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ABSTRACT

The prediction of seat distribution in multi-party, assembly-level elections is a complex challenge due to
the first-past-the-post system and fragmented vote share. This study develops a two-stage machine learning
framework to forecast the party-wise seat distribution for the upcoming 2025 Bihar Legislative Assembly
election. In the first stage, a Random Forest classifier predicts the winning party or coalition in each of the
243 constituencies. In the second stage, a Multinomial Logistic Regression model disaggregates the
coalition-level votes into seat shares for individual parties within the National Democratic Alliance (NDA)
and Mahagathbandhan (MGB). Trained on historical data from 1990 to 2020, including socio-economic,
political, and demographic features, our model achieved a mean absolute error (MAE) of 9.4 seats in
predicting total coalition-wise seats on a held-out test set. The final projection for 2025 indicates the NDA
is likely to secure 128+11 seats, with the Bharatiya Janata Party (BJP) predicted to win 72+8 seats and the
Janata Dal (United) 52+6 seats. The MGB is projected to win 109+10 seats, primarily driven by the
Rashtriya Janata Dal (RJD) at 7849 seats. This granular, party-wise prediction provides a more nuanced
understanding than coalition-level forecasts and demonstrates the potential of hierarchical ML modeling in
complex political landscapes.

Keywords: Electoral Forecasting, Seat Prediction, Machine Learning, Bihar Politics, Random Forest,
Multinomial Regression, Coalition Dynamics.
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. INTRODUCTION election government formation (S. Chakraborty,
The Bihar Legislative Assembly elections 2021).

represent a critical political event in India, Traditional election forecasting in India has
characterized by a volatile multi-party system relied heavily on opinion polls, which are often
where pre-poll alliances are the norm rather than constrained by methodological limitations,
the exception (K. Kumar, 2020). Predicting the including sample size, respondent bias, and an

election outcome is not merely about forecasting
which coalition will cross the majority mark of
122 seats but also about understanding the
internal seat distribution among alliance partners.
This internal distribution is crucial, as it
determines the bargaining power of parties in a
potential hung assembly and shapes the post-

inability to accurately translate vote share
predictions into seat shares under the first-past-
the-post system (Verma & Gupta, 2022). While
machine learning (ML) approaches have been
applied to Indian elections, they have
predominantly  focused on national-level
outcomes or binary classification of winners
(Singh & Roy, 2020). A significant gap exists in
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the application of ML for predicting granular,
party-wise seat distributions within the complex
framework of state-level alliance politics.

This paper addresses this gap by proposing a
novel two-stage ML framework tailored for the
Bihar 2025 elections. The specific objectives are:

1. To develop a constituency-level
predictive model for identifying the
winning party/coalition.

2. To create a novel model for
disaggregating  coalition-level  seat
predictions into individual party-level
seat counts, accounting for historical
seat-sharing patterns and relative party
strength.

3. To provide a probabilistic, party-wise
seat distribution for the major political
entities—BJP, JD(U), RJD, INC, and
Others—contesting the 2025 elections.

2. Literature Review

The study of Indian elections has evolved from
qualitative analyses of caste and identity politics
(YYadav, 2000) to more quantitative approaches.
Jaffrelot & Kumar (2021) have extensively
documented how social coalitions, particularly
the KHAM (Kshatriya, Harijan, Adivasi,
Muslim) model in other states and the MY
(Muslim-Yadav) combination in Bihar, underpin
party support bases.

In the domain of quantitative forecasting, the
"cube law" and its variants were early attempts to
translate vote shares into seats (Kendall & Stuart,
1950). However, these models perform poorly in
multi-party systems like India's. Recent advances
have utilized machine learning. Beck et al.
(2019) used ensemble methods for US elections,
while Singh & Roy (2020) applied logistic
regression to the 2019 Indian Lok Sabha
elections. However, these models typically stop
at predicting the winner.

A critical aspect for Bihar is the fluidity of its
alliances. The breakdown of the BJP-JD(U)
alliance in 2013 and its reformation in 2017,
followed by the JD(U)'s return to the NDA in
2021, highlights the non-stationary nature of
party relationships (K. Kumar, 2020). Any
predictive model must account for this volatility.
Our study contributes by not only predicting the
winner but also modeling the internal
composition of alliances, a layer of complexity
often overlooked in existing ML literature.

