A Comparison of Low-Code and Spreadsheet
based Calculation Tools within Accountancy

Vrije Universiteit Amsterdam
Amsterdam 1081 HV, The Netherlands

Master Thesis Information Sciences

VRIJE
- UNIVERSITEIT
R°  AMSTERDAM

Name: Tim Koning

Student Number: 2595660

E-mail: t.p.c.koning@student.vu.nl

Study: Information Sciences

Subject: A Comparison of Low-Code and Spreadsheet based Calculation
Tools within Accountancy

Thesis Supervisor: Sieuwert van Otterloo

Date of Submission: July 9" 2020



Table of Contents

1
2

INEOAUCTION ...ttt st 1
Related WOTK......cooooiiiiiiiiie e 3
2.1 Development Platforms ...........ccoovieriiiniiiiiieinieiiceeeec e 3
2.2 SPIEAASNEELS. ....eouiiieiiieiieete ettt st s 4
MEthOAOLOZY ......eiiiiiieiietieteete ettt st st 5
3.1 Motivation and research qUESHONS. .......ccceeuerierierienienieie e 5
32 Betty BIOCKS. ...cuiiiieiieie et 6
3.3 Overview of Low-Code Development Platforms.........cccccceeveeriiennneennne. 7
34 Loan and interest repayment SChemMES...........eeveerriieinieniieenieeiee e 8
IMOTEZAZE .ottt ettt ettt ettt et e sttt et e sab e e s abeesat e e sabeesabeesaseenabeens 8
3.5 PrOCEAUIE ....c..eiiiiiiiii et 10
Summative USability ......c.oeouieiiriinieiieiiee et 11
Chi-SqUAre TeSINZ.....ccvertiertieiieiieieetieetie ettt ste st e st esbe et sateeaeesaeenieens 11
RESUILS ..ottt 13
4.1 Development SPEEd .........cooviviiieriieniieiiie ettt 13
4.2 Functionality, ease of use and ease of exporting data .........c...ccceveenee. 14
Statistical SIGNIFICANCE ......eerveeiieiieieiiere et 18
4.3 Quality Control and SECUrItY ........cccceveerieriiriiieieeieeeeeeee e 18
4.4 Performance ...........ooouieiieiiiieeeee e e 19
DISCUSSION. ..cueuiiiiiiiieieeteteeteete ettt et ettt ettt 20
CONCIUSION ..ottt ettt ettt s s 21
RETETENCES ..ottt 22
APPENAIX 1 .o e e e e et e e e s 24
APPENAIX 2 ..o e e et e saeeta e e sraaeaaeas 26
APPENIX 3 ...ttt 29

APPENAIX 4 ..o 30



Abstract. Low-Code Development Platforms (LDCPs, sometimes also called
PaaS for Platforms as a Service) are cloud services or products that are used for
application development. They avoid programming and instead employ visual
techniques that require low training times while increasing business value by
speeding up the development lifecycle of new applications and features, increas-
ing productivity and providing additional annual revenue. An area of application
for development using Low-Code is financial planning and loan repayment
schedules within accountancy which have changed and become significantly
more important over the last decade. However, currently most accounting com-
panies use Excel spreadsheets to conduct their financial planning and reporting.
The use of Excel comes with great risks and many potential unforeseen conse-
quences. Furthermore, while most Excel spreadsheets contain critical infor-
mation, it are lesser qualified and untrained people who put these spreadsheets
together which results in poor user experience for all users. Because of this, I will
address the following research question: “how do LCDPs perform compared to
spreadsheets for calculation in accountancy?” This research will provide new in-
sights regarding the comparison between LCDPs and spreadsheets on the aspects
of development speed, usability, ease of exporting data, quality control, security
and performance. This shows that organizations must be able and willing to in-
vest both time and effort in employee training and management processes to re-
alize the real potential of LCDPs.

Keywords: Low-code, Excel, Spreadsheet, Risk, Accountancy, PaaS, Usability,
Productivity

1 Introduction

Low-Code Development Platforms (LCDPs) are platforms to develop software, that is
provided through a platform-as-a-service model, which allows users to build com-
pletely operational applications by interacting with the service through dynamic graph-
ical user interfaces, visual diagrams and declarative languages [1]. Low-code platforms
relieve non-technical developers from having to write code, while still supporting pro-
fessional developers by taking away tedious procedures required in application devel-
opment.

The use of low-code development platforms is growing at a significant pace. Vincent
et al. assume that by 2024 three-quarters of large enterprises will be using at least four
low-code development tools and that LCDPs will be responsible for more than 65% of
application development activity [2]. On the other hand, there are also platforms on the
market that are not as efficient as the most prominent players on the market such as
Mendix, Betty Blocks, Salesforce and OutSystems [3]. This lack of quality can make it
difficult for some organizations to find the low-code tools that satisfy their specific
requirements. This is also the case within the field of accounting, which uses a lot of
calculation tools which are currently mainly being developed and used within Excel
and its spreadsheets. The use of Excel and spreadsheets for these calculation tools come
with great risks with a high probability of mistakes that could lead to catastrophic re-



sults [4]. Calculation tools developed using LCDPs can overcome these risks using vis-
ual development tools, easy deployment, scalability and security. LCDPs have some
potential benefits over the use of Excel spreadsheets, like data management, the ability
to store and reuse data in databases, the use of sandboxes and test environments, access
control, and access to activity logs.

