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Appendix: MATLAB program code replicating March (1991) Chanda & Miller (2019)

%%% TRANSLATION OF PROF. MARCH'S CODE FROM BASIC TO MATLAB. MY HEARTFELT
%%% THANKS TO LATE PROF. MARCH FOR MAKING THE CODE AVAILABLE TO ME. SASANKA.

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% %% %%
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%% %% % %% %% %% %%%%%%% %%
%% In order to run distinct cases of March 1991, Figure 1 ... 5, please

%% comment out the code for the other cases in the flower boxes below.

%% The flower boxes are identified as FBO1 ... FBOS. In a given run, the

%% code inside only one flower box should be uncommented, contents of all

%% other Flower Boxes should be commented out by placing a '%' at the

%% beginning of each line of code. At the end of simulation, the results

%% are to be found in the variable p4 eka for Figures 1,2 & 4 and in the

%% variable p4_aock for Figure 5. For Figure 3 (FB03] the results are in

%% two containers, p4 eka (org code knowledge) and p4 fig3 (average

%% knowledge of slow and fast learners and average individual knowledge).
%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%6% %% %% %% %%%%%%% %%
%%%%%%%%% % %% % %% % %%
%%%%%%6%%%%%%6%%%%%%%%%%0%%% %% %% %% %% % %% %6%6%%6%6%%%%%%%%%%% %%
%%%%%%%%%%%%%%%%%%

%% To get March's results, the variables flag neg, flag 2 step and

%% flag 0 guess must be set to one. flag neg represents negative marking.
%% For example, if out of 10 total beliefs of an entity, 7 are correct (with
%% respect to the standard of the external reality) 1 is wrong and 2 are

%% '0', (i.e. cannot be determined to be wrong or right), the logic of

%% Prof. March's code would assign a score of 6/10, i.e., implementing

%% negative marking for the wrong belief. In contrast the publication text
%% (correctly) states that scoring is on the "proportion of correct beliefs".
%% Probably above was just a coding mistake, occurring due to

%% multiplication of the reality and org. code (or member knowledge)

%% vectors instead of counting the number of matches one by one.

%% Since this went unnoticed, the other two fixes described below

%% became necessary to make the curves behave.

%% Flag_ 2 step represents a 2-step update of a member's

%% non-conforming belief to the org code's non-zero belief. The text of

%% March's paper suggests that, when a member's belief is not conforming to
%% the (non-zero) belief of the organizational code, it will get updated to
%% the organizational code's belief with a probability pl. However, Prof.
%% March's code implements (effectively) a two-step update when a member's



%% belief is not conforming to the (non-zero) belief of the organizational
%% code. Accordingly, in case of such non-conformance, the member's belief
%% is updated to 0 with a probability pl. Only '0' beliefs of members get

%% updated to the org-code's (non-zero) belief with probability p1.

%% Flag 0 guess = | represents the idea that, when the org code is

%% selecting elites, a given member's zero belief is randomly guessed as

%% '-1' or '1' (with equal probability), and belief scores are computed

%% based on this perceived belief set. This mechanism is not given in

%% the paper. This was definitely unintended, since it violates the closed

%% system assumption that applies to Figures 1, 2 and 3.

dim reality = 30; %% M

N = 50; %% number of members in the organization / group
%$%iterations = 80; %% mc_steps: TEST MODE

o
°
oo
3]

iterations = 10000;
%% implies initial popln have (-1,0,1) with 1/3 probability
prejudice = 2/3 ;

REAL = 0.50; %% probability bit value of the Reality is 1 or -1

beliefs = zeros(N, dim reality); %% BELIEF | N rows dim reality columns
score = zeros(N, 1 ); %% SCORE | col vector

init reality str = ones(l, dim reality); %% REALWORLD | row vector
collective = zeros(l, dim reality); %% COLLECTIVE | org code row vector
dim sum = zeros(l, dim reality) ;

%% SUM | initializing container to keep elites' belief sum

990090000000000000000000000000000000000000000
OO0OO0OO0OO0OOOO0OOOODOOODODOODODOOODODOODODOOODODOODOOOODOOODO©O©ODO
990090000000000000000000000000000000000000000
OO0OO0OO0OO0OOOO0OOOODOOODODOODODOOODODOODODOOODODOODODOOODOOODO©O©ODO

%% Necessary additional (undocumented) parameter in March 1991 code
p interpret = 0.50 ;

%% probability of interpretation of 'O' in member belief as -1 or 1

Additional parameters from study of March's code. The three flags below
need to be set to value 'l' to have replication of March's results. A
value of '0' in any flag will show the results that transpire when the
undocumented feature (w.r.t. text of the 1991 paper) is absent.

