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Misinformation versus disinformation
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Dataset
• Source: Reddit (Feb 2020 to Feb 2021)
• Two sets of narratives --- origin and fake cures
• For each narrative, data consists of posts and 

comments downloaded in JSON format using 
PushshiftAPI.

• Example:
• {"all_awardings": [], "allow_live_comments": false, "author": "jachcemmatnickspace", "author_flair_css_class": null, "author_flair_richtext": [], "author_flair_text": null, 

"author_flair_type": "text", "author_fullname": "t2_16fy1r", "author_patreon_flair": false, "author_premium": false, "awarders": [], "can_mod_post": false, 
"contest_mode": false, "created_utc": 1604092612, "domain": "self.relationships", "full_link": 
"https://www.reddit.com/r/relationships/comments/jl5g1j/20m_my_conspirating_mom_thinks_i_will_get_5g/", "gildings": {}, "id": "jl5g1j", "is_crosspostable": true, 
"is_meta": false, "is_original_content": false, "is_reddit_media_domain": false, "is_robot_indexable": true, "is_self": true, "is_video": false, "link_flair_background_color": 
"", "link_flair_css_class": "m-gn misc", "link_flair_richtext": [], "link_flair_template_id": "0dcfde48-cb01-11e2-bb61-12313d14782d", "link_flair_text": "Non-Romantic", 
"link_flair_text_color": "dark", "link_flair_type": "text", "locked": false, "media_only": false, "no_follow": false, "num_comments": 76, "num_crossposts": 0, "over_18": 
false, "parent_whitelist_status": "all_ads", "permalink": "/r/relationships/comments/jl5g1j/20m_my_conspirating_mom_thinks_i_will_get_5g/", "pinned": false, "pwls": 6, 
"retrieved_on": 1604092624, "score": 1, "selftext": "Context: 20M. As a response to pandemic, government in Slovakia put together a nation-wide testing, which happens 
this weekend. Everyone should come (who doesn't, has to spent 10 days in quarantine). 90 % will voluntarily attend (polls) and this step is mostly supported.\n\nObviously, 
\"mandatory\" testing is something that conspiracists jump on as a coup to manipulate people with 5G chips, you know this bs, it's probably all over the world.\n\nMy mom 
has been in conspiracy theories for many years now and she will believe that there are lizard people inside the core of the world if you tell her. Russia is the savior, USA is 
trying to enslave everyone and the only people we should believe are some made up doctors by conspiracy new source. Again, you know this bs. Make up any conspiracy 
theory \u2013 and she will believe it.\n\nIt's gotten really bad, we can't have any conversation at all, because even a conversation on random topics like bananas, she will
find a way to turn into the eternal argument between us \u2013 what i call Reason vs. Delusion. E.g. that bananas used to be better, since US government is injecting with 
herbicides that turn people gay so the entire population can't reproduce and dies out.\n\nI've spent countless hours arguing, calmly explaining, trying every possible 
technique, but it just doesn't work, she is so stubborn. I feel like i completely lost her, she has this sick view on everything. No talking is possible.\n\n30m ago, she randomly 
started hysterically crying, shouting and slamming doors. Refused to talk but I am 100 % sure it has to do with the testing this weekend (which she will obviously not 
attend).\n\nI understand her side (I hope). She is frightened that she will lose his son to 5G chips and I will be controlled by the government. Right now, she is in an amok, 
talking to her side of the family and my sister, which are similarly deep in the conspiracies, but are much calmer personalities.\n\nMy father is still pretty reasonable, but 
they don't speak for 10 years, even though they live in this very house (different rooms).\n\nShe called me a \"her personal terorrist\", blamed me for all of her depression 
and such things. I don't really care about that, I just want her to get better.\n\nPlease what to do, please? I don't think there is any way to bring her to reason, she is just so 
deep and I failed to protect her from internet crap. But I don't want her to feel that she lost me and for her to cry all the time, I can't watch that \u2013 but even if I 
interfere, it ends in an even bigger argument. Did that many times.\n\nI could move out but I can't leave her in this state of delusion and desperation.\n\nI want to get 
tested. What to do, so she doesnt break and even maybe do something terrible?\n\nRight now I am so fckin crying and abandoned. I have BPD so I feel emotions much 
stronger \u2013 but I currently don't any emergency help, I just need to talk.\n\nIt's a sick circle of depression, created by the most most evil people on the earth \u2013 
spreading misinformations purposely for profit. I work in an influential media and I will work tirelessly to put these people into jail for ruining my family. I feel so much hate 
for them, for ruining countless lives and relationships all over the world.\n\nTL;DR: 20M Slovakia, my mother is very deep in conspiracy theories. You make one up, she will 
believe it. This weekend, there is a required Covid testing in our country for everyone, I will go, She won't. She believes that i will be injected with 5G Chips, start being 
controlled by government and she will lose her son. She is in a hysterical amok right now, I don't see any solution. What to do?", "send_replies": true, "spoiler": false, 
"stickied": false, "subreddit": "relationships", "subreddit_id": "t5_2qjvn", "subreddit_subscribers": 2991796, "subreddit_type": "public", "suggested_sort": "confidence", 
"thumbnail": "self", "title": "[20M]: My conspirating mom thinks I will get 5G chipped in Covid testing tomorrow and had lost all reason. I feel like I've completely lost her as 
a person. What to do?", "total_awards_received": 0, "treatment_tags": [], "upvote_ratio": 1.0, "url": 
"https://www.reddit.com/r/relationships/comments/jl5g1j/20m_my_conspirating_mom_thinks_i_will_get_5g/", "whitelist_status": "all_ads", "wls": 6, "created": 
1604121412.0, "queryLabel": "5g"}
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Python Script for data download:
import pandas as pd
import json
import os
import time
from psaw import PushshiftAPI
from datetime import timedelta
import numpy as np

