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 A NUMERICAL MODEL OF REDUNDANCY

 IN CLASSROOM COMMUNICATIONS

 LAENU A. G. KARP
 Tuskegee Institute

 ABSTRACT

 An attempt is made to quantify redundancy in a learning situation. To reduce the cost of in-the-school
 experiment, a study has been carried out using a numerical procedure. The variables of the study include stu
 dent I.Q. , lesson time, wasted time, teacher experience, and redundancy. A total of 216 cases were worked
 out. A modest number of cases must be evaluated experimentally, in a classroom, to verify the study. After
 the procedure has been verified, administrators can suggest guidelines for optimal teaching procedure in the
 classroom, and teachers can carry out such optimal teaching procedure in the public school. The administra
 tor can thus select optimal redundancy in the learning situation.

 A NUMBER OF STUDIES (1,2,3,4,6) dealing
 with teacher effectiveness have produced conflict
 ing results. For example, J.M. Stephens, in The
 Process of Schooling (6) says:

 Among the scores of studies dealing with
 teacher effectiveness there are quite a
 few that try to relate the characteristics
 of the teacher to the achievement of the
 pupils being taught. To an overwhelming
 extent the results are negative. True,
 there is some suggestion that experience
 helps for a few years, but after those early
 years the older teacher is less effective.

 Some of the more salient features that seem to
 emerge in these studies are teacher experience,
 student I.Q., and message redundancy. This study
 attempts to quantify these features, derive relation
 ships between the features, and generate some data
 based on the communication model of Westley-Mac
 Lean (5 ), with emphasis on the features of redun
 dancy.

 The model, which describes communication be
 tween a single sender and a single receiver, applies
 to many actual communication systems, such as a

 telephone communication system, a satellite com
 munication system, and a teacher-student communi
 cation system. In particular, the formulation and
 numerical calculations concerning an idealized com
 munication system begin with the presentation of a
 flow chart in Figure 1, representing an idealization
 of the three communication systems.

 BACKGROUND OF THE PROBLEM

 1. To design an "optimal" telephone communica
 tion network, the telephone company wants to: a.)

 minimize overall cost of maintenance and equipment
 over a ten year period; b.) maximize the number of
 telephones and customers and thus the amount of

 money paid to the company; and c.) give the most re
 liable, clear, and best possible messages.

 In Table 1, line 1, an idealized telephone communi
 cation network consists of a mouthpiece (A), a
 switchboard (C), and a receiver (B) . The sender
 (A) sends a message (X) of redundancy (r) through
 an encoder-editor (C) network?the switchboard?
 to reach a receiver (B) . Ji a test indicates that the

 message was correctly received, a job (J) is carried
 out; otherwise, a feedback message is sent to (A)
 from (B) to repeat thejnessage. The problem is to
 find the average time (T) to perform the job (J) .

 FIGURE 1
 IDEALIZED COMMUNICATION SYSTEM

 The sender (A) sends a message (X) of redundancy (r ) through an encoder-editor (C) network to
 receiver (B) . If a test indicates that the message was correctly received, a job (J) is carried out,
 otherwise, a feedback message is sent from (B) to (A) to repeat the original message. The problem
 is to find the average time, expressed as T, to perform the job (J) .
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 TABLE 1

 COMMON FEATURES OF THE THREE COMMUNICATION SYSTEMS

 Case  Case Name
 Sender
 (A)

 Encoder
 Editor
 (C)

 Receiver Message Feedback Job
 (B) (X) Message (J)

 Phone

 Satellite

 Teaching

 Mouth
 piece

 Control
 center

 Teacher

 Switch
 board

 Tracking
 station

 Book

 Receiver

 Satellite

 Student

 Voice

 Perform
 control
 function

 Lesson

 Message
 understood Comprehension

 Control
 function
 performed Control function

 Test
 Arithmetic
 process

 Note?Table 1 details the relationship of the general communication system of Figure 1 to the specific communi
 cation system examples.

