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Abstract: The article devoted to system of two problems: problem of information use for actions in system and society 

sustainable development as a result of sustainable relations with nature for performing actions in systems. It 

is shown that these problems are closely interdependent. One of the reasons for such dependence is lack of 

attention to sustainable nature use and information application as well as complexity of these problems. At 

the same time, decision of information use problem can greatly contribute to the decision of the problem of 

sustainable development. Particularly, it is the case for environment and society interactions due to 

information application for sustainable Development.  It is shown that once such information application 

modelled, models created can be used to solve the problem of sustainable development.  To solve the problems 

described concept of cause-and-effect relationships results modelling suggested, then basics of models and 

methods to build models for the sustainable development and information use suggested.  The role of modern 

digital technologies, particular – machine learning technology, discussed as a mean for digital transformation 

and sustainable development models creation and problem solving. As a result, solving problems of 

information application for actions in systems, problems of sustainable development, and problems of digital 

sustainable  development are now available as solving appropriate mathematical models.

1 INTRODUCTION 

Many decades ago, in 1987, when world experienced 

never seing before boom of “personal computers” 

application in business Nobel Prize winner in 

economics Robert Solow decided to research how 

business productivity related to growing spending on 

information technologies. He represented results as 

his paradox of information technology (IT), which 

states that “we can observe the computer age 

everywhere except in labor productivity statistics.” In 

decades spent after Solow’s Paradox formulated, it 

has received many different explanations. The main 

idea of that explanations is: informaion technologies 

not necessarily lead to productivity increase. Thus, 

productivity is not that thing we shall measure in 

order to use Their quality shall be measured   by other 

effects: such as adaptability, competitiveness, 

adoption of innovation. Still, lack of precious 

understanding of such effects   manifestation due to 

information application and lack of appropriate 

measures of these effects relation to productivity and 
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efficiency of processes realized with participation OF 

humans, continues to show itself in a variety of NEW 

Solow’s paradox forms.  

Among them Artificial Intelligence (AI) use 

paradox, which caused by absence of exact answer to 

the question “what effects AI application can cause in 

practice?”. Such paradox appearance shows that IT 

paradox was not yet solved as needed, at least to the 

to the extent of predicting results of various IT use, 

such as AI. Ways to solve such reappeared paradoxes 

shall be found as a result of a wider-angle research of 

activity results dependence on various means used, 

including information. 

2 THE PROBLEM OF 

SUSTAINABLE 

DEVELOPMENT MODELLING 

When we speak about IT application in human 

activity as a whole IT use is just one of mechanisms 



of possible changes in activity incurred by humans 

(Parida, Sjödin, & Reim, 2019). 

Humans can use many other means, aspects, and 

technologies (MAT) for their activity change, such as 

but not limited to or classified as similar/distinct: 

experimentation, control, organisation, restriction, 

expansion, exchange, socializing, knowledge use, 

nature analogies use.  

Such MAT are common in that they affect cause 

and effects relationships (CER) realized in course of 

activity and in that, to use them prediction shall be 

made about results of MAT details used and as a 

result, CER realised.  

Thus, these MAT can be researched based on 

CER models. Good way to predict MAT use as CER 

is to use mathematical models, representing common 

phenomena for predictions of CER realisation.  

Unfortunately, such mathematical models of 

activity, as well as theories to use various means, 

aspects, technologies for performing activity were not 

yet created in needed extent. 

Information application can be considered as one 

of the MAT used to realise appropriate CER. Indeed, 

two observations could be considered as cornerstone 

assumptions for information use: 

 Information use does not change possible CER, 

allowed to be realized by laws of nature and 

nature peculiarities. MAT change possible 

CER available for Humans in current situation, 

which are subset of possible CER and 

possibilities of CER to be realised. 

 Information use change humans’ actions in 

such a way, subsets of possible CER used, and 

possibilities of certain CER realisations chains 

changed.   

 Information use does not decrease information, 

available for future activity, but in many cases 

increase it. So, using information in current 

situation cannot make it sparce in the future, 

like it may happen with natural resources. 