The demand for application developers has been increasing rapidly over recent
years, however, there are not enough application developers to satisfy this demand [6].
To satisfy this shortfall in IT developers, there need to be alternatives where applica-
tions can be developed without the expertise of IT application developers. The quickly
growing Low-Code Development Platforms allow citizens developers to develop their
own applications and allow IT developers to create their applications more quickly [7].
Gartner describes citizen developers as “business users, not part of IT departments or
contracted IT services with limited or no software development expertise, who build
and use their own programs or interfaces designed to perform business functions or
support business processes” [8].

To understand LCDPs it is important to understand what platforms are. Technopedia
provides the following definition for a platform: “A platform is a group of technologies
that are used as a base upon which other applications, processes or technologies are
developed” [9]. LCDPs build on this definition by enabling rapid development of busi-
ness applications that require minimum hand-coding and minimum upfront investments
of employee training, setup and deployment. Low-Code is a novel and new concept in
the field of programming being introduced in 2011 and growing rapidly since then. This
rapid growth has also come with criticism from the programming community who
states that LDCPs reduce the functionality of the field of programming. Declarative
development tools, domain languages, user experience definition, flow diagramming
and visual data modelling are integral are approaches that foundations of Low-Code
Programming [10]. All these techniques that have been merged result in the Low-Code
Programming technology that we can work with. Some of the platforms that rely on
these technologies are Betty Blocks, Mendix, Salesforce and Outsystems.

There has been an overall rise in interest in Low-Code Programming resulting in
extensive research being conducted by major research companies such as Forrester and
Gartner. When choosing a LCDP, most companies rely on the Magic Quadrant for En-
terprise Low-Code Application Platforms by Gartner who conducted research into the
strengths and weaknesses of the most prominent LCDPs and dividing them into four
categories including niche players, challengers, visionaries and leaders based on com-
pleteness of vision and ability to execute [2]. With the overall growing demand in ap-
plication development, interest in the visual programming based approach that reduces
development time and cost and the overall ease with which application can be devel-
oped by both citizen developers and IT professionals, LCDPs are set to find its way into
the niche market at a rapid pace as of today.

Spreadsheets are useful, have some promising features and are easy to use. However,
as can be seen in section 2.2, research shows that the use of spreadsheets comes with
considerable risks. Because of the high risks that come the use of spreadsheets for cal-
culation tools within accountancy and the promising prospects that LDCPs can deliver
to these accountancy companies, in this paper I address the following research question:



“how do LCDPs perform compared to spreadsheets for calculation in accountancy?”
To answer this question, I will select such a spreadsheet based calculation tool and
redevelop this tool using a LDCP called Betty Blocks and compare these two tools
based on multiple specific factors. While the comparison between low-code develop-
ment and hand-coded solutions has already been researched, no research has been con-
ducted regarding the comparison between low-code development and the use of Excel
spreadsheets.

Financial planning within the area of finance and accountancy has gone through sub-
stantial changes in the last decade. These changes have had a considerable impact on
the accounting profession and the financial services industry in general [5]. Because
financial planning and repayment schedules for loans have become more and more im-
portant, LCDPs can have great benefits within this sector.

The rest of this paper is organized as follows, in second 2 I will give a clear overview
of the research done regarding LCDPs and show the risks of using spreadsheets. In
second 3 I describe my methodology for the research that will be conducted within this
paper along with a motivation and some research questions and introduce the multiple
different loans that can be acquired, as well as the two different payment approaches.
Section 4 will show a detailed mapped out overview of the research process and the
results. Finally, the results will be discussed and their consequences and important find-
ing will be given in the conclusion.

2 Related Work

2.1  Development Platforms

Development platforms, also known as Platform as a Service (PaaS), are generally
hosted, web-based application development platforms that are able to develop full pro-
grams online [31]. PaaS solutions change the way that software is developed, distrib-
uted, consumed and priced. Instead of software being developed and distributed by one
provider, PaaS transforms the software development process into platforms or applica-
tions that are developed in ecosystems of third-party developers [32]. Development
platforms provide benefits in multiple different ways.

Because of the noteworthy lack of available software developers, businesses will try
to find their own solutions to their software problems. The development and operation
of self-built applications, which are often Excel-based and implemented by employees,
can lead to shadow IT [33]. In IT management, the IT infrastructure within organiza-
tions that is controlled by the IT department is supplemented by an unofficial IT. De-
velopment platforms try to minimize risk and recognize opportunities for improvement
and in this way avoid shadow IT. Shadow IT is not a new phenomenon, but due to
current circumstances its significance is increasing. The use of development platforms
and citizen development can help to fix shadow IT’s biggest problems, while keeping
some of its benefits like gaining new insights into market trends, reduce costs, faster
technological solution delivery, improved customer experience and increased user ef-
ficiency [34].



