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This study explored the integration of futures studies into business strategy, focusing on the develop-

ment of a nоvel theoretical framework and computational methods for forecasting future operational 

environments. Recognizing the critical role of anticipating technological paradigm shifts, as evi-

denced by the downfall of companies such as Blockbuster, Palm and Nokia, we proposed a new 

framework called MLPESTEL or Multilayer PESTEL. The framework combines PESTEL analysis 

with Bronfenbrenner’s Ecological Systems Theory. This amalgamation aims to provide a more holis-

tic understanding of a company's operational environment, extending from macro to micro levels. 

However, adapting Bronfenbrenner’s model, originally focused on children's social development, to a 

business context presents a unique challenge. 

 

Our methodology involved employing advanced AI tools, specifically large language models (LLMs), 

to analyze and predict changes in various business environments. This approach marks a significant 

shift from traditional AI applications, which predominantly rely on numerical data, to leveraging 

LLMs for textual data analysis. Our goal was not to focus on specific companies but to develop and 

validate generic models applicable across different organizational contexts. By analyzing forecasts for 

several existing companies, we aimed to validate our model's reliability. 
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1 INTRODUCTION 

Futures studies is a field of science that is dedicated to predicting what might happen in the future. As 

part of running a successful business, educated guesses about the future through analysis are important. 

Not only to detect potential opportunities based on weak signals but also to anticipate paradigm shifts 

in the operational environment. In technology, paradigm shifts have been disastrous for several compa-

nies such as streaming services for Makuuni, smartphones for Palm and their PDAs, Android for 

Nokia and so on. These technological innovations have changed the landscape so much that a company 

that fails to adapt to the new technology fast enough simply perishes. 

 

Inspired by PESTEL and its interconnectedness with Bronfenbrenner’s Ecological Systems Theory on 

social development, we aim to combine these two theoretical frameworks into a more comprehensive 

way to analyze and understand the operational environment of a company. PESTEL focuses mainly on 

the macro environment of a company, whereas Brofenbrenner’s model can be used to understand mi-

cro-, meso-, exo- and macrosystems. This provides us with an intriguing extension to how the opera-

tional environment is to be understood. However, Brofenbrenner’s model focuses solely on social de-

velopment of children, which means that it needs to be duly adapted to the business context. 

 

We call our combined framework MLPESTEL or Multilayer PESTEL framework. This framework 

can be used to better analyze the operational environment of a company and forecast the future of the 

company and the world surrounding it. The term multilayer comes from the layered structure of organ-

izing the environment on several different subsystems with different degrees of abstraction and close-

ness to the company itself. 

 

Once we have established the comprehensive MLPESTEL framework, we will use the latest AI tools, 

namely large language models (LLMs) to forecast changes in the operational environment. We do not 

focus on one company in particular, because our goal is to develop generic models that can be used in 

forecasting changes in the operational environment of any company. We will, however, validate our 

model by analyzing its forecasts for several existing companies. 

 

Our thesis thus aims to establish a new theoretical framework (MLPESTEL) and develop new compu-

tational LLM-based methods for forecasting the future. Traditionally, AI models have been used to 

forecast the future solely on numerical data (e.g. weather forecasts, stock markets). With the dawn of 
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LLMs, we can conduct forecasting on textual data as well. This is something we will demonstrate in 

this thesis. 

 

 

1.1 Background 

 

The current business landscape is evolving constantly, with organizations facing unprecedented diffi-

culties and challenges caused by external factors like the COVID pandemic. Such challenges, that 

shape the organization’s operational environment, make it hard to anticipate and adapt to them. Be-

cause of this, the need for comprehensive frameworks to analyze these factors has never been more 

critical. An example of a commonly used and well-established framework is no other than PESTEL 

analysis (see Çitilci & Akbalık 2020). This framework, used by many researchers, takes into account 

the Political, Economic, Social, Technological, Environmental and Legal factors affecting an organiza-

tion under study. PESTEL has been shaped by several researchers as an extension of the original PEST 

analysis as proposed by Aguilar (1967). The framework makes it possible for organizations to identify 

and interpret long-term trends in the environment external to them. PESTEL is commonly used for 

strategic business planning. For instance, a company can effectively use PESTEL analysis to navigate 

challenges such as changing consumer preferences and economic recessions. This makes it easier for 

them to maintain their market position. 

 

The Ecological Systems Theory hypothesizes that individuals, in particular during their upbringing, are 

influenced by multiple interconnected environment systems (Bronfenbrenner 1979). This model has 

seen adaptations to a variety of contexts such as educational practices and family policies (Olivier-

Pijpers et al. 2018; Panopoulos & Drossinou-Korea 2020). In the world of business, this theory can be 

applied to understand how different levels of organizational ecosystems impact company culture. For 

instance, big companies such as Google have successfully created a positive microsystem for their em-

ployees, resulting in an increase in innovation and productivity (Steiber & Alänge 2013). 

 

Since last year, artificial intelligence (AI), most notably owing to the dawn of LLMs, has opened new 

possibilities that were previously imaginable only in science fiction movies. For LLMs seem to be hav-

ing general knowledge and understanding of seemingly an unlimited number of topics coupled with 

the ability to reason and converse. LLMs have been trained on vast amounts of text-based data and 

they have demonstrated extraordinary flexibility in the capabilities they showcase in processing and 
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generating human level text. Unlimited to this, they can exhibit creative skills such as music composi-

tion (Alaeddine & Tannoury 2021), coding (Bubeck et al. 2023) and poem generation (Hämäläinen et 

al. 2022). LLMs present an opportunity to revolutionize business operations, including enhancing tra-

ditional forecasting methods with more sophisticated, data-driven approaches. Companies such as Am-

azon and Walmart have already started to leverage AI-powered forecasting to improve their supply 

chain management and financial planning (Sanson 2024). 

 

Integrating AI in business forecasting does not, however, come without challenges. Yann LeCunn, 

Chief Scientist at Meta, tweeted “a house cat has way more common sense and understanding of the 

world than any LLM1”. This clearly highlights the need for a balanced approach that combines the 

computational power of AI with human expertise and intuition, which we aim to achieve in this thesis. 

 

In our current work, we aim to combine PESTEL analysis and Bronfenbrenner's Ecological Systems 

Theory with the capabilities of LLMs to develop a more comprehensive and nuanced framework for 

analyzing and forecasting changes in business environments. The new, combined, framework will be 

called MLPESTEL. Our theoretically motivated AI-enhanced approach has a great potential to provide 

organizations with deeper insights into external factors, rendering them more informed about their stra-

tegic decision possibilities. 

 

Furthermore, our approach not only enhances the accuracy of future forecasts but also provides organi-

zations with a more holistic understanding of the intricacies of different environmental factors and how 

they might be affecting businesses. If we think about Tesla’s success, we can see that it can be at-

tributed to Tesla’s ability to anticipate and capitalize on the convergence of technological advance-

ments and changing consumer preferences (Stringham et al. 2015). Failing to adapt to such changes 

might result in severe negative implications. As an example of this, Kodak failed to adapt to the digital 

photography revolution, which turned once a big company into a memory of what once was (Lucas & 

Goh 2009). 

 

We chose to integrate LLMs into the framework as they offer remarkable benefits for processing un-

structured data at scale. They excel at identifying subtle patterns and generating insights that might 

lead human analysts to new revelations. For example, Watson, which is developed by IBM, has been 

 

 
1 https://x.com/ylecun/status/1622300311573651458  

https://x.com/ylecun/status/1622300311573651458
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used to go through medical literature and analyze patient data to assist doctors in cancer treatment de-

cisions (Chen et al. 2016).  This is just a simple example demonstrating the potential of AI in complex 

decision-making processes; however, LLMs and AI solutions are not flawless technologies and it is 

important to acknowledge them, such as potential biases in training data and the need for human over-

sight in interpreting results. 

 

In addition to that, adapting Bronfenbrenner's Ecological Systems Theory to business contexts enriches 

our understanding of how different levels of the environment interact and influence organizational be-

havior. The recent increase in remote work, especially after COVID, is an example where this ap-

proach could be particularly valuable as it would allow analyzing the impact of remote work on com-

pany culture and employee productivity. A recent research done by Microsoft demonstrates the effects 

of hybrid work models (Yang et al. 2021), which highlights the importance of understanding the inter-

actions between the different levels of the environment along with their effect on each other. 

 

 

1.2 Motivation 

 

In this thesis, we aim to develop more robust strategies that can be used by businesses to explore com-

plex and interconnected global marketplaces. We will achieve this by leveraging AI capabilities and 

combining the two frameworks. We hope the approach we are proposing would improve strategic 

planning, risk management and decision-making processes across various industries. 

 

Setting clear goals and communications are crucial for aligning all organizational efforts across differ-

ent departments, as it would ensure that they would be working towards common objectives for the 

success of the organization. Machine learning systems could enhance planning and achieve target ser-

vice levels by forecasting future demands. For instance, Artificial Neural Networks (ANN) can be used 

to model complex non-linear relationships in demand data and when combined with statistical models 

(e.g. autoregressive integrated moving average –ARIMA– integrated with ANNs) they can yield supe-

rior forecast accuracy by accounting for different types of uncertainty (Tan 2007). These approaches 

aid in managing fluctuating consumer demands effectively, hence, setting clearer goals. Based on Ku-

mar (2024), enhancing cross-departmental collaboration fosters a culture of trust and transparency, 

leading to increased productivity and better decision-making. Staying flexible and responsive to mar-

ket trends is of high importance as it could minimize any technological disruptions impacting busi-
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nesses negatively. Other gains of employing forecasting models in setting clear goals and communica-

tions include, but not limited to, improving promotional planning (to make informed decisions about 

promotions, leading to increased profits), market expansion strategies (to navigate new markets effec-

tively) and scenario planning allows businesses to explore various future scenarios and develop robust 

strategies, as demonstrated by companies investing in AI tools for better forecasting. 

 

The main purpose of performance improvement and optimization is to turn business operations into 

more efficient and cost-effective ones. This involves processes such as reducing supply chain costs, 

improving financial planning, enhancing profit margins, optimizing pricing strategies and marketing 

spend, managing supplier lead times, product lifecycle management and improving cash flow and sup-

ply chain sustainability. With AI-powered solutions, these processes could be done more efficiently 

and with higher accuracies. As an example, AI-powered demand forecasting can help in minimizing 

excess inventory and reduce waste (Porter 2023), yielding a cheaper supply chain operation. Another 

example for optimizing pricing strategies which allows businesses to adjust prices based on demand 

forecasts and market conditions. 

 

No business is immune to uncertainties and potential threats and, to mitigate potential threats, busi-

nesses perform risk management where they identify potential threats and develop strategies to address 

them. AI could assist here to predict and manage such risks (Yazdi et al. 2024). AI, for instance, could 

process a vast amount of historical data to identify patterns to predict risks (e.g., forecasting financial 

risks by examining market trends, economic indicators and industry-specific data). A recent example 

of a risk that could have been mitigated by forecasting risks is addressing supply chain disruptions that 

were caused by the COVID-19 pandemic (Accenture 2023), as by predicting them businesses would 

have been able to develop resilient supply chain strategies. Other use cases with respect to risk man-

agement are avoiding missed market opportunities, preventing revenue loss, improving crisis manage-

ment and addressing geopolitical risks and technological convergence. 

 

Maintaining customer satisfaction and staying competitive can be achieved through various essential 

approaches such as keeping a strong focus on the customer and market to understand their needs and 

deliver products that meet them. Also, ensuring that the brand has a positive image through consistent 

quality and customer engagement is important, not to mention adapting to changing consumer behav-

iors as seen with companies leveraging social media and other digital platforms (see Siddiqui et al. 

2023). Forecasting techniques with AI can aid in maintaining customer satisfaction. For instance, they 
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can be used to predict and manage seasonal demand variations or analyze customer data to develop ef-

fective targeted marketing strategies, leading to more effective customer engagement (Pecan 2024). 

Moreover, they can be utilized to analyze the market and forecast customer expectations to meet them. 

 

Managing resources and talents is very critical to achieve business goals. A successful utilization of AI 

to predict future skill needs and inform talent development strategies would support workforce plan-

ning. Topics such as resource allocation, capital investment decisions and talent management can all 

benefit from AI too, when incorporated aptly in future forecasting to inform investment strategies, 

meet strategic objectives and develop concrete plans to attract, retain and develop top talents. 

 

The above are just examples of business areas that would greatly prosper with the correct use of AI 

and planning. Other areas such as maintaining competitive advantage and strategic positioning (e.g., 

maintaining market leadership and achieving long-term success by staying ahead of market trends and 

making informed strategic decisions) and enhancing organizational culture and employee engagement 

(e.g., fostering a positive work environment and driving business success by improving stakeholder 

communication and addressing labor market and demographic shifts) can also be positively impacted 

by AI. All of these potential implications motivate defining the topic of this thesis. 

 

 

1.3 Problem Statement 

 

The main problem we are addressing here are the current limitations of forecasting and strategic plan-

ning that suffer from taking multiple levels of environmental factors into account and making slow and 

narrow forecasts. Our proposed approach that integrates PESTEL analysis, Bronfenbrenner's Ecologi-

cal Systems Theory and LLMs is a novel one and we expect it to be applicable to a wide range of use 

cases. In this thesis, however, we focus it on forecasting and strategic planning in business environ-

ments. Although such frameworks and LLMs have been employed in existing research separately, 

most of their potential remains largely unexplored when combined together. We will research how to 

harness what each one excels at to bolster and support business decision-making and adaptability, es-

pecially in an increasingly complex global marketplace. 