o oo oe
o oo oe

o
o

oo

% 'l' implies negative marking for false beliefs; '0' => no negative marking
lag neg = 1;

=

oe

$'1' implies 2 step update of non-conforming member beliefs; '0' implies 1 step update

flag 2 step = 1;

5 '1l'" implies members' 0 bits are randomly assigned 'l' or '-1' in choosing elites.
flag 0 guess = 1;
! in ag 0 guess implies, members' 0 bits are ignored in choosing %% elites
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FBO1l : To replicate Figure 1 o
p4 _eka will contain the output

o° oo
o° oo

TT = 250; %% period choice: Figure 1 & 2 only

pl = [0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9]; %% SOCIALIZATION: Figure 1
p2 = [0.1 0.5 0.9]; %% LEARNING: Figure 1 only

p3 = 0; %%TURNOVER

p4d = 0 ; %% TURMOIL: Figure 1, 2, 3, 4
flag soc = 0; %% '0' implies no heterogeneous learning: Fig 1, 4, 5
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To replicate Figure 2 of March 1991

FB02

o
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(middle col)

% The_output for homogeneous pl is to be obtained from FBO1

P2 eka will contain the output for heterogeneous pl.

%

o° o

%% period choice

’
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AVERAGE SOCIALIZATION RATE
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Fig 2,

implies heterogeneous learning
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To replicate Figure 3 of March 1991
0/P SL-FL-AL will be in pl fig3 / p2 fig3 / p3 fig3.

FBO3
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3]

code =>p4 eka

o
°

%% period choice

TT = 20;

%

fraction of members with pl = 0.90.

%% corresponds to 0-100%

o
°

’

(0.1 0.18 0.26 0.34 0.42 0.5 0.58 0.66 0.74 0.82 0.9]

0.5;

LEARNING:
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%% TURNOVER

0;

0,

o

TURMOIL:

00
<)

3

Fig 2,

implies heterogeneous learning
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To replicate Figure 4 of March 1991
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To replicate Figure 5 of March 1991

FBOS
%% output will be in variable p4 aock for Figure 5
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prejudice/2;

z_prejudice

y prejudice

’

1 - y prejudice



pl cases = size(pl, 2);

p2 cases = size(p2, 2);

p3 cases = size(p3, 2);

p4 cases = size(p4, 2);

eka = zeros(l, pl cases);
knowledgeOl = zeros(TT, 1);

ock = zeros(TT, iterations);

aock = zeros(pl cases, TT);
knowledgeQ2 = zeros (iterations, 1);
pl fig3 = zeros(3, pl cases);

o\

%$%% For Fig 2 & Fig 3 compute fraction of slow learners

if flag soc == 1 %%% Implements heterogeneous learning.
$%%%%%%%%%%%% x_points for pl mixed %%%%%%%%%%%%5%%%%5%%5%%
% fraction with pl = 0.9 is (1/8) * { ( het mat /0.1) -1 }
pl 1 fraction = 1 - (1/8) * ( (pl /0.1) -1 )
%% Above will be a vector of size pl cases

slow learners row = round(N * pl_l_fraction);
slow pl = 0.10; %% For Figure 2 and Figure 3
fast pl = 0.90; %% For Figure 2 and Figure 3

else
%% will signify homogeneous learning
slow learners _row = (-1)* ones(l, pl cases);

end; %if flag soc ==

for p4 ind = 1:1:p4 cases
set p4 p4(p4 _ind);
for p3_ind 1:1:p3 cases
set p3 = p3(p3_ind);
for kk = 1:1:p2 cases
set p2 = p2(kk);
for jj = 1:1:pl cases
set_pl = pl(3j);

if flag soc ==
slow learners = slow learners row(jJj);
end; %% if flag soc ==

%% begin of monte carlo iterations
equi _know = 0; %% EQUIKNOW
time to = 0; %% TIMETO

for 11 = l:1l:iterations

%% populate initial reality string & org code knowledge vector

rand0l = rand(l, dim reality);
for idx01 = 1:1:dim reality
init reality str(idx01l) = 1; %%% initialization

if randO1l (idx01) < REAL



init reality str(idx01l) = -1;
end;

collective (idx01) = 0; %% all bits of org code have 0
end; %% for i1idx0l1 = 1l:1:dim reality
%$%clear randOl;
%% populate belief set of members of the organization
rand02 = rand(N, dim reality); %% supply of random numbers
for idx01 = 1:1:N

for idx02 = 1:1:dim reality

beliefs (idx01, idx02) = 0; %%% initialization

if rand02(idx01, idx02) < y prejudice
beliefs (idx01, idx02) = 1;

elseif rand02(idx01, idx02) > z prejudice
beliefs (idx01, idx02) = -1;

else
beliefs (idx01, i1dx02) = 0;

end; %% if rand02(idx01, idx02) < y prejudice
end; %% for i1dx02 l:dim reality

end; %% for idx01 = 1
$%clear rand02;

