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Abstract
Businesses are requested to deliver a lot of data for official statistical purposes. Traditionally, questionnaires are used as collection instrument, which represents response burden for businesses and high costs for NSI and businesses alike.
Nowadays, however, a lot of data within businesses are already available in electronic format. Electronically available data could be collected by means of System-to-System (S2S) data-communication technology as a primary data-collection mode. A first example regarding S2S data collection for statistical purposes involves sensor data. Increasingly, electronic sensors are used to run a business, e.g. by agricultural businesses (like dairy farms using milking robots). A second example is financial data in a fully integrated and digitalised business information chain which makes S2S data communication for financial, tax and statistical reports possible. 
In this paper we explore the enablers and challenges of S2S data collection in the context of business statistics. Drivers for switching from questionnaires to S2S are: working towards smart business statistics, (i.e. timely and new statistical output integrated in business processes), the reduction of response burden, and monitoring and benchmarking businesses to their counterparts. S2S data collection seems straightforward. However, important factors that affect or impede implementation include among others harmonisation of (meta)data, data quality issues, data-stewardship, and trust in data. S2S data collection offers opportunities to get access to data in a cost-effective manner (as opposed to sending out questionnaires); however, both businesses and NSIs may need to do initial investments to make the technology work, as well as relation building. In terms of getting access to the data and business participation, the question from businesses remains: “what’s in it for me?” Therefore, our statement in this paper is: Technology is the enabler of innovations; it is the applied methodology and organisational context that make innovations work. 
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1. Introduction
In the field of primary business data collection we foresee substantial changes: we will be moving from business surveys using web-based questionnaires to automated data exchange, also known as Electronic Data Interchange (EDI). Bharosa et al. (2015: 6) define EDI, as “the movement of business documents electronically between or within firms (including their agents or intermediaries) in a structured, machine-retrievable data format that permits data to be transferred, without re-keying, from a business application in one location to a business application in another location.” If we replace the word “business documents” by “business data”, EDI refers to data communication. As such we could say that we are moving from Human-to-System (H2S, i.e. web questionnaires) to System-to-System (S2S) data communication (Bharosa et al., 2015) between businesses and institutes like NSIs, other governmental agencies like Tax Offices, Central Banks, and Chambers of Commerce, as well as commercial banks, as is shown in figure 1. And if we think of “business data” not only of traditionally collected data, but as all kinds of data that are generated in business processes by smart sensing machines/robots which are connected via the Internet of Things for data communication, we could say that we are on the verge of the biggest change in official business statistics since the introduction of survey sampling in the early 1900’s. We will use S2S and EDI interchangeably.
Figure 1. From H2H to S2S (adapted from Bharosa, 2015: figure 1.3) 
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In this paper we will discuss innovations in businesses making the application of EDI technology and S2S data collection approaches for business statistics possible. Although the technology for S2S data communication and EDI is not new, as we will see in section 2, its potentials have not been exploited to the full. Nowadays innovative developments in the business world, as well as developments solving methodological, organisational, legal and ethical issues concerning the application of EDI, make the application of this technique promising. 
In section 3 we will discuss a number of innovative developments in the business world: these developments are the enablers for EDI. In Section 4 we will see that to make EDI work, a number of challenges need to be tackled. Section 5 concludes this paper with discussing smart statistics options. Referring to Srinivasan (2017) and Hinssen (2017) our statement is: Technology is the enabler of innovations; it is the applied methodology and organisational context that make innovations work.
2. A brief overview of business data collection
The development of moving from H2S to S2S primary data communication in the field of business data collection, already started at the end of the 20th century. This development is summarised in Figure 2. We identify three steps in this evolution: starting with H2H (Human-to-human), to H2S (Human-to-System), and finally to S2S (System-to-System). There is, however, no clear distinction between these steps in time; in fact nowadays all methods are applied. The second and third steps have their origins in the 1980s, while the first step goes back to the early 1900’s when survey sampling became the common approach, and even to the 1800’s when in many countries National Statistical Institutes were established (using a census approach). For a more detailed discussion on the development in digitalisation in business data collection since the 1980’s we refer to Buiten et al. (2018).