 

PESTEL analysis can barely capture the complex interplay between various environmental factors that 

affect businesses. While it is comprehensive in its coverage of macro-environmental factors, it does 
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not capture interactions across different systemic levels and their influence on the business. Bron-

fenbrenner's Ecological Systems Theory is not intended for business management since it is originally 

developed for human development. However, it offers a multi-layered perspective which could poten-

tially address the limitation of PESTEL analysis when adapted in a business context. 

 

LLMs are quite recent as they started getting a lot of attention in December 20222, immediately after 

the release of ChatGPT. Given that, their application in business forecasting and strategic planning is 

still in its infancy, which puts a high demand to develop methodologies that can effectively harness 

their power while addressing their limitations, such as potential biases and the lack of real-world un-

derstanding. 

 

The work herein seeks to bridge the gap between traditional strategic analysis frameworks and cutting-

edge AI technologies by combining PESTEL analysis, an adapted version of Bronfenbrenner's Ecolog-

ical Systems Theory and LLMs. Our approach has the potential to give deeper insights into the com-

plex interactions between various environmental factors across different systemic levels by providing 

businesses with a more comprehensive, dynamic and actionable understanding of their operational en-

vironment. Businesses can leverage this knowledge to navigate uncertainty and capitalize on emerging 

opportunities more effectively. 

 

 

1.4 Research Objectives and Questions 

 

In this study, we define three main objectives, each is broken down into multiple research questions, 

that will guide the study. By answering these questions, we aim to advance the field of business fore-

casting and provide concrete use-cases on how organizations can benefit from the power of AI for stra-

tegic decision-making. The objectives of the research are as follows: 

 

 

1.4.1 Objective 1 - Developing an Integrated Forecasting Framework 

 

The first objective is to develop a comprehensive forecasting framework that incorporates PESTEL 

analysis and Bronfenbrenner's theory with the processing capabilities of LLMs. To achieve it, we de-

 

 
2 https://web.archive.org/web/20240804184028/https://en.wikipedia.org/wiki/ChatGPT  

https://web.archive.org/web/20240804184028/https:/en.wikipedia.org/wiki/ChatGPT
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fine two research questions. The first RQ1.1 is How can PESTEL analysis and Bronfenbrenner's Eco-

logical Systems Theory be adapted and integrated to create a comprehensive framework for under-

standing the business environment? Our approach to solving it is to conduct a thorough literature re-

view to identify the key elements of each framework and their potential synergies. Based on that, we 

will develop a framework that integrates all three components. The second research question, RQ1.2 is 

What are the technical challenges and considerations in incorporating LLMs into the integrated 

framework? Exploring the architecture and capabilities of state-of-the-art LLMs, such as GPT-4, to 

identify their potential applications in business forecasting will be our methodology to address this re-

search question. 

 

 

1.4.2 Objective 2 - Utilizing and Validating LLMs for Forecasting 

 

The second objective of this thesis focuses on implementing a prototype system that showcases the 

practical application of our framework to generate comprehensive forecasts and strategic recommenda-

tions. The prototype would ingest various data sources such as news articles, social media trends, eco-

nomic indicators and regulatory changes to make forecasts. We raise three research questions here, 

which are: RQ2.1 How can LLMs be leveraged to process and analyze unstructured data sources for 

generating business insights and forecasts?, RQ2.2 What are the limitations of LLMs in understanding 

real-world contexts and how can these limitations be addressed? and RQ2.3 How effective is the inte-

grated forecasting model in predicting business outcomes across different industries and geographical 

contexts? 

 

To answer the first one, we will utilize AI solutions that are capable of searching the web to retrieve 

relevant sources, regardless of the platform. We will research their capability of finding adequate indi-

cators together with insightful information that aid in making successful predictions. We will extend 

our experiments, in effort to address the second research question on assessing the LLM's ability to 

generate actionable recommendations. Biases in the output are also of the utmost importance for us 

when conducting our research. 

 

Building on that, we will validate the performance of our MLPESTEL framework based on empirical 

experiments. We will test the framework across two different industries from two geographical con-
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texts (Tesla and Nokia) to measure its generalizability and effectiveness in different business environ-

ments. In addition, we will compare the forecasts generated by the LLM with actual historical out-

comes, which will give us an idea of how reliable our approach is. 

 

 

1.4.3 Objective 3 - Contributing to Best Practices for Responsible AI Use 

 

Our last objective aims to contribute to the ongoing dialogue about the role of AI in strategic decision 

making. By developing a model that combines AI capabilities with our newly established theoretical 

frameworks, we seek to demonstrate how AI can complement rather than entirely replace human judg-

ment in complex business contexts. Here, we ask the research question RQ3.1 What are the ethical 

considerations and potential risks associated with using AI-powered forecasting models in business 

decision-making?. Our plan to address this question is to examine the implications of AI-generated 

predictions on issues such as transparency.  
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2 RELATED WORK 

In this section, we conduct a literature review of the most relevant concepts for our research such as 

futures studies in business, forecasting methods, PESTEL analysis, Bronfenbrenner's theory and 

LLMs. The growing importance of futures studies in business has also been reflected in the academic 

literature. For instance, Molyboga et al. (2021) note that previous research has suggested substantial 

improvements of active strategic risk-adjusted returns by combining a multitude of trading signals. 

Khan (2022), who highlighted a similar observation, points out the increasing attention given to human 

resource management strategies in the context of the COVID-19 pandemic, since organizations try to 

motivate and develop their employees in the face of changing external conditions. 

 

 

2.1 Review of Futures Studies in Business 

 

Futures studies is the discipline the practitioners of which dedicate themselves to exploring possible, 

probable and preferable futures. The field has become more relevant to businesses as an increasing num-

ber of corporations and institutions look for ways to study what is yet to come, namely, the future. 

Business leaders are facing an increasingly volatile technological and social global environment, which 

calls for predictive insight into future trends. Such insight offers a huge competitive advantage for com-

ing up with innovative ideas. For instance, a recent study by Molyboga et al. (2021) indicates that en-

sembling multiple trading signals such as time-series momentum and carry trades has the potential of 

improving the risk-adjusted returns of active strategies in future markets. 

 

The business practice of futures studies has evolved from utopianism to the making of empirical predic-

tions, as Inayatullah (2003) commented that currently, strategic planning, technology impact assessment 

and risk analysis remain the dominant practices of the field in both the government and business sectors. 

However, increasing complexity and uncertainty of the business environment paved the way for a para-

digmatic shift towards more critical and emancipatory approaches to the studies of futures. This shift 

also brings out the need to take into view multiple visions in the envisioning and shaping of the future, 

in particular, that of the marginalized stakeholders. 

 

COVID-19 has brought out this fact even more strongly in case of business futures. The pandemic has 

been a tough time for organizations, pushing them to evolve their organizational and HR operations 

based on changing external scenarios (Khan 2022). Businesses have shifted towards understanding and 
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designing resilience into their operations to continue performing even in the face of these disruptive 

events which is now a key concern for them, enabling them to plan ahead as they prepare themselves for 

an uncertain future. 

 

Futures studies have also played a crucial role in guiding businesses through crises. Anderson et al. 

(2022) explore how futures studies can assist retailers in serving their customers during and after times 

of crisis. This underlines the importance of systems development, relationship building practices, con-

sumer safety and adaptability in navigating uncertain times. Through the development of a model on 

the current crisis state, businesses can pave a road towards a more resilient and customer centric future. 

 

Futures studies have, as of late, been integrated with other disciplines. It has opened up new avenues 

for business innovation and sustainability. The researchers Heiskanen, Jalas & Kärnä (2000) explore 

the potential of services and information technology in contributing to the reduction of material con-

sumption in the economy. The authors note a lack of empirical work on the actual impact of such a 

shift, but they do emphasize the importance of considering the social consequences and conditions for 

the aforementioned changes. 

 

The field of future studies has quickly become more closely integrated with strategic decision making 

processes. This can be attributed to the fact that businesses are increasingly recognizing the value of 

the discipline. Moody (2021) examines how memories of Liverpool city’s involvement in the transat-

lantic slave trade have shaped the community's identity and influenced its present day understanding of 

its own history. The study highlights historical context and societal impact of business activities when 

making plans for the future. 

 

However, it is not without any challenges that futures studies are integrated in the process of business 

decision making. For example, Inayatullah (2003) argues that, historically, the discipline has been a 

preserve of business and scientific interests with only a few considerations to marginalized stakehold-

ers. This shift, however, calls for businesses to hold discussions with a wider representation of the 

members in the society. This is to better take into account the social implications and moral dimen-

sions connected with their business operations. 

 

Futures studies face significant difficulties as a result of its ever increasing complexity as well as un-

certainty in today’s business environment. Anderson et al. (2022) state that COVID-19 pandemic has 
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shown that companies must be able to adapt and showcase resilience when facing unexpected disrup-

tions. Foreseeing such future event requires understanding how complex interactions between different 

aspects of the operational environment will shape the world of tomorrow 

 

The potential benefits that could result from the integration of futures studies with business decision-

making are immense. Businesses can develop a holistic and more long-term perspective to grasp emerg-

ing opportunities, or even mitigate risks better. Heiskanen, Jalas & Kärnä (2000) indicate that such an 

integration of futures studies with another sector, like information technology, is needed to open up new 

avenues for business innovation and sustainability. 

 

 

2.2 Evolution of Forecasting Methods 

 

Forecasting methods have evolved a lot over the past decades. This has been driven by leaps in techno-

logical advancements that have been made possible by an increasing data availability and computa-

tional power. Traditional forecasting methods such as time series analysis and regression models have 

been replaced by new ones following the emergence of deep learning (DL) techniques. Such tech-

niques offer new possibilities for accurate and efficient forecasting in various business domains (see 

Gilliland et al. 2021; Hämäläinen et al. 2024). 

 

Time series analysis has been one of the traditional ways for generating forecasts. Models such as the 

Auto-Regressive Integrated Moving Average (ARIMA) and its variations are widely applied because 

of their capability in capturing temporal patterns and dependencies in data. These models have been 

found to be quite effective in predicting future values based on past observations (see Stevenson, 

2007). They are very useful in tasks such as demand forecasting and sales projection for inventory 

management (see Spedding & Chan, 2000). 

 

Business environments have become very unpredictable and the available vast amounts of data have 

led the way for adopting more and more advanced techniques of forecasting. In the real of machine 

learning algorithms, Support Vector Machines (see Sun et al. 2021), Random Forests (see Orte et al. 

2023) and Gradient Boosting (see Gu et al. 2021), have gained a good amount of popularity due to 

their capability of handling high-dimensional data and capturing nonlinear relationships (Siddiqui et al. 

2023). These models typically include a very large number of features, including external ones such as 

economic indicators and sentiment expressed on social media (see Demir et al., 2019). 
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Deep learning methodologies, especially the Long Short-Term Memory (LSTM) networks and Convo-

lutional Neural Networks (CNN), have been embraced as useful tools in conducting forecasting (Ji et 

al., 2019; Vidal & Kristjanpoller 2020). These deep learning models can efficiently capture the long-

term dependencies and complex patterns prevailing in time series data, and they are therefore suitable 

for tasks like demand forecasting (Abbasimehr et al. 2020). The ability of deep learning models to au-

tomatically learn relevant features from raw data has further enhanced their appeal in business fore-

casting applications (see Makridakis et al. 2023). 

 

The increasing availability of big data coupled with the need for making real-time predictions have 

acted as a catalyst in the evolution of methods for forecasting (see Zhao 2021). New data sources have 

made it possible for businesses to be in a position where they can obtain an overall understanding of 

markets and customers with ease. This leads to wiser decision making and gaining more competitive 

advantages (Molyboga et al. 2021). The latest developments have led to the development of hybrid ap-

proaches that can combine traditional statistical methods with modern machine learning techniques 

(see Ghosh et al. 2022). 

 

The evolution of forecasting methods has had a great impact on various business domains such as the 

retail and financial sectors. Machine learning and deep learning models can enable more informed de-

cision making and risk management strategies in applications such as prediction of the stock exchange 

market, risk assessment and fraud detection. Although clear progress in forecasting methods is evident, 

still, three major challenges persist: data quality, model interpretability and requirements for domain 

expertise (see Thakkar & Chaudhari 2021; Makridakis et al. 2023). Within some business scenarios, it 

is not easy to obtain relevant and accurate data, not to mention the complexity introduced by machine 

and deep learning models is hard to understand for decision makers (see Nielsen 2022). Therefore, 

trusting the predictions becomes very difficult for decision-makers, which highlights the need for ex-

plainable AI (where we can interpret and explain the model behavior). 

 

 

2.3 PESTEL Analysis  

 

PESTEL analysis has become an important tool in the process of strategy planning and decision-mak-

ing due to its utilization in studying macro-environmental factors that affect an organization or indus-

try. PESTEL refers to Political, Economic, Social, Technological, Environmental and Legal elements 
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that may have an impact on the business environment separately or together (Sammut-Bonnici & Ga-

lea, 2015). 

