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[bookmark: _Toc133411245]Abstract
DVLA has used Microsoft-Excel as its strategic reporting tool for many years, this project shows how a working prototype system was developed within the Microsoft Power-Platform to transition from the use of spreadsheets. 
Microsoft-Excel is used to:
· Capture non-system data.
· Store data.
· Report on data.
The created processes within the Power-Platform replace these by:
· Developing applications to capture non-system data.
· Storing data within cloud-based databases.
· Creating automated data flows and notifications.
The overall aim is to see whether or not the Power-Platform will save time resources within DVLA and my research and development techniques will show how effective it is and end with an hypothesis test to prove if the Power-Platform can save efficiencies. 
Additionally, the paper looks at incorporating Data Science into DVLA by creating a daily forecast model.
All these elements of the Power-Platform and forecasting will lead towards an analytical report within Power-BI and show how they are used together to manage operational resource daily.
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1. [bookmark: _Toc133411248]Introduction

The DVLA MIDAS-team are responsible for creating all DVLA’s analytical reports. The reports they create will use data from various sources including system and non-system data to complete a picture of performance for the different areas within the business. System data is classed as information automatically captured by a computerised system, whereas non-system data is classed as information that must be captured via a manual process because there is no computer system which can automatically capture this information.
Non-system data is currently captured through Microsoft-Excel files and was being reported via Microsoft-Excel too, but one of the strategic aims of the MIDAS team is to migrate all reports to the Microsoft Power-BI platform. This influenced the topic of my Industrial Based Research paper, where I discovered the use of Microsoft-Sharepoint was the better option to store Excel files, rather than storing them locally on the DVLA SAN and using an on-premises gateway, for Power-BI to read data effectively. The research from the paper has led MIDAS to now house Excel files on Sharepoint and the majority of reports are being created in Power-BI.
This implementation has been very effective but it still has its limitations as non-system data capture still has to be completed within Excel and then manually uploaded into Sharepoint, which remains a time-consuming process and has ultimately led onto the topic of this project where DVLA senior-managers have tasked me to use the tools within Microsoft’s Power-Platform to develop a cloud based, fully working prototype system to capture and report non-system data, using automated processes to lessen the resource strain within MIDAS. However, one stipulation senior-managers have stated is costs must be kept low in terms of user licences on the Power-Platform, free tools must be used where they can, as premium licenses will only be allocated to MIDAS staff, not end-users. 
The area of choice for this project is to be MRS, who are responsible for receiving deliveries from Royal Mail and opening envelopes, which are in turn passed onto the correct teams within DVLA for processing. This area has been chosen because it is in the public spotlight since COVID, due to increased customer waiting times and because of this management have seen this project as an opportunity to experiment another goal of the MIDAS team, to implement Data Science into the area by requesting that forecasting data of mail receipts to be shown alongside actual mail receipt volumes, so managers of MRS can see daily how many FTE is needed to deal with the mail receipts that are expected and in turn manage the section more efficiently. 
This has led to the project having various objectives, from building an application to capture the non-system data to making future predictions, but ultimately all elements to be developed will eventually help build a picture, within a Power-BI report. This is a typical service MIDAS provides to all areas in DVLA, meaning the primary aim of the project is to produce processes and a system to prove ‘can the Power-Platform make MIDAS processes more efficient?’ All applications and processes created should be quicker than current MIDAS processes and act as a prototype product, providing a ‘blueprint’ which can be replicated for other areas within DVLA where non-system data is captured. 
The secondary objective is to experiment with Data Science techniques to produce forecast data and calculate how many FTE per day MRS require to deal with incoming mail receipts, combined together with the actual receipt data will create a full picture of mail receipts within DVLA.
The following paper will show how I researched into and finally built cloud-based storage facilities, an application to capture non-system data and automated processes and data flows within the Power-Platform and the design and implementation of forecasting models using Data Science methods to make daily receipt prediction volumes, upgrading the current processes and systems within the MIDAS area.















2. [bookmark: _Toc133411249]Research and Review of Current Literature

This chapter will look at the current MIDAS processes from data capture to reporting and how others have used the Power-Platform to replicate similar processes. I will describe how current MIDAS processes can relate to the research and how I intend to learn from the literature to design and build my product. This section will also look at practices used in business to forecast daily data using Data Science techniques where again I will describe how I will design and create similar models to predict daily mail receipt volumes for DVLA.

2.1 [bookmark: _Toc133411250]Current MIDAS Processes

MIDAS processes are primarily carried out in Excel, including data-entry for non-system data where it’s captured in excel documents. There isn’t a standard looking template, various area templates can look different even though the information they record is similar in nature, a point this project will try to address by using the proposed application as a ‘blueprint’. [Figure 1] shows the current template MRS fill in daily to capture mail receipt values by postcode stream, where there are three mail-drops a day from Royal Mail, as in the agreed service contract. Once the template is filled in, it is then emailed to the MIDAS team, this usually happens by around midday as the third mail-drop is received between 10:30am and 10:45am.
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[bookmark: _Toc133411281]Figure 1 - Current MRS Data Capture Application

Once received, MIDAS will check volumes, ensuring realistic volumes have been captured and then store the total volumes only of the mail receipts in an excel file as per business requirements. This is done manually by copying and pasting the data and the file is then moved onto Sharepoint, enabling Power-BI to import correctly and report on. 
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[bookmark: _Toc133411282]Figure 2 - Current Storage of Mail Receipt Volumes

Another Excel based report uses ‘lookup’ functions to read this data, but before MIDAS distribute the report, they must remove any formulas by going into the report and manually do so (copy the entire report and use ‘paste values’ functions).
In terms of forecasting within MIDAS, they simply take averages of historical data. There isn’t much completed in terms of science, seasonality, and trend analysis, even though it is known to exist. For example, [Figure 3] shows a chart of two different envelope streams, which have different trends. If an average of historical volumes is taken there is a high probability that ‘over-forecasting’ can occur on streams with a downward trend and ‘under-forecast’ on those with an increasing trend.
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[bookmark: _Toc133411283]Figure 3 - Monthly Mail Receipt Example

2.2 [bookmark: _Toc133411251]Data Storge within the Power-Platform

The project is going to be heavily data oriented so it’s appropriate a suitable data storage facility is identified first. As previously mentioned, non-system data is currently housed in excel files on Sharepoint, but this project aims to migrate from spreadsheet usage and DVLA is currently working on new data architecture for online services using the Power-Platform by rolling out services which make use of Microsoft’s Data-Warehouse Azure and due to the spotlight on this project, management have granted MIDAS access to eventually utilise Azure. However, non-system data must be scrutinised and cleansed before it is stored, as per business requirements, therefore it is a requirement of this project to keep data contained outside Azure until it is presented and approved by senior-management. In the meantime, another cloud-based storage solution is needed, which can eventually be ingested into Azure. Dataverse is another cloud-based storage solution within the Power-Platform, it is designed to be a central data repository by storing data within tables. It is also scalable to handle increasing data volumes [1]. Momin.Z, reviews Dataverse as a strong tool to help store and maintain data, stating table customisation as a benefit and is most powerful when used in conjunction with other Power-Platform tools [2], research shows they successfully connected Power-BI reports to read data held within Dataverse and created applications to capture data to upload data to Dataverse. However, Dataverse is a premium product [3], so MIDAS will only be able to use it, therefore the application cannot connect directly to Dataverse as application users will not have the necessary licensing, a staging area for data must be used before data can be uploaded into Dataverse. Blaha.M, provides research into staging areas and concludes them as providing a buffer between warehouse and original source, where an ETL process (Extract, Transform, Load) is utilised to safely upload new data to databases, recommending a single staging area per storage table [4]. This approach appropriately fits within business requirements which is non-system data must be validated before storage. Oneninedesign.net explains how staging areas are not perfect, stating disadvantages when it comes to auditing as internal experts are required to validate data [5], however MIDAS staff are classed as experts of the data they deal with, therefore my experience agrees with Blaha.M’s logic to implement a staging area and have one per table to enable easy data-management, therefore this is the approach I will take in capturing application data. This will also enable an easier rollout of future applications by creating different staging areas which can be tested with new applications and not impact applications already in use.
After researching Dataverse, it points towards an ideal storage solution for MIDAS and after explaining to IT architecture personnel in DVLA, how MIDAS can use it to their advantage, I have been granted permission to use Dataverse as the cloud-based storage solution. 
[bookmark: _Toc133411252]2.3 Application Building within the Power-Platform

