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The Pandas library is the cornerstone of data analysis in Python, renowned for its efficiency in

handling tabular data structures. Central to its power is the groupby() operation, a flexible tool

derived from the split-apply-combine strategy. While often used on standard columns, applying the

`groupby()` function to segment a DataFrame based on its index levels is a critical technique,

particularly when dealing with hierarchical data or MultiIndex structures. Mastering index-based

grouping facilitates deeper insights, enabling precise summary statistics tailored to specific data

hierarchies.

This method allows analysts to efficiently partition the dataset and execute robust Aggregation

functions such as `mean()`, `min()`, `max()`, `sum()`, and `count()`. Understanding how to correctly

specify index levels within the grouping function is essential for complex data reshaping and

calculation tasks. We will explore three primary syntactical approaches depending on the

complexity of the desired group structure, covering single index levels, multiple index levels, and

combinations of index levels and standard columns.

The following methods illustrate the core syntax required to group a Pandas DataFrame by one or

more index columns before performing an aggregation calculation:

Method 1: Group By One Index Column

df.groupby('index1').max()

Method 2: Group By Multiple Index Columns

df.groupby().sum()

Method 3: Group By Index Column and Regular Column

df.groupby().nunique()

The following examples show how to use each method with a practical Pandas DataFrame that

has been structured with a MultiIndex:

import pandas as pd

#create DataFrame

df = pd.DataFrame({'team': ,

'position': ,

'points': ,

'rebounds': })
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#set 'team' column to be index column

df.set_index(, inplace=True)

#view DataFrame

df

points rebounds

team position

A G 7 8

G 7 8

G 7 8

F 19 10

F 16 11

B G 9 12

G 10 13

F 10 13

F 8 15

F 8 11

Setting Up the Sample MultiIndex DataFrame

To demonstrate the mechanics of grouping by index levels, we first need to construct a dataset

that utilizes a hierarchical index. This is typically achieved by setting two or more existing columns

as the index of the DataFrame using the set_index() function. Our example focuses on sports

statistics, specifically tracking points and rebounds for players categorized by their team and

position.

The initial setup involves creating the raw DataFrame and subsequently transforming it into a

structure suitable for index-based analysis. We designate both the team and position columns as

index levels, which results in a MultiIndex. This configuration allows us to perform granular

analyses segregated first by team, and then by the player's position within that team.

This preliminary step is crucial because the performance and structure of the resulting grouped

data depend entirely on how the index is defined. When the index is explicitly defined, Pandas can

efficiently retrieve and group rows based on these predefined hierarchies. The use of set_index()

permanently alters the data structure, signaling to Pandas that these columns represent the

primary keys for segmentation.

Method 1: Grouping by a Single Index Level
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The simplest application of index-based grouping involves selecting a single level from the existing

index structure. When a MultiIndex is present, we can specify any of its levels by name within the

groupby() function. This approach is highly useful when we need summary statistics based on one

specific category, regardless of the other, more granular index levels.

In our basketball example, let us assume we want to find the maximum number of points scored

based solely on the player's position (Guard 'G' or Forward 'F'), temporarily ignoring which team

they belong to. By grouping exclusively on the 'position' index level, Pandas treats all rows sharing

the same position as a single unit, allowing us to identify the highest score achieved for that role

across the entire dataset.

We apply the single string 'position' inside the `groupby()` call, followed by selecting the 'points'

column, and applying the `max()` Aggregation function. The resulting Series is indexed by the

unique values of 'position', showing the maximum 'points' corresponding to each group.

#find max value of 'points' grouped by 'position index column

df.groupby('position').max()

position

F 19

G 10

Name: points, dtype: int64

The output clearly indicates that the maximum points scored by any Forward ('F') in the dataset is

19, and the maximum points scored by any Guard ('G') is 10. This demonstrates the effectiveness

of targeting a single index level for quick, high-level summary statistics.

Method 2: Grouping by Multiple Index Levels

When dealing with a hierarchical structure like a MultiIndex, we often require summaries that

respect the full hierarchy. Grouping by multiple index levels means we are looking for the

combined statistical measure for every unique combination formed by those levels. This is

achieved by passing a list of index level names to the groupby() function.

In our scenario, calculating the total points for each player position within each specific team

requires grouping by both the 'team' and 'position' index levels. This segmentation creates distinct

groups--Team A Forwards, Team A Guards, Team B Forwards, and Team B Guards--making it

vital for comparative analysis between different internal segments of the data structure.

