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Abstract

The rapid expansion of digital platforms has fundamentally changed the way organisations design,
implement, and evaluate marketing campaigns. The increasing volume of customer interaction,
behavioural, transactional, and campaign-level data creates significant opportunities for artificial
intelligence (Al)-based predictive decision-making. However, conventional digital marketing practices
frequently remain focused on retrospective performance measurement rather than anticipating customer
responses and dynamically allocating marketing resources. This paper proposes an Al-driven predictive
framework that integrates customer response prediction, audience segmentation, personalisation,
attribution analysis, and dynamic campaign allocation within a unified decision-making architecture. The
proposed framework uses historical customer and campaign data to estimate the probability of customer
response and subsequently allocates marketing resources according to expected campaign value. The
framework is conceptualised as a continuous feedback cycle consisting of data collection, prediction,
attribution, allocation, response measurement, and model learning. Such an approach can support a
transition from static campaign management towards adaptive and evidence-based marketing
optimisation. At the same time, the paper emphasises the importance of data quality, privacy,
transparency, algorithmic fairness, and human oversight in Al-enabled marketing. The proposed
framework provides a conceptual foundation for future empirical research and practical implementation
of predictive marketing optimisation.
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1. Introduction

The rapid development of digital technologies has transformed marketing from a predominantly
communication-oriented activity into a highly data-intensive decision-making process. Modern
organisations continuously generate large volumes of information through website visits, advertising
impressions, clicks, social media interactions, search behaviour, transactions, customer reviews, and
conversion events. Although such data provide valuable opportunities for understanding customers, the
availability of data alone does not guarantee effective marketing decisions. A central challenge is to
transform heterogeneous customer and campaign data into reliable predictions and actionable resource-
allocation decisions.

Recent research demonstrates that artificial intelligence is increasingly being applied to customer
segmentation, personalisation, predictive analytics, consumer behaviour modelling, and marketing
decision support. A systematic review based on Web of Science data identifies prediction, segmentation,
personalisation, trust, security, and effectiveness as important dimensions of the relationship between Al
and consumer behaviour [1]. Similarly, a Scopus-based systematic review highlights the growing
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importance of predictive analytics, machine learning, and personalisation in Al-enabled consumer
research [2].

These developments indicate a shift from retrospective marketing evaluation towards predictive
and adaptive campaign management. Instead of asking only which campaign performed best in the past,
organisations increasingly need to determine which customers are likely to respond to a particular
campaign, which communication channel is most effective for a specific segment, and how a limited
marketing budget should be distributed to maximise expected value.

Against this background, the purpose of this paper is to propose a predictive framework that
integrates customer response modelling with dynamic campaign allocation. The framework
conceptualises Al not merely as an automation technology but as an analytical mechanism capable of
supporting continuous prediction, optimisation, and organisational learning.

2. Methodological Approach

The study employs a conceptual and analytical research approach. The proposed framework
synthesises recent research on Al-driven marketing analytics, predictive modelling, consumer behaviour,
personalisation, marketing attribution, and resource allocation.

The framework consists of four interconnected analytical stages: data preparation, customer
response prediction, campaign evaluation, and dynamic resource allocation.

At the first stage, customer-level and campaign-level information are transformed into an integrated
analytical dataset. Potential variables include customer characteristics, previous interactions, advertising
impressions, clicks, engagement indicators, purchase history, conversion behaviour, communication
channels, campaign characteristics, and associated costs.

At the second stage, machine-learning models estimate the probability that a particular customer or
customer segment will respond to a specific campaign. This relationship can be represented conceptually
as:

P(Yii =1 | Xia CJ) = f(Xia Cia 9)

where Yi; represents the response of customer i to campaign j, X; represents customer
characteristics, C; represents campaign characteristics, and @ denotes model parameters.

The third stage evaluates the expected value of alternative campaign decisions. Rather than relying
exclusively on response probability, the framework incorporates the expected economic value and
campaign cost:

EV;;=P(Y;=1) x V;; — Cost;

where EV;; represents expected value, P(Yi; = 1) represents predicted response probability, Vij
represents the expected value of the response, and Cost; represents the relevant campaign cost.