The research provided by Momin.Z [2], shows how the Power-Platform was used to build applications to capture manual based data using PowerApps. Microsoft states, PowerApps enable the easy building of applications, using low-code methods and drag-and-drop facilities [6], which at face-value sounds promising as not all MIDAS staff are proficient at coding. Impreza, backs this up by showing how they helped Lambeth Healthcare (NHS), implement PowerApps to upgrade their data capture methods, migrating from spreadsheets they used, resulting in a user-friendly application, improving functionality and better user experience [7]. This is very similar to one of the primary objectives of the project. 
To ensure it fits with requirements of keeping costs low on license fees, PowerApps can be used with Microsoft 365 Free licenses, which all users in DVLA have already, however pxa.com state only ‘Canvas Apps’ with standard data connectors can be used for free [8]. 
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[bookmark: _Toc133411284]Figure 4 - PowerApps Free Licensing [8]

Knowing requirements can be fulfilled, further research into ‘Canvas Apps’ can commence. In a recent article by Kandukuri.G, Canvas Apps are described as easy-to-use, with ‘drag-and-drop’ components to create user interfaces, connecting to various data sources [9]. Kiser.K, successfully shows how they connected Dataverse directly to a PowerApp, which correctly creates, edits and deletes database entries [10], similar to Momin.Z [2], something which this project eventually aims to accomplish, therefore PowerApps has been chosen as the tool to create the non-system data capture application, however it has been established already a standard data connector can only be used with standard licenses, a standard data source connector must be used as the staging area.
2.4 [bookmark: _Toc133411253]Discovering the Staging Area

The staging area will be the location data from the application will temporarily go to, here it will be validated by MIDAS staff before uploading into Dataverse. In a video by Valto.co.uk, they analyse the various data storage solutions which can connect to PowerApps. One recommendation is identified as using Sharepoint Lists to store data [11]. Having used Sharepoint lists previously, I experience them as easy to use and customise into relevant data structures, and importantly they are free to use with standard licenses, therefore a Sharepoint list will be used as a staging area.
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[bookmark: _Toc133411285]Figure 5 - PowerApp Database Recommendations [11]

At this point, you may be wondering why not use a Sharepoint list as the final data storage solution? MIDAS need to control the data they report on, if changes to the data are required, there must be a reason why, MIDAS staff would need this insight to inform customers. The purpose of staging areas is to act as buffers and ensure the accuracy and integrity of data, before being safely uploaded into relevant databases. My experience with using Sharepoint lists tells me it’s not meant to be used as permanent data storage solution, hence the name ‘List’, this is something Guzowski.M shares with me, stating Sharepoint lists are not databases because they lack the tools to create relationships between tables which traditional database software can [12], this is something Dataverse can accomplish.
Once data is in the staging area, a process to check the validity of the data is needed before it is uploaded to Dataverse. W.M.Ye et al, conducted a study on Measurement-System-Analysis and its Application with Data-Analysis, where they tested the validity of measurements of thickness data of a chosen instrument. Different surveyors measured all the test items and recorded data and neither seen each other’s results to remove influence and bias. Then based on the average of measurements of recordings they used an ‘Xbar’ and ‘ANOVA’ statistical control charts to monitor data quality, findings showed ‘Xbar’ worked better on their test data [13].
Additional research into the Six Sigma Study Guide of ‘Xbar’ control charts, proves a good idea to utilise as a tool for validating data, where a guide is offered to help select which control chart to use [Figure 6].
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[bookmark: _Toc133411286]Figure 6 - Statistical Control Chart Choice [x]

Mail receipt volumes are continuous data; however, the guide shows various ‘Xbar’ chart types. ‘Xbar-S’ seems to be the right choice. Hessing.T describes the checking procedure as the same for each sample or in DVLA’s case the mail receipt volumes and it uses the standard-deviation over time as its control limits [14] and as seasonality changes, so do volume averages, it takes this into consideration, which fits my thought process, however testing will confirm if this is the correct approach to use.

2.5 [bookmark: _Toc133411254]Automated Data Flows

A project objective is to introduce automated dataflows to MIDAS. A well-documented tool within the Power-Platform is Power-Automate, where Microsoft say a primary use is to move data between systems and can be easily implemented to work across all Microsoft products [15]. Omorodion.K, shows how they successfully used Power-Automate to export data from multiple Sharepoint lists to CSV files using a flow which is controlled by a timed schedule, the flow was created for the purpose of backup recovery [16], but proves data can be moved from a Sharepont list in an automated fashion. 
In a video tutorial, Softchief Learn, show how to create an item in a Sharepoint list by using Power-Automate from a Powerapp [17], however, further research into Powerapp standard functions, the ‘Collect’ function offers a way to add records to a data-source without the need of Power-Automate flows [18], this approach seems more efficient, otherwise additional Power-Automate flows would need to be created per application, rather than writing a standard function within the application itself. What Softchielf Learn’s video does show though is Power-Automate flows can be operated from a PowerApp, giving me an idea of alerting the MIDAS team when the submission button is clicked. This alert may be Microsoft-Teams based as it is widely used since the beginning of COVID pandemic or it may be an email to replicate the current process.
Another automated dataflow will be moving data from the staging area to Dataverse, Gupta.R, provides a blog showing how Power-Automate can be configured to move Sharepoint list contents to Dataverse successfully by a manual trigger [19], my thoughts are to instead use a PowerApp button to trigger the flow as per MIDAS project requirements [Appendix A].

2.6 [bookmark: _Toc133411255]Forecasting Models to Predict Daily Values

The secondary aim of this project is incorporate Data Science techniques into MIDAS forecasting procedures. The current MIDAS process is to average historical volumes to gain a prediction, and as already discussed it’s an approach I disagree with. In 2021, Ampountolas.A researched into using various forecasting models using Data Science methods, to supply daily hotel demand volumes, research showed that different models performed better for different test periods but concluded two models stood out when testing the RMSE of the predicted daily volumes against actual data, these being a Neural-Net and Autoregressive Moving-Average models. Their research also proved external factors could influence the models, their example included temperature, which influenced the hotel demand because more people were booking hotels when weather was nice [20], therefore I must be mindful of potential external factors which could impact mail receipt volumes and try to factor these into my models. The research shows the possibilities Data Science can achieve however, there is lots of manual adjusting of algorithms to fit models, this is something MIDAS do not have the luxury to do, requirements from MIDAS show they want automatic processes, due to the amount of transactions they need to forecast on.
Data Science is an emerging trend within government, where ONS (Office-Of-National-Statistics) hold regular workshops to share knowledge and experiences. In April 2022, I attended and held further enquiries about best practices in the field of daily forecasting. The Data Scientists recommend I investigate ‘Prophet’ and ‘RandomForest’ models as they are a common approach. 
The ‘Prophet’ model is an automatic open-source product created by Facebook’s Data Science team, using an additive model to fit non-linear trends with seasonality, Banerjee.P shows how they use out-of-the-box functions to fit and create forecasts from historic data with great accuracy [21] and because of the fact it is an automatic algorithm, it will be a model I will test. 
‘Randomforest’ is a popular forecasting model due to is flexibility in using both continuous and categorical variables. There are two kinds known as ‘Bagging’ and ‘Boosting’ [22].
· ‘Bagging’ – uses a ‘voting’ mechanism by studying a given training dataset and looking for similarity in variables within a prediction dataset to provide a like outcome.
· ‘Boosting’ – uses an iteration process for the model to learn from its mistakes until a correct decision is made.
On face-value the ‘Boosting’ method sounds the better idea, but both models will be added to the forecasting model for testing.

2.7 [bookmark: _Toc133411256]Summary of Current Literature

After researching the various categories, it’s clear there are lots of improvements which can be to current MIDAS processes. Excel is primarily used because no alternative software was available, however DVLA has realised Excel is now not the most suitable tool to use all the time, hence the introduction of the Power-Platform. 
The use of Dataverse to store data is a major improvement, having a cloud-based server to house data is far more efficient than storing data in multiple Excel sheets on Sharepoint, removing the possibility of duplicating datasets, it will be a new concept in MIDAS and looking at my research the tools within the product are vast, the total power of it will not be realised in this project, instead over time when it is used widely.
In terms of PowerApps, building applications is not something have completed before, but I will be essentially building a government official application and although it is only being used internally by DVLA staff, it still must follow Government design principles. These state, it must start with user needs and be built around data, so it is important all requirements from the multiple stakeholders are realised and an element of usability engineering needs to happen. One of the principles is ‘Build digital services, not websites’, so my thoughts are although the application is transitioning from spreadsheets, treat them as applications rather than spreadsheets in design.
The staging area concept will be new to MIDAS, current manual processes of checking data are time-consuming and in theory the statistical control chart will save MIDAS time in validating data. This needs to be tested with MIDAS staff to see if the concept is understood.
Power-Automate sounds very promising and something I feel has been desperately needed for a long time. The process of manually copy and pasting data from one source to another to me seems like it should be redundant, especially as it’s a daily MIDAS process across multiple datasets, the notation still surprises me it hadn’t been addressed sooner. The research suggests this will save a lot of time in MIDAS and with the possibility of automatic alerts and report refreshes, further time can be saved.
In addition, adding automated workflows to the application may provide MIDAS with instant access to data, in theory there’s no waiting until midday to get data, early mail-drop receipt values can be reported sooner and potentially alert other operational teams as to what has been received, so they can gauge what receipts their teams are about to receive thus building collaboration amongst the operational areas in DVLA.
Forecasting using Data Science methods looks like a very deep process, it feels like I could write another paper alone to encompass this, but I must remember it is the secondary objective of the project. The research I have read shows manual adjustments to models taking place. but the requirement from MIDAS is to only use out-of-box functions to make automatic predictions, my initial thinking is to run a procedure which uses a handful of different forecasting model types against a given training dataset and automatically carry out accuracy tests at an individual envelope stream level. The best model will automatically be selected per envelope stream and the predictions added to a prediction dataset.