def collectPosts(query, firstDay, lastDay, save_to_filename, queryLabel):
beforeVal = str(pd.to_datetime(lastDay)+timedelta(days=1))
api = PushshiftAPI()
results = api.search_submissions(q=query, after=firstDay, 

before=beforeVal)
linkIDs = []
ctr = 0
with open(save_to_filename+'_posts.json','a') as f:

for res_obj in results:
postData = res_obj.d_
postData['queryLabel'] = queryLabel
f.write(json.dumps(res_obj.d_)+'\n')
linkIDs.append(postData['id'])
ctr +=1
if (ctr % 100) == 0:

print(f'{ctr} posts collected -- {time.ctime()}')
time.sleep(np.random.uniform(30, 180))

return linkIDs

def collectCommentsForPost(post_id, save_to_filename):
api = PushshiftAPI()
results = api.search_comments(link_id=post_id)
ctr = 0
with open(save_to_filename+'_comments.json','a') as f:

for res_obj in results:
f.write(json.dumps(res_obj.d_)+'\n') 
ctr +=1

if (ctr % 100) == 0:
print(f'{ctr} comments collected for {post_id} -- {time.ctime()}')
time.sleep(np.random.uniform(30, 180))

def load(filename):
"""
Load saved comments/post data into a pandas dataframe
"""
return pd.read_json(filename,lines=True)

def buildGraph(comments, directparent=True):
comments['x'] =comments['id'].apply(lambda x:'t1_'+str(x))
if directparent:

edges = 
comments[['x','parent_id']].copy().rename(columns={'parent_id':'y'})

else:
edges = pd.merge(comments[['x','link_id']],

comments[['x','link_id']].rename(columns={'x':'y'}),
on='link_id')

edges = edges[[sorted([x,y]) == [x,y] for x,y in 
zip(edges['x'],edges['y'])]].copy()

return edges[['x','y']].copy()

if __name__ == "__main__":
covidReferenceQ = '(coronavirus|covid|covid19|covid-

19|covid%2019|corona%20virus|corona)'

# Gates Narrative
q1 = 

'(Gates|Bill+Melinda)+(create|created|engineered|made|developed|c
aused)'+'+'+covidReferenceQ

# 5g Narrative
q2 = 

'(5g|5G|5%20g|5%20G|five%20g)+(cause|causes|from|created|creat

es)+'+covidReferenceQ
q3 = 

'(Hydroxychloroquine|Hydroxy|chloroquine|chloro|quine|bleach|chlo
rine)+(cures|cured|curing)+'+covidReferenceQ