 

PESTEL analysis has been used as a tool in many business contexts, including the tourism industry. 

Gregoric (2014) employed a comparative PESTEL analysis between Croatia and Qatar as tourist desti-

nations to order to study the potential for business tourism (Meetings, Incentives, Conferences and Ex-

hibitions --MIC-- industry). The research showed that the assessment and knowledge of global behav-

ior of tourism demand should be performed through the PESTEL factors. This can allow researchers to 

conduct an overall assessment of the SWOT3 of each destination. 

 

PESTEL has also been applied in studying new technologies that have enormous potential and that are 

sustainable within different industries. For example, Sugiyono et al. (2022) used the PESTEL frame-

work to analyze the prospects for biomass and coal co-firing power plants within Indonesia. The politi-

cal, economic, social, technological, environmental and legal factors that would act upon the imple-

mentation and long-term viability of this technology were identified in the study. The researchers par-

ticularly mentioned that a well-developed supply chain for the biomass and positive policy support re-

main necessary. 

 

PESTEL analysis has been used to compare and contrast the business environments in different coun-

tries. According to Lang (2022), a PESTEL analysis between Georgia and the United States reviewed 

current trends, priorities and the establishment of objectives on various dimensions between the two 

countries. The research found that bilateral relations and strategic links are important in developing the 

business environment and economic development of nations. 

 

PESTEL is clearly one of the most widely used analysis frameworks in the realm of business studies, it 

does have its own shortcomings. One of the critical issues is the dynamic nature of the macro environ-

ment, which can impact some factors and their value rapidly over time (see Sammut-Bonnici & Galea, 

2015). The framework's effectiveness also relies heavily on the quality and accuracy of the data availa-

ble for analysis. The effectiveness also depends on the researcher's ability to interpret and prioritize the 

identified factors in the context of specific business objectives. 

 

 

 
3 Strengths, Weaknesses, Opportunities and Threats 
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PESTEL analysis, however, provides only a high-level description of the macro-environment that 

might not explain all the complexities of individual companies or organizations. For this reason, PES-

TEL is oftentimes complemented by other strategic tools such as SWOT analysis or Porter's Five 

Forces (Porter 1989) to create a more comprehensive view on the business environment (Gregoric 

2014). 

 

 

2.4 Bronfenbrenner’s Ecological Systems Theory 

 

Bronfenbrenner (1979) established the Ecological Systems Theory. The theory was originally devel-

oped with the goal of understanding the process of becoming a social being by explaining the steps of 

the sociocognitive development of a child. The theory builds upon the notion that an individual's de-

velopment is influenced by multiple, nested systems, ranging from the immediate environment (mi-

crosystem) to the broader cultural context (macrosystem). 

 

One adaptation of Bronfenbrenner's theory can be found in its use in examining how different forms of 

violence can cumulatively affect development. Flynn & Mathias (2023) harnessed the model to study 

how young adults in the city of Philadelphia understood violence across different neighborhood con-

texts. The analyses revealed that multiple forms of violence ranging interpersonal and structural all the 

way to symbolic were found across micro-, meso- and macrosystems. This was found to impact young 

adults’ development and well-being. This adaptation shows why it is important to acknowledge that 

violence permeates throughout ecological systems, and it may affect individuals in ways yet to be con-

sidered. 

 

When looking at the research conducted in the field of pedagogy, Bronfenbrenner's theory has been 

applied to research the role of school climate in moderating relations between neighborhood, violence 

and academic achievement. Ruiz et al. (2018) found that a lower socio-economic background was re-

lated to lower levels of academic achievement. Violent crime was found to partially mediate this rela-

tionship. School climate was found to be positively related to academic achievement, it did not have a 

moderation effect significant enough to the relationship between socio-economic status and level of 

achievement. 

 

Bronfenbrenner’s model has been embraced most recently by researchers conducting studies in psy-

chedelic-assisted therapy. DellaCrosse et al. (2024) report that the model helps build an analytical 
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structure through which contextual factors could become even more explicit and researchable compo-

nents in psychotherapy research. By considering multifaceted components of psychotherapy through 

the model, researchers are able to conceptualize the role of therapeutic support and contextual factors 

within clinical trials. 

 

The theory of Bronfenbrenner has also been applied to understanding territorial resilience manage-

ment, business and tourism within the context of urbanization and socio-economic processes. Prysia-

zhniuk & Plotnikova (2023) conducted iterative interviews on the study of the evolution over time of 

open innovation initiatives in the context of social innovation ecosystems. The research findings re-

vealed that the management initiatives of social innovation ecosystems take the form of being dy-

namic, evolutionary and incorporating a values focus over time. This adaptation from Bronfenbrenner's 

theory allows for an emphasis on the dynamic and complex characteristics of socio-economic pro-

cesses within an ecological framework. 

 

Even the very popularized use of Bronfenbrenner's Ecological Systems Theory is not immune to criti-

cism in the post-humanist age. Elliott & Davis (2020) contest taken-for-granted early childhood educa-

tion ideas, suggesting that a focus on human development via the theory might miss the significance of 

non-human actors and their more complex entanglements with humans and their environments. 

 

 

2.5 Role of AI and LLMs in Business Forecasting 

 

AI and LLMs have emerged as powerful tools for enhancing forecasting capabilities (c.f. Ceperic & 

Markovic 2024). These technologies have the potential to revolutionize the way organizations predict 

future trends. By leveraging vast amounts of data and advanced computational techniques, AI and 

LLMs can provide more accurate insights compared to traditional forecasting methods. 

 

Of the major business forecasting applications of AI, one is inventory management. Dhaliwal and 

Tomar (2022), very effectively analyzed this application area for the use of AI in improving efficiency 

and reducing costs for inventory management. An AI-driven inventory management system will look 

through all historical data, identify trends and patterns within it and accurately forecast future demand. 

This makes it possible for business enterprises to finetune their inventory levels to avoid items getting 

out of stock. This helps the business provide a higher level of customer satisfaction that leads to an in-

creased profitability. 
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LLMs have shown potential for sales forecasting in digital marketing. Biswas and Sanyal (2021) pro-

posed an AI based sales forecasting model that uses machine learning techniques to predict future sales 

based on historic data and various market factors. This model considers several aspects such as cus-

tomer behavior, marketing trends and competitor activities in order to come up with accurate and 

timely sales forecasts. AI powered sales forecasting can provide information related to potential sales 

opportunities and challenges making it possible for the business to efficiently allocate resources and 

adjust its marketing efforts. 

 

The power of LLMs is in their potential to overhaul startup evaluation and future success rate predic-

tion. Wang and Ihlamur (2024) showcased an automated pipeline for evaluating startups and rating 

their probability of success. This came to be called the Startup Success Forecasting Framework. It 

looks at several factors such as team composition, market potential, financial health of the startup to 

estimate the overall prospects of succeeding. 

 

There are challenges and limitations in AI and LLMs, albeit they can be quite useful if used correctly. 

The biggest concerns are related to data availability and its quality (see Chui et al. 2018). LLMs re-

quire heaps of accurate and reliable data in order for them to extract meaningful insights. Therefore 

this calls for businesses to invest in reliable data collection and management practices (see Roh et al. 

2019) in order to fully capitalize on the gospel of LLMs. 

 

A challenge lies in the lack of interpretability and explainability of the current LLM based forecasting 

models. The more complex the model is, the more difficult it becomes for the end user to understand 

how the predictions came to be to begin with (see Greco, 2019). It can provoke a lack of confidence 

and hesitation to use AI generated insights in critical areas of business (c.f. Hämäläinen 2024).  

 

Integrating AI and LLMs into existing business processes and systems is a complex and resource-in-

tensive undertaking (see Cleland Silva & Hämäläinen 2024). Organizations are in a need for investing 

the necessary infrastructure and human resources to efficiently utilize AI powered forecasting solu-

tions. This requires a rather strategic approach that aligns the adoption of AI and LLMs with the organ-

ization's existing business goals. 
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3 MULTILAYER PESTEL FRAMEWORK 

There is no denying that PESTEL is a useful tool when analyzing the operational environment of a 

company. However, we find that it is not granular enough to make a nuanced inspection of the overall 

context of a business possible. Political, economic, social, technological, legal and environmental as-

pects are all important but the shortcoming of this theoretical framework becomes evident when we 

start inspecting each component individually.  

 

Politics, for example, can affect a company on many different levels of abstraction. On one hand, a 

country might have a stable political system that relies on democracy and that does not go from one 

extreme to another after each round of elections. On the other hand, actions of a local mayor or coun-

cilman also have a huge impact on a company on a macro level. Therefore, each aspect of the PESTEL 

framework is quite more complex than what the framework can capture. We need an extension to this 

framework and we shall call our extended framework Multilayer PESTEL or MLPESTEL for short. 

 

Rather than coming up with a completely new way of establishing granularity on the approach on our 

own, we opt for combining PESTEL with the Ecological Systems Theory (Bronfenbrenner 1977) or 

EST for short. EST is primarily used to understand the socialization of a child from the point of view 

of developmental psychology. EST divides the influence of the social environment on a child in micro-

, meso-, exo-, macro- and chronosystems. This is the division we shall adopt in MLPESTEL as well. In 

this section, we will establish what each system means for every aspect of PESTE. 
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FIGURE 1. MLPESTEL framework 

 

 

3.1 Subsystems of the MLPESTEL Framework 

 

Much like Bronfenbrenner's theory, our framework also consists of four systems: micro-, meso-, exo- 

and macrosystems. Each system is divided into overarching sectors for legal, political, economic, so-

cial, technological and environmental aspects following the PESTEL framework. 
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3.1.1 Microsystem 

 

The microsystem is the closest layer to the company and encompasses the immediate environment in 

which the company operates. This includes direct interactions with various stakeholders such as em-

ployees, customers, suppliers and local communities. The microsystem is characterized by the most 

immediate and direct influences on the company’s operations and strategic decisions. 

 

From the legal perspective, the company might face actors in its immediate vicinity such as the local 

court, lawyers and Non-governmental organizationsin the long run. Also the actions these legal actors 

take may directly or indirectly affect the operations of the company. 

 

In the realm of the political, local legislators such as mayors, councilmen or governmental organiza-

tions can have effect on the company. For instance, direct ties with Macron4 were of a great im-

portance when Uber wanted to retain a light regulation in France for ride hailing services. When in-

spected on a microlevel, the closeness of the company to the political actors is important - if Macron 

had been an exo-level actor for Uber, they wouldn’t have had the opportunity to make a political 

change in the microlevel. 

 

Directly involved money handling actors such as banks, clients and funders belong to the economic 

section of the microsystem. These actors are directly influencing the finances of the company by giv-

ing or taking money from the company. There can be plenty of regional variation in terms of financial 

opportunities - some funders might be interested in a specific region while some banks only operate 

physically in certain cities. 

 

Controlling the social is controlling the opinion of the many. Knowing media representatives, opinion 

leaders or influencers can help a company build a better social image of themselves. Influencer mar-

keting in particular has been proven to be beneficial for companies (Gambhir & Ashfaq 2021). 

 

A company does not exist in a technological vacuum. When inspected on a microlevel, companies op-

erating in different regions have access to a set of very different technologies that depend on the ISP5, 

 

 
4 https://www.theguardian.com/news/2022/jul/10/emmanuel-macron- secretly-aided-uber-lobbying-drive-france-leak-re-

veals  
5 Internet Service Provider 

https://www.theguardian.com/news/2022/jul/10/emmanuel-macron-secretly-aided-uber-lobbying-drive-france-leak-reveals
https://www.theguardian.com/news/2022/jul/10/emmanuel-macron-secretly-aided-uber-lobbying-drive-france-leak-reveals
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infrastructure and cloud services. Internet speed varies in different regions and it may directly affect 

the company. 

 

From an environmental perspective, companies exist in different surroundings. Some might find them-

selves in a desert while others might be close to a forest. How electricity is produced in the locality 

also has an impact on the microlevel environmental aspect. If the company works in an industry that 

utilizes raw material, its availability also depends on the geographical location of the company. 

 

 

3.1.2 Mesosystem 

 

The mesosystem represents the second layer in our MLPESTEL framework. This level is a step to-

wards a higher level of abstraction in the relations of the company to its surrounding reality. Microsys-

tem level highlighted concrete, immediate interactions, whereas mesosystem is about higher level 

emerging factors in each PESTEL category. 

 

When inspecting the mesosystem from a legal perspective, we can identify several factors that may in-

fluence the company such as how the law is actually enforced and enacted in the society. Perhaps there 

are laws that nobody follows, maybe there are legal petitions set forward for or against the company 

and so on. 

 

The political section of the mesosystem consists of factors such as voting, regulation change and politi-

cal support. A company can receive direct financial support from the government in dire times. For ex-

ample, Finnair received financial support from the government during the pandemic6. How people vote 

can also have an effect on the operational environment of a company, which is a likely reason for sev-

eral Silicon Valley CEOs siding with Trump in 2024 elections7. 

 

From the economic perspective, we can identify mesosystem components such as purchasing power 

and wages. In a country where salaries are high, the company also needs to pay their staff high salaries 

or else they will risk losing their staff in the long run. If there is a lot of purchasing power, companies 

can thrive easier than at times of recession. 