The principal benefit of development platforms lies in the simplicity and conven-
ience for users. PaaS providers supply the infrastructure and other IT services, which
users can access via the Web. Several studies show that IT systems can be a source of
competitive advantage. However, to capitalize on the potential benefits strategic align-
ment between business functions and IT is needed. Instead of building their own IT
systems, companies can use PaaS from external providers to align business and IT [35].
A study in which 10 companies have been interviewed who have been running PaaS
application for at least 12 months has shown that once fully adopted, PaaS can be de-
scribed as a beneficial investment in reducing cost for development and post-develop-
ment management, faster time to market and higher revenue due to increased agility
[36].

2.2 Spreadsheets

Spreadsheets have been around for a long time. Excel is the most commonly used
spreadsheet program and was one of the first spreadsheet applications to use a graphic
interface with point and click capabilities and pulldown menus. Excel now has millions
of users of whom a significant amount from the field of finance and accounting. While
Excel has some useful features and is easy to use, research shows that it is a poor choice
for managing the financial close and reporting process [22]. This because Excel lacks
some key features to create a reliable schedule for paying off different kinds of loans
based on different methods to pay of these loans, but also comes with noteworthy risks
[11]. Banks and Monday describe spreadsheets to be misleading and dangerous and
elaborate in the following way:

“Spreadsheets appear to be a relatively intuitive tool that are perceived to be decep-
tively easy to use and although extensively used by organizations have often proved
to be misleading at best and dangerous at worst. The spreadsheet itself has some
limitations in its ability to act as a vehicle for the development of complex business
models and users may be relatively naive in the development of models. Their basis
for developing the model may be based on a unique worldview, or contain deliberate
or unintended biases. The model may have been deliberately tampered with to gen-
erate acceptable figures for a specific instance to preserve a perceived ‘expert’ label
for the developer” [12].

Next to this, there are several more known risks of spreadsheets based on multiple
pieces of research, including:

e Overconfidence — Despite the strong evidence of widespread errors in spreadsheets,
users rarely look to reduce these errors using post-development testing. This shows
that users are overconfident in the use of spreadsheets [13].

e Human Error — Human error has been studied for over a century within multiple
domains, including software development and testing. However, research shows that
most humans are unaware of most of their errors. This aligns with research being
done toward overconfidence. Once again, his error blindness leads to an illusion of
control which results in users blaming spreadsheet errors on spreadsheet technology



instead rather than inherent human error [15]. Human error can be divided into mul-
tiple subcategories that are relevant for this research such as copying the wrong data
or formula and formulas that have a too large or short range resulting in calculation
errors.

o Interpretation — Individuals who make use of spreadsheets can be described as hav-
ing a socially constructed, or nominalist, view of the world [16]. Because of this,
they have no appreciation of the view of the world around which spreadsheet models
are generated. This results in the unlikelihood of gaining the tacit connections from
explicit content of spreadsheets. With spreadsheets being an important decision sup-
port tool for a considerable number of years, interpretation by the user can arguably
misinform decision makers leading to significant defects [12].

e Assumptions — Spreadsheet models “rely upon a fairly lengthy series of explicit or
more usually, implicit assumption with the most important being the Ceteris Paribus
assumption where all other things are or remain equal. Clearly these assumptions
no longer apply to many spreadsheet models.” [17]

e Archiving — Archiving is often overlooked as a key aspect of a spreadsheets internal
control. Poor archiving in spreadsheets can lead to weaknesses with potential oper-
ational risks as a result. Record management programs should be introduced that
provide control over the archiving of spreadsheets [18]. Poor archiving can also lead
to version control issues. Users can mistakenly perform work on outdated or incor-
rect versions of spreadsheets or continue working with outdated data [37].

o Fraud — When faulty spreadsheets are being analyzed, it is hard to determine whether
a fault has been made by mistake or with fraudulent intentions [19]. This makes
spreadsheets the perfect environment for committing fraud. There are multiple
spreadsheet related cases of fraud like the collapse of indigenous banks in Jamaica
as a result of the collapse of indigenous banks after fraudulent spreadsheets [18] and
the $600million fraud by John Rusnak at Allied Irish Bank / Allfirst Currency Trad-
ing. [20]

3 Methodology

3.1 Motivation and research questions

In previous sections I have shown that there is a large amount of research that demon-
strated that spreadsheets still pose significant risks to organizations using literature ex-
tending back over twenty years. Furthermore, both literature and interviews conducted
with six accountants and two system administrators during thesis design indicate that
spreadsheets are still an integral part to the operations within accounting and finance
companies. Preliminary interview provided useful information in this regard, where one
accountant stated:

“The use of Excel and its Spreadsheets are an integral part to the functions and day
to day operation within our firm.”



This statement was confirmed by one of the system administrators who manages the
Spreadsheets within the company:

“Spreadsheets are one of the most important and useful tools we use when making
important calculation within different departments of the company.”

