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Abstract. In this article the focus is on software evolution, which is an important 
part of software engineering. In practice, software development does not stop 
when a system is delivered but continues throughout the lifetime of the system. 
After the system has been deployed, external pressure for change can generate new 

requirements for the existing software. This change aspect, which is a 
characteristic of software engineering, should be taken into consideration when 
developing and modeling new software systems. In this paper the theme was 
studied using experience gained from the piloting of a reference system developed 

in an earlier research project carried out by Tampere University of Technology. 
Software evaluation is examined from the point of view of system developers, 
administrators (maintenance), and end users based on a concrete long-term piloting 

period. 
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1. Introduction 

The prototype system that had been developed in  an earlier research pro ject is 

examined in this paper from the point of view of software evaluation. Software 

engineering (e.g. [1]) includes the functions of the development of software and its 

maintenance and operation, which jointly provide the necess ary conditions for the 

development of systems, in other words for software evolution.  The present study that 

has been carried out on the subject is based on the long-term (four-year) piloting of the 

system and on the need for changes to the software which arose during the pilot. Over 

the long piloting period, the system required certain changes to be made both to the 

service and to the applicat ion itself, and this process of change can be seen as the 

evolution of the prototype system. In addition, the factors which caused the need for 

changes to be made in the software are described. Moreover, the study includes the end 

users' experiences of using the services during the piloting period . 

The developed service which is described in this article  acts as a reference system 

for the examination of software evolut ion. This service, called the “Data Collect ion 
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System”, was developed to answer a real need in a collaboration pro ject between 

Tampere University of Technology (TUT) and the City of Pori [ 2]. The main aim of 

the project was to study potential new technologies for managing and controlling 

conditions in buildings in a smart way. In the case which is used as an example in this 

article, the research was aimed at discovering resources for improving the quality of 

measurement data as well as better and more illustrative tracking of usage informat ion 

in real t ime. The solution created in this case was a modeled system for increasing the 

reliability of the collected data and a smart  applicat ion to support data collection, 

recording, and analysis. 

This article describes the evolution of the “Data Collect ion System” during the 

long piloting period in  a real usage environment. The article also describes how the end 

users of the service viewed and experienced the system and its evolution during the 

long pilot ing period. Furthermore, we d iscuss the future research topics that arose from 

this study as well as key observations and conclusions based on the results gained. 

There is a wide stream of research on the topic of software evolution which was 

the starting point for this study. [1] justifies the importance of the subject in software 

engineering and presents a model of the software evaluation process. Also, [3] have 

examined software maintenance and evaluation issues widely  and proposed their model 

of the software evaluation life cycle. In addit ion, [4] have carried out research in  this 

area and they divide software evolution into the evolution o f frameworks which causes 

changes to software and the evolution of software due to changing requirements. They 

present ideas to accommodate “smooth” software evolution. Yamashita et al. [5] 

present a dataset for further studies of software evolution. The dataset contains data 

from four real-life systems developed by six developers having several control 

variables. Vogel-Heuser et al. [6] d iscuss the challenges in the evolution of automated 

production systems (aPS) at length. Haitzer et al. [7] present support for incremental 

changes in their article containing four case studies. Related to the example service 

used in this article, Aggrawal et al. [8] present a tool to evaluate the energy 

consumption changes induced by new versions of software. The study area of the 

original research [9] on manual data collection was also rev ised, but it was challenging 

to find newer reports on the subject. Most of the research found on the topic is being 

done on how to automate the process, but there could still be cases where study of 

manual processes or semi-automatic tools could prove to be useful (e.g. [10],[11]). 

The structure of the paper is as follows: Section 2 describes the context of the 

study and the structure of the prototype system under examination. Sect ion 3 presents 

the evolution of the prototype system. Next, Section 4 deals with user experiences 

during the system piloting. Section 5 consider alternatives for utilizing the data on the 

prototype system. Finally, the conclusions are presented in section 6. 

2. Research Basis 

2.1. System Evolution 

The prototype system developed in a recent research project is examined in this paper 

from the point of view of system evolution. The concept of system evolution is based 

on the uncertainty of predicting the real world, in other words on the fact that it is not 

possible to understand changes in the environments of systems beforehand. In the case 

of “systems,” evolution refers to the phenomenon in which the effect of the 



environmental factors of a system in some way changes the demands of the system and 

thus causes pressure for changes in its operation [12]. In other words, the systems 

should be capable of being changed (continuously) so that their ability to operate in 

their environment is preserved.  