3. [bookmark: _Toc133411257]Methodology

3.1 [bookmark: _Toc133411258] Introduction 

This chapter shows how I developed an appropriate research methodology, depicting the thought process behind the aspects of research methods, data-collation and testing strategies used.

[bookmark: _Toc133411259]3.2 The Research Onion

Researching methodologies can be a complex process, Alturki describes the selection process as ‘one of the hardest and most confusing phases that face most researchers.’ whilst exploring the most appropriate research approaches towards Smart IoT-Enabled Mobile-Applications. They start the entire process by looking at the Saunder’s ‘Research-Onion’ first [23].
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[bookmark: _Toc133411287]Figure 7 - Research Onion [24]

Saunders et al, simplify the decision-making process towards research choices with the ‘Research-Onion’. The researcher is provided with choices, creating a path towards an appropriate methodology. Crossley and Jansen say, “As you work from the outside of the onion inwards, you’ll face a range of choices that progress from high-level and philosophical to tactical and practical in nature.” [25], but remind us that the concept isn’t perfect, but is a useful tool to approaching research selections. I share this thought; therefore, I used the ‘Research-Onion’ as a tool in selecting a research methodology.
[bookmark: _Toc133411260]3.3 Philosophy Selection

The ‘Research-Onion’ shows five main philosophies: Post-Modernism, Positivism, Pragmatism, Critical-Realism and Interpretivism. 
Each philosophy has merits, but the researcher decides based on their beliefs and after reading each, it is hard to steer from seeing an item of relation in various philosophies, so a mixed approach will be taken. The primary objective is to get software, the Power-Platform, to perform tasks correctly and ensure the new processes of capturing non-system data are more efficient than the current MIDAS processes. Crowther and Lancaster say, ‘positivism relates to the viewpoint that researcher needs to concentrate on facts’ [26], whereas Park, Konge and Artino, say positivism ‘builds on verifying a priori hypotheses and experimentation by operationalizing variables and measures; results from hypothesis testing are used to inform’ [27], both these quotes relate to knowing that software is bound by underlying parameters, so either a set of instructions will work or not and aligning with the proposed hypothesis test to be carried out on whether ‘the Power-Platform makes MIDAS processes more efficient’.
On the other hand when we look at the task of forecasting, although algorithms operate by mathematical laws, the data being fed to train the different forecasting models isn’t, it will always follow different patterns and seasonality and these themselves may differ by envelope stream, therefore in theory there isn’t a one correct model which should be used instead the most accurate model per envelope stream should be used and then those volumes in turn are totalled to get the daily receipt volumes. When Saunders et al, states a pragmatist adoption as ‘practical solutions that inform future practice’ it fits the aim of the project in total, to build tools and processes to run throughout MIDAS and carries on to say ‘if a research problem does not suggest that one particular type of method should be adopted, confirming a pragmatist’s view that it is possible to work with multiple methods’ then it is also hard to ignore a pragmatism approach to research.
Ultimately, the documentation of facts is already in existence for the Power-Platform and observational data that will be collected through experimental testing points towards a mixed approach.




[bookmark: _Toc133411261]3.4 Research Approach Selection

After researching each research approach method, again a mixed approach is needed. The deductive research resonates as it mainly centres around conclusions based on facts or well-known accepted statements. Merriam-Webster.com provide an example ‘you have a 10 o'clock appointment and you know that it takes 30 minutes to drive from your house to the location. From those two facts, you deduce that you will have to leave your house at 9:30, at the latest, to be on time’ [28]. From this example, it aligns with the proposed hypothesis test on is time-saved within MIDAS using the Power-Platform, where essentially two sets of times will be compared and as previously mentioned, software is bound by their coded parameters and because there is already published literature around the correct ways to do functions, I will follow a deductive research approach to building the tools within the Power-Platform and proving if there are MIDAS time-savings.
The application will be built based off usability engineering techniques, so will follow mixed methods. Observations of staff using the application will be noted, so the application can be modified to suite user needs and data entered by a user will be compared against test data. Here we have two different research approaches being inductive (forming a generalisation from what is being observed) [28] and deductive for the accuracy checking of data.
Again, with the forecasting model, research methods seem mixed. The outcome of which model to use per envelope stream will be determined by a measurement, pointing towards deductive but can also be abductive because it is forming a conclusion from information know [28], in this case historic data fed to train the different forecasting methods. Therefore, I see my research methods as mixed.

[bookmark: _Toc133411262]3.5 Methodological Selection

[Figure 7], shows many methodological choices but Saunders et al, believes these can be summarised within a higher level of three main categories: quantitative, qualitative, and mixed-methods [24].
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[bookmark: _Toc133411288]Figure 8 – Methodological Choice [24]

Mcleod.S describes quantitative research as ‘the process of objectively collecting and analysing numerical data to describe, predict, or control variables of interest’, listing the attributes of quantitative as ‘a fixed and measurable reality’ and ‘Data collected through measuring things’ [29]. This aligns with the software parameter measures, the hypothesis test and forecasting accuracy measuring metrics, however, Pickell.D says qualitative data as non-statistical and is either unstructured, for example text documents that have no predefined data-model, or semi-structured, such as JSON or Twitter-transcripts labelled by hashtags [30]. When conducting end user research in developing the application, data will mainly be observations and comments so qualitative data will be derived, therefore both data types will be collected, a mixed research methodological choice has been taken because of the combination of quantitative and qualitative data returns.

[bookmark: _Toc133411263]3.6 Research Strategies

Experimental strategies focus on the probability of change in independent variables causing change in another dependent variable [24], which resonates with forecasting as the resulting prediction outputs should be affected by the seasonality or predictor variables, for example, [Figure 9] shows mail receipt volumes over the previous two months, for an envelope stream, where mail receipts on Mondays are higher and volumes decrease towards the end of the week, this pattern should be deduced by the forecasting  models if the pattern exists, but this is for one envelope stream, others may have different patterns, the forecasting models should consider this by being trained on test data.
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[bookmark: _Toc133411289]Figure 9 - Weekly Seasonality of an Envelope Stream

Archival and documentary research will be the main type when building tools within the Power-Platform. The Power-Platform is well documented and communities for developers exist online. There is also an expansive range of tutorials and blogs online showing how others have completed tasks before, which I can use to complete similar tasks.
Action research will also be used, Saunders et al describe action research as ‘organisational learning to produce practical outcomes through identifying issues, planning action, taking action and evaluating action’ and ‘it works through several stages or iterations’ [24]. When building the application, I’m anticipating it may change its design multiple times, based off observational and verbal feedback, to match user requirements, so action research will heavily take place in the non-system data capture application development.
Narrative inquiries will aid the action research when building the non-system data capture application. As previously mentioned, I will treat it as an application rather than a spreadsheet and it will be developed in conjunction with end-users who will provide narrative through discussions and observations on how they receive mail-drops. The application will be built to make things easier for end-users, it must not be an application where users are expected to change operation methods to suite, it should be built to fit into the daily routines of the end-users.

[bookmark: _Toc133411264]3.7 Data and Information Collection Strategies

Before any development, requirements will be gathered from the various stakeholders. Ultimately, the primary stakeholder is senior-management who tasked me initially with creating a Power-BI report to report on mail receipts. Their requirements are key in building a data structure and data schema which will capture all necessary data variables and satisfy project requirements. Without these requirements the development of the non-system data capture application cannot commence. These requirements will be documented after a series of meetings, experience tells me when information is required from various sources, this is the best method.
For developing the tools in the Power-Platform, research of official software documentation will be my starting point and tutorial materials which are openly available online will aid. My initial feeling is online material is the better fit as the Power-Platform is constantly updated with new features, books may be outdated.
Likewise for the forecasting model script, there are multiple available ‘packages’ which are built by practitioners of open-source programming languages, which are all well documented, official documentation and online sources will help me achieve my goal.
Information regarding application end-user feedback and narrative will be collected by frequent visits to MRS. I will arrange initial discussions about current processes and gather additional information through user observation. Jamasoftware, state there are two types of user observation methods to gather information; active where I will ask questions whilst observing clerks’ daily routines and passive when testing application prototypes with clerks [31]. These are approaches I believe will not disrupt the clerks’ daily tasks the most.
Numerical quantitative data relating to process times will be derived from the Power-Platform performance measurement tools. Information on times of current MIDAS processes will have to be captured manually for comparison to conduct the hypothesis test of whether ‘the Power-Platform makes MIDAS processes more efficient’, a two week period of data will be captured and tested.
Ampountolas.A used the RMSE as the test measurement in gauging forecasting model accuracies [20], I see fit to use the same approach when testing the various model predictions against test data.

