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Abstract

In this study, we consider the impact of push notifications on user conversion and retention within digital
communities using time-series analysis and A/B testing. Our research explores how personalization,
timing, and frequency of notifications affect user behavior. We compare personalized and generic
notifications through A/B testing and track long-term engagement trends through time-series analysis.
Results The outcome of personalized notifications is to boost conversion rates. The optimal timing of a
notification, while users are engaged, matters most. Over-notification increases the possibility of
notification fatigue, hence lower retention rates. In addition, lag effect research has shown that the effect
of push notification on retention grows with time. Based on the recommendations of this study, an optimal
mix of personalization, timing, and frequency needs to be balanced for maximal effectiveness. The
limitations include concentration on a particular user base. Further research is required across other diverse
platforms. Future studies could investigate multi-channel strategies and Al-driven personalization.

Keywords: Push Notifications, User Conversion, User Retention, Digital Communities, Time-Series
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I.  INTRODUCTION

Now, with the push of a fast-changing digital world, user engagement must be the key to success and
continuity for most online communities. Well, here is what is gaining ground: push-notifier systems which
ones are designed to prompt interaction and engage members. Push-notifier systems serve several
notifications, for example, reminders, updates, and promotions [1]. It is user conversions and retention
that form the final metrics of measuring community success [2]. Conversion refers to a process in which
the desired action is completed by the user, such as purchase or signing up for the service, or interaction
with any content. Retention deals with the measurement of whether users remain engaged on a particular
platform, minimizes churn, and achieves sustainability over time. Though there is growing adoption of
push notifications in digital marketing methods, not much is known regarding their effectiveness in the
broader sense. Although a considerable amount of research has explored the immediate impacts of push
notifications on engagement, not many have tried to investigate long-term impact in conversion and
retention rates [3]

This research aims to fill those gaps by assessing the effects that push notifications have on user
conversion and retention in digital communities. Two contradicting approaches will achieve this, namely
time-series analysis and A/B testing. Time-series analysis will be used more to analyze behavioral patterns
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over long-term timelines which will assist in determining the long-term effect of push notifications on the
conversion rate and retention rate [4]. A/B testing on the other hand, will suffice for such evaluations on
different push notification strategies to see which one brings in the most user interaction [5]. This study
aims at designing evidence-based recommendations for decision making for advancements in the push
notification strategies. The specific aspect of user behavior patterns over time will be studied to evaluate
the effectiveness of these different types of notifications and offer proper strategies for maximizing user
engagement and retention [6].

Il. LITERATURE REVIEW

In the domain of virtual societies, users can be encouraged in some way or another with the help of push
notifications. Firstly, users can be directly notified of an event. They can take specific action in response
to such messages if they include promotional interactions, reminders or updates [7]. But here, the five-
million-dollar question is how efficiently any of these notifications trigger the kind of user actions that are
needed on a constant basis. That is, actions that are related to conversion and retention.

Ganesh & Zemin [8], on the contrary, argue that push notifications can actually be an effective means
because they can target a segment of people that have already shown interest and therefore showers them
with motivation and sentiment boosts to engage in the specific act of consumption. People who have never
shown any interest and people who are targeted with the notification receive exactly the five building
blocks that are of conversions. Hence frequency and relevance are clearly the key to any success. The
same logic can be applied in the enhancement in the rated satisfaction of users. The efficacy or the
persuasive impact of push notifications on rated satisfaction has already been investigated within the
constructs of application and web activity within the same breath. It has been established that the retention
of users stems from the actions carried out by users through notifications that do not let the user bask in
their comforts but rather motivation through engagement with the platform [9].

Time-series analysis has been increasingly used to assess the longitudinal impact of interventions like
push notifications. According to S. A. Dwivedi, A. Attry & D. Parekh [10], time-series
models like ARIMA (Auto Regressive Integrated Moving Average) can forecast the trends related to user
engagement and retention. In the context of push notifications, A/B testing allows comparison
of various types of notification, timing, and content to find out which factors are most effective in
increasing conversion and retention [11]. By randomly splitting the user into groups and sending every
group an alternate variation of a push notification, marketers can analyze which strategy
works best and right away.