Relations with nature application (Angela, 2011) as 

MAT of activity mathematical models were not 

created either. Cornerstone assumptions for their 

modelling are the following, as analogue to 

information use: 

 Nature, environment use does not change 

possible CER, allowed to be realized by laws 

of nature and nature peculiarities. Such use 

changes possible CER available for Humans in 

current situation (for example, by additional 

consumption of natural resources) but this may 

change future available CER as well. 

 Nature use change humans’ actions in such a 

way, humans exchange current and future 

states of nature on current and future states of 

the system under study, which performs 

activity.   

 Nature use can (and usually do) decrease 

resources, available from the nature in the 

future and so - change (usually, reduce) set of 

possible CER, which can be realized with 

nature in the future. 

Thus, the difference between information use and 

nature use is mainly in: 

 Using nature requires to predict how future 

activity will be able to use nature as a result of 

current use, because natural resources can be 

limited – both at the moment of current activity 

and in any moment in future. 

 Using information may not cause information 

to become limited, rather opposite: using 

information, in general, cause its increase – for 

example, due to new information obtained 

during information application. 

Two problems discussed above – the problem of 

information use and the problem of nature use, are 

similar because both incur CER modeling and CER 

modeling constitute common ground for both 

problems. But as well, decision of these two 

problems shall be considered as decision of 

complex problem. This is due to a few relations of 

these problems: 

 Both problems require CER modeling. 

Moreover, information use may alter possible 

sets of CER and their sequences when nature 

and information about it used. Thus, to solve 

these two problems the complex model shall be 

built in such a way, it reflects both information 

and nature use, especially nature use through 

mediation of information use.  

 Information and nature use in case of complex 

model considered not just interconnected, but 

also lead to meta-level information use when 

considering mediating role of information for 

future cases of nature use, mediated by 

information too.   

Complex problem of using the nature through 

mediating role of information, being solved, allows 

(Clark & Holliday, 2006; Krozer, 2016) to view the 

problem from more facets, like using information to 

limit the consequences of possible nature overuse. 

Use of mathematical modeling for solving complex 

problem of prediction of information application 

(including meta-level) as well as problem of future 

nature use as a result of current nature and 

information use is preferrable because it allows to 

balance quantitatively and precisely the possible 

current and future outcomes of information and 



nature uses. It is logical to name such models of 

current and future information and nature resources 

use as info-ecological models. If such models 

constructed with use of modern digital technologies 

(i.e., Big Data, Machine Learning, Internet of 

Things, Digital Ledger technologies) such models 

could be named sustainable development models, as 

models which reflects possibilities of both current 

and future natural resources and information use (as 

MAT) for successful CER realizations to achieve 

goals which are changing in time depending on 

environment and nature circumstances (sustainable 

development goals). Other combinations of MAT, 

for example –Social, Organizational, Informational 

and Nature ones, or – Informational, Knowledge, 

Social, Nature ones shall be considered further as 

continuation and enhancement of sustainable 

development models.  

3 THE CONCEPT OF CAUSE-

AND-EFFECT RELATIONSHIPS 

REALISATION RESULTS 

MODELING    

By modelling MAT/CER realisation results humans 

may decide which actions to realise and with which 

characteristics, and this may change activity results 

to the better. Conceptual considerations to form 

mathematical models are as follows: 

 Possible sets of CER are, as a rule, of 

probabilistic nature, because they depends on 

such probabilistic phenomena, as humans’ 

actions realisation changes, environment 

conditions changes, unspecified actions of 

agents in the environment. Such possible sets 

of CER could be reflected as probabilities 

algebras on sets of possible CER. When action 

applied (for example, because of MAT 

application), such probabilities algebras are 

mapped to a new algebra, resulting from MAT 

use. 

 Humans realize system (for example, 

POSETs – partial order sequences) of actions 

of two kinds. First one consists in changes 

(limitations, expansions, or decisions) about 

CER sets use with use of certain MAT and 

these sets possibilities to realise. Such 

limitations or decisions are, in general, of 

probabilistic nature, because of, for example, 

unpredictability of nature and humans’ actions. 

Such MAT use can be expressed as 

probabilistic mappings between sets of 

possible CER – before and after MAT use. 

Mappings, for example, may be represented as 

morphisms in the category of objects, 

represented as algebras of sets of possible CER. 

