 1.35 383
B major purty 0.30 1.5 0.325 0.275 138 2RY
C o thied party 0.1s 0.75 0.10 0172 (.86 1.61
17 minor party 0.05 0.23 0.08 0151 0.75 .00
E independent 0 0 0.03 0079 0.39 .39
b independent 0 ] [LRVN 0.034 o1y .17
G independent 0 |\l 0005 0.020 1 a.10

Totals 1.00 .00 1000 1.000 5.060 10,00
Fig. 2. Nustrative combined use of direet proportion and weighted probabiiity 10 allocate cable
television time. Percentage vole is based on hyvpothetical percentage votes {expressed here as a
fction) recetved by the candidate or his purty n the Last clection. P, s based on the results of
hypotheticad vater preferenee polls. Values of P and D, are taken from Figo B Hours allocated are
caleulated using cyn (3) in the text,
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major party candidate A is allocated about 50%
more time than third party candidate C {2.69 hr for
candidate A compared to .72 hr for candidate C),
even though candidate A's voter preference support
level is more than (our times higher than (hat of
candidate C. This would be a significant concession
by major purty candidate A but perhaps still pol-
itically acceptable. However, il major party can-
didate A"s support level increased to about 70%
from 45% and minor party candidate C's remained
at 0%, the two party candidates would be allo-
cated approximatcly the same cable access time
according to eqn (2). And i candidate A's support
level increased to about 87% and candidate s
remained at 10%. candidate A would be allocated
haltas much cable access ime as candidate C. These
latter two scenarios likely would be politically unac-
ceptable and highlight the need to balance this out
with some degree of proportional allocation along
the lines of egn (3).

DISCUSSION

The use of information entropy as an approxi-
mate measure for allocation of access to political
communication channels has a theoretical basis in
information theory. Shannon's mathematical
equaltion tor the discrete noiscless communication
channel (egn {1)) provides a4 means to measure the
information entropy of 4 political comnunication
channel {in terms of diversity of messages). In gen-
eral, increasing the diversity of information in a
political communication system  at least theo-
retically will increase the information entropy.

The cable television illustrations show how infor-
mation entropy could be apphed. Further research
and experimentation are necded, of course. The
alternatives for calculating message probabilities
{£) in ¢gn (2) and (3) and the split between pro-
portional and weighted probability allocation (in
eqn (33 need carclul scrutiny and rcfinement by
political scientists. as do the likely political impii-
calions of applying information entropy measures.

One political ssue that would need resolution is
how and by whom the decision 1o use various allo-
cation schemes would be made. Perhaps the major
political parties and cable television industry (and
other media) and;or various nonparlisan civic
groups could reach an agreement that was generally
acceptable. Howcver. any particular allocation
scheme (and especially the breakdown between
proportional and weighted nrobubility time) repre-
sents a value judgement as to what is an cquitable
and efficient balance between established majornty
political expression and mdependent and minority
expression. In the United States, i’ a voluntary
agreement proved ditheult 1o achieve, the Federal

Flections Commission and;or Federal Communi-
cations Commission could be tasked by the US.
Congress to luke the Jead.

A second issue would be establishing eligibility
criteria. For example, cable television (and other
media) access Lime could be provided to candidates
who: (1) represent a political party whose candidate
placed first or sccond in the previous election : (2)
represciuta political party receiving a specified mini-
mum pereentage (¢.g. 3%) of the total vote in the
previous clection ; (3) receive a designated minimum
tevel ol support (e.g. 1%) in voler opinion polls ; or
(4) gather a specified number of voter signatures
(c.g. 0.5% of registered voters) as evidence of an
acceptable minimum level of support (sce |4, 26]).

A third issue would be the conditions of use,
especially with respect to the format for discussion.
For example. candidates might be encouraged to
emphasize rational discussion of the issues and their
own cxperience, and 10 avold deception and exag-
geration (sce [16]). Some portion of the lotal ume
allocated could be required to be used in a debate
formal with oppostng candidates or in a discussion
format with community and news media rep-
resentatives. This issuc clearly deals with the sem-
antic and effective levels of communication (as
defined by Shannon and Weaver [22}) and could
cxtend 1o general consideration of the quality as
well as the quantity of communication.

In general. the concept of information entropy
could be used as one means for ensuring that the
cntire spectrum of political candidates. partics, and
viewpoints receive balanced access 1o cable (and
perhaps cventually broadeast) television. “lalor-
nutlion entropy time” might be a way Lo implement
previously proposed concepts such as “voters™ time”
and ‘representative time’ (see [18, 25] and, gencratly
[20., 32]}. The concept also could be used to measure
the degree ol diversity in pelitical communication
of various countrics, perhaps as an additional input
for use by the U.S. and other countries in the devel-
opment ol forcign policy strategics and by inter-
national organizations that monitor human rights
such as freedoms of political speech and assembly,

In the broadest scnse, 1t 18 hoped that the kinds of
applications of information theory presented here
would help strengthen democratic institutions
around the world and that entropy-like properties
of political systems could be used 1o help steer a
course loward a democratic and peaceful world
future (also see [12. 15, 28, 29]).
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