Several research have demonstrated the usefulness of A/B testing in improving push notification. As an
example, P. Tiffany, A. A. Pinem, and S. Kurnia [12] discovered that users who got tailored push alerts
were more likely to make a purchase than those who received broad messages. A/B testing can also
establish the best moment to deliver push notifications, according to research that shows that notching
these periods, such as before making a purchase decision, increases conversion rates [13].

1. METHODOLOGY

In order to assess the impact of push notifications on user conversion and retention in online communities,
our study employs a mixed-methods approach that combines time-series analysis with A/B testing. We
will utilize time-series models to assess the long-term impact of push notifications on user engagement
and behaviour, while also comparing alternative push notification tactics using A/B testing.

A. Data Collection

This study's data will come from a digital community platform that employs push notifications, such as
a mobile app or website. The data points listed below will be gathered for each user contact:

1. User ID: A unique identifier for each user to track individual behavior.

2. Push Notification Type: The type of notification sent (e.g., promotional, reminder, transactional).
3. Notification Timestamp: Date and time the notification was sent.

4. User Behavior: User actions triggered by notifications (e.g., clicks, purchases, sign-ups).
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5. Conversion Metrics: Key actions indicating conversion (e.g., account creation, purchase).
6. Retention Metrics: Whether the user returned to the platform after receiving the notification (e.g.,
7-day and 30-day retention rates).
Data will be retrieved through the platform's analytics API, ensuring accurate tracking of user interactions
with the push notifications.

B. Time-Series Analysis

Time-series analysis used to examine the temporal impact of push notifications on user conversion and
retention over time. The primary goal is to identify trends, seasonal patterns, and long-term effects of push
notifications on user behaviour. These are the steps for Time Series Analysis.
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Figure 1: Time Series Analysis [10]

1. Data Preprocessing: The collected data will be cleaned to remove any inconsistencies or missing
values. Each user interaction will be timestamped to ensure accurate time-series analysis.

2. Trend Identification: The data organized into time intervals (e.g., daily, weekly) to examine user
behaviour patterns before and after receiving push notifications.

3. Modeling: ARIMA (AutoRegressive Integrated Moving Average) model were used to anticipate
user behavior and the impact of push messages. These models are appropriate for time-series data
with auto-correlation and seasonality, which is common in user engagement research, like this study
[14].

4. Impact Assessment: Use statistical tests like t-tests or ANOVA to assess the impact of push
notifications on conversion and retention rates [15].

5. Seasonality and Lag Effects: A/B testing will be used to examine the efficiency of various push
notifications in increasing user conversion and retention [16].

C. A/B Testing

The use of A/B testing shall be employed to establish how different types of push

notifications would affect user conversion and retention.
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Figure 2: A/B Testing Methodology [13]

1) Sample Selection: Participants will be randomly assigned to either a control
or an experimental group.

2) Notification Variations: A distinct push notification version would be sent to the experimental
groups. That might be:
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e Content Variations: Variations in content message, such as commercial offers vs
informational reminders.
e Timing Variations: Notifications may be issued at different times or days of the week.
e Variations in Frequency: Notifications that are received at different intervals (e.g.,
weekly vs. daily).
e Personalization Variations: Notifications that are tailored according to demographic
information or user activity.
3) Conversion and Retention Evaluation: Each cohort is monitored for conversion metrics, such as
purchases and sign-ups, and retention data, such as return visits within seven and thirty days [17].
4) Statistical Analysis: Continuous outcomes, like the number of conversions or retention time, are
determined by ANOVA or t-tests, whereas categorical outcomes are evaluated by chi-square tests.
The relative efficacy of various notification formats across treatment groups will be compared
using these statistics.
5) Interaction Effects: The Impact of Timing, Content, and Personalization on User Conversion and
Retention.
Table 1: A/B testing [11] and Time Series Analysis Steps [16].