At the fourth stage, available resources are allocated towards campaigns and customer segments
with higher expected incremental value. The optimisation problem may therefore be represented as:

max Ej XjEVj

subject to:

Ej Xj S B, Xj Z 0

where x; represents the resources allocated to campaign j and B represents the available marketing
budget.

3. Proposed AI-Driven Predictive Framework
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The principal contribution of the proposed framework is the integration of customer response
prediction and campaign allocation into a continuous feedback architecture rather than treating them as
independent marketing activities.

The first component is the Prediction Layer. This layer processes historical and continuously
generated data to estimate the probability of customer responses. Depending on the research context, the
prediction target may include click probability, conversion probability, purchase probability, expected
revenue, or customer lifetime value.

The second component is the Attribution and Evaluation Layer. It evaluates the contribution of
different marketing touchpoints to customer conversion. Multi-touch attribution can be incorporated to
avoid evaluating individual channels solely on the basis of their final conversion counts.

The third component is the Allocation Layer. Based on predicted customer responses and expected
campaign value, the system recommends how marketing resources should be distributed across channels,
campaigns, and customer segments.

The fourth component is the Learning Layer. Following campaign implementation, actual
customer responses are returned to the analytical system. These new observations can then be used to
refine subsequent predictions and improve future allocation decisions.

The resulting process can be expressed as:

DATA — PREDICTION — ATTRIBUTION — ALLOCATION — CUSTOMER
RESPONSE — LEARNING

This closed-loop architecture represents a transition from static campaign management towards
adaptive marketing optimisation. Recent research on Al-enabled marketing decision systems similarly
emphasises the integration of marketing mix modelling, attribution, prediction, resource allocation, and
organisational learning [3].

4. Discussion

The proposed framework offers several potential advantages over conventional campaign
optimisation approaches. First, it enables organisations to anticipate customer responses before resources
are fully committed. Second, it allows campaign decisions to be differentiated across customer segments
rather than applying uniform marketing strategies to the entire audience. Third, dynamic allocation
creates the possibility of reallocating resources as new evidence becomes available.

Personalisation is particularly important in this context. Recent research indicates that Al-enabled
personalisation can influence customer engagement through mechanisms such as perceived usefulness,
trust, and the perceived effectiveness of personalised interactions [1]. Consequently, predictive campaign
optimisation should not be limited to maximising short-term conversion rates; it should also consider
longer-term customer relationships.

Al-driven marketing can also contribute to broader organisational outcomes. Recent empirical
research has examined the relationship between Al-enabled marketing activities, customer acquisition,
customer satisfaction, and firm profitability [4]. This suggests that Al-based marketing optimisation
should be viewed as part of a wider business decision system rather than as an isolated advertising
technology.

Nevertheless, predictive optimisation introduces several challenges. The reliability of predictions
depends heavily on the quality, completeness, and representativeness of the underlying data. Biased
historical data may reproduce or amplify existing inequalities in automated decision-making.




Vol 7. No 02. 2026 October

Scottish International Conference on

Multidisciplinary research and Innovation (SICMRI 2026)

urthermore, extensive personalisation raises questions concerning privacy, transparency, consumer
autonomy, and the explainability of algorithmic recommendations.

For this reason, the proposed framework is based on Al-assisted rather than fully autonomous
decision-making. Al systems should provide predictions, estimates, and resource-allocation
recommendations, while strategic decisions remain subject to appropriate human oversight. Such an
approach can combine computational efficiency with managerial judgement and ethical accountability.

5. Conclusion

This paper proposed an Al-driven predictive framework for the optimisation of digital marketing
campaigns. The framework integrates customer response prediction, attribution analysis, personalisation,
and dynamic campaign allocation within a continuous feedback architecture. Its central premise is that
marketing resources should be allocated not solely according to historical campaign performance but
according to predicted customer response and expected incremental value.

The proposed data—prediction—attribution—allocation-response—learning cycle provides a
conceptual basis for transforming digital marketing from retrospective performance analysis into
adaptive decision-making. Future empirical research should validate the framework using real-world
campaign datasets and compare alternative machine-learning models in terms of predictive accuracy,
incremental revenue, return on advertising spend, customer lifetime value, and resource-allocation
efficiency. Particular attention should also be given to privacy, transparency, fairness, and human
oversight.
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