Second kind of actions realized by humans is 

activity realization in practice, resulted in 

appropriate CER objects realization. CER 

objects in such formalization describe possible 

sets of CER.  Human activities realisation can 

be thought of as POSETs of actions and can be 

represented as complex morphisms on sets of 

possible CER.  

 Sets of CER, which form objects, representing 

practical actions starting states, are complex 

and include instructional information parts. 

These parts intended to define and alter 

practical activities started from these object as 

starting states. It is chosen as a result of 

information processing (i.e.  human activities 

of the first kind mentioned before), including 

information about past and possible predicted 

future as a result of projected CER realisations.  

Depending on this information, instructional 

information formed, and it is saved as part of 

objects, which are corresponding to states – 

actions start. Depending on this information 

various actions and their characteristics 

realised. This mechanism of human action 

makes it possible to change activity by 

changing mathematical objects, representing 

instructions in possible CER, as a result of 

information use. Changed activity, in turn, 

change further objects realised and so, make it 

possible for nature to react differently on 

humans’ activity.  

 System under study and nature reacts on 

human-realized activity as a result of chosen 

objects. That reactions can be thought as 

reactions on human’s activity. Human activity 

and reactions on it by system and nature are 

essentially, POSETs of actions and can be 

represented as complex morphisms.  

 Humans are trying to measure, predict and plan 

probabilistic actions and reactions to predict 

own actions consequences. This activity is 

informational in nature. Its result – 

information, which can be used to choose 

possible instructional information in objects to 

start actions from. These activities are 

performed with various kinds of information 

actions. They are information actions which are 

performed to reflect past states achieved (for 

example, as measurement actions), information 

actions which intended for projected future 



states prediction (for example, predictive 

statistical modelling actions) and information 

actions intended for future (material, practical) 

actions prescriptions information reflection 

(for example, planning actions), as well as 

meta-information actions (for example, actions 

to predict future planning actions for nature in 

the possible future states). 

 Sustainability can be modelled as property of 

the system of objects and transitions presented, 

which consists of allowing demanded results of 

the system under study and nature functioning 

over defined long interval of time of 

sustainable development planning.  

Thus, model of CES/MAT realisation for 

sustainable development can be represented as 

systematic informational and material (practical) 

activities of humans, environment, and nature in 

form of CES objects transitions, performed over 

complex objects. These complex objects are 

possibilistic and are representing possible CES sets 

as well as information of various kinds about 

activities of humans and nature in various 

circumstances. Activities mentioned are twice 

twofold. First, there are activities performed by 

humans and by nature, as CES objects, realized as 

reactions on human’s actions. Second, they 

performed as information or material (practical) 

actions.  Information actions may be classified as 

well: information actions which are intended to 

reflect past states achieved, information actions 

which intended for projected future states 

prediction and information actions intended for 

future (material, practical) actions prescriptions 

information reflection, as well as meta-information 

actions.  

4 MODELS FOR SUSTAINABLE 

DIGITAL DEVELOPMENT  

By modelling MAT/CER realisation results in a 

way concept above described, with one of 

formalisation methods available one can reach the 

research goal to decide which actions to realise and 

with which characteristics, such as this will change 

activity results to the better, or goal to perform 

sustainable development with the best possible 

results possible. Method of formalisation to model 

MAT/CER based on conceptual model suggested 

could be as follows:  

 Represented MAT as system of (in simplest 

form, chains of) sigma algebras Ω on the set Σ 

of all CER available, including CER between 

system under study, its environment and 

nature.  

 Complex subsets Σ ∈ Ω of sigma-algebra of 

CER realised by system under study and nature 

may serve as the basis for modelling 

information application.  

 Complex subset may include information 

subset.  

 Subsets of probabilistic sigma-algebra of CER 

realised and their morphisms may serve as the 

basis for modelling information subsets of 

complex sets.  

 Sequences of CER realized can be modelled as 

morphisms of probabilistic values, defined by 

sigma algebras Ω. Thus, in general, process of 

MAT/CER realisation  

 Measures of sustainable development quality 

and information application for sustainable 

development quality can be based on complex 

probabilistic measures of information use 

effects correspondence to changing 

requirements under various conditions (Geida, 

Ismailova, Klitnyu, & Lysenko, 2015) these 

conditions actualisations measures as 

sequences of transitions measures under 

conditions of appropriate nature use, 

information characteristics correspondence 

measures to changed demands in sequences of 

complex states realized. This measure can be 

constructed as probabilistic measures incurred 

by sequences of complex states, modelled by 

systems of Ω -algebras realized under 

appropriate conditions, represented as a result 

of conditions chains actualisation, and by 

elements of these Ω −algebras correspondence 

to the changing demands. 

