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 Time series forecasting is the process of using statistical or machine learning techniques to make 
predictions about future values of a time series, which is a sequence of data points ordered in time. Time 
series forecasting is commonly used in a variety of fields, including finance, economics, sales and 
marketing, weather forecasting, and many others. The goal of time series forecasting is to identify patterns 
and trends in the historical data that can be used to predict future values with a certain level of accuracy. 
This can help businesses and organizations make informed decisions based on anticipated future trends 
and events [1]. 
 In the context of business and marketing operations, Recurrent Neural Networks (RNNs) can be 
utilized for a variety of applications. RNNs are a type of neural network commonly used for processing 
sequential data, such as time series, speech signals, and natural language. Unlike traditional neural 
networks, which process data inputs independently of one another, RNNs can take into account the context 
and history of a sequence of inputs [2]. 
 RNNs have a recursive structure that allows them to use the output of previous time steps as input 
to the current time step, forming a feedback loop. This feedback loop enables the RNN to maintain a state 
or memory of what has been seen so far, which can be useful for tasks such as predicting the next element 
in a sequence, generating sequences, or processing natural language. 
 For business purposes, RNNs can be used in a variety of applications. For example, RNNs can be 
used to predict sales or customer behavior based on past data, which can help businesses make more 
informed decisions about inventory management, marketing strategies. RNNs can also be used to generate 
product descriptions or marketing messages, which can save time and improve the consistency of 
messaging. 
 Additionally, RNNs can be used for natural language processing tasks such as sentiment analysis, 
where the goal is to determine the overall sentiment of a text (e.g., positive, negative, or neutral). This can 
be useful for monitoring customer feedback or social media sentiment about a brand. 
 To use RNNs in practice, businesses typically need to have a large amount of historical data to 
train the neural network. The RNN is then trained on this data to learn patterns and relationships that can 
be used for prediction or generation tasks. Once the RNN is trained, it can be used to make predictions or 
generate new sequences based on new input data. 
 However, standard RNNs can suffer from the problem of vanishing gradients, where the gradients 
become extremely small or zero, making it difficult to learn long-term dependencies. To address this issue, 
variants of RNNs have been developed, such as Long Short-Term Memory (LSTM) networks and Gated 
Recurrent Units (GRU) networks, which have gating mechanisms that selectively update or forget 
information based on the input [1]. In-depth researches and comparisons of different models of RNNs infer 
that the GRU model outperforms the others, particularly for multivariate forecasting in an out-of-sample 
scenario. Therefore, the GRU model can be considered as the most effective and reliable model for this 
type of forecasting task [3]. 
 The findings of this paper suggest that neural networks, specifically RNN and GRU, can be a 
valuable tool for forecasting economic and financial time series. This could have significant impact for 
businesses and organizations that rely on accurate predictions of economic variables to inform their 
decision-making processes, as well as for government agencies responsible for economic planning and 
regulation.  
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Extended reality (XR) technologies are among the most notable new developments in the field of 
information systems, processing and management. XR is a universal term inclusive to virtual reality (VR), 
augmented reality (AR) and mixed reality (MR). VR is a computer-generated world that can be accessed 
using immersive devices - helmets, gloves, headphones. The virtual environment completely replaces the 
real world without reacting to its changes, while the user can influence it by immersing, for example, in a 
video game. AR just adds layers to the real world. That is, people can still interact with the physical 
environment by getting additional information from their augmented reality devices or applications. 

XR technologies exist to enable people to either do things they have not done before or do familiar 
things more efficiently. Also XR allows students to develop important practices, that is why it has become 
one of the key emerging technologies in education. Extended reality allows users to create new forms of 
immersive telepresence, but it can also make everyday tasks easier. Such technologies facilitate our work, 
education, healthcare, consumption and entertainment. However, at the same time, extended reality brings 
a lot of problems. As a result, the question arises whether XR technologies increase or decrease the 
workload of users. Some scientists have investigated this problem and have presented the results of their 
studies to the reader.  

To begin with, it is worth considering the concept of the user’s workload. In the field of information 
systems, a workload is defined as the overall ease of use of an information system within a given task [1]. 
In this paper, the workload is viewed as the effort or cost (e.g. physical, mental, emotional) that a person 
spends on completing a task. However, the workload is multidimensional and may depend on various 
factors. 

In their study, scientists conducted an experiment in which they measured the workload of 
consumers using XR technologies. In this research the participants faced a shopping-related task (including 
navigating, movement, hand-interaction, information processing, information searching, storing, decision 
making, and simple calculation) to examine a proposed series of hypotheses. The results show that AR 
technologies substantially affect the overall workload of users, especially a mental workload. However, VR 
technologies do not have an essential impact on the workload of users. The results of the interaction effects 
analysis show that the combination of AR and VR compared to one technology will not increase the 
complexity of tasks (for example, the overall workload) and may even reduce the complexity (for example, 
physical activity). 

It was revealed how XR affects specific workload parameters. It was found out that for AR, the level 
of mental need will be higher compared to a purely physical environment or virtual reality. It turned out that 
there would be no significant difference in mental workload between virtual reality and perceived current 
reality. The scientists have hypothesised that augmented reality has a positive effect on physical need [2].  

Based on the assumption that XR can generate both higher mental and physical demands, it seems 
reasonable to assume that interacting with XR will also require more effort compared to performing a task 
in conditions other than XR. Moreover, interacting with virtual environments and objects in XR can be 
perceived as more stressful and frustrating. In accordance with the understanding of the aspects of effort 
and frustration, the scientists hypothesise that both AR and VR can lead to a higher perception of effort as 
well as disappointment [3]. According to workload theories, productivity can remain the same even if people 
have to put in more mental or physical effort. Some studies also show that XR can actually increase the 
user’s performance. 

In conclusion, it should be mentioned that with the development of information technology our daily 
activities are closely connected with technologically mediated environments. The results of a detailed 
analysis show that AR is largely associated with the overall workload, while VR does not have a significant 
impact on any of the workload parameters. These results imply that the resources and cost of operating 
XR-mediated realities are different and higher than physical reality. 
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