 2. To send a control message from a space flight
 control center through one of a network of tracking
 stations to a satellite, for: a.) satellite orientation
 control; b.) temperature monitoring and control; c.)
 control of the power source, which is transforming
 sunlight into electricity; and d.) telemetry control of
 feedback messages to verify that the specific job is
 carried out, the designers of the control system seek
 maximum reliability at minimum cost.

 In Table 1, line 2, an idealized satellite communi
 cation system consists of a space flight control cen
 ter (A) that sends a message (X) through a track
 ing station (C) where it is encoded and edited, and
 then transmitted directly to the satellite (B) where
 the control job (J) may be successfully performed.
 Ji the job (J) is not successfully performed, a feed
 back message is telemetered from (B) to (A) to re
 send the original message. The problem is to find
 the average time (T) to perform the job (J) .

 3. A teacher in a single classroom, after a given
 time of instruction, tests the students. The results
 are fed back to the teacher to determine whether a
 specific job, e.g., of learning some material in
 mathematics, has been successful. If not, the in
 struction is repeated. The objective is to teach the
 students the material is minimum time with greatest
 reliability.

 In Table 1, line 3, an idealized classroom com
 munication system consists of a teacher (A) who
 sends a message (X) , i.e., the lesson, through the
 encoder (C), i.e., the textbook, to the receiver(B),
 i.e., the student, to perform the job (J), i.e., an
 arithmetic process. After the lesson, testing takes
 place, i.e., feedback. If feedback indicates that the
 message has not been properly received, i.e., the
 lesson has not been learned, the message is re-sent.
 The problem is to have the student learn the arithme
 tic in the minimum length of time.

 NUMERICAL PROCEDURE AND METHODOLOGY

 Referring to Figure 1, a numerical procedure re
 sults from assignment of a constant probability of
 success at every vertex of the figure, and a time in
 terval for every transfer leg of the figure. Thus, for

 a numerical model, derived from Figure 1, certain
 assumptions can be made.

 1. The probability that the receiver correctly
 receives a single, non-redundant message
 is a positive number (P) less than 1, and
 independent of the message previously sent.

 2. The time wasted initiating a sending process
 and the testing process before the feedback
 message is received is T0.

 3. The time to encode and edit a single, non
 redundant message is T.

 4. The time to test and transmit the message
 is taken as zero and is incorporated in the
 time T0.

 5. The time to send an r-fold redundant mes
 sage once through the loop, ACBA, of
 Figure 1 is T0 + rT.

 6. The message is re-sent again and again
 until, by successful testing, the job (J)
 is completed and recorded as such.

 The derivation proceeds as follows: from assump
 tion 1, the probability of accepting a non-redundant
 message is 0< P <1 and of not accepting is 1 - P;
 from assumption 1, the probability of not accepting
 one of r successive non-redundant messages is (1 -
 P) and of accepting is Z= 1 - (1 - P) r.

 If j = 0,1,2,3... loops (ACBA of Figure 1) occur
 before final acceptance, the probability, Pj, is the
 probability of nonaccepting in j - 1 successive loops
 and accepting in the j'th loop and, from assumption
 1, Pj = (1 - Z)J -1 . Z.

 From assumption 5, the time to go through one
 loop is T0 + rT) and through j loops is j (T0 + rT) =
 T.. Averaging over loops, the mean time to accept
 tire message is:
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 T = T1P1 +T2P2+T3P3 + ... = % TjPj
 . 1 3=1

 7 (1- Z)3" A- Z (T0+rT) =
 j=l

 r

 Z(T0 + rT) 5 (1 - Z)1"^
 j=l

 (T0+rT)/.(l-(l-P)r ), or

 _ T0(l+r(T/T0) ) T =
 1- (1-P)J  1.)

 hi the classroom situation, the parameters en
 tering equation 1 are the following:

 P =the probability of success of the students'
 learning the material on the initial receipt
 of the information or message;

 T =the average time needed to do the job;
 i.e., learn the material;

 r = the redundancy, or the repetitions of the
 message;

 T0= the wasted time, consisting of three
 elements: a.) start time to get the class
 in order so that instruction can begin,
 b.) test time to test the students, and
 c.) feedback time to send back to (A),
 the teacher, a message that the students
 have not succeeded in learning and that
 the instructions should be repeated;

 T = the actual time to receive a single, non
 redundant message;

 and are numerically reviewed over a range specified
 in Tables 2, 3,4, and 5, as detailed in Figures 2, 3,
 4, and 5.