[bookmark: _Toc133411265]3.8 Development Methodology

Having worked on similar projects in the past, an Agile approach was used. Working on one element at a time has proven to be a successful approach previously, so it will be the way I approach this project too. By doing this it eases the processes of testing components ensuring they are built correctly before moving onto the next.
To develop the different elements, the primary software I will use will be the Power-Platform tools, of PowerApps to build the non-system data capture application and MIDAS control file, Power-Automate to control the data flows of sending data to Dataverse from the staging area, to schedule the removal of data from the staging area and alert MIDAS when data has been submitted by MRS. Dataverse to create master tables to store data for Power-BI to report from.
The R programming language will be used to construct forecasting models as it is an approved software package to use within DVLA systems. Python is another language which is widely used to construct Data Science models, but it is not approved to be used on DVLA systems currently, so I must rule it out. R is a widely used programming language to create Data Science models, ONS themselves use it, so it’s a valid choice. The total amount of packages to use in R are unknown at this stage, but experience tells me ‘readxl’ will be needed to import data (R is prohibited to not connect to Dataverse directly as a requirement from IT Architecture [Appendix A], export functions in Dataverse allow the exportation of data which will be used to retrieve historic data of mail receipts), ‘Lubridate’, which is a package to deal with date formats correctly, ‘Tidyverse’ is the industry standard package to manipulate and shape data (different models, may except data in different shapes), ‘Prophet’ and ‘RandomForest’ as per research after discussions with ONS colleagues and ‘forecast’ which is a popular package holding various functions for different forecasting models.
R will also be used to conduct the hypothesis test of whether ‘the Power-Platform makes MIDAS processes more efficient’, as it has standard functions which can run the correct tests.














4. [bookmark: _Toc133411266]Design and Implementation

This chapter will show how I built the individual elements of the project and why I chose to construct them in the manner I did.

4.1 [bookmark: _Toc133411267]Gathering the Requirements

As previously mentioned, this product is a new way of working within DVLA and will act as a template of how the Power-Platform will be used to collate and report on non-system data rather than spreadsheets within DVLA. Spreadsheets have been around for many years so there is a lot of interest from multiple stakeholders in how it can be accomplished, so I conducted multiple meetings to gather the requirements for the project [Appendix A].

[bookmark: _Toc133411268]4.2 Designing and Implementing the Data Structures

From requirements, the first step was to create a general data structure that would cover all requirements but would fit future products which will eventually be based on the Power-Platform such as backlog reporting within operational areas. 
Experience tells me when dealing with data, which is similar in nature, the datasets should be constructed to be as similar as possible because if datasets can be appended to each other but are still uniquely identify based off the variables within, Power-BI can produce much richer and more flexible reports.
To construct a data structure, I tested various structures with fields I believe I would need to cover all requirements and future requirements, based off other reports MIDAS produce on non-system data. I used the historic data available to me to do this and shaped it using R using the ‘Tidyverse’ package. [Figure 2], shows an image of the original shape of the historic dataset, whereas [Figure 10] shows the final shape after transformation.
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[bookmark: _Toc133411290]Figure 10 - Final Data Structure for Receipts and Forecast

The field details are:
· Date – Mail Receipt date
· Area – Depicts the directorate the team sit under in the organisational hierarchy (Not a direct requirement, but when more teams get added to Dataverse, senior managers will be able to filter between areas in the report, similar to past requests MIDAS have received). 
· Team – Team name to easily filter between teams the more team data gets constructed and added to Dataverse.
· Transaction – The code of the envelope stream.
· Transaction1 – The type of transaction, this will be used to identify the mail-drop number. (‘Total’ has been used in the historic data as mail-drop number isn’t available).
· Transaction2 – The type of the mail-drop, ‘Main’, ‘Special’ or ‘Recorded’ envelope. (‘Total’ has been used in the historic data as the mail-drop type isn’t available).
· DataType – Receipt or Forecast data type (Future data main contain ‘Closing Stock’ or ‘Processed’)
· DateType1 – Actual or Forecast variable.
· Volume - Number of envelopes received/forecasted for the envelope stream.

I debated whether to put additional information within the dataset such as a descriptor for the transaction code, but decided against this as transactional data is used across a wide range of reports, where they can get grouped in various categories, teams etc. Instead, I have decided to put the additional information in separate ‘Mappings’ table as additional variables can be added over time. These will relate to the transaction and within Power-BI it is possible to create relationships within different data-tables to retrieve related data variables. 
Additionally, I will need a ‘Timings’ table to hold the transaction timing of how long it takes to open an envelope. It will be possible to calculate how many FTE are needed to open the actual and forecasted receipt volumes within the Power-BI report then. In the future, more transactions can be added to the table with ease and not affect the receipt and forecast data structures.
Within Dataverse itself, I decided the actual receipt and forecast volumes will reside in separate tables because of the data management aspect – the actual receipt data will be added to daily whereas the forecast data would not be appended to or changed often because forecasting is more of a quarterly or half year task, when removing bulk data from a dataset it is better practice to remove from a singular table to avoid errors and removing the wrong data in error. This thinking follows on from the research of having a singular staging area per application, so why not have a singular table for simplicity. Dataverse tables were created following research as per the current literature chapter [2].
To piece together the data and depict a story within Power-BI, relationships must be created within the data, this can be completed in Power-BI as is done so as a standard throughout MIDAS reports. [Figure 11] shows the initial entity relationship I planned, where the report will be controlled by a ‘Date Table’, with this I will be able to add more choices within the report filters so users can sort and view data by weeks, months, years etc. The ‘Receipts and Forecast Data’ table will be the appended tables of actual and forecasted data, which use the same data structure. The ‘Mappings’ table will house the additional variables of the envelope stream codes and a ‘Timings’ table will hold timings of opening mail in decimal format.
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[bookmark: _Toc133411291]Figure 11 - Entity Relationship Diagram within Power BI Report

This plan worked to the most extent, but on implementation I had trouble calculating the average FTE needed per day, the code was too complex, the formulas were averaging the FTE per envelope stream rather than grouping them together for the day. After additional research, official Power-BI documentation gave me the idea to create a grouped table from the ‘Receipts and Forecast Data’ table to add the envelope streams together for the days, so a daily calculation could be made and then the average FTE calculation could be made easier [32]. This worked but changed the entity relationship diagram [Figure 12].
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[bookmark: _Toc133411292]Figure 12 – Final Entity Relationship Diagram within Power BI Report

[bookmark: _Toc133411269]4.2 Designing and Implementing the Non-System Data Capture Application

The designing and creation of the application was a new concept to me and was a steep learning curve. Before I started, I arranged to visit MRS to engage in initial discussions about application functional requirements and thoughts on the current spreadsheet they use to capture data [Figure 1]. Initial discussions showed although the spreadsheet is easy to fill in it doesn’t quite match MRS counting processes. 
Mail-drops are received three times a day and clerks will count envelopes by mail-drop number, these can include ordinary mail, recorded and special deliveries. On the spreadsheet all recorded and special delivery envelopes are grouped together per stream, to give one number for each a day, this meant clerks are recording information on paper which is then added together when filling in volumes for the third mail-drop. My comment about adding the possibility to record the recorded and special delivery envelopes by mail-drop instead of writing on paper for later recording, was one MRS embraced.
Active observational sessions revealed additional information around how transactions should be ordered in the application. My original idea was to replicate the same order as the spreadsheet, but MRS processes showed clerks sort envelope streams into alphabetical order by placing envelopes into boxes and then counting them. It makes sense that transaction ordering should be in alphabetical order to fit MRS processes.
Passive observational sessions also benefited the design process. I developed an initial prototype of the application interface [Figure 13], which was similar in design to the spreadsheet, but observations showed clerks were constantly forgetting to select the date in the date-picker component and regularly failed to select the weekend date for theoretical overtime tests. This is because the spreadsheet template is pre-populated by the MIDAS team daily, so the date is already in the template for MRS, clerks were simply not used to changing any dates. I knew I had to change my design to make the date choice a process MRS staff could not miss.
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[bookmark: _Toc133411293]Figure 13 - Initial Prototype Application Interface