Figure 2. Evolution of digitalisation in primary business data collection (adapted from Buiten et al., 2018: figure 1)
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In addition to primary data collection, in the 1970s secondary data collection emerged: registers and administrative data were being used in the production of statistics, to replace surveys, supplement survey data, or for data validation or imputation. Because of the computerisation of registers, the exchange of large data files became feasible, and NSIs had to develop multi-source approaches to combine primary and secondary data. This process is still going on. Another secondary data source that nowadays gets a lot of attention is big data (Groves 2013). Since 2012 the potentials of big data in official statistics are being explored (see e.g. Di Consiglio 2016; Daas et al., 2015). In section 3 we will discuss new business data sources. 
These developments are shown in figure 3. With all these new data sources, in follow-up to Zhang (2012), we could state that the 21st century will be age of data integration, while the 20th century is characterised as the age of sampling. The consequence for an NSI is that they will be more and more out of control of the actual data collection. If NSIs do not pay attention, they will be followers with regard to the data that serve as input for their production processes. 

Figure 3. From single source to multiple sources
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3. Enablers: Innovations in the business world
In the business world we see innovative developments that NSIs need to consider seriously: businesses are moving toward Intelligent Business Architecture. This includes further automatisation and application of smart sensing technology, the explosive growth in information, and on-going real-time integrated data communication via the Internet of Things (Srinivasan, 2017; Hinssen, 2017; Vermeend & Timmer, 2016; Bharosa et al., 2015), at two levels:
1. Intelligent robotisation and integration of business production processes
2. Digitalisation and integration of administrative business processes
Below, we will illustrate these two levels with examples.
As to the first development an example is smart and precision farming. The agricultural sector is innovating quickly in the direction of smart sensing and monitoring (De Vlieg, 2018; EU-AOC, 2017; Wolfert et al., 2017; Thomas & McSharry, 2015). Examples include:
· Dairy farmers using sensor data to run their business. Dairy farmers use milking robots with sensors, generating sensor data like milk production per cow. When cows are being milked, cow-related variables are being measured, like weight, temperature, and quality of the milk. These data feed into an app on the farmer’s cell phone, which enables him to monitor the milk production and his life stock in real time (Vonder, 2017; Brandt Corstius, 2017). 
· Potato farmers using intelligent technology to monitor their land and crop. Precision farming here includes satellite data and sensor data collected by drones and smart machines (like driverless tractors) to monitor humidity and fertility of the soil, showing where additional irrigation and fertilisation is needed (Viviano, 2017). 
· Greenhouse horticulture is another agricultural sector in which smart sensing and monitoring is used to run the business, e.g. the temperature and humidity in greenhouses, the energy consumption, and the growth of every plant. 
An overview of open data for precision farming in the Netherlands, as provided by van Dijk and Kempenaar (2016), includes satellite, meteorological, soil, crop data.
Despite the technological infrastructure being available, and farmers having invested in sensing technology, farmers may not have the capabilities to optimally use these data (de Vlieg, 2018). To assist farmers in data analysis and usage, data service centers (DSC) are being established (van Dijk and Kempenaar, 2016). Farmers can become a member of such a DSC. These DSCs serve as data hubs, and assist their members in monitoring their business: they collect all data from their members, integrate these data in one overall data base, also including open data from other sources, analyse the data, and develop apps for business monitoring and dashboarding. Apart from monitoring individual businesses, the data also can be used for benchmarking (over all members). These functions of a DSC are shown in figure 4, making an integrated unbroken digital data chain possible (figure 2). 
In the Netherlands a DSC model is developed by the Dutch Organisation for Applied Research TNO in the Smart Dairy Farming project (www.smartdairyfarming.nl; Vonder, 2017; Van Dijk and Kempenaar, 2016): InfoBroker for dairy farmers. The InfoBroker model and its uses is shown in figure 4. In 2017 this InfoBroker has been extended to a company called JoinData (www.join-data.nl), which has the ambition to become a DSC for the entire agricultural sector. 