However, one other system administrator who agreed with both previous statements
added the following:

“Although Spreadsheets are useful and integral to the work that is conducted within
our organization, maintaining and creating these tools is time-consuming and com-
plicated for untrained personnel. One person changes a formula in the wrong way
or makes some unintended mistake and the tool returns the wrong results, which are
then often missed and still communicated to the client.”

Based on this information regarding the risks of spreadsheets, the promising prospect
of LCDPs and, in this instance, calculation tools development it is worth making a
comparison between Excel Spreadsheets and low-code based calculation tools within
accountancy. This results in the following research question with accompanying sub
questions.

e RQ: “How do LCDPs perform compared to spreadsheets for calculation
tools within accountancy?”

e SQI: “How do LCDPs perform compared to spreadsheets for calculation
within accountancy on the aspect of development speed?*

e SQ2: “How do LCDPs perform compared to spreadsheets for calculation
within accountancy on the aspect of quality control?”

e SQ3: “How do LCDPs perform compared to spreadsheets for calculation
within accountancy on the aspect of ease of exporting data?”

e SQ4: “How do LCDPs perform compared to spreadsheets for calculation
within accountancy on the aspect of functionality and ease of use?”

e SQ5: How do LCDPs perform compared to spreadsheets for calculation
within accountancy on the aspect of security?”

e SQ6: How do LCDPs perform compared to spreadsheets for calculation
within accountancy on the aspect of performance?

3.2 Betty Blocks

Betty Blocks in an LCDP that allows the user to build enterprise-grade applications that
deliver business value without being constrained by technology. Empowering Citizen
Development, radically shorting time-to-market, and building complex applications
without coding are their main values. Betty Blocks is a fully cloud-based platform that
requires no downloads or user updates. Other platforms like Outsystems are not fully
cloud-based but have a development suite that has to be downloaded and installed first.



Being a cloud-based platform, concerns arise regarding security. Information security
and control are some of the factors that the success of modern-day technologies depend
on [14]. Like other LCDP providers such as Microsoft and Outsystems, Betty Blocks
is ISO27001 certified. When evaluating security usually terms like firewall, network
scanning tools and secure sockets layers come to mind. However, security bugs that are
present at the application level are usually ignored. These bugs are caused by the una-
wareness or mistakes of the developers [26]. To evaluate the security of both applica-
tions, security level, security performance, and security indicators have become stand-
ard terms when defining security metrics. Measuring these security metrics helps
achieve confidentiality, integrity and availability [30]. As any platform, Betty Blocks
consists of both a back- and frontoffice. When developing applications, the users start
in the backoffice by creating a visual data model consisting of models, properties, and
relations to describe the structure of data storage. After this, views can be created in the
form of grids. As shown in figures 10 and 11 in appendix 4, a grid shows an overview
of the data of one model and has forms that show the details of one record. These grids
and forms can be created, deleted and its layout can be adjusted within the builder mode
of the platform. Finally, within the backoffice actions can be created that are manual,
scheduled or triggered on click. These actions have events that influence the way an
action performs such as CRUD events and flow controls (e.g. conditions, loops). The
frontoffice on the other hand has a User Interface Builder which can be used to drag
and drop any front end and can be combined with any JavaScript framework. No pro-
gramming is needed to create an application within Betty Blocks. However, a general
understanding of the concepts involved in programming, like if-statements and for
loops are needed to rapidly create business applications.

3.3 Overview of Low-Code Development Platforms

During this research, Betty Blocks is chosen as the Low-Code platform to develop the
application. However, this research focuses on LCDPs and not Betty Blocks in specific.
Because of this, it is worth comparing Betty Blocks to other well-known LCDPs in
terms of the nature of the platform and its strengths and weaknesses.

Vincent et al. have researched the strengths and weaknesses of the most prominent
LCDPs and divided them into four categories including niche players, challengers, vi-
sionaries and leaders based on completeness of vision and ability to execute. To do this,
they created a Magic Quadrant for Enterprise Low-Code Application Platforms which
can be seen in figure 1. It shows that Betty Blocks is a visionary leaning towards be-
coming one of the leaders regarding Enterprise Low-Code Application Development.
Betty Blocks scores both high in completeness of vision and ability to execute, offered
a free academic account and provided a one-day training session. Betty Blocks describe
themselves as a no-code platform, which is a part of the LCDP market. No-code implies
that the platform only requires text entries for simple expressions and formulas, and all
other aspects of application development are enabled by visual modeling. This no-code
application development is often associated with citizen development. Because of this,
Betty Blocks should be easier for newcomers to LDCPs to develop an application com-
pared to other LCDPs, shortening the development time. On the other hand, the market



for citizen development of still evolving. Improvements to the user experience and en-
hancement of the platform’s usability concerning no-code and citizen development are
still being made.
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Fig. 1. Magic Quadrant for Enterprise Low-Code Application Platforms