# collect for two days, Jan 1 and 2, 2020
firstDay = '2020-01-01'
lastDay = '2020-10-30'

#  queryMap = {'Gates':q1, '5g':q2}
queryMap = {'Hydroxy':q3}
linkIDs = []
for queryLabel in queryMap.keys():

query = queryMap[queryLabel] 
linkIDs.extend(collectPosts(query, firstDay, lastDay, queryLabel, 

queryLabel))
time.sleep(np.random.uniform(15, 45))

for i, linkID in enumerate(linkIDs):
collectCommentsForPost(linkID, queryLabel)
if (i%50) == 0:

time.sleep(np.random.uniform(30, 90))
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SocialSim: A comprehensive tool for analysis
Mentors: Dr. Svitlana Volkova and Dr. Maria Glenski

• Provides a set of Jupyter notebook interfaces
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PART 1
Dynamics Over Time

10



Unique Users Over Time

Origin Narratives

Cure Narratives
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Origin Narratives: 
Gates/Soros/Fauci/5G/Bioweapon

• Audience size for each unit of information: 

Fauci 15231

Soros 5768

5g 2952

Gates 2055

Bioweapon 422

measurements.top_audience_reach(k=5)
For the "reddit" platform: 

55,675 rows of data 
55,675 nodes 
25,105 users 12



Key Metrics

informationID lifetime #shares #users speed
Fauci 389.261157 33876 15231 87.026407
Soros 388.997141 12326 5768 31.686608
Bioweapon 365.75228 819 422 2.23922
Gates 357.860023 4338 2055 12.122058
5g 296.315359 4316 2952 14.565563
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Community: Information Units with 
Largest Audience

informationID value
Fauci 15231
Soros 5768
5g 2952
Gates 2055
Bioweapon 422

14



Fauci

Gates

Soros
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Temporal Measurements: 5G

measurements.unique_users_over_time(delta_t=False,node_level=True) 16



5G Spike-- April
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Temporal: Bioweapon
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Bioweapon– February/ March

• February spike
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Temporal: Gates
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Gates- April
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Temporal: Soros

No relevant news sources were found from a limited search
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Temporal: Fauci 
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Fauci- May
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Cures
Hydroxy 22324

Sputnik 7880

Silver 1573

measurements.top_audience_reach(k=3)

For the "reddit" platform: 
62,546 rows of data 
62,546 nodes 
30,819 users
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Hydroxy

Silver

Sputnik
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Cures: Details

lifetime #shares #users speed

Sputnik 390.770914 15463 7880 39.570499

Silver 382.365081 2415 1573 6.315953

Hydroxy 373.048623 44668 22324 119.737743
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Cure: Silver
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Silver - February
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Cure: Sputnik/Russia
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Sputnik: Dec20/Jan21
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Cure: Hyroxychloroquine/bleach/chlorine
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Hydroxychloroquine - March
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Hydroxychloroquine - July
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Hydroxychloroquine – April/October
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Cascade Analysis
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Default Community: Information Units 
with Largest Audience

informationID value
Hydroxy 22324
Sputnik 7880
Silver 1573

37



Background
• Cascade Participation Inequality Measurements
• cascade_participation_gini
• cascade_participation_palma
• cascade_collection_initialization_gini
• cascade_collection_initialization_palma
• cascade_collection_participation_gini
• cascade_collection_participation_palma
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Gini & Palma
• As a graphical representation of income inequality within a 

population, Lorenz curves plot the share of income by the 
cumulative share of the population. Lorenz curves that measure 
the inequality in propagation plot the share of total 
propagation, i.e., the 𝑦% of tweets posted, by the share of the 
population who authored tweets, i.e., the cumulative 𝑥% of 
active users.

• The Gini coefficient is the proportion of the area under the line 
of perfect equality (𝑎1+𝑎2 𝑎1 + 𝑎2) that is captured between the 
line of perfect equality and the Lorenz curve (𝑎1𝑎1).