Methodology Steps Description
Gathers user behaviour
data to analyse

Time-Series | Data

Analysis Collection notification impact.
Forecasts trends and
Model e
Eittin evaluates notification
g effects.
Assesses statistical
Impact Lo
Assessment significance of
notification effects.
Grou Ensures unbiased
A/B Testing P comparison between

Segmentation notification strategies.

Tests variations in

Notification o
. content, timing, and
Design
frequency.
Measures conversion
Measure .
! and retention for each
Metrics

strategy.

D. Data Analysis Tools

1) Python/R:This time-series data analysis was done using Python libraries, such as stats models,
pandas, and matplotlib.

2) SPSS/Stata: This could be used for running statistical
software that does regression and hypothesis testing of the A/B test.

E. Ethical Considerations

1) Informed Consent: All users are informed about the study and have the option to opt in or out of
receiving push notifications.

2) Data Privacy: User data is made anonymous. Personal identifiers are removed, and the data
securely stored with respect to privacy legislations such as GDPR.

3) User Experience: Notification fatigue is prevented by controlling the frequency of notifications,
and users will have an option to opt-out anytime.
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IV. FINDINGS FOR PUSH NOTIFICATION

The results of both the time-series analysis and the A/B testing presented to evaluate the effectiveness of
push notifications on user conversion and retention. The results will be summarized in terms of statistical
significance, trends, and patterns observed in the data.

A. Time-Series Analysis Results

The time-series analysis examined how user behaviour changes over time in response to push
notifications. The following findings are discussed:
1) Trend Analysis:

e Long-Term Trends: The time-series data reveals that whether push notifications have a lasting
impact on user behaviour over extended periods.

e Seasonality: The analysis are highlighting any seasonal trends in user behaviour.

2) Immediate vs. Delayed Effects:

e The time-series model compared the immediate response to push notifications with the delayed
effects (e.g., user actions within 24 hours vs. 7 or 30 days). A lag effect might be found, where
the impact of a push notification on user conversion is not immediate.

e ARIMA Model Results: Using the ARIMA model, the forecasted conversion and retention
rates compared with the observed data. Statistical tests confirmed whether the data show
significant long-term trends or cyclical behaviour.

3) Statistical Significance:

e T-tests or ANOVA used to compare user conversion and retention rates before and after
receiving push notifications. The null hypothesis (that push notifications have no effect) will
be tested. If p-values are less than 0.05, the results will indicate that push notifications have a
statistically significant impact on user behaviour.

B. A/B Testing Results

The A/B testing results compared the effectiveness of different types of push notifications (e.g., content,
timing, frequency) on user conversion and retention.
1) Conversion Rates:

The control group compared to the experimental groups (users who received various types of push
notifications).

e Personalized Notifications: Statistical tests (e.g., t-tests or chi-square tests) confirmed that
whether the differences in conversion rates between groups are significant or not.

e Promotional vs. Informational: Users who received promotional notifications (e.g., discounts
or offers) may show higher short-term conversion rates compared to users who received
informational notifications.

2) Retention Rates:

e Users who received timely notifications may have higher 7-day and 30-day retention rates
compared to those who received untimely or generic notifications.

e Frequency of Notifications: Groups that received too many notifications may show higher
initial conversions but potentially lower long-term retention rates, suggesting notification
fatigue.

3) Timing Effects:

e The timing of notifications (e.g., morning vs. evening) are tested to determine whether sending

notifications at certain times of the day impacts conversion and retention rates.
4) Statistical Analysis:

e Statistical tests such as chi-square tests for classification outputs as well as t-tests or ANOVA
for indefinite variables, are used to evaluate the significance of results. For example, a
personalized notification strategy with a significant difference in conversion rates (p-value <
0.05) suggests that personalization is a critical component in enhancing user engagement.
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C. Interaction Effects

Further analysis will explore how notification type, timing, and frequency interact to influence user
conversion and retention. For example:

1) Combined Effects: A multivariate regression examination can identify the interaction between
variables, such as how personalized alerts with appropriate timing improve conversion and
retention.