3.4 Loan and interest repayment schemes

Within this research, we use loan and interest payment schemes as an example task for
the evaluation of the IT tools. Current Excel calculation tools that provide insight in
loans in terms of repayment and interest of these loans usually consider one kind of
loan with a specific kind of payment. This can be seen as a limitation as switching to a
different kind of loan or form of repayment of both loan and interest is inefficient and
time consuming. Formulas need to be edited to gain clear insights which raises risks as
discussed in section 2.2. Most tools consider only mortgages against high amounts,
while research shows that 31% of household who take out loans, loan for cars [21].
Because of this, it is important to take into account the most important forms of loans
and payments when considering a repayment scheme. I will consider the most im-
portant and most often acquired form of loans on both annuity and linear repayment
which needs to be considered with this type of loan, the mortgage based loan. I will
give an overview of this type of loan and explain both payment approaches used to
repay this type of loan.

Mortgage

A choice in mortgage has financial consequences for the next 30 years. The total
monthly charges depend on loaned amount, the interest rate and the type of mortgage.
Since 2013 it is required to completely pay off any mortgage within 30 years based on



a minimum of annuity repayment to make mortgage interest tax-deductible. Because of
this, an interest-only loan is no longer interesting. This leaves two forms of repayment:
linear and annuity.

Linear versus annuity

The first form of mortgage is the linear mortgage. With this kind of mortgage a fixed
amount is repaid every moth, plus the interest. Since you pay the same fixed amount
every month, your debt is reduced every month. This means that amount of interest that
needs to be paid is reduced every month as well as can be seen in figure 2.

LINEARMORTGAGE

O YEAR 5 YEARS 10 YEARS 1SYEARS 20 YEARS 25YEARS 30 YEARS

- REPAYMENTS - MORTGAGE INTEREST

Fig. 2. Payment Schedule Linear Mortgage

The second form of mortgage is the annuity mortgage. With this kind of mortgage, the
mortgage is repaid in 360 months with monthly payments. The monthly amount says
the same as long as the interest rate stays the same and consists of interest payment on
the loan and capital repayment. In the early years, the payments mainly consist of in-
terest with a small part of capital repayment. As the mortgage reduces, the amount of
interest that is paid goes down, while the payments regarding repaying capital go up as
can be seen in figure 3.

ANNUITY MORTGAGE

%

O YEAR 5 YEARS 10 YEARS 1SYEARS 20 YEARS 25 YEARS 30 YEARS

- REPAYMENTS - MORTGAGE INTEREST

Fig. 3. Payment Schedule Annuity Mortgage
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3.5 Procedure

After having highlighted the Excel tools and Low-Code platform that will be used, this
section will describe the procedure that was used during this research and mention and
validate the evaluation criteria.

I created a loan repayment calculation tool within both Excel and Betty Blocks. After
development is completed a comparison is made between the two tools based on mul-
tiple user experience based specific factors, namely:

Development speed and learning curve for the platforms
Functionality and ease of use for the resulting tools
Ease of exporting data for the resulting tools

Quality control and security for the resulting tool
Performance for the resulting tools

Each of these factors will be evaluated based on differently acquired data. For this, the
development speed will be evaluated from a developers perspective, while all other
factors will be evaluated based on data acquired form the tools that are the result of the
development process. The first factor, development speed and the learning curve will
be evaluated in the following way. While developing both tools all activities, develop-
ment time and used resources have been logged. Rapid application development is im-
portant because of the benefits it provides. A fast development cycle results in reduced
risks, increased quality of the application and faster time to market [24]. The second
and third factors, functionality and ease of use and ease of exporting data will be eval-
uated for the resulting tools based on interviews with accountants. The interview script
for these interviews can be seen in appendix 2. These interviews consist of questions
about background information regarding both Excel and LCDPs, the performance of
some specific tasks (e.g. calculation, filtering, exporting data) and some final questions
to compare the experiences with both applications. During these interviews, certain
things will be taken into account. Because of the comparison between two platforms,
there is the possibility of a learning effect that can influence the results [23]. Therefore,
the interviews will be conducted in an A/B group where the A group will start with the
Excel tasks followed by the Betty Blocks tasks, and the B group with the Betty Blocks
tasks followed by the Excel tasks. Both groups will consist of four participants making
a total of eight participants. Interviews are conducted via Google Hangout where the
interviewee is allowed access to both applications and is asked to share their screen
which in turn is being recorded. For this, consent has to be given by the interviewee.
During the experiment part of the interview, the time to complete a certain task has
been recorded to allow for comparison afterward. The fourth factor, quality control re-
quires an evaluation of the application properties concerning its quality goals [25]. Re-
usability, version control, the use of sandboxes and test environments, access control,
access to activity logs and access to input validation regarding the right type of input
(e.g. date, numbers) are all quality aspects that need to be evaluated. The fifth factor,
security, is an indispensable part of the software development process and will be eval-
uated as a part of the quality control. This because security itself has not been included
within the interviews of this research and will be primarily evaluated on its available
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technical properties that correspond with those of quality control. The sixth and final
factor, performance, is related to the response and calculation time of both applications.
Where Excel calculates its scheme instantly, Betty Blocks needs time to calculate and
delete data. A comparison has been made in this regard.