 

 
6 https://www.ts.fi/uutiset/5167859  
7 https://www.ft.com/content/e2ffd807-1c18-436c-9f70-2fa7181ace2a  

https://www.ts.fi/uutiset/5167859
https://www.ft.com/content/e2ffd807-1c18-436c-9f70-2fa7181ace2a
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Looking into the social, we can identify that people have certain values, attitudes and beliefs. These 

can even turn into movements. Harnessing these as part of a marketing strategy can be beneficial for a 

company. People need to be communicated with in their own language and from the perspective of 

their own value system. 

 

Technology develops rapidly in giant leaps from black and white TV all the way to modern AI. New 

innovations introduce paradigm shifts that companies can turn into their advantage in the competitive 

business landscape. New technology also makes it possible to do things more efficiently and typically, 

with less human resources. 

 

Mother nature is unpredictable and, at times, she is ready to unleash her wrath upon humanity. Natural 

disasters such as earthquakes and landslides can put company operations at an unexpected halt. There 

is always a degree of scarcity related to natural resources, especially when talking about non-renewa-

ble resources. This scarcity tends to cause fluctuation in prices. 

 

 

3.1.3 Exosystem 

 

The exosystem represents the third layer in our MLPESTEL framework, encompassing a broader na-

tional context that indirectly influences the company through their overarching impact on the micro- 

and mesosystems. While the company may have little possibility to directly interact with these ele-

ments, they play a significant role in shaping the overall business environment. 

 

Law is ultimately governed in a country by its legal system. Oftentimes, there are several levels of 

courts of justice all the way to the supreme court. How fairly and truthfully these actors enact the 

power bestowed on them has an impact on any company operating in the country.  

 

The current government and president have an indirect effect on the company. They can change the 

laws and even alter the constitution. It is to be noted that a company might be able to lobby these ac-

tors already at the level of the microsystem. However, in the exosystem these actors act in their na-

tional duty of exerting power. 
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Many national economic factors influence the company. Gross domestic product (GDP) is an indica-

tion of how well the economy fares. During times of plenty, companies find it easier to get their prod-

ucts and services sold. Taxes and decisions by the national central bank in regard to altering the exter-

nal value of the currency have a great impact on the company. 

 

What emerges from the values and beliefs of groups is culture. This along with demographics, mass 

media, the availability of healthcare and workers rights set the frames within which the company can 

operate in the realm of the social. 

 

With the rise of AI, ethics and regulations have come into play when talking about technology at the 

exosystem level. Import and export of certain technologies and their compatibility across regions may 

also be limited and impact the company. 

 

When inspecting the environmental aspects on a more national level, geography and climate are the 

clearest limiting and enabling factors for the company. The level in which nature is to be protected als 

varies from one country to another. 

 

 

3.1.4 Macrosystem 

 

The macrosystem represents the outermost layer of our MLPESTEL framework. At this level, we al-

ready move away from the national level and we take a global or supranational perspective at inspect-

ing the operational environment of a company. 

 

Countries set their internal laws, but there are several regulatory bodies that set laws that are above the 

local government. For example, in the US, there are federal laws imposed on all states and in the EU, 

there are regulations that each member state must implement in their own legislation. Additionally, 

countries have several multilateral agreements such as agreements between the OECD and UN coun-

tries. 

 

There are several supranational political actors as well such as the European Commission, G8 coun-

tries, OECD countries, federations and so on. War and peace are also purely political decisions and 

their ripple effects can be felt in companies globally. 
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Just as a national central bank can alter the external value of a currency, for currencies used in several 

countries, the central bank is on the level of the macrosystem such as the European Central Bank. In 

the economic sector, we can also identify other global actors such as the IMF and global conglomer-

ates.  

 

Diving into the social, migration has a big role in transnational identities and communities. These can 

form a sense of a global identity of individuals and companies alike. Big countries also engage in cul-

ture export – K-pop, anime and Ikea meatballs are but examples of the global world we live in. 

 

Technology requires raw materials and thus comes in limited quantities. The global availability of cer-

tain technology may be limited and favor companies from certain countries. For instance, there has 

been a shortage of GPUs globally8 ever since the early pandemic and it has further been accentuated 

by the increase in demand due to the AI boom. 

 

Currently, there are two severe things affecting the environmental aspects globally. The climate 

change and the global warming resulting from it will change the operational landscape for many com-

panies for good. 

 

 

3.1.5 Chronosystem 

 

The last system is more of a reminder of the dynamic nature of the world. No system is stable but vola-

tile and retaining a status quo is difficult for long periods of time. Chronosystem takes time into con-

sideration. As time goes on, there will be changes on all levels of the MLPESTEL framework. Some-

times the changes might be gradual such as global warming, which progresses steadily. Sometimes 

changes can occur all of a sudden such as in the case of a big war. 

 

Each system also interacts with each other and it is not to be seen that the systems would have clear cut 

boundaries. There is overlap in different levels just as there is overlap in the different PESTEL catego-

ries. 

 

 

 

 
8 https://www.run.ai/guides/multi-gpu/gpu-shortage  

https://www.run.ai/guides/multi-gpu/gpu-shortage
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3.2 Implications of MLPESTEL 

 

In today’s complex and interconnected global economy, businesses operate in environments character-

ized by multifaceted and dynamic influences. Analyzing these influences effectively requires a frame-

work that can capture the nuances of various external factors, while also considering their interactions 

at different levels. As opposed to the regular PESTEL framework, MLPESTEL makes it possible to 

conduct analysis on a more granular level through different levels of abstraction of each subsystem. 

 

By using our framework, companies can gain a comprehensive and concrete understanding of the ex-

ternal operational environment in which they ubicate, enabling them to make well-informed strategic 

decisions and adapt to changing conditions. Identifying the key actors already in the microsystem, 

makes it possible to provoke positive change across different systems. 

 

We further study the usefulness of our framework by elaborating a computational approach to forecast-

ing. Our MLPESTEL framework is deeply interwoven into the very fabric of the computational model. 

This enables us to test-drive our model with data from real world companies. 
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4 COMPUTATIONAL APPROACH 

Building upon the MLPESTEL framework introduced in the previous section, this chapter outlines the 

computational approach designed to leverage LLMs in analyzing and forecasting the complex business 

environment across multiple systemic levels. 

 

 

4.1 Overview of Computational Methods 

 

The computational approach in this thesis leverages the power of LLMs and Natural Language Pro-

cessing (NLP) techniques to operationalize the MLPESTEL framework. This approach aims to provide 

a systematic and scalable method for analyzing the complex business environment across multiple sys-

temic levels. 

 

At its core, our computational method utilizes a state-of-the-art LLM, namely GPT-4o (OpenAI 2023), 

as the primary tool for processing and analyzing textual data. We use the model through Perplexity AI 

platform9, due to its ability to conduct thorough web searches to obtain relevant content (e.g., news ar-

ticles and company press releases) to include in the LLM context and the ability to manually control its 

access to the internet. The choice of using an LLM is motivated by the remarkable capabilities of 

LLMs in understanding context and performing various NLP tasks simultaneously with high accuracy 

(Brown et al. 2020). The use of LLMs in business analysis and forecasting has gained significant inter-

est in recent years, with applications ranging from market trend analysis to risk assessment (Biswas & 

Sanyal 2021). 

 

Our approach consists of two main components: data collection and iterative prompt engineering. 

The data collection step consists of automated retrieval of relevant news articles, industry reports and 

company-specific information. The prompt engineering involves development of carefully crafted 

prompts that guide the LLM to extract and analyze information relevant to each layer of the MLPES-

TEL framework. Iterative prompting is used to generate insights, identify trends and synthesize infor-

mation across different systemic levels. 

 

 

 
9 https://www.perplexity.ai/  

https://www.perplexity.ai/
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This computational approach is based on some of the recent work in the field of AI assisted business 

analysis. An example of such recent work comes from Garg et al. (2023) who demonstrated the effec-

tiveness of using LLMs for startup evaluation and success prediction. Another worthy example is by 

Siddiqui et al. (2023) who showcased the potential of integrating machine learning techniques with tra-

ditional forecasting methods in the sector of fast moving consumer goods. 

 

By putting focus on prompt engineering and iterative analysis, our approach aims to find a balance be-

tween the sophisticated capabilities of LLMs and the need for human oversight and interpretation. This 

aligns with the growing recognition in the field that effective AI-assisted analysis requires a symbiotic 

relationship between human expertise and machine intelligence (DellaCrosse et al. 2024). In the follow-

ing sections, we will delve deeper into each component of our computational approach, discussing the 

specific techniques, challenges and considerations involved in implementing this method within the con-

text of the MLPESTEL framework. 

 

 

4.2 Role of LLMs in Textual Data Analysis 

 

LLMs have a wide range of textual analyses that they are able to perform instantly on the text. Some of 

the critical textual analysis abilities for our approach are, information extraction, sentiment analysis, 

trend identification, crosslingual analysis and summarization and synthesis. Through information ex-

traction, key information would be retrieved from several volumes of text in quick time, from news 

articles to industry reports to social media posts, which will help us in quickly gathering the relevant 

data for each of the layers in the MLPESTEL framework. 

 

Sentiment analysis provides us with the general feeling and emotional tone of textual data, including 

the prevailing opinion, the market atmosphere and the attitude of stakeholders across the different lev-

els. This is essential in our MLPESTEL framework as we would be able to understand positive and 

negative influences impacting the company, for example. Moreover, LLMs can help in the identifica-

tion of emerging trends and shifts in most PESTEL categories. 

 

Many LLMs are multilingual; the crosslingual analysis feature would allow for trend analysis on a 

global scale and comparison tools cross-culturally, useful at the macro and exosystem levels and when 

the company is not based in an English speaking country, such as Nokia. A well-known ability of 

LLMs is text summarization, reducing huge volumes of text into succinct summaries that make the 
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process for extracting insights across different systemic levels and PESTEL categories much easier to 

manage. 

 

However, it's important to acknowledge the limitations and challenges associated with using LLMs for 

textual analysis. A recent survey study by Kalyan (2023) found that issues such as bias, hallucination 

and lack of true understanding of the world can negatively affect the reliability of LLM outputs. In or-

der for us to address these challenges, we incorporate human oversight and validation in our approach. 

This is done to ensure that the insights generated by LLMs are critically evaluated and contextualized 

within the broader context of theMLPESTEL framework. For a comprehensive limitation analysis con-

ducted by the authors of GPT-4, see Achiam et al. (2023). 

 

 

4.3 Model Development and Implementation 

 

The development and implementation of our computational model for the MLPESTEL framework in-

volves a systematic approach. This approach uses the capabilities of LLMs while addressing the spe-

cific requirements of each system level and PESTEL category. Our model is designed to be both com-

prehensive and adaptable. It is capable of processing diverse inputs and generating nuanced insights 

across the complex business environment. 

 

Prompt engineering is the most important part in getting the best results out of an LLM. There is no 

single correct way of doing prompt engineering that would work in all contexts. Prompt engineering 

should be seen as an iterative process of continuous artesanal prompt refinement. For this task, we use 

Prompterator (Sučik et al. 2023), which is a tool that lets us iteratively refine our prompts in order to 

reach the optimal prompt for our task. 

 

Fine-tuning ML models is proven to yield the best results (see Alyafeai et al. 2020). The process of 

fine-tuning involves adjusting the weights of the neural network to be able to handle a specific task 

better (e.g., adjusting its knowledge to a specific domain). However, this is not desired in all situations 

as it requires data collection to fine-tune the model on, and technical knowledge about training the 

model, along with the extra costs associated with it and that the model’s performance might degrade 

on other tasks. For these reasons, we decided to focus on prompt engineering in this study and left 

fine-tuning for future research. 
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In our approach, we perform multiple passes over the data, each of them focusing on one systemic 

level or PESTEL category at a time. The outputs from earlier iterations are fed back into the model to 

inform subsequent analyses, hence better identification of cross-level interactions and emergent pat-

terns.  

 

We have been conscious of the ethical considerations and potential biases throughout the development 

process. We implement safeguards to ensure that the model's outputs are transparent, traceable and 

subject to human oversight (e.g., providing all the online resources used to back up the analysis and 

statements produced by the LLM). This approach aligns with recent recommendations for responsible 

AI development in business applications (see Tamburri 2020). 

 

Figure 2 illustrates an overview of our approach for forecasting using MLPESTEL and LLMs. The 

process begins by querying an LLM to obtain historical data about the company. Alternatively, a data-

base consisting of relevant data about the company can be built by the forecasting researcher or the 

company itself, which might yield better results. 

 

The next step is to perform the analysis. During the analysis, we recommend limiting the scope to the 

past few years (~ 5). In this analysis, all the layers of our MLPESTEL framework must be analyzed, 

from all the six segments. Once the analysis is done, the results are fed to the LLM along with a 

prompt instructing it to forecast future trends. 

 

In our research, we perform the data collection and analysis for 2015-2020 and forecast trends for the 

next 2-3 years. This would allow us to validate our approach by checking the predictions against real 

world events that took place recently. 
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FIGURE 2. An overview of MLPESTEL in the LLM pipeline 

 

 

4.4 Prompts 

 

In this section, we describe the 26 prompt templates we used to prompt the LLM with company data 

and MLPESTEL. These templates are later on, applied for each individual company. Because these are 

prompt templates, they include placeholders such as [Company] and [start year] which are replaced by 

actual values when the actual prompting is done. Furthermore, the template can be tuned to be more 

specific to a given area within the company, such as supply chain. 
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4.4.1 Historical Data Collection 

 

Our first prompt deals with historical data collection and it is used to gather data from the internet that 

is relevant for understanding the company in question. This can give the LLM a better grasp on the 

company and past events that explain its current and future standing. 

