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Objectives: Equip Al-major students with Python (pandas + networkx) to process
humanities data

Complete the full workflow of "data reading — cleaning — network construction —

visualization".

Students will understand how technical terms like "nodes/edges" apply to humanities
scenarios (historical figure relationships), laying the groundwork for bilingual "humanities
data engineering applications" in the future.

Setup

# Check 1if required packages are installed (run once)
try:
import pandas as pd
import networkx as nx
import matplotlib.pyplot as plt
print("All required packages (pandas, networkx, matplotlib) are installed!")
except ImportError as e:
missing_pkg = str(e).split(""'")[1]
print(f"X Missing package: {missing_pkgl}")
print("Run this in VS Code's terminal (venv activated):")
print(f"pip install {missing_pkg}")

All required packages (pandas, networkx, matplotlib) are installed!

2. Key Terminology

Term Explanation

A structure in Python for storing tabular data (e.g., nodes.csv becomes a
DataFrame .

DataFrame when imported)
Node "Entities" in a network (e.g., "Voltaire" or "Rousseau" in our dataset)
Edge "Relationships" between nodes (e.g., "Friend" or "Influenced by")
Network A visual representation of relationships using nodes and edges (our final
Graph output)
Package Python tool libraries (pandas for data processing, networkx for network

building, matplotlib for plotting)

3. Tool Intro

We'll use 3 tools. They are all basic Python libraries.



1. Pandas handles data reading
2. Networkx handles network linkages
3. Matplotlib handles chart plotting.

The total code is less than 50 lines."

# Import Llibraries: handle data processing, network building, and plotting respe
import pandas as pd # pandas: processes tabular data (corresponds to DataFrame
import networkx as nx # networkx: builds network structures

import matplotlib.pyplot as plt # matplotlib: creates visualizations

# Font settings (ensure proper display of special characters)
plt.rcParams['font.sans-serif'] = ['DejaVu Sans'] # Font support
plt.rcParams[ 'axes.unicode_minus'] = False # Proper display of negative signs

This step is like 'grabbing tools'. As you would get pots and pans before cooking, here,

we import libraries like pandas before processing data. It is convention (habit) to always
rename the libraries when importing ('pd’, 'nx’, 'plt’) This is both so that later commands
can be typed in a short form, and (more importantly) because the ‘import as' command
means we will later add that short form to commands, ensuring no confusion when two

libraries have very similar functions.

Example: matplotlib.pyplot and seaborn both have a plot() function. Using plt.plot()
(instead of plot()) clarifies you're calling matplotlib’s version, avoiding ambiguous
behavior.

The font settings ensure all text displays correctly in our final visualization

# Read node data (figure information): specify CSV file path (modify based on yc
nodes = pd.read_csv('nodes.csv")

# Read edge data (relationship information)

edges = pd.read_csv('edges.csv")

# Check first 5 rows to confirm successful reading (humanities check: verify fig
print("Node data (first 5 rows): ")

print(nodes.head())

print("\nEdge data (first 5 rows): ")

print(edges.head())

Node data (first 5 rows):

id name field
1 Voltaire Philosophy
2 Rousseau Philosophy
3 Montesquieu Politics
4 Diderot Literature
5 d'Alembert Science

AWNRO®

Edge data (first 5 rows):
source target relationship

(%] 1 3 Friend
1 1 4 Collaborator
2 2 4 Critic
3 3 6 Influenced by
4 4 5 Coworkers



# BN RHE (AYIEE) @ IEECSVXIHEERE (FIREECHIXHLEEN! )

# Read node data (figure information): specify CSV file path (modify based on yc
nodes = pd.read_csv('nodes.csv')

# Read edge data (relationship information)

edges = pd.read_csv('edges.csv')

# Check first 5 rows to confirm successful reading (humanities check: verify fig
print("Node data (first 5 rows): ")

print(nodes.head())

print("\nEdge data (first 5 rows): ")

print(edges.head())