Figure 4: Smart Dairy Farming: Some scenario’s for using the InfoBroker 
(adapted from Vonder, 2017)
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In addition to the agricultural sector, also other industries are innovating in the direction of intelligent robotisation and usage of sensing and monitoring technology like smart manufacturing industries and the transportation sector. 
Our second example relates to administrative business processes: digitalisation and integration in financial business reporting, both internally and externally, working toward a fully integrated and unbroken business information chain (Bharosa et al., 2013; Buiten et al., 2018). The business information chain, as represented in figure 5, shows the internal and external exchanges of administrative data at various aggregation levels. The chain starts with business operations generating data at transaction levels such as product codes, shipment numbers, bar codes, customer IDs, etc. These data may be stored in one or more subsidiary ledgers such as customer administration, stock administration, wage administration, and so on, which can reside in different business departments, and are input for administrative processes through which the business translates data into dashboards, financial reports, tax declarations, etc. (Bharosa 2015; Wolfert et al., 2013; Zhang 2012). For this business information chain, businesses are moving from H2S/S2H data communication toward integrated S2S data communication. (See Buiten et al., 2018.) 
Figure 5. The integrated business information chain (from Buiten et al., 2018)
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In the context of developing integrated business information chains, we also see the establishment of DSCs. E.g. Dutch business sector organisations are establishing DSCs for their SME members, like for restaurants and pubs. These DSCs serve the same purposes as discussed above for the agricultural sector.
4. Challenges: Consequences for collecting business data
The developments discussed above open up a whole new world of data. They also require NSIs to rethink traditional business data collection (as discussed by Snijkers et al., 2013). The question we need ask ourselves is: why do we still use questionnaires while the data are already electronically available. In other words: why not innovate our business data collection using EDI technologies? This question has not been posed for the first time (Buiten et al., 2018), but now is the time to discuss this again. 
Effective application of EDI technology, making S2S data communication possible to collect large amounts of business data like sensor data and financial data, however requires some methodological and organisational issues to be solved. In the introduction we stated that technology is the enabler of innovations; it is the applied methodology and organizational context that make innovations work. We will now discuss the challenges we face when implementing EDI. The major issues include:
· Harmonisation of data and metadata. When integrating data from several sources in one data base in a DSC, data definitions need to be harmonised. E.g. sensor data generated by milking robots from various producers, need to be defined in the same way. 
· IT infrastructure. Assuring the interconnectivity and interoperability between all stakeholders through all steps in an integrated business data chain, technical standards have to be put in place that are easily and widely accepted.
· Conceptualisation. When using existing data for the production of regulated statistics, as opposed to designed data (Groves, 2013), these data need to be linked to concepts for which statistics are to be produced. In surveys these concepts are operationalised in questionnaires (Snijkers et al., 2013), resulting in designed data. In the case of existing data we need to rethink how the existing data correlate with the concepts to be measured. 
· Unit issues. When collecting data automatically from businesses, a major concern is the unit that is associated with these data. Especially for larger businesses, the statistical unit may be composed out of a number of smaller units. The reporting business unit may need to collect data from these smaller units and add the data together, to get the required consolidated data. 
· The use of sampling. With the application of EDI, NSIs need to rethink sampling. For businesses it is easier and cheaper to invest in a system and then deliver the data by literally pressing a button, then delivering the data on the basis of a sample. This would mean that we move to integral data collection. as was the case before the introduction of sampling.
· Data quality issues and data cleaning. Data quality is a very broad concept and includes e.g. measurement errors, non-response, representativeness, but also the above mentioned unit issue (Snijkers, 2016). In terms of sensor data quality one can think of repeatability (the dispersion between consecutive measurement obtained from a given sensor), reproducibility of the measurements with different sensors, stability of the sensor and data drift (the capability of the sensor to maintain its performance characteristics over a sufficiently long time) and limit of detection (the lowest concentration of a substance that can be significantly differentiated from zero concentration) (Rai et al., 2017). To check for errors in the data, data cleaning is an important part of the data process. 