My next iteration presented a page to select a date before the MRS clerks could fill in any data. DVLA’s online services follow a similar approach, known as the ‘one thing per page’ method. Silver.A, completed a case study into the effectiveness of this method when comparing it against a ‘multi-question on a page’ method and found conversion rates to be better with the ‘one thing’ method, stating the approach handles errors easier, by making the user correct errors before they can proceed, and users find the experience a better one because scrolling is reduced and by adding a sense of progression. It also makes it easier for screen-reader users, making it an inclusive approach and makes the design process easier [33].  [Figure 14] shows how DVLA shares the same views within their online service designs.
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[bookmark: _Toc133411294]Figure 14 - DVLA Online Service Page Example

DVLA has its own UX lab where online services are vigorously tested with end-users and has gained a lot of positive feedback from their designs. Regular surveys are completed with end-users and MIDAS provide the key driver analysis reports [Figure 15] where the regular primary key driver indicator is the difficulty level where end-users are either satisfied or very satisfied with the service because of its ease of use.
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[bookmark: _Toc133411295]Figure 15 - Key Driver Indicators for Tax a Vehicle Service 

Incorporting he ‘one thing per page’ design [Figure 16], proved successful in its design as end-uers where most of the time, correctly selecting dates, however it was apparent I needed to apply validation to ensure the correct date was selected and additional feedback by comment suggested the ‘button didn’t look like a button’.
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[bookmark: _Toc133411296]Figure 16 - Second Application Prototype Date Selection Page

The next design process, I decided to make the application look and feel like a DVLA online service. DVLA spends vast amounts of money on its usability engineering design to get components correct, so my thought was to mimic the designs, including buttons styles and alignment to give a sense of consistency in the services DVLA produce.  This approach received excellent feedback from end-users and with the addition of validation processes end-users were satisfied with the application design as ultimately, they wanted to make sure they were filling in the application correctly and with obvious errors being flagged, helped them do so.
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[bookmark: _Toc133411297]Figure 17 - Date Validation Example

Each component was tested with end-users thoroughly even down to button positioning and conventions. Babich.N, writes an interesting blog about the rules of button design, where labelling buttons with text to explain what they do would prove less frustrating for users and to use contrasting colours to capture user attention [34] and Silver.A, writes in a separate article about button locations where primary buttons should be located below the last things the user completes to not disrupt the procedure flow, whilst back buttons should be placed above the input form [35], this is something DVLA has incorporated into their services and is now a standard governmental approach [Figure 18].
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[bookmark: _Toc133411298]Figure 18 - DVLA Service Page Example

This is something Wroblewski.L, agrees with when researching eye-tacking movements in testing the success rates of an application. Their research discovered when buttons are directly placed below the last user input element performed better because they were less eye fixations and users completed the form quicker [36]
[image: ]
[bookmark: _Toc133411299]Figure 19 – Wroblewski.L’s Research on Eye Fixation [36]

DVLA has considered these studies and implemented the findings into button components, I see it fit to replicate this into all application screens for consistency reasons [Appendix B].

[bookmark: _Toc133411270]4.3 Application Data and Error Handling

Using the ‘one thing per page’ approach made the data and error handling of the application much easier. This approach focuses on making end-users deal with errors before proceeding to the next stage, thus ensuring the integrity of captured data.
[Figure 17] shows how date errors were dealt with by using a ‘counter’ variable. On starting the application, a function sets the variable as ‘0’, but if the user selects a date greater than the date of today or more than two days in the past, then the variable is set as ‘1’. This in turn, changes the date box to red in colour to alert the user of the error and an accompanying text alert is displayed to the end-user, giving guidance on how to fix the error. PowerApps allows the use of ‘If’ statements, so it was possible to control the application dynamics by stating ‘If Counter = ‘1’ Then show errors’. This logic was applied to the button operations too by stating ‘if Counter = ‘1’, do nothing, otherwise proceed’.
To validate receipt value entries, the application component properties in PowerApps, allows the developer to state what format data is and restricts it to that format. For example, setting a component format as ‘Number’ restricts end-users from entering text or special characters, however, on testing decimal numbers are classed as valid entries. Mail receipts can not be decimal numbers and even though it may be unlikely an end-user would enter a decimal entry; it still needed to be addressed.
To combat this, the same logic as [Figure 17] was applied, where an ‘If’ statement checks if a decimal point is present in the entry-box, in turn controlling the error counter variable, restricting any continuation within the application, and resulting in an alert to end-users about errors in entries and how to correct them.
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[bookmark: _Toc133411300]Figure 20 - Action Statement in PowerApps
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[bookmark: _Toc133411301]Figure 21 - Entry Error Handling

Other approaches were considered whilst researching similar problems within the PowerApps community. A suggestion was to automatically remove entries if decimal numbers where present [37], which worked in removing decimal entries but when presenting test data which included decimal numbers to end-users, users keyed without question, and I observed the end-users didn’t realise the number had been removed and continued with the application. This is something I had to address as human-error in applications is common, it is possible a user may input a number and then enter a decimal point in error, but this method would have removed the number without the user noticing, potentially removing valid data; the approach to deal with the decimal point issue was preferred in testing as end-users realised the error when iterating the same test and were able to correct the error before continuing.
To capture the data into the correct structure within the staging area, PowerApps uses ‘Collect’ functions to create a collection of data [18]. Before creating the application, the PowerApp software asks the developer to connect a data source(s), removing the pain of manually doing so in the code.
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[bookmark: _Toc133411302]Figure 22 - Data Sources in the Application

[Figure 22] shows the ‘Mail_Receipts’ Sharepoint list connected within the application and three collections containing data for the three mail-drops MRS submit. The Teams and Notifications connectors will be discussed shortly, but the standard functions within PowerApps allow the developer to easily state data sources and connectors by using the name of each.
In the requirement sections from end-users, it was discovered that end-users may change a receipt value for various reasons, so a procedural process to avoid data duplication had to be created. This was done by removing data from the staging area before uploading new data and took a few tries to get right, as you can’t just state a function to remove a specific collection from the Sharepoint data source, once a collection goes into the source it is no longer a collection, instead a filter function can be used to remove the correct data [Figure 23] shows the function used to remove data from the staging area for data labelled ‘Mail Drop 1’, the use of the ‘If’ functions were used again because if the staging area contains no matching data, the application threw an error and would not process, firstly a count of the collection was needed to say only carry out the function if the value of the collection is greater than zero, this meant no errors are displayed to the end-user.
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[bookmark: _Toc133411303]Figure 23 - Removal of Data in Staging Area Function

After this function, another function is run to clear the collection (Mail_Receipts1) and then the ’Collect’ function is used to capture the entered data as an item, combining with other items to form one collection. For this to operate correctly, blank values needed to be addressed, the simplest and most logical approach is to change the blank values to zero, which [Figure 24] shows in the ‘Volume’ field, using an ‘If’ statement to say, ‘If entry is blank, then insert a zero value, otherwise take the entry value’. If blank values are not dealt with the application threw errors to the end-user, if any entry-boxes were left blank.
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[bookmark: _Toc133411304]Figure 24 - Clear and Collect Functions of Entered Data

This procedure worked correctly but zero values where within the collection. My experience tells me there are always debates around storing zero values. In some instances, they provide value but for visualisation of data they sometimes make the visuals look and feel like they shouldn’t be there, they also take up storage space. Ultimately it is decided in the requirements and there isn’t a requirement to store zero values. Therefore a ‘RemoveIf’ function has been applied to the collection to remove items if the volume is equal to zero, before appending the collection to the staging area, again using the ‘Collect’ function and then finally navigating the user off the ‘Submit’ page to a page alerting them of the successful submission of data.  If in the future, requirements change and zero values are required to be shown, the ‘RemoveIf’ function can simply be removed to achieve this.
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[bookmark: _Toc133411305]Figure 25 - Remove zero values and Append Collection to Staging Area

To ascertain if the value itself is valid, this is where the MIDAS team perform checks on the data, interacting with teams if they feel a volume looks incorrect. The current process is lengthy, and observations show sometimes anomalies are missed because customers alert MIDAS that something doesn’t look correct in their reports, to eliminate such alerts is an aim of this project, but we must be realistic in terms of how this is approached, human-error is something that will never be eliminated but what can be done is provide tools to minimise it. Going back to my research into statistical control charts I demonstrated to MIDAS how they are used to discover anomalies in data, developing a prototype report which reads data from the staging area and from historic data held with Dataverse. Garces.N, provides a tutorial on how to build control charts in Power-BI as there isn’t a standard visual for this [38] and after the presentation, the feedback was mainly positive with the more experienced staff, but some newer MIDAS staff didn’t understand the concept.