• The Palma ratio is defined as the ratio of the share of the top 
10% to the bottom 40% of users in the population. Again, using 
income as an example, in perfect equality each individual in the 
population is responsible for an equal amount, \eg an equal 
share of income, resulting in a Palma ratio of 1/41/4. The Palma 
ratio was formulated as another measure of inequality because 
the Gini coefficient is most sensitive to changes in the middle, 
which is relatively stable — the Palma ratio, on the other hand, 
is sensitive to changes at the extremes.
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Cascade Participation Gini: Origin Narratives
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Cascade Participation Palma: Origin 
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Gini Coefficient: Origin & Cure

Gates Fauci 5g Soros Bioweapon Hydroxy Sputnik Silver

Gini-Initialization 0.28 0.45 0.29 0.30 0.24 0.24 0.35 0.15

Gini-participation 0.46 0.47 0.29 0.47 0.41 0.44 0.44 0.31
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Palma: Origin and Cure

Gates Fauci 5g Soros Bioweapon Hydroxy Sputnik Silver

Palma-Initialization 4.50 29.50 21.00 15.50 1.50 2.25 22.50 1.00

Plams-Participation 49.00 335.75 21.00 231.25 13.25 445.00 227.75 31.50
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Gates Fauci 5g Soros Bioweapon Hydroxy Sputnik Silver
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cascades.list_measurements()
1) cascade_breadth_by_depth: the number of nodes created at a given depth 

2) cascade_breadth_by_time: the number of nodes created at a given time/within a given time bin 

3) cascade_collection_initialization_gini: gini coefficient summarizing to what extent are posts that trigger information cascades disproportionately 
authored by a subset of the users? 

4) cascade_collection_initialization_palma: palma ratio summarizing to what extent are posts that trigger information cascades disproportionately 
authored by a subset of the users who participate in the cascade? 

5) cascade_collection_participation_gini: gini coefficient summarizing to what extent are posts sets of cascades disproportionately authored by a subset of 
the users who participate in the cascade? 

6) cascade_collection_participation_palma: palma ratio summarizing to what extent are posts within a collection of information cascades 
disproportionately authored by a subset of the users who participate in the cascade? 

7) cascade_max_depth_over_time: time series of Max-Depth of cascade, i.e., the longest path from the root to a leaf node in the cascade over time 

8) cascade_new_user_ratio_by_depth: the diversity of users who participate at different depths of the cascade - here, "new users" are users who did not 
previously participate in the given cascade at an earlier depth.

9) cascade_new_user_ratio_by_time: the diversity of users who participate over the lifetime of the cascade 

10) cascade_participation_gini: gini coefficient summarizing to what extent are the posts within an information cascade disproportionately authored by a 
subset of the users who participate in the cascade? 

11) cascade_participation_palma: palma ratio summarizing to what extent are posts within information cascades disproportionately authored by a subset of 
the users who participate in the cascade? 

12) cascade_size_over_time: size of the cascade over time (delay from timestamp of root node) 

13) cascade_structural_virality_over_time: how ``viral'' the cascade is (average path lengths between nodes in the cascade) 

14) cascade_uniq_users_by_depth: the number of unique participants at given depths within a cascade 

15) cascade_uniq_users_by_time: the number of unique participants at a given time, i.e., the size of the audience at a given time/within a given time bin
45



PART 2
Social Network Analysis
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• Origin

• Cures

Social Structure: Graph 
Analytics
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Tool: Gephi
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Key Graph Measures

49

Origin Narratives

Topic |V| |E|
Avg 

degree
#compone

nts Modularity
#Communi

ties Diameter AvgPath AvgCC #Triangles

5g 35 34 1.943 4 0.648 8 6 2.94 0.293 3

Bioweapon 403 440 2.18 15 0.842 31 11 4.677 0.181 29

Gates 2023 2443 2.415 32 0.877 63 16 4.73 0.199 212

Soros 5544 7114 2.566 76 0.879 118 22 4.788 0.226 888

Fauci 14925 19649 2.633 192 0.911 271 18 5.1 0.186 2354

Fake Cure Narratives

Topic |V| |E|
Avg 

degree
#compone

nts Modularity
#Communi

ties Diameter AvgPath AvgCC #Triangles

Silver 1545 1699 2.199 42 0.849 72 13 4.446 0.143 80

Sputnik 3506 3933 2.244 280 0.91 317 23 6.22 0.123 304

Hydroxy 16143 17350 2.15 1401 0.936 1508 25 6.43 0.132 1185



Origin
• Number of nodes: 