In addition, informat ion systems have an evolutionary character. Software 

engineering (e.g. [1]) includes the functions of software development and its 

maintenance and operation, which jointly provide the necessary conditions for the 

development of systems, in other words system evolution. Within  the sphere of 

software engineering, the evolution of systems refers to the development of the system 

during its lifecycle [13],[14],[15]. Software developers must always take the above-

mentioned adaptability of the system into consideration when designing and 

developing the system. Section 3 shows the stages in the evolution of the prototype 

system developed in an earlier research project and the adaptability of the system to the 

need for change, which emerged during the long-term piloting.  

In practice, software engineering is by nature based on feedback, a constant 

process, in other words it is only possible to adapt the developed system to take its 

environment better into account after release and implementation. In other words, 

feedback from a system and its operation is obtained only once the system has been 

adopted in a certain context. Feedback on the operation of the system and on its quality 

is always only received after the version has been released, when the end users have 

started using it [16]. In fact, the implementation of an informat ion system is quite a 

complex process, which can be described as a technological, social, o rganizat ional, and 

people-centered operation [17]. Often the changeover from the predominant system (in  

this case pen and paper) to another (“measuring client”) is connected to the 

introduction of the information system. Eason [18] classifies five different methods of 

implementing a change in  practice.  In  our case, the so-called “big  bang" method was 

used – in which the change takes place all at  once during a certain agreed t ime. Sect ion 

4 presents the change of practice and involvement during the system evolution from the 

end user’s point of view. 

2.2. The Reference System 

The reference system, which acts  as the foundation of the evolution examination in  this 

paper, was developed during an earlier research project (“Smart  Analysis of Property 

Systems Data”), implemented by Tampere University of Technology (TUT). The 

research focused on studying potential new technologies for managing and controlling 

conditions in build ings in a smart way. One of the main results of this project  was a 

system that helps property staff in their daily work related to data collection and 

monitoring. The object ive in this case was to improve the quality of a specific 

measurement data collect ion process, eliminate human error in data collection, improve 

the traceability of the collected data, and facilitate the analysis of the said data. In 2014, 

a “measuring client” was developed as part of the project. The technology was mainly  

created to combat the quality issues of manually collected data. The measuring client 

was developed to replace data gathering with pen and paper. This co llect ion had 

resulted in several errors in copying long numbers from one field to another and back 

to a system in another location. 

Figure 1 (below) shows an overview of the system. The service is available over 

the Internet where both the Management User Interface and Client application can be 

connected. Basically, the management user interface is a web page accessible with a 



web browser. There, the system administrator can configure a particular object  and 

interpret the results sent by the client. For example, the results can be viewed as raw 

data or plotted as a chart. 

 
Figure 1. System overview [9]. 

The client, in Figure 1 (above), is separated in this case, but in principle there are no 

restrictions on which kind of device can use the management interface. In p ractice, it  

might be more convenient to use a desktop computer to configure the system, as it  

generally has larger sized displays. The client application in our case is programmed 

for Android devices. The system uses Near Field Communication (NFC) compatible 

[19] Radio  Frequency Identification (RFID) tags [20],[21] for identify ing the 

connection and Javascript Object  Notation (JSON) and Representational State Transfer 

(REST) interfaces for data transfer. Each information collect ion cycle consists of three 

phases which are: identifying the object, inputting the data, and saving the data. The 

identification of the object was perhaps the most novel in the technological sense, as it 

was determined by reading a unique ID number from an RFID tag. The passive RFID 

tags that were chosen proved to be reliab le, easy to use, and a feature appreciated by 

the end users – there were no complaints about this part of the system. The measuring 

client was developed to replace data gathering with pen and paper. This collection 

method had resulted in several errors when copying long series of numbers from one 

field to another and back to a system in another location. It was not financially viable to 

replace the old system with a fully automat ic one, however. Lastly, in the third phase, 

technology was created to aid the human operator in the process of data gathering, 

which had previously been a tedious task to carry out. With the aid of a computer, the 

gathered data was immediately  available in  visual form. For the end user, the ability  to 

see any abnormalities immediately was perhaps the most satisfying feature of the 

system – a  visual proof that everything was going as expected. Figure 2 below presents 

the system in real use. 



  
Figure 2. System in real use. 

The measuring client was seen as the point of largest impact by the City of Pori [2] at  

the time of its creation. The system acts as a concrete example of attempts to obtain 

more reliable and thus better quality measurement data, and it also improves the visual 

presentation of collected data for analysis. The visualization aspect alone is very 

important if a large amount of data is collected and recorded. There is evidence th at 

visualizat ion can add significant value when trying to understand the raw data available.  