Node data (first 5 rows):

id name field
Voltaire Philosophy
Rousseau Philosophy

A WNRO®
[0, I TV N

Montesquieu Politics
Diderot Literature
d'Alembert Science

Edge data (first 5 rows):
source target relationship

0 1 3 Friend
1 1 4 Collaborator
2 2 4 Critic
3 3 6 Influenced by
4 4 5 Coworkers

BITRERTER, #i#: "pandasBiread_csviBCSVX TR T DataFrame——&nodes 2
B'RRE, edgesBEH'RREMEEIMMEEAE', WNREIEIRITT You can see that the
"pandas' read_csv" function converts CSV files into DataFrames—you can see 'Voltaire' in
the nodes and 'Voltaire and Montesquieu are Friends' in the edges, that is, if the data
reads correctly." 2. BFEXMHRIZERE, IRTREN 'nodes.csv' NTEREBIEF

(%0 'C:/Users/XXX/Desktop/nodes.csv' ). Note: If you have different file paths,
you must modify 'nodes.csv' to the full path (e.g.,

"C:/Users/XXX/Desktop/nodes.csv' on Windows or

'/Users/XXX/Desktop/nodes.csv' on Mac).

Checks to Apply for All Data-Based Operations

# Check for missing values # 1. EIRKE (AXHIEETHE, FEL)

print("Missing values in node data: ")

print(nodes.isnull().sum()) # Output number of missing values per column (our ¢
print("\nMissing values in edge data: ")

print(edges.isnull().sum())

# 2. Filter 1invalid relationships (e.g., "self-relationships that occur in real
edges_clean = edges[edges['source'] != edges['target']] # Keep only edges where
print("\nNumber of edges after cleaning: ", len(edges_clean), " (original number



Missing values in node data:

id 0
name 0
field 0

dtype: inté64

Missing values in edge data:

source 0
target 0
relationship 0

dtype: int64

Number of edges after cleaning: 11 (original number: 11 )

ACERIR I —Lb A E X E R REIR S A, SIRiEXFR. XERNA—TR
BEERLEMXR, XuE HTEBHE RAXDFRIXE, Humanities data is often
‘messy'—historical documents might miss a figure's field or misrecord relationships. Here
we use one line of code to filter invalid relationships. This is the key way computational

thinking solves humanities problems.

Build the Network

#Build the Network
# 1. BIEZK
G = nx.Graph() # Graph()&XTERMNE (XRESE, WHL”EXIEL) Represents an

# 2. FT= (Mnodes #IEEFEEEid fIname , FKEESTIR1S/E) Add Nodes (Extract id anc
for _, row in nodes.iterrows(): # & —T1TAYIIE Iterate through each Line o;
G.add_node(
row['id'], # TImlE—FniR
name=row[ 'name'], # TmEH (AXISE) Node Unique Identifier
field=row['field'] # TmEM (i, HF/EHEE) Node Attributes (Domair
)

#  BKEE: TTR (FE) HIXE (IMRRKRE) —AIE RSN EI%Fun Expansion:
G.add_node(9, name='Kant', field='Philosophy') # #73m=. id=9, BF{Z, ZE%E (8
G.add_edge(9, 1, relationship='Admirer') # #FXZR: FZE (9) WRATRZE (1) New Rel

# 3. I (MESGHIDEIEFIENER)
for _, row in edges_clean.iterrows():
G.add_edge(
row[ 'source'], # JR7i: () Source node (who)
row[ 'target'], # B#itim (FIi#) target node (whom)
relationship=row['relationship'] # WEM (XFEZE) Edge Attribute (Relc
)

# FIEMES: BEETRMUHE (RINEEEKENI R, 1134)
print("MBTT = ", G.number of nodes()) # Fidf4itl: 9 Expected Output
print("ML&HEK: ", G.number of edges()) # FiHF4i: 11 Expected Output

MET = 9

WLIaE: 11

BAERFENMMERE. REEMTRE, tMEMAEEREE (AeTa), FRER
REILT' MR RXEZA—XEMEIHES, FELHIEEERINRNHRBRRFXEL! This

is the core step—we convert ‘figures' in the table to 'nodes' in the network, 'relationships'



to 'edges’, and add 'field" attributes to nodes (Philosophy/Economics) and ‘relationship
type' attributes to edges, to show the network's historical interpretive meaning.