Analysis of these evaluation criteria is divided into two groups. The data collected in
numerical values and informational data. For the first factor the development time and
the learning curve is recorded in time in hours, where both times are compared to each
other. With this information, conclusions about the comparison of development time
can be drawn. On the other hand, for the usability and ease of exporting data, the time
to complete the specific tasks is recorded in seconds. For this first, the mean for each
task will be calculated for both applications. Based on this mean time per second a
comparison will be made between the Betty Blocks system and its spreadsheet-based
counterpart. Next to this, conclusions will be drawn regarding the nature of the differ-
ences between the two systems. Next to the mean of each specific task, a summative
usability test will be conducted over the acquired data. Formative and summative usa-
bility testing are both usability tests that focus on the usability of an application. Form-
ative usability tests are run at the start of the design phase and focus on fixing and
finding problems as part of an iterative design process. On the other hand, summative
usability testing describes the current usability of an application, using measurement
like task times, completion rate and success rate. It is a Quality Assurance type of test
that is performed later in the development process [27]. As the experiment conducted
in this research focuses on the comparison of task times, a summative usability test can
measure or validate the usability of the application. The statistical significance of the
results from the summative usability test and the calculated means can be computed
using Chi-Square testing. Chi-Square testing compares whether the difference in task
completion time between two systems is due to chance or due to the difference in the
systems themselves.

Summative Usability

Usability tests are usually conducted to find out the effectiveness of the software design
and to evaluate the ease of use of the software. Summative usability testing is performed
later in the development process when a product is fully developed. It evaluates the
product through some predefined measures. These usability measures should be task-
based, which makes it specifically useful for this research. Summative usability testing
measures a set of UX metrics, including: task completion rate, time on task, error rates
and whether or not an assist is given during an interview task. These assists are to pre-
vent failure of tasks as this could influence the comparison of the data and the final
results. A bar plot will be created to show the difference in the types of metrics for both
platforms.

Chi-Square Testing

When comparing data found in the calculated mean per tasks and the individual aspects
of the summative usability test, statistical procedures such as the Chi-Square (}2) test
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are commonly used to test for statistical significance of the results. Chi-Square com-
pares whether the difference in mean task-completion time between the two applica-
tions is due to chance of due to some actual statistical difference.

The formula for calculation Chi-Square is:
(O-E)?

L=
B ()

Where:

O = Observed value (the actual time of tasks in each cell of the table)

E = Expected value

%2 = Cell Chi-Square value

> %2 = Sum of all the cell Chi-Square values

%2 i-j = Notation that represents all the cells form the first cell (i) to the last cell (j).

The expected value need to be calculated and represents an estimate of how the task-
completion time would be distributed if there was no learning effect between which
platform goes first. The total N cannot just be divided by 4 to calculate the expected
value for each cell. The expected values are calculated as follows:

E:MHXMC

n @)

Where:

E = Cell expected value

MR = Row marginal of the cell
Mc = Column marginal of the cell
n = Total sample size

Once the y2 values have been calculated, they are summed to obtain the 2 value for
the table. In order to determine the significance of this value the table’s degree of free-
dom (df) needs to be calculated with the formula:

(Number of rows -1) x (Number of columns — 1).

With each degree of freedom comes its own significance level. For this research, a
confidence level of 95% will be used. This results in a significance level of 0.05. As
the degree of freedom increases, the P-value becomes less significant. From the Chi-
Square value, the P value can be calculated and compared after which the null hypoth-
esis can be rejected of accepted [28].
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4 Results

In this section I will give an overview of the results obtained during this research and
explain their meaning. These results will be divided in four sections as explained during
the research procedure in section 3.5.

4.1 Development Speed

As this research focuses on software development without code, standard metrics for
measuring development speed that take coding into account cannot be used. Instead,
the development speed of both the LCDP and Excel application will be measured by
two main metrics: lead time, the average time it takes from the start of the actual devel-
opment to the point in time where it is deployed to production, and the cycle time of
each individual subtask. This includes time to find resources and literature and the de-
velopment of each subtask itself. Table 1 shows the times for each subtask as well as
the lead time for the Low-Code application, where table 2 shows these same times for
the Excel application. During this process, the time to learn all required skills found in
the collected resources and literature, as well as the Betty Blocks training session of
eight hours, have been excluded. All times in both tables include the process of devel-
opment including debugging. Appendix 1 shows links to all resources used in this pro-
cess.

Table 1. Time for each subtask and lead development time in hours for Low-Code.

Action (subtask) Time (in hours)
Create data model, relationships and properties 3.5
Create loan calculator grid with grid columns and input form 0.75
with input validation.

How to present calculated data? Create both linear and annuity 1.5

sub views within the back office loan calculator grid that corre-
spond to their models.
Create Calculate Linear Scheme action using a condition and

loop. Set indexing, variables, action events and add the action to 5.5
the form.