Data visualizations allow the user to gain insight into the data, and also help in finding 

recurring patterns and outliers among the collected data. It is also easy to adapt the 

“data collection” system in question for other operating environments. 

The following sections 3 and 4 describe the evolution of the prototype system from 

its initial implementation (in 2014) until the end of the long-term p iloting (in 2018). 

Furthermore, we relate the end users' experiences of the change in the way of co llect ing 

data, experiences of using the new system and observations of the piloting of the 

system, i.e., their involvement in the evolution stage. 

3. Evolution of the Prototype System 

Externally, the look and feel of the application as well as the feature set provided for 

the property maintenance staff remained virtually  identical throughout the four-year 

period. From the researchers’ side, only min imal resources were available for the 

maintenance of the prototype system. Init ially, the idea was that after a shorter testing 

period the system would be deployed at other premises, perhaps maintained by a 

software company operating in the area, but ultimately, this change never happened. 

Nevertheless, there was a constant requirement and possibility that the system could be 

moved at some point of time during the longer time period. Behind the scenes , this 

required certain changes to be made to both the service and to the application itself. 

This process of change can be seen as the evolution of the prototype system, and is 

explained in more depth in the following subsections. 

3.1. Service 

The service was designed to work as a purpose-built data collect ion service. This also 

meant that the potential user numbers for the system were quite limited. The initial 

service was deployed on a basic computer used as a web server on university premises. 



In Figure 3, it is shown how the service was gradually deployed for more and more 

containerized and host machine agnostic environments. The current version is also 

located at the university, but has been running on a Linux-based virtual machine, and 

lately on networked Docker images, making moving and re-deploying the service 

slightly easier. Future implementation, be it microservices, serverless, or any other 

cloud computing solution, has not been considered as the service will be transferred to 

a third party service provider. The maintenance operations will also be transferred at 

the same time. 

 

 
Figure 3. Deployment targets during the lifespan of the service. 

From the maintenance point of view, the service has been a low demand target. During 

the four-year period, there were only a few times that the research team were contacted 

due to problems in the system: 

 Once the Android tablet was not able to connect to the Internet, but the reason 

was due to poor contact with the SIM card, and reseating the card was enough 

to rectify the issue. 

 We were asked whether the user interface could be modified  to display data 

from a shorter time window in itially (i.e., one or two years) with an option to 

zoom out to see the whole data set. 

 The battery of the tablet had to be changed due to low capacity because of old  

age. 

 During  the fourth year of the pilot, the service suffered an  expected downtime 

of about two weeks which was not communicated to the end users. This led 

the users to cease collection of the data for a while. It  occurred during summer 

time, which is a typical low activity season in Finnish companies and 

institutions. 

The service shared some of its code-base with other projects, and the problems detected 

and fixed there were p ropagated into the service. Most of the allocated work hours 

originated from making the maintenance of the service less cumbersome. Investments 

were made in  the backbone of the system which allowed the continuation of the service 

with min imal further input. Nevertheless, maintenance tasks such as occasional sanity 

checks of the service (e.g., whether the user can log in  and view the data), correction of 

obvious input errors, and preparation of and verificat ion of database backups, were still 

conducted manually. 

3.2. Client 

During the development of the client applicat ion (in 2013), the newest Android version 

available was version 4 with version 5 following the next year. Especially at that time , 

the version updates for consumer devices were anything but guaranteed and often 

newer versions were not made available for older devices. Both our development 

devices and the “production” devices at the swimming pool used various versions of 



Android 4.0 – Android  4.4 and were later updated to Android 5.0. The production 

devices were never updated to more recent Android versions, because the newer 

versions did not provide any significant improvements for our specific use case.  

This also meant that very few code changes were necessary. The backward  

compatibility on Android devices is, in general, reasonably good, and there were very  

few problems running or testing the application on the newer Android devices (and 

versions) available at the university. A minor obstacle was the deprecation and eventual 

removal of the Apache HttpClient library. Port ing the application code to use some 

other library or different Android APIs would not have been too difficult, but it was 

still much easier to use an Apache library Android port [22]. Similarly, Apache 

Commons Math libraries and Google’s Gson  libraries were updated to more recent 

versions, but these changes did not cause any issues. During 2014, Java version 8 was 

released and many of the language’s features (e.g., try-with-resources) were later added 

to the Android SDK, but these could not be used in our implementation, because they 

were not supported on the older devices. 