[image: Graphical user interface

Description automatically generated with low confidence]
[bookmark: _Toc133411306]Figure 26 - Prototype Staging Area Data Check

By adding a narrative and summary measures to the report helped newer MIDAS members to understand the chart and aid in validating data. MIDAS felt after reviewing data this way, they were confident of the integrity and understood it was ready to be added to the Dataverse database. This was a successful process as it had MIDAS staff commenting on how it can be applied to other reports such as backlog reporting where they wouldn’t expect values to change drastically day-to-day and summaries of oldest dates within backlogs can be checked better by seeing if a clerk has inputted a wrong entry by stating a date older than a previous recoding.
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[bookmark: _Toc133411307]Figure 27 - Final Design of Staging Area Check

Another requirement of the application was for end-users to have the ability to edit the data easily. [Figures 24 & 25] show the procedural code to do this but to enable end-users to view what had been entered previously, required a ‘Lookup’ function to be set as the entry-boxes default state, by stating the filters of how to retrieve the correct entry, the application successfully retrieved data from the staging area and displayed it within the correct entry-boxes.
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[bookmark: _Toc133411308]Figure 28 - Lookup Function to Set a Default value of an Entry-Box


[bookmark: _Toc133411271]4.4 Designing and Implementing Automated Data Flows and Notifications

Having never experienced Power-Automate, I adored it by the end of this project. The simplicity in which ‘flows’ are designed can benefit MIDAS greatly. They operate by creating procedural instructions using components within a range of connectors and to replicate some MIDAS processes, I needed to design flows in which to achieve aims. The first instance is currently an email is sent to a member of MIDAS which contains the spreadsheet of mail receipt data and as no spreadsheets are being sent using PowerApps, another mechanism of alerting MIDAS that data has been submitted is needed, by either sending an email notification or Microsoft-Teams message to MIDAS. Pandy.R, supplies a complete tutorial on how to trigger flows from PowerApp buttons [39], which was used in created a flow within the submit button.
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[bookmark: _Toc133411309]Figure 29 - Power-Automate Notification Flow within Submission Button

[Figure 22] shows the connectors used in the application to achieve this successfully and even though both email and Microsoft-Teams notifications worked correctly, the Microsoft-Teams approach was implemented because there were some delays in receiving emails, whereas the Teams message was instant. [Figure 29 & 30] shows the flow configuration to notify my personal chat within Microsoft-Teams, but this can be configured to notify a communal conversation within Teams, so all MIDAS members are aware of a submission.
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[bookmark: _Toc133411310]Figure 30 - Notification of Submitted Data Flow
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[bookmark: _Toc133411311]Figure 31 - Power-Automate Notification in Teams

The Sharepoint list itself offers a pre-built notification option, but only offers notifications when an item has been added, deleted or updated. On testing of this option, it notified me of every single item affected in the list, so if a collection was submitted from the PowerApp containing ten elements, I would get ten notifications, this is the reason why I decided on the Power-Automate method.
A proficient user of Power-BI would have experienced the annoyance of refreshing reports, even though data has updated within a database, the reports still need to be refreshed via a trigger, be it manual or automatic. The current process in MIDAS shows a manual trigger is used by navigating to the report server [Figure 32]. To automate this process a flow was added to the buttons in the ‘Control’ application as per MIDAS requirements [Appendix C]. The ‘Open Sense Check’ and ‘View Report’ buttons have flows configured into them just like [Figure 29] where they navigate to the reports and refresh them at the same time. [Figure 33] shows the flow configuration to refresh the Mail Receipt Power-BI report.
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[bookmark: _Toc133411312]Figure 32 - Power-BI Report Server
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[bookmark: _Toc133411313]Figure 33 - Power-Automate Flow to Refresh a Power-BI Report

To upload data from the staging area to Dataverse premium connectors are used and as previously mentioned only MIDAS have premium licences to accomplish this, but a trigger to carry out this task was needed, again within the MIDAS control application, a trigger is assigned to a button to add all items in the Sharepoint list to the relevant Dataverse table.
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[bookmark: _Toc133411314]Figure 34 - Power-Automate Flow to Upload Data to Dataverse from Staging Area

The final flow is to clear the staging area of contents. In theory, each time an end-user submits data, the flows will filter and overwrite the relevant data held in the staging area, but real-world scenarios mean it doesn’t quite work to that affect. For example, if there is no data to fill in because a mail-drop has been cancelled by Royal Mail, the previously entered data would remain in the staging area. A functional requirement of the application for end-users is the ability to update data, so the application has a live connection to the staging area, and it retrieves data for the purposes of letting end-users know they have already submitted data and to show what values have been submitted, via the ‘Lookup’ function. This gives end-users the chance to update data if required, it would be absurd to ask end-users to go into the application and apply zero values to the application if nothing was received, instead I decided to implement an automatic flow to remove all data from the staging area at 23:45 every day, this would give the end-users ample time to update values throughout the day before removing the values from the applications entry cells, ready for when end-users go to record data for the next day.
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[bookmark: _Toc133411315]Figure 35 - Power-Automate Flow to Remove Data from Staging Area on a Schedule
[bookmark: _Toc133411272]4.5 Designing and Implementing the Forecasting Model

The full code for the forecasting model has been submitted as an extra file on Moodle, it is 430 lines long, so in this section I will only go through the key elements. 
I designed the model to be as automatic as possible using out-of-the-box functions only, as per MIDAS requirements, the only user input was to state what the start and end date of predictions are and to say what date period to use as test data from the historic data and prediction results.
Researching into ‘RandomForest’ models, the training data contains the result but also has accompanying variables, relating to the result. This gave me the idea to design a ‘prediction matrix’ which has dates and variables relating to the date, this could then be merged with the historic data to supply training data for the ‘RandomForest’ models. The variables in the ‘prediction matrix’ are detailed ranging from weekday, month, year, to bank holiday dates where ‘0’ or ‘1’ is used to say if the variable relates to the date or not, this is how the ‘RandomForest’ models will know what variables to use as training data for a given data point.
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[bookmark: _Toc133411316]Figure 36 - Prediction Matrix Example
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[bookmark: _Toc133411317]Figure 37 - Prediction Matrix Example 2

My suspicions about different models using different data shapes were proven right, before any training data could be fed to forecasting models, reshaping of the data was needed using the ‘Tidyverse’ package. Only then could models be issued with training data.
MIDAS requirements were for the complete process to be automatic, so I did this by creating a loop [Figure 38] for each model to take an envelope stream individually from the relevant training data, meaning predictions were made one stream at a time, the result predictions were merged in a ‘output’ data frame.
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[bookmark: _Toc133411318]Figure 38 - Example of Loop on Prophet Model

It was from these data frames where I was able to do automatic tests of accuracy. Again, using a loop to take a one stream at a time from each model’s prediction results, it was possible to compare them against actual volumes in the historic data. Then the RMSE accuracy measurement to discover daily variance inaccuracies could be discovered [Figure 39]. 
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[bookmark: _Toc133411319]Figure 39 - Loop to Test for Accuracy

Merging the resulting RMSE values for each model into a ‘Score Table’ [Figure 40], enables the discovery of which model performed the best on a particular envelope stream, the lower RMSE the better the performance, the loop continues by selecting the predictions from the model which scored lowest and adding the models predictions to an ‘Official’ data frame.
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[bookmark: _Toc133411320]Figure 40 - RMSE Score Table
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[bookmark: _Toc133411321]Figure 41 - 'Official Data Frame' Example

The script continues by adding the necessary variable fields to match the data structure I created and then creates an excel file, which can be uploaded to Dataverse manually. The final Power-BI report now has all the necessary data to provide a picture of mail receipts actual values and forecast values and calculations around how many FTE a day is needed to deal with the receipts.
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[bookmark: _Toc133411322]Figure 42 - Final Power-BI Report showing Actual and Forecast Comparisons
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[bookmark: _Toc133411323]Figure 43 - Final Power-BI Report Showing Next 10 Weeks Forecasting Values and FTE Needed per Day


















5. [bookmark: _Toc133411273]Evaluation

This section concentrates on the developed hypothesis of ‘can the Power-Platform make MIDAS processes more efficient?’
The time measures used within the hypothesis tests are a true reflection of how long it took MIDAS to carry out their current processes against the time they took using the Power-Platform method. 
A reminder of current process:
· Copy and paste emailed data into a database manually.
· Carry out sense check process to discover validity.
· Open another Excel based report.
· Remove Formulas.
· Send report in email.
Whereas the Power-Platform processes are:
· Open Sense Check Report when notification arrives.
· Carry out sense check process to discover validity.
· Upload Data to Dataverse
· Check Final Report.
Current process times were recorded through observation and Power-Platform times have been taken from the performance measuring tools provided and observations of how long MIDAS took sense check reports.  For each method the times have been added together to provide a daily value of each method.
To ensure fairness in testing, times were taken from running the processes in parallel with each other, at the same time of day, the same data was used. No hardware advantages were present as the same specification computers and internet connection were used.
After the pilot and all performance metrics were collated, a table is shown [Figure 44] depicting on average how long each method took to complete. This shows the Power-Platform did perform better, but statistically, is it significantly different enough to prove ‘can the Power-Platform make MIDAS processes more efficient?’
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[bookmark: _Toc133411324]Figure 44 - Average Time to Complete in Seconds