Test application and improve action. 2
Create Calculate Annuity Scheme action using a loop. Set in-

dexing, variables, action events and add the action to the previ- 3
ous action on the other side of the condition.

Explore and set filters in the subview. 0.25
Add PDF property to the model, create PDF action, create basic

HTML and Liquid template and add Generate PDF action to the 2.75
form.

Lead time 19.5 hours
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Table 2. Time for each subtask and lead development time in hours for Excel.

Action (subtask) Time (in hours)
Enabling developer function, setting up input form with radio 0.75
buttons and cell properties. Set values for radio buttons.

Create scheme setup with NR, Month, Start Balance, Repay- 0.25
ment, Interest, Total and End Balance with cell properties.

Setup up Excel PMT functionality and rent percentage per 1.5
month.

Create formula for repayment using Excel IF functionality using 1.5
data from previous step.

Create formula to add one month to the date for each new line. 0.5
Create formulas for all other values in the scheme. 0.5
Test application and work out bugs. 1
Add customization 0.25
Lead time 6.25

The development times in both tables show that Excel has a significant shorter lead
time than Low-Code. There are multiple explanations for this difference. I had some
experience with Excel, while I had no experience with Low-Code at the start of this
research. Creating data models, grid views and actions all take a considerable time to
learn. Taking into account that this application is a slightly simplistic application with
only one main goal. We can see Excel has a significantly shorter lead time for simplistic
applications. Without the Betty Blocks training day that covered all the important parts
of the development process, the difference in lead time could have been even higher.
Next to this, the development process of Betty Blocks allows for more built in func-
tionalities that improves ease of use, ease of exporting data and quality control which
increases development time. In short, while a Low-Code application takes significantly
longer to develop when the developer has no experience with LCDPs, it does include
more benefits than Excel. Appendix 4 shows screenshots of the development subtasks
including explanation and the final user views and interfaces.

4.2  Functionality, ease of use and ease of exporting data

The results for this section are based on the interviews (appendix 2) that can be divided
into two sections: the pre- and post-interview questions and the tasks that needed to be
completed in both applications. The pre-interview questions are background questions
that can influence the task-completion times significantly. The post-interview questions
are questions that compare both platforms on the aspects of ease of use and ease of
exporting data. Tables 3 and 4 show the task-completion time of each task per partici-
pant for both Low-Code and Excel. Within this experiment, assists have been given to
prevent failure of tasks. For each assist, 20 seconds have been added to the total task-
completion time. Next to this, figure 4 shows the mean task-completion times per de-
velopment platform to allow for a comparison of each task. Finally, figure 5 shows the
mean task-completion time of all tasks per group and platform which allows for a com-
parison of the learning curve between the A and B groups. Appendix 3 shows the data
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used for these graphs and tables including the tasks where an assist was needed during
the interview to prevent failure of the task (A).

Table 3. Task (T) completion time for each participant (P) in group A and B in time in sec-
onds for Excel including assists

P1 P2 P3 P4 Ps P6 P7 P8 | Total
T1 135 29 30 105 32 36 50 41 458

T2 9 38 55 31 15 97 11 13 269
T3 13 6 11 17 8 24 12 12 103
T4 16 14 52 23 25 21 29 31 211
TS 14 15 21 18 10 13 9 17 117

T6 113 52 87 99 89 94 55 83 672
T7 74 25 35 71 45 32 30 51 363
T1-7 374 179 291 364 224 317 196 248 | 2193

Table 4. Task (T) completion time for each participant (P) in group A and B in time in sec-
onds for Betty Blocks including assists

P1 P2 P3 P4 P5 P6 P7 P8 | Total
T1 59 33 45 55 64 68 74 77 475
T2 61 8 17 43 54 29 54 55 321
T3 17 8 21 11 9 13 6 21 106
T4 19 12 40 13 18 21 52 34 209
TS 9 16 17 21 26 11 9 22 131
T6 69 18 53 26 45 23 62 32 328
T7 28 13 25 19 7 10 44 66 212

T1-7 | 262 108 218 188 223 175 301 307 | 1782

The data shown in the two tables above provide some interesting results. When inter-
preting these results, there are some important aspects of the pre- and post-interview
questions that need to be taken into account. First, we can see that the total time to
complete all tasks over all of the participants is higher for Excel than for Low-Code.
Where the total task-completion time of Excel lies at 2193 seconds, the total task-com-
pletion time for Low-Code is only 1782 seconds. This is a significant difference, espe-
cially since 5 out of 8 participants have said they use Excel on a daily basis and 3 out
of 8 participants use Excel almost every day. On the other hand, only 2 participants
have any hands-on experience with Low-Code and only 1 participant has experience
with Betty Blocks. However, this difference comes mainly for the inability of most
participants to efficiently export the collected data from the Excel tool. Exporting the
collected data within Excel has proven more difficult than within Betty Blocks. This
can mainly be explained by the way that Betty Blocks is organized. New data is created
within the loan calculator in the back office. Once al the inputs are provided by the user,
the data can be stored within the database. However, the actual scheme calculations are
computed once the ‘calculate scheme’ button is pressed. The resulting data is then
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stored within a subview of the previously created database entry. This slightly increases
the time to input, store and calculate data, but decreases the time to export the data as
can be seen by the times in tasks 1, 6 and 7.