 

Prompt Template 1: Collect and summarize key events from the web, market data and industry 

trends related to [Company] and the [Company’s industry] industry from [start year] to [end 

year]. Focus on technological advancements, supply chain developments, regulatory changes 

and market dynamics. 

 

Prompt Template 1 is the initial seed prompt that tells the LLM to seek information about a company 

within the specified year range. This data is then utilized in the later stages of the process. 

 

 

4.4.2 MLPESTEL Analysis 

 

In this section, we describe the various prompt templates that we use to have the LLM analyze the 

company based on the four subsystems of our MLPESTEL framework and the 6 segments of the 

model. We present the prompts for each subsystem in this section. 

 

 

Microsystem 

 

The following prompt templates are tailored strictly with the microsystem in mind. Each PESTEL seg-

ment is prompted separately. 

 

Prompt Template 2 Political: Provide a detailed analysis of the specific political relationships 

and direct influences that local government officials and immediate government bodies have 

exerted on [Company] from [start year] to [end year]. Include examples of regulatory interac-

tions and policy impacts. 

 

Prompt Template 3 Economic: Identify and evaluate the direct economic relationships between 

[Company] and its key financial stakeholders such as banks, investors and financial services 

from [start year] to [end year]. Assess how these relationships have influenced the company's 

financial stability and growth. 
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Prompt Template 4 Social: Examine the direct social influences on [Company], focusing on 

interactions with local media, community leaders and influencers from [start year] to [end 

year]. How have these relationships shaped the company’s public image and community en-

gagement? 

 

Prompt Template 5 Technological: Detail the technology providers and the technological envi-

ronment that have directly impacted [Company] from [start year] to [end year]. Evaluate how 

regional technological disparities have influenced operational efficiencies. 

 

Prompt Template 6 Environmental: Assess the direct environmental factors such as local regu-

lations and geographical conditions impacting [Company] from [start year] to [end year]. 

How have these factors influenced company operations and sustainability initiatives? 

 

Prompt Template 7 Legal: Review the legal environment and immediate legal challenges faced 

by [Company] in its locality from [start year] to [end year], focusing on cases, regulations and 

compliance issues. How have these influenced strategic decisions? 

 

Prompt Templates 2-7 make the LLM analyze the company at the level of the microsystem. The anal-

yses are restricted to the year span provided in the prompt template 

 

 

Mesosystem 

 

The following prompt templates are meant to analyze the company at a mesosystem level. Again, there 

is a separate prompt for each PESTEL segment. 

 

Prompt Template 8 Political: Evaluate how local government policies and community political 

actions have directly affected [Company] from [start year] to [end year]. Discuss specific poli-

cies and their impacts on business operations. 

 

Prompt Template 9 Economic: Analyze the local economic conditions like market demand and 

employment trends in the regions where [Company] operates from [start year] to [end year]. 

Assess their impact on staffing and sales figures. 

 



33 

 

   

 

Prompt Template 10 Social: Identify broader local cultural trends and social attitudes impact-

ing [Company] from [start year] to [end year]. How have these trends influenced marketing 

strategies and customer engagement? 

 

Prompt Template 11 Technological: Assess how local technological availability and infrastruc-

ture have influenced [Company]'s product development and operational capabilities from 

[start year] to [end year]. What technological gaps or advantages has the company experi-

enced? 

 

Prompt Template 12 Environmental: Examine local environmental policies and sustainability 

initiatives affecting [Company] from [start year] to [end year]. How have these policies 

shaped the company’s environmental strategy and compliance? 

 

Prompt Template 13 Legal: Review broader legal issues and compliance demands locally 

where [Company] operates from [start year] to [end year]. How have these influenced opera-

tional practices and risk management? 

 

Prompt Templates 8-13 serve for having the LLM conduct a thorough analysis from the point of view 

of the mesosystem. These prompt templates are time sensitive as they encompass a certain timeframe. 

 

 

Exosystem 

 

This section showcases the prompt templates that were used to elicit analyses for the exosystem. PES-

TEL segments are represented as separate prompt templates.  

 

Prompt Template 14 Political: Analyze the broader state or national political landscape's im-

pact on [Company] from [start year] to [end year], with emphasis on legislative changes and 

government relationships. How have these factors affected market entry and regulatory compli-

ance? 

 

Prompt Template 15 Economic: Evaluate macroeconomic factors like GDP trends, fiscal poli-

cies and economic cycles impacting [Company] from [start year] to [end year]. Assess their 

influence on investment decisions and pricing strategies. 
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Prompt Template 16 Social: Identify national cultural shifts and demographic changes influ-

encing [Company] from [start year] to [end year]. How have these trends affected consumer 

behavior and product acceptance? 

 

Prompt Template 17 Technological: Review the impact of national technology policies and in-

novation trends on [Company] from [start year] to [end year]. What opportunities or chal-

lenges have arisen from these trends? 

 

Prompt Template 18 Environmental: Assess national environmental initiatives and their effects 

on [Company]'s operations from [start year] to [end year]. How has this altered the company's 

sustainability goals and practices? 

 

Prompt Template 19 Legal: Analyze national legal reforms and their implications for [Com-

pany] from [start year] to [end year], focusing on compliance and legal risks. How have these 

reforms shaped the company’s legal strategy? 

 

Prompt Templates 14-19 invite the LLM to analyze a given company from the perspective of the ex-

osystem. The company name and year span are populated when the templates are used. 

 

 

Macrosystem 

 

The last system we craft prompt templates for is unsurprisingly the macrosystem. These prompt tem-

plates can be seen in this section. 

 

Prompt Template 20 Political: Examine global political trends and international relations af-

fecting the industry and [Company] from [start year] to [end year]. How have these trends in-

fluenced international trade and diplomatic relationships? 

 

Prompt Template 21 Economic: Analyze long-term global economic paradigms and their influ-

ence on sustainable transportation from [start year] to [end year]. Evaluate how these para-

digms have affected [Company]'s market expansion and global positioning. 
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Prompt Template 22 Social: Identify overarching cultural values and global movements related 

to sustainability and technology from [start year] to [end year]. How have these influenced 

[Company]'s branding and consumer engagement globally? 

 

Prompt Template 23 Technological: Assess fundamental technological paradigm shifts in en-

ergy, transportation and AI from [start year] to [end year]. How have these shifts presented 

opportunities or challenges for [Company]? 

 

Prompt Template 24 Environmental: Evaluate global environmental ideologies and long-term 

climate patterns from [start year] to [end year]. How have these ideologies and patterns influ-

enced [Company]'s operations and strategic planning? 

 

Prompt Template 25 Legal: Review evolving global legal philosophies on technology regula-

tion and environmental protection from [start year] to [end year]. How have these philoso-

phies impacted [Company]'s compliance strategies and international operations? 

 

Prompt Templates 20-25 are essential for extracting a macrosystem level analysis from the LLM. Not 

unlike the other templates, these too are time sensitive. 

 

 

4.4.3 Forecasting  

 

The prompt used for the actual forecasting is described in this section. It is important to note that the 

internet access was toggled off when the forecasting prompt was passed to the model. This way we 

could ensure that the results are based on a forecast rather than prior knowledge accessible to the 

model. 

 

Prompt Template 26: Based on the Multilayer PESTEL analysis of [Company] from [start 

year] to [end year], predict concrete future key trends for each layer, which are Micro (indi-

vidual actors level), Meso (local-level), Exo (national-level), Macro (global and international 

level), and each PESTEL category. Forecast potential future disturbances and opportunities 

that would impact [Company]'s business model and success for the next 2-3 years. 
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Prompt Template 26 will conduct the final forecasting task. This structured approach allows us to sys-

tematically analyze a company's environment across multiple levels, leverage the LLM to identify 

trends and make predictions and then validate those predictions against the company's actual trajec-

tory. This process will help demonstrate the potential of our MLPESTEL framework and LLM-based 

analysis in forecasting significant business challenges and opportunities for a company undergoing 

major transformation in a rapidly evolving industry. 

 

 

4.5 Analysis on Companies 

 

We have chosen two companies from different industries that would be suitable for validating the 

MLPESTEL framework and computational approach, namely Tesla (automotive and energy industry) 

and Nokia (mobile and network industry). These two companies were picked because they are interna-

tional and well-known, making obtaining online information about them easier and faster. Nonethe-

less, our framework is applicable to local and smaller companies, as long as the relevant information 

can be harnessed (manually or automatically) and provided to the LLMs. 

 

Tesla10 is a leading electric vehicle and clean energy company, known for its innovative approach to 

sustainable transportation and energy solutions. We chose Tesla because it operates at the intersection 

of multiple PESTEL factors, particularly in the technological, environmental and economic domains. 

Its business model is highly sensitive to changes in government policies, environmental regulations 

and technological advancements. 

 

Validation Case 1: The global chip shortage of 2021-2022. Using the MLPESTEL framework 

and LLM analysis, Tesla could have potentially predicted the supply chain disruptions caused 

by the semiconductor shortage, allowing them to better prepare and mitigate its impact on pro-

duction. 

 

We use Validation Case 1 to check whether the forecast predicted by the LLM has any truth value to it. 

A truthful forecast should include this validation case for Tesla. 

 

 

 
10 https://www.tesla.com/  

https://www.tesla.com/


37 

 

   

 

Nokia11, a well-known Finnish multinational telecommunications, information technology and con-

sumer electronics company. Nokia's history of transformation and its position in the global tech indus-

try make it an excellent candidate for our MLPESTEL analysis. Validation case 2 is used to validate 

the LLM’s forecasting performance for Nokia. 

 

Validation case 2: Nokia exits the Russian market in 2022 following the sanctions on Russia 

due to the ongoing war.  

 

For each of these cases, we apply our MLPESTEL framework and computational approach retrospec-

tively, using historical data up to a certain point before the significant event. We would then compare 

the model's predictions and insights with the actual outcomes, evaluating the framework's effectiveness 

in identifying key trends and potential disruptions across different systemic levels. 

 

This approach allows us to validate the framework's predictive capabilities without the need for new 

data collection, instead relying on publicly available historical information and demonstrating how 

AI/LLM analysis could have provided valuable foresight in each scenario. 

 

 

 

 

 
11 https://www.nokia.com/fi_fi/  

https://www.nokia.com/fi_fi/
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5 RESULTS AND EVALUATION 

This section is dedicated to describing our main findings when applying our MLPESTEL framework 

on forecasting changes in the operational environment of Tesla and Nokia using an LLM. We show-

case the full final analysis of the LLM for both companies, after which we proceed to validating the 

results of the automated analysis. 

 

 

5.1 Case Study Findings 

 

This section is divided into two subsections: one for Tesla, one for Nokia. In this section, we will de-

scribe and analyze the output produced by the LLM. 

 

 

5.1.1 Tesla 

 

The results produced by the LLM for Tesla can be seen in Table 1. The table is an LLM prompted 

summary of the analysis produced by the LLM. 

 

TABLE 1. LLM predicted trends for Tesla in 2021-2023 based on MLPESTEL 

 Microsystem Mesosystem Exosystem Macrosystem 

Political Regulatory Compliance: 

Individual actors, such as 

Tesla's leadership team, 

will need to focus on 

navigating complex reg-

ulatory landscapes, espe-

cially in regions with 

stringent emissions and 

safety standards. 