Perhaps most surprisingly, the biggest issue turned out to be Google’s decision to 

abandon the older Eclipse-based Android SDK in favor of the IntelliJ-based Android 

Studio. In our case the original codebase had been lying dormant for a couple of years 

and the plan was to import the project directly to Android Studio version 3. However, 

in practice, this plan turned out to be impossible to achieve. The pro ject could not be 

compiled in any reasonable way, much less deployed or debugged on the newer IDE. 

The directory structure, configuration files, build files of Maven and Gradle required so 

many changes that it was ultimately easier to create an entirely new Android project 

and to simply copy-paste all the required files to the newer project format, and to 

manually update the configuration and build files with whatever modifications were 

necessary. 

4. User Experiences 

The system development, and also maintenance after termination of the project in  

March 2015, was the responsibility of the SEIntS (Software Engineering and Intelligent 

Systems) research group at Tampere University of Technology (TUT), Pori unit.  

Naturally, we were interested in how the users of the service viewed our system. As 

mentioned before, the service had remained unchanged from the users' point -of-view, 

but there had been changes in the lower level implementation. We wished to know if 

the users had noticed any variations in the quality of service. Furthermore, we also tried  

to find out how – and how extensively – the service was used in practice, and whether 

or not the users felt that parts of the service could be done in a different way or d id not 

work as well as they should. 

In order to obtain feedback from the swimming pool employees, a semi-structured 

interview (e.g., [23]), which is a special case of the interview situation in which the 

dialogue is mainly free -form, was organized. According to [24], the interview as a 

material gathering  method is more suitable in situations where the interviewees are 

allowed to talk about their experiences freely. For this reason a semi -structured 

interview was chosen as the type of interview used in this study. 

For practical reasons, only the personnel currently working at the swimming pool 

were interviewed and not all the staff who might have used the application in the past. 

According to the swimming pool management, only  full -time employees used the 



application, and the persons interviewed  had used the application for the whole four-

year testing period, and thus, should have had a clear idea of the features of the 

application. Additionally, the person responsible for the management and usage of 

collected data was interviewed to get an idea of where and how the data was actually  

used. The interviewees did  not know any particular details about the evolution of the 

service and they were not made aware of the changes during the interv iew. The idea 

was to find out whether the users themselves would report any issues that could be 

traced back to the various behind-the-scenes modifications performed on the system. 

Ult imately, the property maintenance staff had very few issues to report, and 

especially, there were no major problems that could be directly traced  to any particu lar 

evolutionary modification. The Android applicat ion was used on a daily basis, i.e., five 

days a week, from Monday to Friday, and generally in the morn ings. The management 

web page was not accessed quite as regularly (usually once per week). In any case, 

quality-of-service related issues would have been encountered in daily use if there had 

been any. The main findings of the user interviews are summarized in the subsections 

below. 

4.1. Management Perspective 

It was found that the data was not analyzed very deeply or used in further decision 

making. The primary purpose for collecting data was to keep a historical record of the 

energy usage. In the case of problems (leaking pipes, instrument failures, etc.), the data 

could be processed to find out when the problems had first occurred. 

We also asked about the possibility  of releasing the entire data set with accurate 

daily statistics as free and open data, but currently no release was planned. There had 

not been discussions about whether or not the data could be useful for third -party 

organizations or companies. Furthermore, there were no concrete ideas about feasible 

and practical use cases where open data could be offered or utilized. On the other hand, 

the collected data was considered important fo r the singular use case in which it was 

employed, and although losing the data would not have been disastrous for the 

operation of the swimming pool, it would at the very least be "very inconvenient ." 

Furthermore, the swimming  pool management was interested in buying a similar 

service from a software company in the event that the university could not continue 

hosting the service in the future. There had been no complaints about the use and 

functionalities of the application or the management web page, and in general, the 

attitudes toward the service were very positive. 

4.2. User Perspective 

Using the system was discovered to be less "prototype testing", and for the employees 

it had become more o f an  everyday work routine. Feedback given on  use of the system 

was very positive, and none of the employees were willing to change back to the pen-

and-paper or Excel spreadsheet-based approaches. The web page can also be used to 

generate Excel spreadsheets, but this feature was not used. Perhaps there was no real 

need for Excel files after alternative means were provided. In any case, such a feature 

was not requested by the staff during the four-year testing period. Another feature that 

was very little  used was the graphical diagram view of the Android application that 

could be used to quickly view similar figures as those available on the management 

web page (and illustrated in Figures 4 and 5, in Section 5). All in all, the simplicity of 



the application was much appreciated and it was seen as a handy and reliable tool for 

collecting data. Viewing and browsing the data was considered more user friendly on a 

larger screen (desktop PC), and implementing excessive data analysis tools on the 

mobile device would not, at least in this case, be worth the extra effort. 