 Measures of sustainable development and 

information use formed as complex mappings 

(determined through computations) of system 

and activity characteristics to the system of 

complex probabilistic measures, defined over 

chains of appropriate Ω-algebras, which model 

sustainable development complex states.   

 Depending various characteristics of MAT and 

actions according to MAT, various chains of 

CER and appropriate Ω-algebras chains as well 

as their measures realized. Complex measure, 

being probabilistic measure, make it possible to 

construct probabilistic measure of sustainable 

development and information use fitness to the 

changing demands as function of MAT and 

appropriate actions characteristics.  



 Function constructed allows to interpret 

problems of sustainable development and 

information use as optimization, mathematical 

programming problems and to solve 

appropriate practical problems as mathematical 

ones.   

Information use and nature use are two of possible 

MAT use for CER realisation. Existence of modern 

reincarnations of SOLOW’s paradox certifies that 

MAT use for CER not yet fully explained, including 

but not limited to, mathematically.  

Another MAT is realisation of activity relations 

with environment and nature for successful activity 

(for example, through resources consumption). One 

of the aspects of such MAT is relations with nature 

today affect relations with the nature at later time. 

This aspect of relation with nature was under 

researched – first, because not paid enough attention 

to, as nature resources considered as “virtually 

unlimited” and second, because of complexity of 

future relations with nature modelling as a function of 

current relations. Another one under researched 

aspect is clearly aspect of information use for activity, 

which uses nature. Unfortunately, neither one of these 

aspects of activity as well as complex activity results 

prediction were studied enough for reliable predictive 

mathematical models’ creation – especially when 

information and environment, nature considered 

together. But such predictive models are preferred to 

be constructed as quantitative, analytical 

mathematical models, because comparison of current 

benefits due to nature use and possible future losses 

in benefits (for example, due to resources exhaustion) 

is preferrable to make through qualitative 

mathematical models use. 

5 THE PROBLEM SOLVING OF 

DIGITAL SUSTAINABLE 

DEVELOPMENT  

Building predictive models of future use cases of 

information and nature can be tedious task. 

Automation of such model’s creation can be achieved 

based on modern digital technologies, specifically – 

based on machine learning methods use.  

With such methods researcher shall use Big Data 

about nature and information use to learn model of 

such use. This model can be further used to predict 

future results of information and nature use and to 

solve various practical problems as mathematical 

problems of information and nature use prediction. 

To build model mentioned above it is assumed 

following data is given: 

Set 𝔖  of Sequences 𝑆𝑘  of partially ordered sets 

(POSETS) 𝔄𝑘𝑎  of actions 𝑆𝑘 = {𝔄𝑘𝑎 , 𝑎 ∈ 1, |𝑆_𝑘|̅̅ ̅̅ ̅̅ ̅̅ ̅} , 

which realized depending changed conditions, each 

one described by data 𝐷𝑘 . Each 𝔄𝑘𝑎  represents 

certain POSET, which can be performed in certain 

timeframe in certain circumstances (conditions), 

defined by possible states of the system and its 

environment. Some actions always performed in any 

given moment 𝑡 (at least, idle activity). Actions 𝔄𝑘𝑎 

lead to the changes in states of system under study 

(SOS), which perform actions chains of 𝔄𝑘𝑎 from 𝔖. 

Circumstances, which define POSETS 𝔄𝑘𝑎(𝑡)  at 

certain moments 𝑡 , and sequences 𝑆𝑘   of such 

POSETS, are defined by system and its environment 

complex states ℭ(𝑡)  before and in moment 𝑡 . ℭ(𝑡) 

were suggested to complement states concept, used 

before by many researchers to include information in 

the form of state changes. ℭ(𝑡) defined by 𝔖(𝑡) and 

defines 𝔄𝑘𝑎 , (𝑡 + Δ𝑡) , In turn, 𝔄𝑘𝑎, (𝑡 + Δ𝑡) 

determines 𝔖(𝑡 + Δ𝑡) and then ℭ(𝑡 + Δ𝑡).  