 Numerical calculations were programmed and run
 through the 7094 computer at the University of Mary
 land and are presented in Tables 2, 3,4,5.

 While the above relationship expresses Figure 1,
 and thus applies to all three specific communication

 TABLE 2

 RANGE OF PARAMETERS USED IN THE STUDY
 OF THE NUMERICAL PROCEDURE

 Quantity Symbol Range

 Redundancy r 1,2,3,4,...10
 Student intelligence I. Q. 70,100,130

 Teacher experience EX 1,3,5 years

 Lesson time T 20,24,28,... 56 minutes
 Wasted time T0 20 minutes (fixed)

 TABLE 3

 AVERAGE TIME TO LEARN IN MINUTES
 I.Q. = 70

 T/T0 r = 1 r = 2 r = 3 r = 4

 EX=1

 1.0 119 107 113 124
 1.2 131 121 130 144
 1.6 155 150 164 184
 2.0 179 179 198 223
 2.4 203 208 232 263
 2.8 227 236 266 303

 EX=3

 1.0 116 105 111 123
 1.2 128 119 128 142
 1.6 151 148 162 182
 2.0 175 176 195 221
 2.4 198 204 229 260
 2.8 222 232 262 300

 EX = 5

 1.0 114 104 110 121
 1.2 125 117 126 141
 1.6 148 145 160 180
 2.0 171 173 193 219
 2.4 194 201 226 258
 2.8 217 228 259 297

 TABLE 4

 AVERAGE TIME TO LEARN IN MINUTES
 I.Q. = 100

 T/T0 r = 1 r = 2 r = 3 r = 4
 EX=1

 1.0 77 78 90 105
 1.2 85 89 103 122
 1.6 101 109 131 156
 2.0 116 130 158 190
 2.4 132 151 185 224
 2.8 147 172 212 258

 EX=3

 1.0 76 77 89 105
 1.2 83 87 103 122
 1.6 99 108 129 155
 2.0 114 129 156 189
 2.4 129 149 183 223
 2.8 144 170 210 257

 EX = 5

 1.0 74 76 88 104
 1.2 82 86 102 121
 1.6 96 106 128 155
 2.0 111 127 155 188
 2.4 126 147 182 222
 2.8 141 168 208 255
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 TABLE 5

 AVERAGE TIME TO LEARN IN MINUTES
 I.Q. = 130

 T/T0 r = l r = 2 r = 3 r = 4
 EX=1

 1.0 50 62 80 100
 1.2 55 71 92 116
 1.6 65 87 117 148
 2.0 76 104 141 180
 2.4 86 121 165 212
 2.8 96 138 189 244

 EX=3

 1.0 49 62 80 100
 1.2 54 70 92 116
 1.6 64 87 116 148
 2.0 74 103 141 180
 2.4 84 120 165 212
 2.8 94 137 189 244

 EX=5

 1.0 48 61 80 100
 1.2 53 70 92 116
 1.6 63 86 116 148
 2.0 72 103 140 180
 2.4 82 119 164 212
 2.8 92 136 189 244

 examples, its significance will be detailed only in
 the case of the communications system 3, i.e., the
 classroom situation. An expanded treatment of the
 general model would have to include communication
 systems 1 and 2, as well as the following features
 of a real classroom situation which have been omitted
 but can be of decisive importance:

 (a. ) student memory,

 (b. ) student discouragement and encouragement,

 (c. ) mutual student intercommunication and
 group dynamics,

 (d. ) variation of the encoder time, wasted
 time, and editor time, with the number
 of loops, and

 (e. ) failure of the teacher to repeat beyond
 some fixed number of repetitions so that
 some students never learn, and the teach
 ing process becomes unreliable.