This is where an hypothesis test is used. Allen, Titsworth and Hunt explain ‘An independent samples or Student's t-test examines the mean difference between two groups’ and go on to say, ‘the students t-test determines if there is variability between the two groups that is larger than the expected natural variability, then if this occurs, then it is not by chance’ [40], ultimately stating if this happens then there is a significant difference between the times.
Soetewey.A, provides a step-by-step process to performing a Student’s t-test but suggests before testing, select the correct type of Student’s t-test [41], each has a slightly different mathematical equation. [Figure 45] is provided to help in deciding and as the test datasets are from different experimental units and the variances are assumed to be unequal and unknown, scenario 3 was selected.
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[bookmark: _Toc133411325]Figure 45 - Student's T-Test Selection Process [41]

Following guidance, each step of the hypothesis test was performed:
1. State the null and alternative hypothesis – the original statement is ‘can the Power-Platform make MIDAS processes more efficient?’, for this test we will assume and convert it to state it does perform better converted to the alternative hypothesis by saying ‘There is a significant difference in the means’, the null used being ‘There is no significant difference in either mean’.

2. Compute the test statistic (t-stat) and Find the critical value – The test was run on the test data [Figure 46].
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[bookmark: _Toc133411326]Figure 46 - Students T-Test Results

3. Conclude by comparing the t-stat with the critical value – The R outputs [Figure 46], show the tests results, providing various statistics. Bevans.R provides an example of how to interpret the test results [42], the result of performance is:

· The difference in the two groups means is 225.400 (291.1 – 65.7) and the confidence-interval shows the true difference in means is between 207.0803 and 243.7197, then 95% of the time the true difference in means will be different from 0. The p-value of 1.424e-10 is smaller than 0.05 so the null hypothesis is rejected and say with a high degree of confidence, the true difference in means is not equal to zero, so the performance rates in methods is statistically significant.
With these summary statistics and t-test results we can reject the null hypothesis and accept the alternative hypothesis and finally say ‘the Power-Platform does make MIDAS processes more efficient’.
My primary aim was to reduce the burden of resource in MIDAS and evidence in the hypothesis tests suggests a large time-save and the thought of applying the same processes across other MIDAS daily tasks will create further time-savings, Microsoft did state it would streamline business processes and this is something I thoroughly agree with. One thing I don’t agree with though is the notation of low code, although its not as intense as building applications in HTML/Javascript, it still requires code to develop and create functions, a certain level of exposure to code is required.
The next piece of analysis looks at the forecasting model results. I had my reservations about the automatic approach to daily forecasting as every tutorial I read they was an element of manual adjustment to account for seasonality. To check accuracy, I will check the last full 12 months [Figure 47], last 6 months [Figure 48], last 5 weeks [Figure 49], last 5 days [Figure 50] to get a sense of accuracy within the seasonality’s.
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[bookmark: _Toc133411327]Figure 47 - Last 12 Months Results

I am truly amazed at the accuracy of a full prediction year, a difference of 222 for a full year is incredible, but looking at the line chart, shows there is daily variances in the data, my thoughts are there is going to be bigger variances in the shorter time-periods.
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[bookmark: _Toc133411328]Figure 48 - Last 6 Months Results

The 6-month test also proved very accurate with a difference of 2.52% in total and importantly the average FTE value per day is 0.5.
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[bookmark: _Toc133411329]Figure 49 - Last 5 Weeks Results

The 5-week results were not so good, with a 12.85% difference and the line chart shows big variances in the day-to-day receipt values.
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[bookmark: _Toc133411330]Figure 50 - Last 5 Days Results

The 5 Days test is flawed as it looks like the mail receipts volumes have not been completed at the time of test, so the 46.91% is inflated. When deducting the missing value, the results are in fact very close although the variances are not.
This shows me that although the year total works out accurately, the day-to-day is slightly out, where the variances will ‘catch-up’ with each other eventually, but the purpose of this test was for MRS to manage resource daily, therefore I am not convinced of the automatic process of forecasting, confirming my initial thoughts that manual adjustments of models are needed to manage resource daily.






















6. [bookmark: _Toc133411274]Conclusions and Recommendations

After replicating the complete daily process of MIDAS within the Power-Platform, I am convinced it is a great product to replace Excel processes and recommend it be used to its full potential immediately. The Power-Automate processes will replace mundane and repetitive tasks and save time resources and the PowerApps offer more control over data and reduce the possibilities of invalid data. The introduction of Dataverse is also as important as Excel was never meant to be used as a database, getting around the Excel limitations will save time in report creation.
The Power-Platform will provide superior tools to MIDAS which opens the possibility to research into other premium Power-Platform tools and see how they can be used within MIDAS to create more efficiencies and now the application is recording the different mail-drop values, additional analysis into the individual mail-drops can be carried out. Mail receipts are thought to be on the decline in general because online services are taking over, an idea I thought off is to see if this true and if so, is having three mail-drops still required? data may suggest two is enough. Contracts are re-negotiated every couple of years, it may pose evidence to reduce the number of drops and save money for the Agency.
In terms of the forecasting model, even though the year differences were negligible, there was large variances in the smaller time-periods, it is because of this I do not recommend it for daily resource management yet, there is scope to do extra work and see if further improvements can be made in seasonality to aid operational managers better. It may be a case of adding more types of forecasting models to the script, it’s been setup with this in mind, but my feeling is MIDAS must move past the thought of an automated forecasting model, the whole point of Data Science is to study the data, discover and provide recommendations around scientific processes, Data science is a powerful tool but a pinch of reality needs to be incorporated, if MIDAS are serious about this sector it is recommended resource is put aside for this kind of work and not rely on automatic processes. Seasonality in the data needs to be research thoroughly, this will lead to a better report for managers, ultimately leading to better resource management in DVLA.





7. [bookmark: _Toc133411275]Reflection

Looking back at the project, I am proud of the product I built and research I carried out in a relatively short space of time. The data capture application is solid and looks professional and the feedback I have received matches. The experience in utilising more of the Power-Platform tools to capture data, create automated dataflows and utilising cloud-based storage has put me in good stead for the work my team (MIDAS) will carry out over the coming few years. My experience should now prove me as a leader in rolling out Power-Platform tools within MIDAS and create resource savings within the area.
If I was to do the project again, I probably would have pushed back on the forecasting model, there was a lot of elements to build, even though I completed the practical side, it felt like the documentation side of things for forecasting was lacking in this paper. The simple reason was it was too much to describe.
Did the project change me as a person, I can honestly say no, I have always been more of a practical learning person, I tend to always learn by doing practical tasks over theory and documentation and holding meetings to gather requirements etc is a frequent part of a role within MIDAS, but what this project has taught me is before delving into the practical work, it is recommended to research to see if it has been done before for easy replication or if something similar has been completed before to build on.
Overall, even though I didn’t particularly enjoy the documentation side, I enjoyed the practical aspect and will be presenting my product very soon to senior-management, where hopefully it will be a success and the continuation of more Power-Platform related projects.
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[bookmark: _Toc133411331]Figure 51 - Requirements for Final Power-BI Report and Data Storage
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[bookmark: _Toc133411333]Figure 53 - Requirements from IT Architecture
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[bookmark: _Toc133411334]Figure 54 - Functional and Non-Functional Requirements for Application
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[bookmark: _Toc133411336]Figure 56 - Date Selection Screen
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[bookmark: _Toc133411337]Figure 57 - Mail-Drop Number Selection Screen
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[bookmark: _Toc133411338]Figure 58 - First Batch of Envelope Streams Screen
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[bookmark: _Toc133411339]Figure 59 - Second Batch of Envelope Streams Screen
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[bookmark: _Toc133411340]Figure 60 - Third Batch of Envelope Streams Screen
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[bookmark: _Toc133411341]Figure 61 - Summary of Inputted Data Screen
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[bookmark: _Toc133411342]Figure 62 - Submission Page
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[bookmark: _Toc133411343]Figure 63 - Success Screen after Submission
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Requirements — Senior Management

o The Power Bl report will display actual receipt values by stream and total.

o The Power Bl report will display forecast receipt values by stream and total.

e The Power Bl report will display both actual and forecast values by day, month, v
year.

o The Power Bl report will alert staff to how many FTE they needed per day based off actual
receipt values.

o The Power Bl report will alert staff to how many FTE they need per day based of forecasted
receipt values.

o The data capture application will be built using Power-Platform tools.

o Data will be stored within a cloud-storage facility for ease of integration into Azure.
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Requirements - MIDAS-Management

«  The data capture process must be quicker than current MIDAS processes

«  The data upload processes must be automated, no manual copy and pasting.
« Power-Platform functions should not contain any excel processes.