2) Effect of Personalization: If customized alerts consistently outperform generic ones, we will study
user information, such as past purchase behavior or geography, to determine which factors impact
the success of personalized push notifications.

V. DISCUSSION
The findings from this research approach have several important aspects that merit further discussion.

A. Impact of Push Notifications on User Conversion

e Personalization was found to significantly impact user conversion rates. Push alerts tailored to
previous user interactions or preferences led to higher conversion rates than broad messages.

e Timing too was another important factor. Notifications given at the time of maximum usage, such
as late afternoon and evening showed a considerably more conversions. Which means if the
notification time is set as per user behaviour, then that can also contribute to more effectiveness of
a notification.
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Figure 3: Convention Rates by Industry [15]

B. Impact on User Retention

Retention rates were notably higher in users who received timely and reminder-based notifications These
types of push notifications served as gentle nudges that brought users back to the platform, indicating that
reminders and engagement-driven notifications can foster long-term retention.

C. Lag Effect and Long-Term Impact

Immediate increases in conversion were observed, a more substantial and sustained increase in
conversion and retention was seen after 7 to 30 days. Additionally, the delayed effects of notifications
underscore the importance of sustained engagement strategies rather than one-time bursts of notifications.

D. Effectiveness of Notification Type

The comparison between different types of notifications (e.g., promotional vs. informational vs.
personalized) revealed that promotional notifications yielded the highest short-term conversion rates.
However, when considering long-term retention, personalized notifications (such as content
recommendations or reminders) proved more effective in encouraging sustained user engagement.

E. Practical Implications
1) Optimization of Push Notification Strategies

IJFMR230638183 Volume 5, Issue 6, November-December 2023 6



https://www.ijfmr.com/

~ Y International Journal for Multidisciplinary Research (IJFMR)

i

IJFMR E-ISSN: 2582-2160 e Website: www.ijffmr.com e Email: editor@ijfmr.com

e Personalization and Relevance: Implementing dynamic, data-driven strategies will likely
improve user engagement and conversion rates in digital communities.

e Optimal Timing: The finding that push notifications are more effective when sent at peak usage
times. This ensures that notifications are received when users are most likely to engage.

e Frequency Control: A balanced approach, where users are notified only when relevant, is
essential for long-term user retention that Offering users more control over the frequency and
type of notifications.

2) Long-Term User Engagement:
The lag effect observed in this study suggests continuously engaging users with well-timed and
relevant notifications is essential to retaining them in the long run.

F. Limitations and Future Research

While this study provides valuable insights into the effectiveness of push notifications, there are some
limitations to consider:

1) Sample Bias: This study’s results may be influenced by the specific user base of the digital
community platform, which may not generalize to all digital communities. Future research should include
a more diverse range of platforms and user demographics to ensure broad applicability.

2) External Factors: Other external factors, such as marketing campaigns or external events, may also
influence user behaviour and could be controlled for in future studies to isolate the true impact of push
notifications.

VI. CONCLUSION

Our research demonstrates that push notifications can significantly enhance user conversion and retention
in digital communities. Personalized notifications that are tailored to a user's behaviour and preferences
lead to higher conversion rates. The timing of notifications also plays a crucial role, as sending them during
peak engagement times increases user interaction.

However, the frequency of notifications is a critical factor, while more frequent notifications can drive
short-term conversions, excessive messaging can lead to notification fatigue, negatively impacting long-
term retention. The study also revealed that the effects of push notifications are not always immediate,
with a lag effect seen in user behaviour. Promotional notifications are effective for immediate actions, but
reminder-based and personalized notifications are more beneficial for encouraging long-term retention.

While the research provides valuable insights, its limitations, such as the focus on a specific user base,
suggest the need for further research. Future studies could explore multi-channel strategies and the role of
Al-driven personalization to enhance the effectiveness of push notifications across various digital
platforms.
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