3. Methodology

3.1. Data Collection and Feature Engineering
A longitudinal dataset was constructed for all 243
constituencies across eight assembly elections
(1990, 1995, 2000, 2005 Feb, 2005 Oct, 2010,
2015, 2020). Data was sourced from the Election
Commission of India, Census data, and the PRS
Legislative Research.

The feature set was designed to capture historical, socio-economic, and political dynamics, as detailed in
Table 1.
Table 1
Feature Description for the Predictive Model

Feature Category Feature Name

Description
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Historical Prev_Winning_Party The party that won the seat in the previous
Performance election.
Vote Share_Prev The vote share of the winning

party/coalition in the previous election.

Margin_Prev Victory margin in percentage points.
Alliance & Alliance_Incumbency Binary (1/0) if the party's alliance is in
Incumbency State power at the state level.

Candidate_Incumbency Binary (1/0) if the sitting MLA is re-

contesting.

Alliance_Continuity Binary (1/0) indicating if the pre-poll
alliance from the previous election remains
intact.

Socio-Economic Unemployment_Change Percentage point change in district-level

unemployment from the previous election.

Rural_Road_Density Growth in Pradhan Mantri Gram Sadak
Yojana (PMGSY) road length in the
district.
Demographic Caste_Demographic_In An index reflecting the concentration of &
dex party's traditional vote bank (e.g., MY for

RJD, EBCs for JD(U)) in the constituency.

3.2. The Two-Stage Predictive Framework
Our novel modeling approach consists of two sequential stages:
e Stage 1: Constituency-Level Winner Prediction
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o Task: Multi-class classification to predict the winning entity in a constituency: BJP, JD(U),
RJD, INC, or Other.

o Model: A Random Forest classifier was chosen for its ability to handle non-linear
relationships and mixed data types. The model was trained on data from 1990 to 2015 and
tested on the 2020 election.

e Stage 2: Party-wise Seat Disaggregation within Coalitions

o Task: For constituencies predicted in Stage 1 to be won by a coalition (NDA or MGB), a
second model predicts the specific party (e.g., BJP or JD(U) within NDA) that will win the
seat.

o Model: A Multinomial Logistic Regression model was trained on historical data where a
coalition won, using features like:

m Party_Stronghold_Score: Historical performance of the specific party in that
constituency.
m Alliance_Seat_Share Prev: The seat share of the party within the alliance in the
previous election.
m National_Party Premium: Binary indicator for nationally organized parties (BJP,
INC).
4. Results and Findings

4.1. Stage 1 Model Performance: Coalition-level Prediction
The performance of the Random Forest model in predicting the winning party/coalition for the 2020
election test set is summarized in Table 2. The model demonstrates high accuracy and precision,
particularly for the major parties.

Table 2
Performance of the Random Forest Classifier (Stage 1) on the 2020 Test Set

Metric BJP JD(U) RJD INC Other Overall
(Weighted
Avg.)
Precision 0.92 0.88 0.91 0.80 0.75 0.89
Recall 0.90 0.85 0.89 0.75 0.70 0.87
F1-Score 0.91 0.86 0.90 0.77 0.72 0.88
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Accuracy 87.3%

The confusion matrix revealed that most misclassifications occurred between alliance partners (e.g., a BJP
seat predicted as JD(U)), which validates the need for the second stage of our model.

4.2. Feature Importance for Winner Prediction
The key drivers of electoral outcomes, as identified by the Random Forest model, are visualized below.
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Figure

1: Feature Importance from the Stage 1 Random Forest Model

Key Finding: The Caste_Demographic_Index is the most powerful predictor, reaffirming the foundational
role of social identity in Bihar's politics. However, the significant importance of Alliance_Continuity and
Unemployment_Change indicates that these traditional bases are moderated by political strategy and
economic performance.

4.3. Stage 2 Model: Disaggregating Coalition Seats
The Multinomial Logistic Regression model in Stage 2 was evaluated on its ability to correctly assign
winning parties within the NDA and MGB coalitions for the 2020 election. It achieved an accuracy of
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84.1% in predicting whether a seat won by the NDA would go to the BJP or JD(U), and 88.6% for
predicting RJD vs. INC seats within the MGB.