 Items (c) and (e) will be less significant in the case
 of programmed learning.

 The Probability (P) of successful receipt of the
 information in a non-redundant message is qualita
 tively related to teacher experience (EX) and student
 I.Q. (2,3) . From the quotation by J.M. Stephens
 (4) at the beginning of this article, it is evident that
 teacher experience is not a determining or a sensi
 tive feature of the teacher-pupil communication sys

 tern. A formula relating P to teacher-experience and
 student I.Q. which embodies this insensitivity to
 teacher-experience, is expressed as follows:

 P=((EV100)+.9)e<IQ-140>/7?. 2.}
 The first factor on the right changes from 90 per

 cent to 95 percent as the teacher experience varies
 from one to five years. The second factor becomes
 1, if the I.Q. is equal to 140; and it becomes e~*^
 . 3 if the I.Q. is equal to 70.

 Values for EX of one year for the beginning teach
 er, three years for the semi-experienced teacher,
 and five years for the teacher with experience?of
 student intelligence 70 I.Q. for the slow learners,

 FIGURE 2

 T VERSUS r (1,2,3,4)/I.Q. = 70/EXPERIENCE=
 1, 3, AND 5 YEARS

 140

 13oj j
 120)

 T/T0 " 2.8

 T/T0 ? 2.0

 T/T0 - 1.6

 T/r0 ? 1.2

 1 2

 Figure 2 represents mean time to learn non
 redundant lesson versus the number of repetitions,
 for student I.Q. 70, teacher experience of 1,3, and
 5 years, and lesson time of 20,24,32,40, and 56
 minutes.
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 FIGURE 3

 T VERSUS r (1,2,3,4)/I.Q. = 100/EXPERIENCE=
 1, 3, AND 5 YEARS

 Figure 3 represents mean time to learn non-redun
 dant lesson versus the number of repetitions, for
 student I.Q. 100, teacher experience of 1,3, and 5
 years, and lesson time of 20,24, 32,40,and 56
 minutes.

 100 I.Q. for the average, and 130 for the faster learn
 ers?are used in Figure 6.

 The simple model of Figure 1, as expressed in
 equations 1.) and 2.) is now numerically reviewed.

 Using Table 2, and the various parameters as ex
 plained therein, results of the calculations obtained
 from the 7094 computer are presented in Tables 3,
 4, and 5. The range is listed in column 1, labeled
 T/T0 and runs from 1.0 to 2.8, but only significant
 values are represented in the tables. Columns 2,3,
 4, and 5 list the actual number of minutes consumed
 as the value of T/T0 is changed.

 Table 3 gives the information obtained when the
 I.Q. is set at 70 and the range of teacher experience

 runs from one, three, and five years. Table 4 gives
 the information obtained when I.Q. is set at 100 for
 the same range of teacher experience, and Table 5
 gives the information obtained when I.Q. is set for
 130 over the same range of teacher experience.

 RESULTS AND DISCUSSION

 From Tables 2,3, and 4, and Figures 2,3,4, and
 5, the decrease in intelligence variable (I.Q. ) or
 lesson time variable (T) corresponds to an increase
 of the average time (T ) . From Figure 2, with I.Q.
 at 70 and lesson time less than 32 minutes, two suc
 cessive repetitions before testing minimize the mean
 time taken to learn, hi Figure 3, for I.Q. at 100,
 and Figure 4, for I.Q. at 130, minimum learning
 time occurs for no repetitions before testing. And
 learning time rises with repetitions before testing.

 FIGURE 4

 T VERSUS r (1,2, 3,4)/I.Q.
 1 AND 5 YEARS

 130/ EXPERIENCE =

 215

 205

 165

 155

 ? 143

 13 i

 12?