= 1:
:1:N

%% Begin of Time Steps

marker = 0;

idx00 = 1:1:TT; %% initializing container to 0
knowledge(O1l (idx00) = 0;

for T = 1:1:TT
marker = marker + 1;

%% compute knowledge of org code, relative to reality

if flag neg == 1
knowledge = init reality str * collective' ;
else

knowledge = 0;
for i =1:1:dim reality

if collective (i) == init reality str (i)
knowledge = knowledge + 1;
end;
end;
end;
%% note: above need to be modified downstairs to address TURMOIL (p4)

%% compute knowledge score of members, based on perceived beliefs
beliefstar = beliefs;

rand03 = rand(N, dim reality); %% supply of random numbers
for idx01 = 1:1:N
score (1dx01) = 0; %% re-initialization / refresh!!

for 1idx02 = 1:1:dim reality

if beliefstar (idx01l, idx02) ==
if flag 0 guess ==
if rand03(idx01, idx02) > p interpret
beliefstar (idx01, idx02) = -1;
else
beliefstar (idx01, idx02)
end;

1;



%% do nothing: Members' '0' beliefs will have
%% nothing to contribute in determination of
%% elites

end; %% if flag 0 guess ==

end; %% 1f beliefstar (idx01l, idx02) == 0

if flag neg ==
% keep adding to a member's score for reality-beliefstar bit matches
% Penalize wrong beliefs by subtracting from the score

score (1dx01) = score (idx01l) +
init reality str(idx02) * beliefstar(idx01, idx02) ;

o

o\

[oNge)

else %% note, reality str will never have 0 values.
%% So, chance of scoring a 0-0 match by mistake does not exist.

if init reality str(idx02) == beliefstar (idx01l, 1idx02)
score (1dx01) = score(idx01l) + 1;
end;

end; %% if flag neg ==

:1:dim _reality

%% Effect member learning by socialization (pl)
initializing container to keep elites' belief sum to O
1dx00 = 1:1:dim reality;

dim sum(idx00) = 0;

o
o

rand04 = rand(N, dim reality); %% supply of random numbers
for idx01 = 1:1:N

if flag soc ==
if slow learners > 0
if 1idx01 <= slow_ learners
set pl = slow pl;

else
set pl = fast pl;
end; %% if idx0l < = slow learners

elseif slow_learners ==
set pl = fast pl;

(o}

end; %% if slow learners > O
end; %% if flag soc ==
for idx02 = 1:1:dim reality
if collective (idx02) == 0
%% do nothing
else
temp0l = collective (1idx02) * beliefs(idx01l, idx02);
switch tempOl

case 0 %% member's bit is 0, update member to org code value

if rand04 (idx01, idx02) < set pl



beliefs (idx01, idx02) = collective (1dx02);
end; %% if rand04 (idx01, 1dx02) < set pl
case 1
% values match, do nothing
case -1
if rand04(idx01, idx02) < set pl

o

if flag 2 step ==
%% values don't match update member bit value to 0
beliefs (idx01, idx02) = 0;
else
%% 1 step update of non-conforming member bit to non-zero org code value.
beliefs (idx01, idx02) = collective (idx02);
end; %% if flag 2 step ==

o\

end; %% if rand04 (idx01, 1dx02) < set pl

end; %%switch tempOl

end; %% if collective (1dx02)
end; %% for i1dx02 = 1:1:dim reality

if score(idx01l) > knowledge
%% In dim sum we accumulate the sum of beliefs of all elites, for each dim.
for idx03 = 1:1:dim reality
dim sum(idx03) = dim sum(idx03) + beliefstar (idx01, 1idx03);
end; %% for i1dx03 = 1:1:dim reality

end; %% 1f score(idx01l) > knowledge

%$%% EFFECT LEARNING BY ORGANIZATIONAL CODE
rand05 = rand(N, dim reality); %% max majority of N possible
for idx03 = 1:1:dim reality

if dim sum(idx03) == 0
%% do nothing
elseif dim sum(idx03) > 0 %% POSITIVE case

if collective (idx03) == 1
%% do nothing
else

for idx04 = 1:1:dim sum(idx03)
if rand05(idx04, 1dx03) < set p2
collective (idx03) = 1;
break;
end; %% if rand05(idx04, 1dx03) < set p2

end; %% for i1idx04 = 1l:1:sum(idx03)
end; %% 1if collective (idx03) ==

else %% dim sum(idx03) < 0 NEGATIVE case
if collective (idx03) == -1



%% do nothing
else
temp02 = (-1)* dim sum(idx03);
for idx04 = 1:1:temp02
if rand05(idx04, idx03) < set p2
collective (1dx03) = -1;
break;
end; %% if rand05(idx04, 1dx03) < set p2

end; %% for 1dx04 = 1:1:temp02
end; %% if collective (idx03) == -1
end; %% if dim sum(idx03) == 0
end; %% for 1dx03 = 1l:1:dim reality