AR RKFEHNEREZNE (GNN) NN R/mEZERE -8, ARXENEMRE
AXAFE TIEFEBE's Note that this is the same logic as node/edge construction in
Graph Neural Networks (GNNs) which you'll use in other Al applications, except here the
attributes are 'humanities labels' instead of ‘feature vectors'

Visualize the Network (like formatting a document)

Randomness & Network Analysis

If you run this program several times you will notice that your network layout changes
every time. There is nothing wrong with your program, this is just due to the the fact that
the nx.spring_layout() function that is used to position the nodes in your diagram uses a
stochastic (random) algorithm called the Fruchterman-Reingold force directed algorithm.
What the algorithm does is makes nodes behave like particles with repulsion, so they
push each other apart, and edges behave like springs with attraction, pulling connected
nodes together. It starts in a random initial position for each node each time the
program is run. It iterates (repeats) to find a 'balanced' layout, but the random starting
point means the final positions are slightly different every time. Importantly, though, the
edges and nodes are fixed (Voltaire is still friends with Montesquieu and Kant still
admires Voltaire). It is only the visual appearance of the network that changes, for
instance, one time grouping people on the right, another time on the left, rather than
changing any of the relationships. If you want your layout to stay the same every time
you run the program, add a 'seed" after the k value, i.e., (G, k=2, seed=42)

# 1. RELEHE (ULWEEEZEN, spring Layout @LH /)
# 1. Set the drawing Layout (to make the network graph more aesthetically pleasi
pos = nx.spring layout(G, k=2, iterations=50) # k#Z#/TH/EIFE, iterations#ZEHIEH

# 2. BTEIGTIR T RDEEE (AXEMAE) Assign colors to nodes in different
field_colors = {
'Philosophy': 'red', # BF: A6

'Politics': 'blue’, # EAR: BE
'Literature': 'green', # X¥F:. R
'Science': 'orange', # BE: EE
"Economics': 'purple' # ZF¥FE: L&

}

# IS REENE (IRIEfield/EMILHD, BIEEILATE F41E)

# Take the color of each node (matched according to the field attribute, Kant au
node_colors = [field_colors[G.nodes[node]['field"']] for node in G.nodes]

# 3. 22%|T = Draw Nodes
nx.draw_networkx_nodes(
G, pos, # MI45FI7/5 Network & Layout
node_color=node_colors, # TImEIE8 (¢05[X45) Node Color (Domain Differentiat
node_size=1500, # Ti/mA//\ Node Size
alpha=0.8 # 1ZBHE Transparency



# 4. L&F1
nx.draw_networkx_edges(
G, pos,
edge_color='gray', # WEIt
width=1.5, # WEE
alpha=0.6 # ZBHE
)

# 5. BHIT GRS (ERAYEE, MiFid) Draw node Labels (displaying character nam
node_labels = {node: G.nodes[node]['name'] for node in G.nodes}
nx.draw_networkx_labels(

G, pos,

labels=node_labels, # #ENAYEF (Z/F1E) Tags are labeled with personal

font_size=10,

font_weight="bold'

# 6. LLHIIITE (AT JER/ BB ERELTHR G IR FITEAR)
#  ETHTESEERE (E08), BEUEARE (BET7XR), IR
# 6. Draw edge lLabels (optional: toggle between 'Simplified' and 'Detailed’ by c

# For demonstration, you can first comment out (simplified) and then uncommer
edge_labels = nx.get_edge_attributes(G, 'relationship")
nx.draw_networkx_edge labels(

G, pos,

edge_labels=edge_labels,

font_size=8,

bbox=dict(boxstyle="'round,pad=0.3"', fc='white', alpha=0.7) # &A= Tag B
)