 'O = 2.4

 T/T0 = 1.2

 J 2 ? A

 Figure 4 represents mean time to learn non-redun
 dant lesson versus the number of repetitions, for stu
 dent I.Q. 130, teacher experience of 1 and 5 years,
 (the curve for 3 years, not shown here, is interpe
 diate to that of 1 and 5 years), and lesson time of
 20, 24, 32, 40, and 56 minutes.
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 FIGURE 5

 T VERSUS r (1,2, 3,4)/I.Q.
 EXPERIENCE = 3 YEARS

 70,100,130/

 Figure 5 represents mean time to learn non
 redundant lesson versus the number of repetitions,
 for the total range of student I.Q. teacher experi
 ence of 3 years, and lesson time 20 minutes and
 56 minutes.

 Learning time rises with repetition more sharply,
 for longer lesson time. In these cases, time gained
 through successive repetitions, without testing,
 does not compensate for time lost in repeating to
 students who have already learned the material.

 Figures 2, 3,4, and 6 illustrate the view that
 teacher experience is not a primary factor in learn
 ing (6) . From Table 2, teacher experience from
 one to five years can make a 2 percent difference in
 minimum learning time for I.Q. 70. At I.Q. 100,
 teacher experience can make a 3 1/2 percent differ
 ence in minimum learning time, while at I.Q. 130,
 teacher experience can make a 4 percent difference
 in mimimum learning time. Since the variance of
 the I.Q. is generally greater than 10 percent, the
 significance of these figures is doubtful.

 It is suggested that these data of Figures 2, 3,4,
 and 6 and Tables 2, 3, and 4 be compared with class
 room data to test the assumptions 1 through 6 of the
 Numerical Procedure.

 SUMMARY, CONCLUSIONS, AND APPLICATIONS

 Numerical analysis of the communication model
 of Figure 1 condenses the language of discussion of
 communication systems, facilitates optimization of
 system parameters, and suggests an organized
 means of testing hypotheses. It is suggested that
 these data be compared with a classroom situation
 to test the assumptions of 1 through 6, as described
 in the Numerical Procedure.

 This study has attempted to quantify the features
 of teacher experience, student I.Q. and message re
 dundancy and to derive relationships between these

 FIGURE 6

 I.Q. (70,100,130) VERSUS TEACHER
 EXPERIENCE 1,3, AND 5 YEARS

 EX ? 5 YEARS

 EX ? 3 YEARS

 EX <= 1 YEAR

 Figure 6 represents probability of learning a
 single non-redundant lesson versus I.Q. with
 teacher experience 1,3, and 5 years.
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 features thus generating some data based on the com
 munication model of Westley-MacLean (5 ) , with
 emphasis on the feature of redundancy.

 Tables 3,4, and 5 have evaluated the mean time
 for the student to learn, for a variety of teacher ex
 periences, redundancy, student I. Q., lesson time,
 and wasted time. A "case" is defined as a sample
 entry in any of the tables 3,4, and 5. There are
 216 "cases" worked out in Tables 3,4, and 5; each
 case might be obtained experimentally by taking data
 from a real class with an actual teacher. Such data
 taking could cost $300 a case (for the researcher to
 spend two weeks at a given class) . The total cost
 of all cases is then $64,800.

 One can, with minor degradation of reliability,
 take only 22 points (10 percent of the 216 above) ,
 costing perhaps, $6,480, to verify the model and
 determine its constants.

 The effect of the model is to bring the project
 within practical cost ranges, with minor degradation
 of information retrieved. The effect of all variables,
 i.e., teacher experience, redundancy, student I.Q.,
 lesson time, and wasted time, on the mean learning
 time of the student can be efficiently assessed.

 Having settled the relation between mean learning
 time and the above stated variables, administrators
 can suggest guidelines for optimal teaching procedures,
 in the classroom, and teachers can carry out such
 optimal procedures in the public schools. The ad

 ministrator can thus select, given the student I.Q.
 and teacher experience, the optimal redundancy,
 lesson time, and wasted time, for the teacher to
 utilize.
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