Local Incentives: Tesla 

will benefit from local 

government incentives 

for clean energy and EV 

adoption, which will in-

fluence production and 

sales strategies 

National Policies: Na-

tional policies promot-

ing EV adoption and 

clean energy will drive 

Tesla's strategic plan-

ning and market ex-

pansion efforts 

Global Trade Relations: 

Navigating global trade 

relations and geopolitical 

dynamics will be critical 

for Tesla's supply chain 

management and interna-

tional operations 

Economic Cost Management: Deci-

sions on cost manage-

ment and pricing strate-

gies will be crucial as 

Tesla aims to produce 

more affordable models 

like the "Model 2" to 

capture a broader market 

segment 

Local Market Dynamics: 

Economic conditions in 

key local markets, such 

as purchasing power and 

consumer confidence, 

will impact Tesla's sales 

and marketing strategies 

National Economic 

Trends: National eco-

nomic stability and 

consumer spending 

power will influence 

Tesla's pricing strate-

gies and market pene-

tration 

Global Economic Condi-

tions: Global economic 

conditions, including 

currency fluctuations and 

raw material prices, will 

affect Tesla's production 

costs and pricing strate-

gies 
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Social Consumer Engagement: 

Tesla's direct-to-con-

sumer sales model and 

strong brand loyalty will 

be leveraged to maintain 

consumer engagement 

and adapt to changing 

consumer preferences for 

sustainable products 

Community Engage-

ment: Tesla's engage-

ment with local commu-

nities, including educa-

tional initiatives and job 

creation, will enhance its 

brand image and support 

local economies 

Cultural Shifts: Na-

tional cultural shifts 

towards sustainability 

and technological 

adoption will support 

Tesla's brand position-

ing and consumer en-

gagement 

Global Consumer 

Trends: Global consumer 

trends towards sustaina-

bility and innovation will 

support Tesla's market 

expansion and brand po-

sitioning 

Technological Innovation Leadership: 

Continued focus on 

R&D and maintaining 

technological superiority 

in battery technology and 

autonomous driving will 

be critical to staying 

ahead of competitors 

Infrastructure Develop-

ment: Expansion of 

charging infrastructure 

and local manufacturing 

capabilities will be es-

sential to support Tesla's 

growth in specific re-

gions 

National Innovation 

Ecosystems: Collabo-

ration with national in-

novation ecosystems 

will enhance Tesla's 

R&D capabilities and 

technological ad-

vancements 

Global Technological 

Advancements: Leverag-

ing global technological 

advancements in AI and 

renewable energy will 

enhance Tesla's competi-

tive edge and product of-

ferings 

Environmental Sustainability Initiatives: 

Individual actors within 

Tesla will prioritize sus-

tainability in operations 

and product development 

to align with global envi-

ronmental goals 

Local Environmental 

Policies: Compliance 

with local environmental 

regulations and initia-

tives will shape Tesla's 

operations and sustaina-

bility practices 

National Environmen-

tal Goals: Alignment 

with national environ-

mental goals and emis-

sions reduction targets 

will guide Tesla's sus-

tainability initiatives 

Global Environmental 

Initiatives: Participation 

in global environmental 

initiatives and alignment 

with international cli-

mate goals will reinforce 

Tesla's commitment to 

sustainability 

Legal Intellectual Property: 

Protecting intellectual 

property and navigating 

legal disputes will be im-

portant for maintaining 

Tesla's competitive edge 

Local Compliance: Nav-

igating local legal frame-

works, including labor 

laws and safety stand-

ards, will be crucial for 

operational efficiency 

National Regulatory 

Frameworks: Compli-

ance with national reg-

ulatory frameworks, 

including emissions 

standards and safety 

regulations, will im-

pact Tesla's operations 

and product offerings 

Global Legal Compli-

ance: Ensuring compli-

ance with international 

legal standards and regu-

lations will be essential 

for Tesla's global opera-

tions and market access 

 

 

The forecast of Tesla's operational environment, as seen in Table 1, presents a view on the challenges 

and opportunities across different levels of systems impacting the company. At the microsystem level, 

Tesla's focus on regulatory compliance is paramount, with individual actors, particularly its leadership 

team, needing to adeptly navigate complex regulatory landscapes. This includes adhering to stringent 

emissions and safety standards in various regions. Simultaneously, local incentives play a crucial role, 

as Tesla can benefit from government policies promoting clean energy and electric vehicle (EV) adop-

tion. Such incentives can be seen to directly influence production and sales strategies. This has a po-

tential in enhancing Tesla's competitive edge in these markets. 
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The mesosystem and exosystem levels reflect the varying degrees of impact from economic, social, 

technological and environmental factors. Economic conditions, such as local market dynamics and na-

tional economic trends have a great effect on the pricing strategies and market penetration efforts em-

braced by Tesla. For instance, Tesla's ability to manage production costs and pricing is of paramount 

importance as the company aims to release more affordable models like the Model 2. When inspecting 

the social, Tesla’s direct to consumer sales model and great brand loyalty are important for keeping 

consumer engagement up. Cultural shifts towards sustainability are guaranteed to boost Tesla's brand 

positioning, which will further reinforce its market presence. Technological innovation remains a cor-

nerstone with Tesla's leadership in battery technology and autonomous driving being vital to staying 

ahead of competitors. 

 

At the macrosystem level it is to be noted that global trade relations and economic conditions heavily 

influence Tesla's operational strategies. The company's current ability to navigate geopolitical dynam-

ics and economic fluctuations is important for an effective supply chain management practice and any 

future desire for international market expansion. Tesla's commitment to sustainability is perfectly 

aligning with global climate goals and environmental initiatives. Legal factors such as intellectual 

property protection and compliance with international regulations are essential for maintaining Tesla's 

competitiveness and ensuring hassle free global operations. 

 

 

Accuracy of Predictions 

 

The LLM accurately predicted the persistence of semiconductor shortages in the short term, impacting 

Tesla's production capabilities, which was also our validation case for Tesla. This prediction was vali-

dated by the global chip shortage that began in 2020 and continued through 2021 and beyond. Tesla, 

like many other automakers, faced production challenges due to the shortage. In Q2 2021, Tesla CEO 

Elon Musk stated that the global chip shortage was a "huge problem" and cited it as a reason for pro-

duction delays12. 

 

The LLM correctly identified the risk of ongoing supply chain disruptions leading to production delays 

and increased costs. This prediction was realized as Tesla faced production constraints due to supply 

chain issues, particularly related to semiconductor chips. Tesla's 2021 Impact Report13 acknowledged 

 

 
12 https://www.cnbc.com/2021/09/24/tesla-ceo-elon-musk-says-the-chip-shortage-is-a-short-term-problem.html  
13 https://www.tesla.com/ns_videos/2021-tesla-impact-report.pdf  

https://www.cnbc.com/2021/09/24/tesla-ceo-elon-musk-says-the-chip-shortage-is-a-short-term-problem.html
https://www.tesla.com/ns_videos/2021-tesla-impact-report.pdf
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the challenges posed by supply chain disruptions, including the semiconductor shortage, but also high-

lighted the company's efforts to mitigate these issues through vertical integration and supply chain in-

novations. 

 

The LLM highlighted the potential challenges in securing raw materials for batteries. While Tesla has 

made efforts to secure long-term contracts for critical materials, the industry has indeed faced chal-

lenges related to raw material supply, particularly for lithium and nickel. Despite the challenges, Tesla 

managed to increase its vehicle deliveries by 87% in 2021 compared to 2020, demonstrating the effec-

tiveness of its supply chain management strategies14. 

 

The LLM's prediction that Tesla's investments in vertical integration could enhance its resilience to 

supply chain disruptions proved accurate. Tesla's efforts to develop its own battery technology and se-

cure raw material supplies have helped mitigate some of the impacts of the global chip shortage. Tes-

la's development of its own chip designs and efforts to secure long-term supply agreements have 

helped the company navigate the chip shortage more effectively than some competitors15. 

 

The predictions were not all spot on, either. For example, the LLM was overly optimistic in its produc-

tion and delivery forecasts. The predictions assumed Tesla would significantly increase production and 

deliveries year-over-year. However, Tesla faced production challenges and slower demand, particu-

larly in China16. The predictions did not adequately account for the intense competition Tesla would 

face, especially from Chinese carmakers aggressively cutting prices17. 

 

On the financial side, some predictions, like ARK Invest's forecast of Tesla stock reaching $2,600 by 

2029, appear to be extremely optimistic given the current market conditions and challenges faced by 

Tesla18. The predictions did not fully account for the impact of high interest rates, inflation, and global 

economic uncertainties on Tesla's performance19. 

 

 

 
14 https://digitalassets.tesla.com/tesla-contents/image/upload/IR/TSLA-Q4-2021-Update  
15 https://www.bloomberg.com/news/articles/2022-01-06/tesla-chips-and-china-the-auto-storylines-to-watch-in-2022  
16 https://fxopen.com/blog/en/analytical-tesla-stock-predictions-for-2024-2025-2030-and-beyond/  
17 https://www.litefinance.org/blog/analysts-opinions/tesla-stock-price-prediction/  
18 https://fortune.com/2024/06/12/tesla-stock-price-predictions-cathie-wood-ark-invest-elon-musk/  
19 https://www.blog-trends.com/tesla-pestel-analysis/  

https://digitalassets.tesla.com/tesla-contents/image/upload/IR/TSLA-Q4-2021-Update
https://www.bloomberg.com/news/articles/2022-01-06/tesla-chips-and-china-the-auto-storylines-to-watch-in-2022
https://fxopen.com/blog/en/analytical-tesla-stock-predictions-for-2024-2025-2030-and-beyond/
https://www.litefinance.org/blog/analysts-opinions/tesla-stock-price-prediction/
https://fortune.com/2024/06/12/tesla-stock-price-predictions-cathie-wood-ark-invest-elon-musk/
https://www.blog-trends.com/tesla-pestel-analysis/
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The model also ended up underestimating regulatory challenges. The predictions did not fully account 

for the regulatory hurdles Tesla would face in various markets, particularly regarding autonomous 

driving technology20. These inaccuracies highlight the difficulty in making long-term predictions in a 

rapidly evolving industry like electric vehicles, where technological advancements, market dynamics, 

and regulatory environments can change quickly. 

 

 

Discussion 

 

The MLPESTEL framework proved to be a valuable tool for analyzing the complex factors affecting 

Tesla's operations and supply chain. By considering multiple systemic levels, the framework provided 

a comprehensive view of the potential risks and challenges facing the company. The accuracy of the 

predictions regarding semiconductor shortages and supply chain disruptions highlights the frame-

work's ability to identify key vulnerabilities in Tesla's operations. 

 

The analysis correctly anticipated the impact of global economic and industry trends on Tesla's pro-

duction capabilities. Nevertheless, the use of the framework could be further improved by incorporat-

ing an increasing number of quantitative data and actual timelines for predicted events. The automatic 

analysis could benefit from a more nuanced examination of technological innovations specific to Tesla 

and their potential impact on mitigating supply chain risks. 

 

The MLPESTEL analysis of Tesla demonstrated the usefulness of the framework in identifying poten-

tial risks and providing valuable insights for decision makers. The accuracy of the predictions leaves 

more to be desired, but it is important to consider multiple system levels when analyzing complex 

business environments. 

 

 

5.1.2 Nokia 

 

Table 2 showcases the results produced by the LLM for Nokia. The table showcases a summary 

prompted from the LLM on the analysis conducted by the LLM. 

 

TABLE 2. LLM predicted trends for Nokia in 2021-2023 based on MLPESTEL 

 

 
20 https://www.linkedin.com/pulse/tesla-external-environment-analysis-pestle-approach-isaiah-musolio  

https://www.linkedin.com/pulse/tesla-external-environment-analysis-pestle-approach-isaiah-musolio
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 Microsystem Mesosystem Exosystem Macrosystem 

Political Increased scrutiny on 

corporate governance 

and ethical practices. 

Nokia may need to 

enhance transparency 

and accountability in 

its operations to meet 

stakeholder expecta-

tions. 

 

 

Local governments 

pushing for digital in-

frastructure develop-

ment. Opportunities for 

Nokia to partner with 

local authorities on 

smart city projects. 

National policies support-

ing 5G and digital trans-

formation. Nokia could 

benefit from government 

contracts and partner-

ships. 

Global geopolitical ten-

sions affecting supply 

chains. Nokia might diver-

sify its supply chain to 

mitigate risks. 

Economic Individual investors 

and stakeholders de-

mand sustainable fi-

nancial practices. 

Nokia might focus on 

sustainable invest-

ments and transparent 

financial reporting to 

attract and retain in-

vestors. 

Local economic incen-

tives for tech compa-

nies. Nokia might lev-

erage these incentives 

to expand local opera-

tions and R&D. 

National economic recov-

ery plans post-COVID-

19. 

Opportunities for Nokia in 

infrastructure projects 

funded by recovery plans. 

Global economic shifts to-

wards digital economies. 

Nokia could capitalize on 

the demand for digital in-

frastructure. 

Social Growing consumer 

preference for ethical 

and sustainable 

brands. Nokia could 

strengthen its brand 

by emphasizing sus-

tainability in market-

ing and product de-

velopment. 

Community-driven de-

mand for digital inclu-

sion. 

 Nokia could engage in 

local initiatives to 

bridge the digital di-

vide. 

National focus on digital 

education and skills. 

Nokia might invest in ed-

ucational partnerships to 

support digital literacy. 

Global movements for so-

cial justice and equality. 

Nokia might enhance its 

corporate social responsi-

bility initiatives. 

Technological Rapid adoption of AI 

and IoT by individual 

consumers. Nokia 

may need to innovate 

continuously to offer 

cutting-edge, con-

sumer-friendly tech-

nologies. 

Local tech hubs foster-

ing innovation. Nokia 

might collaborate with 

local startups and tech 

communities for inno-

vation. 

National investments in 

AI and cybersecurity. 

Nokia could expand its of-

ferings in AI-driven net-

work solutions and cyber-

security. 

Global acceleration of 5G 

and IoT adoption. Nokia 

could lead in providing 

comprehensive 5G solu-

tions globally. 

Environmental Increased consumer 

awareness of environ-

mental impact. Nokia 

might prioritize eco-

friendly product de-

signs and packaging. 

Local regulations on 

waste management and 

recycling. Nokia could 

implement local recy-

cling programs and sus-

tainable practices. 

National commitments to 

carbon neutrality. Nokia 

might align its operations 

with national sustainabil-

ity goals. 

Global climate change ini-

tiatives. Nokia might in-

tensify its efforts in sus-

tainable technology devel-

opment. 
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Legal Heightened individ-

ual awareness of data 

privacy rights. Nokia 

could enhance data 

protection measures 

to ensure compliance 

and build consumer 

trust. 

Local compliance re-

quirements for tech 

products. Nokia may 

need to adapt its prod-

ucts to meet local legal 

standards. 