«  Forecasting must be done by using automatic data science techniques,

« All Power-Platform tools will be operated by a ‘Control’ application.
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Requirements — IT Architecture

«  The data capture process for end-user must not use premium functions,
« Only MIDAS may use premium Power-Platform features.
Rmust not connect to Dataverse.
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Functional Requirements (Application) - MRS

«  The application must send data to a staging area in Sharepoint.

«  The application must allow end-users to change an entry in the case of error.

«  The application must allow end-users to record mail receipt volumes by envelope stream.

«  The application must allow end-users to record mail receipt volumes by main, recorded, or
special deliveries.

Non-Functional Requirements (Application) ~ MRS/MIDAS

« Application will notify MIDAS when data has been submitted by MRS,
« Application will only allow MRS to select todays date and p to 2 previous days to fillin over
time stats if needed to.
« Application must not capture incorrect data formats.
Application is not required to capture zero values
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FFTRAINING DATA FOR MODEL
proph_train <- df[1]

For(x in txns){
T < x
TXdf < rec_df %% filter(Transaction — txn
Txdf [order (as. Date(txdfSpate, Format = "%d/%m/%v"),
Txdf <~ left_join(Proph_train,txdf, by = "Date”
TxXdf <~ txdf %% Tilter(pate - Datastartpate
txdfsTransaction[is. na(txdfSTransaction)] <- txn
TxdfSvolume[is. na(txdfsvolume)] <- 0
Txdf <~ chind(txdf[1],txdf[3]
names (txdf) [1] <- “ds"
names (txdf) [2] <- "y"
steps_forward <- as. integer (nrow(output_prophet)
model <- prophet (txdf, daily.seasonality - FALSE, weekly.seasonality = TRUE, yearly.seasonality = TRUE
forecastdf <- make_future_dataframe(model, periods - steps_forward
forecastdfl <- predict(model, forecastdf)
plot(model, forecastdfl)
prophet_plot_components (nodel, forecastdf1)
forecastdf2<- tail(forecastdfi[c('ds’, yhat')],n-steps_forward
nanes (forecastdf2) [1] <-
nanes (forecastdf2) [2] <- txn
output_prophet <- cbind(output_prophet,forecastdf2[2]

3

output_prophet [output_prophet < 0] <- 0
output_prophet <- as. data. frame(chind(output_prophet[1],round(output_prophet[,-1], digits =0)))
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for (x in txns){

test_frame <- dates
o = x

modl <- test_data_prophet %% filter(Transaction
mod2 <- test_data_tbats %% filter(Transaction

txn)
t>n)

mod3 <- test_dara_randomforestl %-% filter(Transaction == txn)
mod4 <- test_data_randomforest? %-% filter(Transaction == txn)
mods <- test_data_neuralnet %% filter(Transaction — txn)

actuals <- test_data_actuals %% filter(Transaction
actuals <- as.data. frame(actuals)

actuals <- left_join(test_frame, actuals, by = "pate”)

actuals[3][is.nalactuals[31)] <= 0

test_frame <- as.data.frame(cbind(actuals[3],mod1[3], mod2[3],mod3[3], mod4[3], mod5[31))

>n)

names (test_frame) <~ c("ACTUAL", model_Tist )
actual <- test_frame[[1]]
modla <- test_frame[[2]]

mod2a <- test_frame[[3]]

mod3a <- test_frame[[4]]

mod4a <- test_frame[[5]]

modSa <- test_frame[[6]]
modl_sc <- rmse(actual, modia)
mod2_sc <- rmse(actual, mod2a)
mod3_sc <- rmse(actual, mod3a)
mod4_sc <- rmse(actual, modda)
modS_sc <- rmse(actual, modsa)
modl_sc <- modl_sc/mean(actual)
mod2_sc <- mod2_sc/mean(actual)
mod3_sc <- mod3_sc/mean(actual)
mod4_sc <- mod4_sc/mean(actual)
mods_sc <- mods_sc/mean(actual)

score_frame <- as.data.frame(cbind(modl_sc, mod2_sc, mod3_sc, mod4_sc, mod5_sc))
names (score_frame) <- c(model_list)
use <~ names (score_frame) [which. min(apply(score_frame,MARGIN=2,min))]
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Personalised Reg. (Public) 201,614 215,870 Type —@— Actual —@— Forecast

Refunds 35,172 30,894

Return Undelivered MRS 1,319,246 1,042,493

Returned Apps From Post Office 171,804 143,695

Taxation 30,308 29,879

Trade Plates 84,779 97,306

V62 683,301 609,594

Vehicle Enquiries (No Fee) 245 748

Vehicles AR 69,053 63,784

Vehicles General 2,631,415 2,992,158

Total 5,621,373 5,621,595

May 2022 Jul 2022 Sep 2022 Nov 2022 Jan 2023 Mar 2023
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Date Select
@MIDAS Mail Receipts & Forecasts bt v 6 Moo v

£3 01/10/2022 - 31/03/2023

Total Received: 2,794,875 Daily Average FTE Received:  19.83

Descriptor Actual Forecast Total Forecasted : 2,865,270 Daily Average FTE Forecasted : 20.33
Business Replies 143,044 154,778
External Post Box 1,839 2619 Volume/FTE Difference (%) : 2.52%
Fee Paying Enquiries 10678 11,891
First Registration 36,552 40,510
Fuel Enquiries 201 269
Personalised Reg. (Dealers) 1,425 1174
Personalised Reg. (Public) 97,723 108,724 Type —@— Actual —@— Forecast
Refunds 18,236 16,768 53K 60K
Return Undelivered MRS 679,318 538,544
Returned Apps From Post Office 85,164 69,423
Taxation 13,675 16,157
Trade Plates 65,968 68,189
V62 353,874 299,513
Vehicle Enquiries (No Fee) 101 281
Vehicles AR 35,259 32,299
Vehicles General 1,251,818 1,504,131
Total 2,794,875 2,865,270
Nov 2022 Dec 2022 Jan 2023 Feb 2023 Mar 2023
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Date Select
@MIDAS Mail Receipts & Forecasts b v s e v

£3 19/03/2023 - 22/04/2023

Total Received : 579,657  Daily Average FTE Received:  22.70

Descriptor Actual Forecast Total Forecasted : 505,177  Daily Average FTE Forecasted : 19.79
Business Replies 28,825 16,493
External Post Box 290 383 Volume/FTE Difference (%) : -12.85%
Fee Paying Enquiries 1,965 3643
First Registration 7410 6,525
Fuel Enquiries a5 23
Personalised Reg. (Dealers) 275 167
Personalised Reg. (Public) 1739 18,420 Type —@— Actual —@— Forecast
Refunds 3,572 3,104
Return Undelivered MRS 164,714 70,709
Returned Apps From Post Office 18,161 6,809
Taxation 3,282 7,648
Trade Plates 2,999 5,051
V62 75,547 54,720
Vehicle Enquiries (No Fee) 19 1
Vehicles AR 6,849 6,253
Vehicles General 248,308 305,218
Total 579,657 505,177
20K 20K
26 Mar 02 Apr 09 Apr 16 Apr
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Date Select
@MIDAS Mail Receipts & Forecasts w [ o ~

£3 22/04/2023 - 26/04/2023

Total Received : 44,366 Daily Average FTE Received:  19.98

Descriptor Actual Forecast Total Forecasted: 65,178 Daily Average FTE Forecasted : 19.57

Business Replies 2,455 1,486

External Post Box 39 48 Volume/FTE Difference (%) : 46.91%

Fee Paying Enquiries 195 505

First Registration 559 715

Fuel Enquiries 10 3

Personalised Reg. (Dealers) 16 15

Personalised Reg. (Public) 1,683 1,955 Type —@— Actual —@— Forecast

Refunds 289 530

Return Undelivered MRS 12,059 7,678

Returned Apps From Post Office 1,480 158 e

Taxation 262 1,709

Trade Plates 212 861

V62 5431 6,599

Vehicle Enquiries (No Fee) 1 1 20K

Vehicles AR 562 782

Vehicles General 19,113 42,133 K

Total 44,366 65,178 178K
21 21Apr  22Apr  22Apr  23Apr  23Apr  24Apr  24Apr  25Apr
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