# 7. Adjust Layout and displayBZEw/GHZT

plt.axis('off') # (#4453 Hide the coordinate axis

plt.title('Enlightenment Thinkers Network (ZEEIRR)', fontsize=14) # FFrirel
plt.tight_layout() # JAZ7#/F Adjust the Layout

plt.show() # Z7&EZ Show chart

C:\Users\geronimo stilton\AppData\Local\Temp\ipykernel 27676\360105773.py:59: Use
riWarning: Glyph 21547 (\N{CJK UNIFIED IDEOGRAPH-542B}) missing from font(s) DejaV
u Sans.

plt.tight_layout() # JA%EF/E Adjust the Layout
C:\Users\geronimo stilton\AppData\Local\Temp\ipykernel 27676\360105773.py:59: Use
riWarning: Glyph 24247 (\N{CJK UNIFIED IDEOGRAPH-5EB7}) missing from font(s) DejaV
u Sans.

plt.tight_layout() # V%S Adjust the Layout
C:\Users\geronimo stilton\AppData\Local\Temp\ipykernel 27676\360105773.py:59: Use
riWarning: Glyph 24503 (\N{CJK UNIFIED IDEOGRAPH-5FB7}) missing from font(s) DejaV
u Sans.

plt.tight_layout() # JA%EF/H Adjust the Layout
C:\Users\geronimo stilton\AppData\Local\Temp\ipykernel 27676\360105773.py:59: Use
riarning: Glyph 25299 (\N{CJK UNIFIED IDEOGRAPH-62D3}) missing from font(s) DejaV
u Sans.

plt.tight_layout() # V%S Adjust the Layout
C:\Users\geronimo stilton\AppData\Local\Temp\ipykernel 27676\360105773.py:59: Use
riWarning: Glyph 23637 (\N{CJK UNIFIED IDEOGRAPH-5C55}) missing from font(s) DejaV
u Sans.

plt.tight_layout() # JA%XEF/E Adjust the Layout



Enlightenment Thinkers Network (OJ000)

d'Alembert

4-5 \—4, BH18HPythonIFEER (TIFRNARET, HABMEMRIR). £
5. "SENAMETRNNEE, ARTTHR1™MIMESR (Zi%—). In groups of 4-5, with one
computer per group that has the Python environment set up. Students without access to
the environment can watch the demonstration or take turns using the teacher's
computer. Task: Replicate the network graph from the teacher's demonstration, then

complete one small modification (choose one of two options).
TROUBLESHOOTING
o O)#1: AXELEY - HFE plt.rcParams IXEE T,
o A2 XHHAE - BERCSVXHRIZNBI R,

o [OJE3: KFBARLE - 1I5FI5TT pip install pandas networkx
matplotlib .

® |Issue 1: Font display errors — Check that plt.rcParams settings are correct.
® |ssue 2: File not found — Modify the CSV file path to the full path.

® |ssue 3: Missing packages — Guide students to run pip install pandas
networkx matplotlib in the command line.

1. ¥5EBESE (Z3%—) | Extension Task (15 Mins)3. Extension Task (Choose One)



modifying code = changing humanities interpretation”:

1. BMIEEK | Attribute Modification: Z&nodes.csviil15"country” (1=,
Voltaire—France, Locke—UK), BRI TTRAER EX XS, MR ERSE
BB X R Attribute Modification: Add a "country" column to nodes.csv (e.g.,
Voltaire—France, Locke—=UK, Hume—UK, Smith—UK, Montesquieu—France,
Rousseau—France, Diderot—France, d'Alembert—France). Modify the code to color

nodes by "country" and observe "national connections in Enlightenment thoughtf&

%u

2. XRIfHIE | Relationship Filtering: RfRE"Friend” (BBR) XABA, FEFLE, MR
"BRIEMIZOARE" (R/R&R-HEHG-/&5-KIE) . Relationship Filtering: Keep
only edges with "Friend" relationships and redraw the graph. Observe the "core
social circle of the Enlightenment” (Voltaire-Montesquieu-Locke-Hume).