National data protection 

laws. Nokia may need to 

ensure compliance with 

varying national data reg-

ulations. 

Harmonization of interna-

tional tech regulations. 

Nokia may benefit from 

streamlined compliance 

processes across borders. 

 

Nokia's operational environment, as seen in Table 2, is forecasted to be shaped by a complex interplay 

of factors across various systems. At the microsystem level, increased scrutiny on corporate governance 

and ethical practices signifies a need for Nokia to enhance transparency and accountability. This shift 

could demand Nokia to adapt its internal policies to meet higher stakeholder expectations, which may 

include stricter reporting standards and improved ethical practices. Similarly, individual investors are 

increasingly focused on sustainable financial practices, pushing Nokia to prioritize sustainability and 

transparent financial reporting to attract and retain investment. 

On a mesosystem level, local and national dynamics present both opportunities and challenges for 

Nokia. Local governments are advocating for the development of digital infrastructure, creating poten-

tial partnerships for Nokia in smart city projects. Additionally, national policies that support 5G and 

digital transformation open doors for government contracts and collaborative ventures, potentially 

boosting Nokia's market presence. However, global geopolitical tensions could disrupt supply chains, 

prompting Nokia to consider diversifying its supply sources to mitigate potential risks. Economic re-

covery plans post-COVID-19 and global shifts towards digital economies also offer Nokia opportuni-

ties to engage in infrastructure projects and capitalize on the growing demand for digital solutions. 

At the exosystem level, technological advancements and environmental considerations play crucial 

roles. The rapid adoption of AI and IoT necessitates continuous innovation from Nokia to stay compet-

itive, while local tech hubs offer avenues for collaboration with startups and tech communities. Na-

tional investments in AI and cybersecurity further emphasize the need for Nokia to expand its offer-

ings in these areas. Concurrently, increasing consumer awareness of environmental impacts drives 

Nokia to focus on eco-friendly practices and align with national and global sustainability goals. Fi-

nally, the legal landscape is evolving with heightened data privacy concerns and varying national regu-

lations, prompting Nokia to enhance data protection measures and adapt to diverse legal standards. 

Accuracy of Predictions 

 

The analysis correctly predicted the rapid growth and importance of 5G technology. Nokia indeed be-

came a key player in the 5G market, with its 5G equipment being deployed globally. By 2023, Nokia 
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had secured over 300 commercial 5G deals21, confirming the prediction of 5G's significance for the 

company's future. 

 

The prediction highlighting the increasing importance of network security was accurate. Nokia ex-

panded its security portfolio and partnerships to address growing cybersecurity concerns in the telecom 

sector. In 2022, Nokia launched its Advanced Security Testing and 

Research (ASTaR) lab in Dallas22 to protect 5G networks, demonstrating the company's focus on this 

area. 

 

The analysis correctly identified the intensifying competition in the telecom equipment market. Nokia 

faced strong competition from companies like Huawei and Ericsson, particularly in the 5G space. This 

competition led to pressure on profit margins and the need for continuous innovation, as predicted23. 

 

The prediction regarding the impact of geopolitical factors on Nokia's operations proved accurate. The 

US-China trade tensions and security concerns surrounding Huawei created opportunities for Nokia in 

markets like the United States24 and Europe25.  

 

Unfortunately, our model was unable to predict our validation case of Nokia exiting the Russian mar-

ket. This is but an event in the trajectory of Nokia, but the lack of the model’s predictive capabilities in 

covering the validation case highlight that the model may not have a high recall on all possible events. 

 

Based on the search results obtained from the LLM, there are several issues with the predictions for 

Nokia. The predictions did not accurately forecast the significant market challenges Nokia would face, 

particularly in its Mobile Networks division. Nokia reported a 19% year-on-year decline in net sales in 

Q1 2024, with Mobile Networks experiencing a 37% decline in constant currency26. Nokia revised its 

 

 
21 https://www.nokia.com/system/files/2024-03/nokia-annual-report-2023.pdf  
22 https://www.nokia.com/system/files/2023-03/nokia-annual-report-2022.pdf  
23 https://www.lightreading.com/5g/huawei-amid-sanctions-beats-ericsson-and-nokia-on-every-measure  
24 https://www.theregister.com/2024/01/17/nokia_us_sales_list/  
25 https://www.lightreading.com/open-ran/nokia-is-replacing-huawei-at-deutsche-telekom-sites-in-germany  
26 https://www.telecomreview.com/articles/telecom-vendors/8030-resilience-amidst-market-volatility-nokia-s-q1-2024-per-

formance  

https://www.nokia.com/system/files/2024-03/nokia-annual-report-2023.pdf
https://www.nokia.com/system/files/2023-03/nokia-annual-report-2022.pdf
https://www.lightreading.com/5g/huawei-amid-sanctions-beats-ericsson-and-nokia-on-every-measure
https://www.theregister.com/2024/01/17/nokia_us_sales_list/
https://www.lightreading.com/open-ran/nokia-is-replacing-huawei-at-deutsche-telekom-sites-in-germany
https://www.telecomreview.com/articles/telecom-vendors/8030-resilience-amidst-market-volatility-nokia-s-q1-2024-performance
https://www.telecomreview.com/articles/telecom-vendors/8030-resilience-amidst-market-volatility-nokia-s-q1-2024-performance
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2026 comparable operating margin target downward from at least 14% to at least 13%27. This indicates 

that the company's profitability outlook was not as strong as initially predicted. 

 

The predictions did not anticipate the extent of difficulties in the Mobile Networks division. For 2024, 

Nokia expects revenues for this division to decline by 10-15% following the loss of the AT&T radio 

access network (RAN) contract to Ericsson, which is impacting Nokia's 2024 outlook28. 

 

The predictions were overly optimistic about the timing of market recovery. Nokia now expects Q1 

2024 to mark the low point in demand, with activity progressively picking up through the remainder of 

2024. The predictions did not accurately forecast the significant slowdown in spending in key markets 

like North America and India, which has particularly impacted the Mobile Networks business29. 

 

Discussion 

 

The MLPESTEL analysis of Nokia demonstrates the framework's effectiveness in providing a compre-

hensive understanding of a company's operational environment. The accuracy of key predictions, par-

ticularly regarding 5G adoption, network security and market competition, validates the framework's 

utility for strategic planning in the telecommunications industry. 

 

The framework's multi-layered approach allowed for the identification of interconnected factors across 

different systemic levels. This holistic view enabled a nuanced understanding of how global trends, 

industry dynamics and company-specific factors would interact to shape Nokia's future. 

 

The Nokia case study underscores the value of the MLPESTEL framework in navigating the complex 

and rapidly evolving telecommunications industry. By accurately identifying key trends and risks, the 

framework provided Nokia with actionable insights that aligned with the company's actual trajectory 

from 2021 to 2024. 

 

5.2 Comparative Analysis 

 

 

 
27 https://www.nokia.com/about-us/news/releases/2023/12/12/inside-information-nokia-provides-an-update-on-group-strat-

egy-2026-comparable-operating-margin-target-and-preliminary-assumptions-for-2024/  
28 https://www.telecomtv.com/content/5g/nokia-set-to-shrink-again-in-2024-49482/  
29 https://www.telecomreview.com/articles/telecom-vendors/8030-resilience-amidst-market-volatility-nokia-s-q1-2024-per-

formance  

https://www.nokia.com/about-us/news/releases/2023/12/12/inside-information-nokia-provides-an-update-on-group-strategy-2026-comparable-operating-margin-target-and-preliminary-assumptions-for-2024/
https://www.nokia.com/about-us/news/releases/2023/12/12/inside-information-nokia-provides-an-update-on-group-strategy-2026-comparable-operating-margin-target-and-preliminary-assumptions-for-2024/
https://www.telecomtv.com/content/5g/nokia-set-to-shrink-again-in-2024-49482/
https://www.telecomreview.com/articles/telecom-vendors/8030-resilience-amidst-market-volatility-nokia-s-q1-2024-performance
https://www.telecomreview.com/articles/telecom-vendors/8030-resilience-amidst-market-volatility-nokia-s-q1-2024-performance
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When we look at the results produced by the LLM for the two companies side by side, we can perceive 

significant differences in the output. In this section, we will show a comparative analysis on the LLM 

output. 

 

TABLE 3. Number of sentences in the LLM outputs for the 25 analysis prompts for each company 

 

Company Mean Std Dev Min P25 P50 P75 Max 

Nokia 18.64 1.955 14.0 17.0 19.0 20.0 23.0 

Tesla 24.00 2.160 20.0 23.0 24.0 25.0 30.0 

 

Table 3 shows the number of sentences the LLM generated for each company. As we can see, it gener-

ated fewer sentences for Nokia than what it did for Tesla. This might be due to the fact that many 

LLMs are biased towards the English speaking world, most notably the US. Based on our own prior 

experience, many LLMs showcase a wider understanding of American companies than Finnish compa-

nies. On the average, the responses for the prompts about Nokia were 18.64 sentences long whereas, 

the responses for Tesla were 24 sentences long. 

 

Furthermore, we look into the number of words in the generated text by the LLM for each of the 25 

analysis prompts per company, as shown in Table 4. The results confirm that the model indeed pro-

vided more content to the US company, Tesla, in comparison to the Finnish company Nokia, which 

highlights the bias and limitations of LLMs when asked about non-US-based companies. 

 

TABLE 4. Number of words in the LLM outputs for the 25 analysis prompts for each company 

 

Company Mean Std Dev Min P25 P50 P75 Max 

Nokia 401.24 36.839 339 375 404 426 474 

Tesla 481.24 41.322 402 455 475 512 556 
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Next, we analyze the content of the text by clustering paragraphs returned by the LLM for both compa-

nies. Paragraphs are obtained by splitting the returned output by a new line. To clean the text, we re-

moved numbers, headings and citations. In total, Tesla had 105 paragraphs while Nokia had 191. It is 

interesting to note that the number of paragraphs for Nokia is higher despite the fact that the para-

graphs themselves were shorter than those of Tesla. 

 

We utilized BERTopic (Grootendorst 2022) with SentenceEmbeddings (Reimers 2019) using “all-

MiniLM-L6-v2”30 model (Reimers, & Gurevych 2020) to represent each paragraph in an embeddings 

space which allows us to compare their semantic similarities. The process of clustering them begins 

with reducing the embeddings dimensionality to 5 components, using UMAP (McInnes et al. 2018), 

based on the closest 3 neighbors on the cosine similarity metric. To confirm that the reduced dimen-

sionality represents the original space and retains its structure, we calculate the trustworthiness score 

(Van Der Maaten, 2009)31. For Tesla’s dimensionality reduction case, the trustworthiness score is 0.90 

suggesting that the structure is maintained to a high degree and it is even higher for Nokia’s embed-

dings, 0.93.  

 

Following that, we apply HDBSCAN (McInnes et al., 2017) to cluster the embeddings and count the 

frequent tokens in each cluster to act as its representation.  

 

 

 

 
30 https://huggingface.co/sentence-transformers/all-MiniLM-L6-v2  
31 Implemented in https://scikit-learn.org/stable/modules/generated/sklearn.manifold.trustworthiness.html  

https://huggingface.co/sentence-transformers/all-MiniLM-L6-v2
https://scikit-learn.org/stable/modules/generated/sklearn.manifold.trustworthiness.html
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FIGURE 3 A plot showing the semantic clusters of LLM responses for Tesla's use case in a two-dimen-

sional embedded space 

 

 

 

 
FIGURE 4. A plot showing the semantic clusters of LLM responses for Nokia's use case in a two-di-

mensional embedded space 

 

 

As shown in Figure 3 and 4, semantic cluster plots for Tesla and Nokia, respectively, reveal specific 

patterns of the strategic focus area for each company, which provide some very interesting insights 

into what strategic focus areas the two companies are concerned about. By observing the main clusters 

that emerge from data, comparing and contrasting them we can see that Tesla’s clusters are more 

evenly distributed in comparison to Nokia’s. The figures show the focus of both companies on technol-

ogy, sustainability, regulatory compliance, and market engagements. They point out peculiar chal-

lenges that each company faces in their respective industries and, therefore, the insight into their strate-

gic priorities and areas of operational focus. Such differences in approach reflect not only the distinct 

positions each occupies within different industries but also their corporate philosophies and long-term 

vision as separate entities. 
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FIGURE 5. Word clouds showing the most prominent words in each semantic cluster (topic) for Tesla 

 

Tesla's semantic clusters are mainly about sustainability, electric vehicles, and brand community. The 

fact that the three most prominent topics are "sustainability_energy_renewable", "electric_mar-

ket_tesla", and "tesla_community_brand" reflects upon Tesla's public image and strategic priorities in 

the electric vehicle and renewable energy sectors. This is further supported by word cloud visualiza-

tions, shown in Figure 5, where emphasis is given to such terms as "supply chain", "battery", and "re-

newable energy". Tesla's approach seems to be highly integrated, with sustainability and technological 

innovation very much interwoven with the brand and community building efforts. 
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FIGURE 6. Word clouds showing the most prominent words in each semantic cluster (topic) for Nokia 
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In direct contrast, Nokia's clusters are highly focused on the theme of telecommunications technology, 

with "5g_innovation_technological", "digital_connectivity_digital_transformation", and "data_protec-

tion_data_protection" being some of the most outstanding themes. This is due to the fact that Nokia is 

one of the leading companies within the telecommunications industry and has set itself out as a leader 

in the use of new technology. The word clouds for Nokia, see Figure 6, emphasize words such as 

"5G", "innovation", and "digital connectivity", underlining the company's commitment to fostering ad-

vanced technological infrastructure. 