There had been only a few problems with accessing the web page used for 

checking the energy consumption statistics, some problems with the automatically  

calculated threshold values used for checking valid input values in the Android 

application (threshold values were set too low/high in the init ial setup), and a broken  

battery on an Android device, amongst other minor issues, but in general, the system 

had worked very well and stably. There had not been any perceived differences in the 

quality of the service provided by the system, and the usability and performance of the 

Android application and management web page were fluent and stable during the four-

year piloting period. 

5. Future Studies 

The application has been used to collect daily district heating, water , and electricity 

consumption statistics for the past five years. An example graph of the entire data – in 

this case, district heating – is shown in Figure 4 and a more zoomed-in version showing 

the previous year can be seen in Figure 5. Similar figures are also available for water 

and electricity and accessible by using the management web page, as described in  more 

depth in an earlier publication [9]. 

 

 
Figure 4. Annual consumption of district heating over a period lasting seven years. 

The collected data also includes values from earlier years (since 2012), which had been 

collected by the staff using a simple pen-and-paper approach and later converted to 

Excel spreadsheets, which was used to import the data to our system. The data was 

collected both by pen and paper and by using our application during a short transition 

period in 2014, and for that reason, there is no visible gap in the data showing the move 

from manual data collection to using our application. 



 
Figure 5. Graph zoomed in closer to show a seasonal variance. 

In both the figures above (4 and 5), certain seasonal variances can be clearly seen. The 

upper part of Figure 5 shows a cumulat ive overview of  the meter value in  question and 

can also be used to select start and end points (i.e., date range for values) visib le in  the 

lower parts of Figure 4 and Figure 5. The zoomed-in views both highlight variances 

from the expected values. The indoor swimming pool is closed in the summer and 

maintenance is usually scheduled for the summer months, causing the "lower" values 

visible in both figures. The co llected data is primarily used for validation purposes if or 

when problems are detected later on, even though issues could be detected earlier by 

utilizing automated means. For example, several "spikes" or abnormal measurements 

can be easily identified in both figures. A simple link for generating and downloading 

an Excel file  containing the abnormal values detected by the system was later added to 

the web page. The link ("notifications") is v isible in  both figures; however, this feature 

however was seldom used. 

Furthermore, the swimming pool has access to other statistics that could be 

combined with the data collected by our system. For example, the number of customers 

(user history) or energy prices could be used to optimize the overall energy 

consumption. Energy consumption optimizat ion is currently a significant topic, and in  

our case, there already exists comprehensive data that could be used to develop 

algorithms or methods for lowering energy costs and usage. The data collected by the 

application can also be downloaded for free from GitHub [25] both as an SQL database 

dump and as CSV files. The GitHub repository also contains source codes for the web 

service, for the web page, and for the Android application. 



 
Figure 6. Data utilization plan. 

There are plans to utilize the data in open data services currently run or to be 

established by the City of Pori. Thus, in the future, the data could be more easily  

retrieved and viewed by other researchers or other parties interested in energy 

consumption statistics. This is illustrated on a very high level in Figure 6. The current 

usage is limited to the "Purpose-built Data Collection Service" visib le on the left side 

of the figure. The REST APIs originally  designed to supply data for the JavaScript and 

HTML5 based management web  page could be used to share the data to other services, 

but in practice, the data is shared manually (e.g., by exporting Excel spreadsheets). 

 

 
Figure 7. Data usage statistics on LIPAS service [26]. 

In addition to the data dumps available at GitHub, a small subset of the collected data is 

already availab le in the LIPAS service [26] developed by the University of Jyväskylä. 

The LIPAS service is a Finnish national database of sport facilit ies, routes for outdoor 

activities, and recreational areas. In the case of the indoor swimming pool of the City of 



Pori, the page lists some basic information  about the facility  as well as yearly averages 

for water, heating, and  electricity  consumption (illustrated in Figure 7). In  Finland, 

energy consumption data must be collected for swimming pools to receive public 

funding, but there is no exact informat ion on how much of this data is collected 

automatically or how extensively the data is used for further analysis. In our case, the 

data is manually  exported and imported into the LIPAS service even though direct API 

access would also be available. In any case, the service has similar statistics for other 

indoor swimming  pools, and also has functionality that allows the comparison of 

different faculties with each other. Furthermore, the property maintenance staff 

reported that the yearly averages of the energy statistics are provided for VTT 

(Technical Research Centre of Finland) [27]. 