· Data-ownership, privacy and security. These issues are of another level as the ones above, but of major importance. When lots data are shared, these legal issues need to be considered carefully. This has to do with trust in the data users, and resistance by the data owners in sharing the data. 
· Stability of (meta)data delivery. When the production of official statistics becomes dependent on existing data, the delivery of these data should be guaranteed, as well as the structure of the data and the metadata. 
· Costs, data storage, maintenance. Both businesses as well as an NSI need to invest in these intelligent systems, while the revenues of these investments may not be clear upfront (De Vlieg, 2018). Issues to be dealt with include data storage and maintenance of the system. 
· Resistance. Within an NSI, since the data are produced out of our control, resistance against the use of these new data may be expected. 
These challenges relate to the FAIR data principles: Findable, Accessable, Interoperable, and Reusable (Wilkinson et al., 2016). Many of them are related to the data generating process. Some are not new; they have also been discussed in the context of using register data (Daas et al., 2011). 
5. Moving toward smart statistics 
Statistics Netherlands (SN) has defined an innovation strategy with a clear focus on making policy relevant statistics based on new methods and new secondary data sources. Sensor data are one of the data sources that SN will aim to fully exploit for the use of official statistics. Statistics Netherlands has already explored the use of sensor data as in traffic loop data for the traffic intensity statistic, aerial pictures using machine learning for detecting solar panels and satellite data for air pollution data.  
Sensor data offer great potential but for an NSI the challenge lies in defining the use from the end-user perspective. In order for sensor data to be of any use for end users (and to become part of an official statistical process) many issues as discussed in section 4 still have to be dealt with. 
As a starting point for investigating the use of business sensor data in business statistics the Methodology Department of Statistics Netherlands opted for the agricultural sector as a first candidate for a pilot. The arguments for this decision were twofold. First of all getting high enough response rates for agricultural surveys has always been cumbersome. Secondly the above discussed developments in the agricultural sector seem promising from an official statistics perspective. 

The main drivers for this research are fourfold:
· to use these new data sources to produce statistics in order to reduce response burden and potentially costs,
· [bookmark: _GoBack]to develop a new methodology, including new techniques and methods dealing with these new data sources and the above mentioned challenges,
· to produce more detailed, more timely and potentially new statistics, and
· to close the business data chain and turn it into a data cycle. Instead of having the data flow go in one direction (from businesses to DSC to NSIs), we can provide relevant statistical information back (for benchmarking). Instead of just collecting data, businesses will finally get something in return, thus addressing their question: “what is in it for me?” 
In a fully integrated data cycle near-real time statistics could be produced. The benchmark information could be produced by DSCs themselves by accessing open data. This would be ‘smart statistics’ (Eurostat, 2017, p. 4): “… the future system of official statistics, where data capturing, processing and analysis will be embedded in the system itself, starting with the digital footprints of activities”.
To conclude this paper, in Section 4 we saw that many issues still need to be addressed in order to make EDI and the use of already electronically available data work. In section 2 we concluded that with the increased use of secondary data NSIs lose control over the data collection. In order to gain some control and address the challenges, we foresee another business model for NSIs like Statistics Netherlands: be a stakeholder and partner in emerging DSCs (as discussed in Section 3) from the very start, and be in close communication with the end-user (e.g. the farmer in our pilots) so that data and output are of utmost relevance. The role of an NSI in these DSCs should not only be to collect data, but also enrich these DSC data with relevant statistical information, and assist in the use of statistical information. Now is the time to establish these contacts, not missing the DSC boats! It is our view that:
· Sensor data and fully integrated business data chains offer great potential for NSIs; however, in the first instance methodological issues, including data quality issues, will have to be dealt with.
· Legal routes have to be defined in order to protect privately sensitive data whilst at the same time allow NSI access to private data in order to reduce response burden and make policy relevant statistics. 
· Early intervention as a stakeholder is of utmost importance for determining data collection processes as well as relationship with the end user.
So, despite the fact that technology is the enabler of innovations, it is the applied methodology and organisational challenges that make innovations work.
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