• {'Gates': 2023, 'Fauci': 14925, '5g': 35, 'Soros': 5544, 'Bioweapon': 403}
• Number of edges: 

• {'Gates': 37086, 'Fauci': 37086, '5g': 37086, 'Soros': 37086, 'Bioweapon': 37086} 
• social_structure_reddit.mean_node_degree:

• {'Gates': 3.0578348986653485, 'Fauci': 3.268609715242881, '5g': 2.2285714285714286, 
'Soros': 3.0797258297258296, 'Bioweapon': 2.7493796526054592}

• Average Clustering Coefficient:
• Reddit: {'Gates': -0.07085505997211623, 'Fauci': -0.07085505997211623, '5g': -

0.07085505997211623, 'Soros': -0.07085505997211623, 'Bioweapon': -
0.07085505997211623}

Note: These numbers change when loaded into Gephi for graph analytics (parallel 
edges are removed)
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5G: Analysis
#Nodes: 35
#Nodes: 34
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Degree Analysis
• Average Weighted Degree: 2.229
• Number of Weakly Connected 

Components: 4
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Centralities

• Diameter: 6
• Radius: 1
• Average Path 

length: 
2.9385474860335
195
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Clustering Coefficient

• Average Clustering 
Coefficient: 0.293

• Total triangles: 3
• The Average Clustering 

Coefficient is the mean 
value of individual 
coefficients.
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Community structure

• Modularity: 0.648
• Modularity with resolution: 

0.648
• Number of Communities: 8
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Bioweapon
|V|: 403
|E|: 440
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Degree Distribution

• Average Degree: 2.184
• Number of Weakly Connected 

Components: 15
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Centrality

• Diameter: 11

• Radius: 1

• Average Path 
length: 
4.6774173967
58594
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Modularity

• Modularity: 0.842

• Modularity with 
resolution: 0.842

• Number of Communities: 
31
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Clustering Coefficient

• Average Clustering Coefficient: 
0.181

• Total triangles: 29

• The Average Clustering Coefficient 
is the mean value of individual 
coefficients.
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Origin: Gates
Nodes: 2,023
Edges: 2,443
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Gates:

Average Degree: 
2.415
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Components

• Number of Weakly 
Connected 
Components: 32
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Gates: Community structure

• Modularity: 0.877

• Modularity with resolution: 0.877

• Number of Communities: 63
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Gates: Different centralities

• Diameter: 16  --- Radius: 1
• Average Path length: 4.726700793577169
• Average Clustering Coefficient: 0.199
• Total triangles: 212
• The Average Clustering Coefficient is the mean value of 

individual coefficients.
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Gates: Eigenvector centrality
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Soros: Analysis
#Nodes: 5544
#Edges: 7114
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Degree
• Average Degree: 2.566
• Number of Weakly Connected 

Components: 76
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Centralities
• Diameter: 

22
• Radius: 1
• Average 

Path 
length: 
4.788253
13253913
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Clustering Coefficient 

• Average 
Clustering 
Coefficient: 0.226

• Total triangles: 
888

• The Average 
Clustering 
Coefficient is the 
mean value of 
individual 
coefficients.
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Modularity

• Modularity: 0.879
• Modularity with 

resolution: 0.879
• Number of 

Communities: 118
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Fauci: Graph 
Analytics

Nodes: 14,925
Edges: 19,649
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Fauci: Degree Distribution
• Average Degree: 2.633
• #Connected components: 

192
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Components

• Number of Weakly 
Connected 
Components: 192
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Fauci: Community Structure

• Modularity: 
0.911 

• Modularity 
with resolution: 
0.911

• Number of 
Communities: 
271
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Fauci: Centralities

• Diameter: 18 -- Radius: 1
• Average Path length: 5.094
• Average Clustering 

Coefficient: 0.186
• Total triangles: 2354
• The Average Clustering 

Coefficient is the mean value 
of individual coefficients

• Number of Weakly Connected 
Components: 192
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Fauci: Eigenvector Centrality