In February 2019, this long piloting period operated by TUT will come to an end 

and the maintenance of the system will be transferred to a local software company. 

This also marks the end of our research on the evolution and user experiences of the 

system. Nevertheless, there are still ample opportunities for further research based on 

the collected data. 

6. Conclusions 

The application developed fulfilled its task and was seen as an important improvement 

on the quality of the work performed by the property maintenance staff. A minor 

complaint received from the staff was about our lack of notification about short 

maintenance breaks or known network downtimes. The Android applicat ion had a 

built-in backup Sq lite database, which was used to store the input data when the 

network service was unavailable, so no data was lost, but not being able to access the 

web page was considered slightly problematic. During the four-year period, the 

downtimes were very short, perhaps a day or two per year on average. In fact, the lack 

of issues allowed the system to run without interference for months at a time, if not 

entirely forgotten, then at least out of mind  - from the research team’s perspective at 

least. The routine-like work with the prototype system may increase expectations about 

the stability and availab ility of the system, and for us this was somewhat challenging, 

because the resources available for system maintenance were not comparab le to what 

could be provided by a commercial company, and the orig inal system developers 

(university researchers) working during the piloting period on other research projects 

had to do extra work to fix minor issues. 

The results of the study show that the original prototype system was very 

successful, being continuously used for four years and being incorporated into daily 

working routines. The system had evolved over the years as described earlier in the 

article. However, this evolution was not apparent to the common user of the software. 

The user experience remained the same throughout the period, and all maintenance 

breaks to change the background software were made in a way that did not affect the 

end user. After the initial development cycle the system was maintained with a minimal 

effort from university resources. This was made possible due to the successful 

prototype developed.  

To date, the data produced by the system has been used by a fairly s mall group of 

people within the swimming hall. The s mall amount of data usage begs the question of 

how it could be used or utilized more widely. Lately, some of the data has been 

published in the LIPAS service, but most of the data remains hidden. In future research 



it would be interesting if there were some framework for indicating systems that are 

run continuously but are not used. The authors speculate that there may be a lot of these 

kind of systems in existence in different organizations. There are several reasons why 

this kind of situation could arise, fo r example the system works autonomously and is 

forgotten about. 

From the evolution point of view, the system managed to survive the implemented 

modifications well. The success of the process can largely be accredited to the proper 

hardware and software choices made during the development of the application. Th is 

has enabled the service to run without major changes for the whole four-year testing 

period. Nevertheless, it is challenging to give any unambiguous and solid advice for 

any technology selection process. In 2013, NFC was a promising technology and the 

Android operating system was strong (if not quite as dominant as in 2019), but 

technologies can change quickly and, when operating with min imal resources, any 

major hardware or API changes can become problematic. 

Another point that enabled the pilot to run successfully was the successful 

definit ion of roles for everyone participating in our pilot test case. The property 

maintenance staff were strictly responsible for the maintenance of the devices integral 

to the management of the swimming pool itself, but had no role other than providing 

the basic requirements for the design and management o f the data collection service. In  

fact, the research team would not even have had the competence to manage the 

swimming pool hardware. In our case, the manual data collection (i.e ., users typing the 

values into the client device) also created a "gap" in the system integration, allowing 

the various systems to remain  very loosely coupled. This is not always possible or 

desired, but in our case, it would have enabled us to make bigger changes to the system 

if required. It should also make the maintenance transition to a commercial company 

more fluent. 

Finally, when we started the research for the original prototype in 2013, the 

research on manual data collection seemed to be very  limited. Now, almost six years 

later, the situation has not noticeably improved with the research focus turning more 

and more to fu lly automatic o r to so-called "smart systems". The future might be 

intelligent, but there are still a huge number of systems that have a "manual" 

component. These systems could be used to generate data for more advanced services if 

bridge and integration technologies continue to be studied  and developed. 

To briefly sum up the results of the study, it can be stated that in the reference 

system which was the subject of the study, very few requirements for change arose 

after the implementation of the system and they had had only minor significance 

regarding the use of the software, and on the other hand, the modifications made 

facilitated the maintenance of the system. The planning of the system and technology 

choices that were made in the development phase were very successful and the 

software evolution itself was well managed and fairly easy in this case. 
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