 

Attention to legal and regulatory matters in both companies is high but different in emphasis. Clusters 

such as "legal_compliance_safety" and "legal_direct_sales_challenges" are indicative that Tesla is still 

evolving its way up the steep regulatory landscape typical of the automotive industry-a fact underlined 

in word cloud topic combinations such as "compliance," "safety," and "direct sales challenges." On the 

other hand, Nokia aims at more corporate governance and compliance with ethics in the technology 

industry, as evidenced from clusters such as "legal_governance_compliance" and "compliance_regula-

tory_ethical.". 

 

The economic considerations for both companies are notable but approached differently. In Tesla, the 

cluster "financial_economic_investment" suggests a strong underlying focus on economic considera-

tions and investment strategies, most likely due to the fact that electric vehicle and energy storage mar-

kets represent capital-intensive industries. Nokia's economic considerations appear more integrated 

with its technological focus, as seen in clusters like "economic_market_cost" and the prominence of 

terms related to market dynamics and cost factors in its word clouds. 

 

All in all, the major themes emerging for Tesla are related to environmental sustainability. For exam-

ple, "sustainability_energy_renewable" is a dominant cluster and the word clouds are full of words re-

lated to sustainability. For Nokia, there are indeed environmental concerns, but not as core to its over-

all strategy. Equally interesting are the differences that emerge from this analysis on how companies 

approach community and social engagement. Tesla strongly focuses on "tesla_community_brand", re-

vealing that customer and brand loyalty are cornerstones in the development of its business model. 

Nokia follows a more B2B approach, as "community_engagement_cultural" is a cluster apart and not 

central, hence showing another way of considering stakeholder engagement in strategy. 

 

By looking at the clusters and clouds, it is clear that the LLM demonstrated a comprehensive under-

standing of both companies, their industries, and the complex ecosystems in which they operate. This 
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shows that the LLM is trained with up-to-date information that exposes the model to recent events con-

cerning both companies and their business models, legal compliance, and strategies on innovation, sus-

tainability.  
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6 DISCUSSION 

In this section, we discuss some of the theoretical and practical implications of our work. Furthermore, 

we identify some limitations and potential future research directions. We also indicate how we 

achieved the objectives and answered the research questions of this thesis. Theoretically, our findings 

contribute to a deeper understanding of how the MLPESTEL framework can be applied to analyze the 

operational environment of a company for the needs of forecasting. This offers new insights into auto-

mating and enhancing environmental scanning processes using LLMs, making them more data-driven 

and responsive to real-time changes. From a practical standpoint, these results have significant impli-

cations for business strategy and decision-making, as organizations can leverage the MLPESTEL 

framework to more effectively anticipate external challenges and opportunities in areas such as poli-

tics, economics and technology. 

 

 

6.1 Theoretical Implications 

 

The MLPESTEL framework developed in this study represents a significant advancement in futures 

studies and strategic management. By integrating Bronfenbrenner's Ecological Systems Theory with 

traditional PESTEL analysis, we have created a more nuanced approach to understanding complex 

business environments across multiple systemic levels (Objective 1, RQ1.1). Our framework's ability 

to capture the interplay between different environmental factors is a key contribution. Unlike tradi-

tional PESTEL analysis, MLPESTEL explicitly examines interactions between micro-, meso-, exo-, 

and macrosystems. This multi-layered perspective enables a more holistic view of challenges and op-

portunities facing organizations in rapidly evolving industries. 

 

The application of MLPESTEL to Tesla and Nokia showcased its versatility in analyzing diverse in-

dustries and business models. By providing a structured approach to examining both immediate and 

distant environmental influences, the framework improved upon the classical methods of anticipating 

potential disruptions and identifying emerging trends (Objective 2, RQ2.3). 

 

Incorporating LLMs into the MLPESTEL analysis process represents a novel approach to leveraging 

AI in strategic foresight (Objective 1, RQ1.2). This combination addresses a significant gap in existing 
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futures studies methodologies, which often struggle to process vast amounts of unstructured data effec-

tively. LLMs enable rapid analysis of diverse information sources, providing a more comprehensive 

understanding of the business environment. 

 

Our research revealed that LLMs are indeed capable of processing unstructured data, hence, offering 

deeper insights and more accurate predictions when it comes to futures studies (Objective 2, RQ2.1). 

Nonetheless, we also identified limitations when it comes to using LLMs. For example, the predictions 

done for Tesla were more relevant and accurate than the ones generated for Nokia, which is likely due 

to the little exposure to Nokia related data during the training phase of the LLM. This highlights the 

importance of involving human experts in interpreting results (Objective 2, RQ2.2). 

 

 

6.2 Practical Implications 

 

In addition to the benefits of embedding LLMs into MLPESTEL that are detailed earlier, our approach 

also provides decision-makers with a more comprehensive, nuanced, and forward-looking understand-

ing of factors influencing their operations across multiple systemic levels. One primary advantage is 

ingesting and analyzing vast amounts of information from diverse sources to predict future events. 

Looking at the list of sources accesssed by the LLM during the analysis phase, we observe that it used 

data from news articles, industry reports, and social media. Such resources might be overlooked or re-

quire significant resources to uncover manually. The ability to quickly generate and evaluate multiple 

scenarios based on real-time data inputs enables businesses to be more agile and responsive to chang-

ing market conditions. These observations address our Research Question 2.1. 

 

The multi-layered nature of MLPESTEL enables decision-makers to better understand the intercon-

nectedness of various factors affecting their business. For instance, our analysis of Tesla's supply chain 

vulnerabilities demonstrated how micro-level operational decisions could be influenced by macro-level 

geopolitical tensions and global economic trends (Objective 2, RQ2.3). MLPESTEL supports more ef-

fective risk management strategies by providing a systematic approach to identifying and assessing po-

tential risks across different systemic levels. This proactive approach can help companies build resili-

ence and maintain operational stability in the face of unforeseen challenges. 
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6.3 Limitations and Future Research Directions 

 

While offering valuable insights, the MLPESTEL framework and its application has limitations. One 

primary challenge lies in the framework's complexity, which can be difficult to operationalize fully. 

Future research could focus on developing more precise criteria for delineating systemic levels, per-

haps through quantitative metrics or machine learning algorithms. 

 

The reliance on publicly available data by the LLM is another limitation of this research. While the 

LLM used diverse sources, access to proprietary data could have provided deeper insights. This is 

clearly visible in the case of Nokia as the LLM made multiple incorrect predictions, in comparison to 

Tesla. Future studies could benefit from partnerships with industry players to gain access to such infor-

mation, enhancing the depth and accuracy of the analysis. Also, building models tailored for certain 

regions (e.g., EU-specific), industries (e.g., cybersecurity-specific) and companies (e.g., Nokia-spe-

cific) can produce better predictions. 

 

Our research also highlighted the importance of responsible AI use in business forecasting (Objective 

3, RQ3.1). We found that maintaining human oversight and judgment in interpreting and acting upon 

AI-generated forecasts is crucial for addressing ethical considerations and potential risks associated 

with AI-powered decision-making. This is mainly because LLMs will always make predictions, even 

when there is not enough evidence to back them up or they are not confident about them. This LLM 

hallucination is a serious limitation that requires closer inspection of their output. 

 

The use of LLMs, while innovative, presents certain limitations. The potential for bias in training data 

could influence the interpretation of environmental factors. Additionally, the "black box" nature of 

LLMs can make it challenging to fully understand the reasoning behind certain predictions. Future re-

search could explore integrating explainable AI techniques with MLPESTEL, enhancing the transpar-

ency and interpretability of the analysis. 

 

Our work focused only on two case studies, Tesla and Nokia. Application of MLPESTEL to other in-

dustries may give new insights about its generalizability. Using the framework to analyze the sustaina-

bility strategies within, for instance, the agricultural sector may offer interesting views about how dif-

ferent systemic levels interact within more traditional industries. 
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Another possible line of future research is that of integrating quantitative approaches with the qualita-

tive framework of the MLPESTEL. For example, devising a system of weighted indicators for each 

PESTEL factor at systemic levels would give the possibility to obtain more realistic comparisons and 

analyze the trends; this could be pretty interesting in domains like finance or energy. 

 

Our current research did not take into account start-ups or small and medium-sized enterprises for the 

most part. Further studies may also wish to examine how MLPESTEL can be used in relation to such a 

category, providing further nuance on the ways in which the various levels of the systemic will impact 

businesses in different stages of development and size. 

 

The rapid rate of change in technology and world events would suggest even greater dynamism for 

MLPESTEL applications. Avenues for future research may include how to develop a digital platform 

or dashboard whereby the analysis is refreshed on an ongoing basis by real-time data feeds to provide 

businesses with an even more agile tool to inform strategic decisions in rapidly changing environ-

ments. 
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7 CONCLUSIONS 

We successfully developed a comprehensive forecasting framework that integrates PESTEL analysis 

and Bronfenbrenner's Ecological Systems Theory with the processing capabilities of Large Language 

Models (LLMs), that is the first objective of this research. This framework, which we named MLPES-

TEL, provides a holistic approach to understanding complex business environments. The integration of 

these components allowed for a multi-layered analysis that captures both macro and micro-level fac-

tors influencing business outcomes. 

 

Moreover, we identified several technical challenges in incorporating LLMs into the framework, in-

cluding data quality issues, potential biases in LLM outputs, and the need for continuous model up-

dates to reflect changing business landscapes. However, we also found that LLMs significantly en-

hanced the framework's ability to process vast amounts of unstructured data, providing deeper insights 

and more accurate predictions. 

 

Our research has shown the significant potential that the MLPESTEL framework, when combined with 

LLMs, would provide a comprehensive and nuanced understanding of complex business environ-

ments. Merging Bronfenbrenner's Ecological Systems Theory with a traditional PESTEL analysis has 

yielded a very powerful tool for strategic planning and decision-making for an increasingly intercon-

nected global marketplace. 

 

A key contribution of this research is the successful integration of LLMs into the MLPESTEL frame-

work. This integration proves that LLMs significantly enhanced our ability to process and analyze 

great volumes of unstructured data, which visibility results in deeper insights and more accurate pre-

dictions. Identification of subtle trends and weak signals that may escape being noticed during the 

more classical ways of analysis is made possible by the use of LLMs. 

 

Our analyses of Tesla and Nokia, following MLPESTEL framework and using the computational ap-

proach, had demonstrated the full depth of the framework in depicting a multi-systemic level business 

environment. To be exact, the MLPESTEL analysis conducted on Tesla had provided very accurate 

predictions regarding its supply chain vulnerabilities, especially about semiconductor shortages. The 

case study on Nokia has been very good in showcasing the utility of the framework for understanding 

technological transitions and market repositioning strategies. 
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Furthermore, our research has highlighted the importance of considering interactions between different 

systemic levels. This is where, in fact, the power of MLPESTEL comes in: it can capture these interac-

tions for a more holistic view of the business environment, thus offering much robust strategic plan-

ning. For instance, our analysis revealed how macrosystem-level factors, such as global climate change 

initiatives, cascaded down to influence microsystem-level operational decisions in companies like 

Tesla. 

 

We recommend the adoption of the MLPESTEL framework by all practitioners, even as a stand-alone 

framework without incorporating it with an LLM, as it acts as a comprehensive tool for environmental 

scanning and strategic planning. The framework's novel multi-layered approach can provide valuable 

insights for decision-makers across various industries. 

 

When plugging in an LLM to the MLPESTEL framework, significant abilities are unlocked that facili-

tate analyzing and forecasting complex business environments rapidly which speed up making in-

formed and robust strategic decisions. As we navigate an increasingly complex and interconnected 

global business landscape, tools like the MLPESTEL framework become invaluable and essential for 

making sense of the constantly changing world affecting businesses. They allow us to not only react to 

changes in the business environment but to anticipate and proactively address potential challenges and 

opportunities. Of course, it is important to recognize that while the MLPESTEL framework is a power-

ful tool, it is not a panacea. Its effectiveness ultimately relies on the quality of data input, the expertise 

of those interpreting its outputs and the willingness of decision-makers to act on its insights. 

 

With the above, we have completed the second objectives of this thesis which are Utilizing and vali-

dating LLMs for forecasting. We have considered the limitations and biases of LLMs when used for 

forecasting. When it comes to best practices for responsible AI, our findings emphasize the importance 

of maintaining human oversight and judgment in interpreting and acting upon AI-generated forecasts. 

In addition to that, it is also critical to understand the limitation of LLMs especially when it comes to 

SMEs or non-US companies as these models would not have sufficient knowledge about them to make 

very reliable predictions. 

 

Looking ahead, we see great potential for further refinement and application of the MLPESTEL frame-

work across various industries and contexts. As AI and machine learning technologies continue to 

evolve, we anticipate even more sophisticated integrations that could further enhance the framework's 
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predictive capabilities. Additionally, we believe that building organization-specific LLMs by fine-tun-

ing LLMs on private and public business data would yield more relevant and up-to-date predictions, 

which is something we hope to see in future research. 
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