83
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Graph Analytics

Cure Narratives

85



Key Graph Measures
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Origin Narratives

Topic |V| |E|
Avg 

degree
#compone

nts Modularity
#Communi

ties Diameter AvgPath AvgCC #Triangles

5g 35 34 1.943 4 0.648 8 6 2.94 0.293 3

Bioweapon 403 440 2.18 15 0.842 31 11 4.677 0.181 29

Gates 2023 2443 2.415 32 0.877 63 16 4.73 0.199 212

Soros 5544 7114 2.566 76 0.879 118 22 4.788 0.226 888

Fauci 14925 19649 2.633 192 0.911 271 18 5.1 0.186 2354

Fake Cure Narratives

Topic |V| |E|
Avg 

degree
#compone

nts Modularity
#Communi

ties Diameter AvgPath AvgCC #Triangles

Silver 1545 1699 2.199 42 0.849 72 13 4.446 0.143 80

Sputnik 3506 3933 2.244 280 0.91 317 23 6.22 0.123 304

Hydroxy 16143 17350 2.15 1401 0.936 1508 25 6.43 0.132 1185



Network Details:

• Number of Nodes:
• {'Hydroxy': 16143, 'Sputnik': 3506, 'Silver': 1545} 

• Number of Edges: 
• {'Hydroxy': 29244, 'Sputnik': 29244, 'Silver': 29244}

• Average clustering coefficient of the network: 
• {'Hydroxy': -0.038466482683549255, 'Sputnik': -0.038466482683549255, 'Silver': -

0.038466482683549255}
• Average node degree within the network:

• {'Hydroxy': 2.73022362633959, 'Sputnik': 2.8368511123787794, 'Silver': 
2.5359223300970872}

Note: These numbers change when loaded into Gephi for graph analytics 
(parallel edges are removed)
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Silver 
Narrative

#Nodes: 1545
#Edges: 1699
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Silver: Degree distribution
• Average Degree: 2.199
• Number of Weakly Connected 

Components: 42
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Silver: Number of components

• Number of 
Weakly 
Connected 
Components: 
42

90



Silver: Community structure

• Modularity: 0.849
• Modularity with 

resolution: 0.849
• Number of 

Communities: 72
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Centralities:

• Diameter: 13
• Radius: 1
• Average Path length: 

4.4461440916472394
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Silver: Clustering Coefficient

• Average Clustering 
Coefficient: 0.143

• Total triangles: 80
• The Average 

Clustering 
Coefficient is the 
mean value of 
individual 
coefficients.
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Sputnik: 
Analytics

#Nodes: 3,506
#Edges: 3,933
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Bioweapon: Degree distribution

• Average Degree: 
2.244

Degree Report 
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Bioweapon: #Components

• Number of 
Weakly 
Connected 
Components: 
280
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Modularity

• Modularity: 0.910
• Modularity with 

resolution: 0.910
• Number of 

Communities: 317
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• Diameter: 23
• Radius: 1
• Average Path 

length: 
6.22139640321
823
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Bioweapon: Clustering Coefficient

• Average Clustering 
Coefficient: 0.123

• Total triangles: 304
• The Average 

Clustering Coefficient 
is the mean value of 
individual coefficients.
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Bioweapons: Centralities

• Diameter: 23
• Radius: 1
• Average Path 

length: 
6.22139640321823
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Hydroxy 
Narrative

#Nodes: 16,143
#Edges: 17,350
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Hydroxy: Degree distribution

• Average Degree: 2.150
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Hydroxy: Components

• Number of 
Weakly 
Connected 
Components: 
1401

107



Community Structure

• Modularity: 0.936
• Modularity with 

resolution: 0.936
• Number of 

Communities: 
1508
• Number of Weakly 

Connected 
Components: 1401
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Hydroxy: Clustering coefficient

• Average Clustering 
Coefficient: 0.132

• Total triangles: 1185
• The Average Clustering 

Coefficient is the mean 
value of individual 
coefficients.
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Centralities

• Diameter: 25
• Radius: 1
• Average Path 

length: 
6.430795419900
987
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Summary

Characterization 
of spread helps 
understand the 

mechanics better

Assist in designing 
effective control 

mechanisms
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