States of the system and its environment are 

considered as complex states ℭ(𝑡) : that one’s, 

defined as such states, which include data about states 

changes in the past and possible changes in the future 

(i.e., include information about states). Thus, 

information defined as changes in states, appropriate 

to objects and relations between them, which 

information is about. Schematically, changes can be 

described according to schema of system dynamics: 

ℭ(𝑡 + Δ𝑡) =  ℭ(𝔖((𝔄𝑘𝑎(𝑡 + Δ𝑡))). 

This schema represents mappings of values, in 

general, probabilistic ones, which represents 

mappings of information application characteristics 

results. One of the prospective ways to solve a variety 

of problems of information application for action is 

using schema presented to apply data science and 

machine learning ideas to solve the variety of 

information use research problems by modelling 

results of information application according to 

schema presented and “big data” collected. 

For the reason to solve respective problems by use of 

machine learning technique, it is required:  

(1) To collect, maintain, and represent appropriate 

data for representing information about probabilistic 

values, represented in suggested schema.  

(2) To model appropriate probabilistic values and 

their mappings. 

(3) To represent functional dependencies of 

information applicated characteristics and results of 

information application manifested after appropriate 

activity finished. Let us consider these milestones in 

the problem solving by machine learning use. 



Data collection and use to represent and model 

information application. Schema, when appropriate 

actions from 𝔖  are fulfilled in practice, can be 

described by data 𝔇, obtained due to data recorded 

about elements of 𝔖 realized historically in some 

conditions realized. Accordingly, data set 𝔇(𝔖) 

obtained reflects all known and reflected scenarios 

from 𝔖. Thus, it consists of recorded cases of data 𝐷𝑘 

realization, each case describes various levels and 

kinds of sequences of information application of 

various levels for actions in systems of various kinds.  

Such data is kind of Big Data, related to process 

traces, case traces and change traces. These types of 

data recorded and processed as part of Process 

Mining, Case Mining, Change Mining techniques. 

Each sequence of such data corresponds to certain 

sequence of complex states with associated 

information which corresponds to such states as well 

as sequences of fulfilled actions POSETs, which 

corresponds to the mentioned complex states as 

consequences of this complex state associated 

information.  Information 𝑖 ∈ 𝐼𝑢 in the sequences of 

complex states introduced as data changes. 

For example, it can be mapping or functions 

which link historical data and describe data sets and 

their relations changes in time, which corresponds to 

changes, incurred by actions and states data 

dependencies.  Thus, each sequence of complex states 

corresponds to sequence of cause-and effect 

relationships and information about their realization.  

As a result, each scenario should be represented as 

cause-and-effect relationships realization, which 

actualized in forms of deeply interrelated (through 

cause-and-effects relations) sequences: of activities 

POSETs, caused by appropriate complex states and 

information sequences realization; of complex states, 

caused by appropriate information sequences and 

actions POSETs, because of cause-and-effect 

relationships realization; of information 

dependencies, caused by appropriate data changes in 

complex states because of cause-and-effect 

relationships realization. Each scenario is caused by 

cause-and effect relationships realization (including 

information cause-and effects) and by their 

realizations results in the form of sequences 1–3. 

Sequences formation peculiarities are suggested to 

describe with use of metamodels of information use.  

6 CONCLUSIONS 

Concept and directions for model and methods 

creation for problem of information application for 

actions in systems, problems of sustainable 

development, and problems of digital sustainable 

development suggested.  

These problems are supposed to be solved using 

unifying framework of means, aspects, and 

technologies use by humans for performing activity 

in changing conditions, such that cause-and effects 

relationships shall be altered during activity to reflect 

changing conditions. Concept of cause-and-effect 

relationships results modelling in changing 

conditions suggested, models and methods to build 

models for the digital sustainable development 

suggested based on this concept.  The role of modern 

digital technologies, in particular – machine learning 

technology, discussed. As a result of concept, models 

and methods suggested, solving problems of 

information application for actions in systems, 

problems of sustainable development, and problems 

of digital sustainable development available as 

solving mathematical models. 
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