We pass as a list to the `groupby()` method, select the 'points' column, and apply the `sum()`

function. This action combines the points for all records sharing the exact team-position pair,

ARABPSYCHOLOGY.C
OM

https://pandas.pydata.org/docs/user_guide/advanced.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.groupby.html
https://en.wikipedia.org/wiki/Data_aggregation
https://pandas.pydata.org/docs/user_guide/advanced.html
https://pandas.pydata.org/docs/reference/api/pandas.DataFrame.groupby.html
https://scales.arabpsychology.com/?p=103945
https://scales.arabpsychology.com
https://scales.arabpsychology.com


How to Group Data by Index and Calculate Results in Pandas 5

PSYCHOLOGICAL SCALES scales.arabpsychology.com

resulting in a Series with a combined index showing the summarized data.

#find sum of 'points' grouped by both 'team' and 'position' index columns

df.groupby().sum()

team position

A F 35

G 21

B F 26

G 19

Name: points, dtype: int64

The resulting output is a Series with a MultiIndex, clearly illustrating the total contributions: Team A

Forwards scored 35 points cumulatively, while Team B Forwards scored 26. This level of detail is

indispensable when assessing granular performance metrics across organizational or hierarchical

boundaries.

Method 3: Grouping by an Index Level and a Regular Column

A sophisticated application of the groupby() method involves mixing index levels and standard data

columns as grouping keys. This technique is particularly powerful for cross-sectional analysis

where one dimension is inherently structural (the index) and the other is a variable measured

during observation (a regular column). To execute this mixed-key grouping, we simply include the

names of both the index level(s) and the regular column(s) in the list passed to `groupby()`.

The resulting groups are formed by all unique combinations of the values across all specified keys,

regardless of whether they were originally part of the index or not. This flexibility allows for

complex, non-hierarchical groupings within the overall data structure.

In our example, we seek to determine the number of unique rebounds counts associated with

specific pairings of the 'team' (index level) and 'points' (regular column). This answers the complex

analytical question: "For a given team, if a player scores X points, how many distinct rebound totals

are recorded?" We use the `nunique()` function to count the number of unique values in the

'rebounds' column within each resulting group.

#find number of unique values in 'rebounds' grouped by 'team' and 'points'

df.groupby().nunique()

team points

A 7 1

16 1
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19 1

B 8 2

9 1

10 1

Name: rebounds, dtype: int64

Analyzing the output, we observe a key finding: for Team B, when a player scored 8 points, there

were 2 unique rebound totals recorded. Conversely, for Team A, a score of 7 points consistently

yielded only 1 unique rebound total. This type of combined grouping provides deep insights into the

covariance of different variables within the data structure, moving beyond simple hierarchical

summaries.

Advanced Aggregation Techniques

While the examples above utilize basic functions like `max()`, `sum()`, and `nunique()`, the true

power of index-based grouping lies in its compatibility with a wide array of Aggregation methods.

Analysts are not limited to a single function; they can apply multiple functions simultaneously using

the `.agg()` method, or define custom functions for specialized statistical needs. For instance, if

one wanted to calculate the mean, minimum, and standard deviation of points for each

team/position combination, they would pass a list of strings representing the desired aggregation

functions to `.agg()`, reducing the boilerplate code required for comprehensive data summarization.

Furthermore, conditional Aggregation can be performed by using named aggregations within the

`.agg()` dictionary structure. This allows users to apply different functions to different columns or to

rename the output columns for clarity. The versatility provided by the index-aware `groupby()`

mechanism ensures that even the most complex analytical queries involving hierarchical indices

can be executed efficiently and transparently within the Pandas ecosystem.

Conclusion: Leveraging Pandas for Hierarchical Data Segmentation

The Pandas groupby() function, when applied to index levels--whether single or multiple, or mixed

with regular columns--provides an essential toolset for advanced data analysis. This method is

fundamental for anyone working with structured or hierarchical data, as it streamlines the split-

apply-combine paradigm.

We have successfully demonstrated three distinct methods for index-based grouping, showing how

to calculate crucial summary statistics from a MultiIndex DataFrame. Analysts should always

consider transforming relevant categorical columns into index levels using set_index() when

expecting frequent segmentation based on those categories. This strategic indexing ensures both

computational efficiency and logical coherence in data reporting, maximizing the utility of the
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powerful Pandas library for complex data manipulations.
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