99900000000 9909000000000 0000

$%% Effect of Turmoil
if set p4 > O
for idx03 = 1:1:dim reality

if rand() < set p4
init reality str(idx03) = (-1)* init reality str(idx03);
end; %% if rand() < set p4

end; %% for 1dx03 = 1:1:dim reality
end; %% if set p4 > 0

%$%% Effect of Turnover
if set p3 >0
if T < TT
for 1dx01 = 1:1:N

if rand() < set p3
rand06 = rand(l, dim reality);
for idx02 = 1:1:dim reality
beliefs (idx01, idx02) = 0;
if rand06(idx02) < y prejudice
beliefs (idx01, idx02) = 1;
elseif rand06(idx02) > z prejudice
beliefs (1idx01, i1dx02) = -1;
else
beliefs (idx01, idx02) = 0;

Q

end; %% if rand06(idx02) < y prejudice

end; %% for i1dx02 = 1:1:dim reality

end; %% 1f set p3 >0
end; %% if T < TT

knowledgeOl (T) = knowledge;
ock (T, 11) = knowledge;

%% score calc assumes all TT periods are run



if flag soc == 1 && T == TT
indivs score(ll,:) = score';
end;

end; %% for T = 1:1:TT
%% capture the end-of-period knowledge avg over dims

knowledge02(11l) = knowledgeOl (TT)/ dim reality;
%% assumes all timesteps are executed

end; %% for 11 = l:1l:iterations
5%%%5%%5%%5%5%%5%5%%5%%%5%%5%%5%5%%5%5%%5%%5%5%%5%5%%5%%5%5%%5%%5%5%%5%5%%%
3%%%%%%%%%%% Compute Results
if flag soc == 1
indivs_score col = mean(indivs_score); %% row mean
if slow learners > 0 && slow learners < N
score low = 0;
for pp = 1l:1:slow_learners
score low = score low + indivs_ score col (pp);
end; %% for pp = l:1l:slow_ learners
score_low_avg = score_low / ((slow_learners)*dim_reality);
score_high = 0;
for pp = (slow learners + 1):1:N
score high = score high + indivs_score col (pp);
end; %% for pp = l:1l:slow_learners
score_high avg = score_high/ ((N - slow_learners)*dim reality);

%% average score across all org members

overall score avg = sum(indivs_score col) / (N*dim reality);

elseif slow_learners == 0

score low avg = 0;

score_high avg = sum(indivs_ score col) / (N*dim reality);

overall score avg = score_high avg;
elseif slow learners ==

score high avg = 0;

score low avg = sum(indivs_score col) / (N*dim reality);

overall score avg = score low_avg;

end; %% 1f slow learners > 0 && slow learners < N
pl fig3(1l, jj) = score low_avg;
pl fig3(2, jj) = score high avg;
pl fig3(3, jj) = overall score avg;
end; %% if flag soc == 1
aock(jj,:) = mean(ock, 2)'/ dim reality; %% TT cols
know per iteration = sum(knowledge02)/iterations;
eka(jj) = know per iteration;
%% eka(jj) = equi _know/ (dim reality * iterations);
end; %% for jj = 1l:1:pl cases
if kk == 1

p2_eka = eka;

p2_aock = aock;

p2 fig3 = pl fig3;
else



p2 _eka = [p2 eka; ekal;

p2 aock = [p2 aock; aock];

p2 fig3 = [p2 fig3; pl fig3];
end; %% if kk ==

end; %% for kk = 1:1:p2 cases
if p3 ind ==

p3_eka = p2 eka;
p3_aock = p2 aock;
p3 _fig3 = p2 fig3;

else
p3_eka = [p3 _eka; p2 ekal;
p3_aock = [p3_aock; p2 aock];
p3 _fig3 [p3_fig3; p2 fig3];

end; %% if p3 ind ==

end; %% for p3 ind = 1:1:p3 cases
if p4 ind == 1

p4 _eka = p3 eka;
p4 _aock = p3 aock;
pd4 fig3 = p3 fig3;

else
p4 eka = [p4 eka; p3 _ekal;
p4 _aock = [p4 aock; p3 aock] ;

pé4 fig3 = [p4 fig3; p3 fig3];
end;

end; %% for p4 ind = 1:1:p4 cases

clear rand* idx* belief* *cases temp*

know* score* ock 11 jj kk

clear dim sum y prejudice z prejudice time to marker;
clear slow learners row init reality str equi know collective;