4.4. Final Seat Projection for Bihar 2025
Applying the complete two-stage model to the 2025 electoral scenario (with features projected based on
current trends and assuming current alliances hold), we obtain the following party-wise seat distribution.
Table 3 Party-wise Seat Projection for the 2025 Bihar Assembly Election

Party/Alliance Projecte 95% Key Swing Factor
d Seats Prediction
Interval
National Democratic 128 117 - 139
Alliance (NDA)
- Bharatiya Janata 72 64 - 80 Performance in Urban and
Party (BJP) Mithila regions
- Janata Dal (United) 52 46 - 58 Hold on EBC and Mahadalit vote
bank
- Other NDA Partners 4 2-6
Mahagathbandhan 109 99 -119
(MGB)
- Rashtriya Janata Dal 78 69 - 87 MY consolidation and
(RJD) performance in Seemanchal
- Indian  National 26 21-31 Candidate selection in 70 seats it
Congress (INC) contests

ISSN: 2347-8578 www.ijcstjournal.org Page 11



http://www.ijcstjournal.org/

International Journal of Computer Science Trends and Technology (1JCST) — Volume 13 Issue 5, Sep-Oct 2025

- Other MGB Partners 5 3-7
Others 6 3-9

- AIMIM & Left 5 2-7 Spoiler effect in Seemanchal and
Parties select districts

The projected seat distribution can be visualized to show the comparative strength of each party.

Projected Party-wise Seat Distribution
in Bihar Assembly 2025
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Figure 2: Visualizing the Projected Party-wise Seat Share for 2025
Key Finding: The BJP is projected to emerge as more seats. Within the MGB, the RJD remains
the single largest party within the NDA, a shift the dominant force. The model suggests a high
from the 2020 outcome where the JD(U) held probability of a hung assembly, with the NDA

ISSN: 2347-8578 www.ijcstjournal.org Page 12



http://www.ijcstjournal.org/

positioned slightly closer to the majority mark,
making post-poll negotiations with smaller
parties and independents critical.

5. DISCUSSION

The results of our two-stage modeling approach
offer several insights. First, the projection of the
BJP as the larger partner in the NDA aligns with
the party's expanding organizational footprint
and its performance in central government
schemes, which increasingly influence state
elections (Vaishnav & Hindustan, 2022).
Second, the RJD's continued dominance within
the MGB, despite incumbency challenges,
underscores the resilience of its core social
coalition.

The accuracy of our Stage 2 model demonstrates
that seat-sharing patterns within alliances are not
random but follow predictable logic based on
historical ~ strongholds and  organizational
strength. This finding is significant for political
strategists, as it quantifies the "winnability" of
candidates from specific parties in constituency-
level negotiations.

A key limitation is the model's assumption of
stable pre-poll alliances. A collapse of the NDA
or MGB before the election would require a
fundamental  retraining of the  model.
Furthermore, the "black swan" events—such as a
major political realignment or a significant law
and order incident—are not captured in the
current feature set.

6. CONCLUSION AND FUTURE WORK

This study presents a robust machine learning
framework for predicting party-wise seat
distribution in the complex political environment
of Bihar. By combining a Random Forest
classifier for constituency-level outcomes with a
Multinomial Logistic Regression model for intra-
coalition seat distribution, we provide a granular
forecast for the 2025 election. The model projects
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a tight contest with the NDA having a slight
advantage, led by the BJP, but falling just short
of a clear majority.

This research opens several avenues for future
work:

1. Dynamic Forecasting: Integrating real-
time data from social media sentiment
and Google Trends to update predictions
as the campaign progresses.

2. Alliance Fluidity Modeling: Developing
a model that can simulate different
alliance scenarios and their impact on
seat distribution.

3. Candidate-Level Features: Incorporating
data on candidate criminal records,
assets, and gender to improve
constituency-level predictions.

4. Pan-India Application: Adapting the two-
stage framework for other Indian states
with similar multi-party coalition politics.

As the political landscape evolves leading up to
the 2025 elections, this model provides a data-
driven baseline for understanding the electoral
battle, offering strategists, researchers, and the
public a more nuanced tool for analysis than
traditional aggregate-level predictions.
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