80

60

Time in seconds

T1 T2 T3 T4 T5 T6 T7

e=@==Fxcel «==@==Betty Blocks

Fig. 4. Mean task-completion times per task for Excel and Betty Blocks

During the interview, tasks one through five asked questions about the ease of use and
task six and seven considered exporting data. As can be seen in figure 4, Excel slightly
outperforms Betty Blocks in terms of usability. However, Betty Blocks considerably
outperforms Excel when exporting data.
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Fig. 5. Mean task-completion time of all tasks per group and platform

Next to the time difference, a learning-curve can be observed between the A and B
group and the order in which both groups performed their tasks. Between the A and B
groups, we can see a decline in the mean task-completion time in group A who started
with Excel and later performed their tasks in Low-Code from 302 seconds to 194 sec-
onds. On the other hand, group B who started with Low-Code see a 5-second decline
in the mean total task-completion time from 251 seconds in Low-Code to 246 seconds
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in Excel. This is due to the inability of most participants to efficiently export the data.
Furthermore, two participants provided an invalid interest percentage while calculating
the Excel data resulting in increased task-completion time for task 1. This time of group
B is however still lower than the mean task-completion time in Excel for group A. In
other words, participants can perform the required tasks faster in the second application
than the first application. Next to this learning-curve between applications, there is a
learning-curve between both the functionality and exporting data tasks. In both Excel
and Low-Code, task 2 is the first task where participants needed to search for infor-
mation or use filters. The total times for these tasks are 269 seconds and 321 seconds
respectively. When we look at task 3, which is similar to task 2, there is a decline in
total task-completion time to 103 seconds and 106 seconds respectively. This means
that the time within Excel declined with 166 second and the time within Low-Code
declined with 215. The same relation can be seen between tasks 6 and 7 regarding the
export of data. Task 6 in Excel has a task-completion time of 672 seconds and the same
task in Low-Code has a task-completion time of 328 seconds. When we look at task 7
we can see that there is a decline of 309 seconds and 116 seconds respectively. This is
confirmed by the participants in the post-interview questions where 8 out of 8 of the
participants explained that if they had to perform all tasks again, it would take less time.
Finally, a summative usability test is conducted. This summative usability test takes
some UX metrics, including the number of assists given, and compares them. Because
of the assists that needed to be given during the tasks to prevent failure of these tasks,
within the summative usability test task completion rate is always at 100%. Next to
this, the task completion rate, time on task, error rates and whether or not an assist is
given during an interview task are shown in figure 6 with a 95% confidence interval.
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Fig. 6. Summative usability test with a 95% confidence interval.

As figure 6 shows, the task-completion rate is at 100% percent. Next to this, the per-
centage of interviewees that completed all tasks without errors and assists have both
been calculated as the number of counted participants without any assists and errors
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divided by the total amount of participants. This shows that the number of participants
who completed their tasks without any errors or assists is lower for Low-Code than for
Excel.

Statistical significance

An overview of the results of this section has been given. It is also important to look at
the statistical significance of these results. For this, a Chi-Square test will be used on
the mean completion times in seconds of all tasks per group. Table 6 provides the results
of the calculation of the expected value and Chi-Square value of each cell.

Table 5. Cell expected values and Chi-Square values.

Excel Low-Code
Group A 273.72 (2.92) 222.28 (3.59)
Group B 274.28 (2.92) 222.72 (3.59)

All the Chi-Square values are summed to obtain the total y2 statistic for the table. In
this case, the ¥2 value is 13.02. To determine the significance level of the statistic the
table’s degree of freedom is used. In this case for a 2x2 table, df = 1. A confidence level
of 95%, which gives a significance level of 0.05, best describes the evolution of statis-
tical significance as deviations exceeding twice the standard deviation are significant
[29]. Using this significance level of 0.05 gives a P-value of 0.000308, which means
that acquired data is statistically significant.

4.3  Quality Control and Security

As stated, quality control and security require an evaluation of both platforms properties
with respect to its quality and security goals. This includes a discussion of the functions
available in both applications that enable quality control and security, but also the neg-
ative aspects of each platform that prohibit quality control and security. Reusability,
version control, the use of sandboxes and test environments, access control, the access
to activity logs, access to input validation regarding the right type of input (e.g. date,
numbers) and authentication are all quality aspects that need to be evaluated. These two
aspects can be evaluated at once as some of the technical properties that have to be
evaluated overlap.

The first quality control aspect that can clearly be seen within the acquired data is
input validation. Both participants one and four ran into an error when providing the
interest percentage with and comma instead of a percentage point because of a lack of
input validation. On the other hand, Betty Blocks has an input validation where the
developer can give an input type to a created property within the data model. When
inputting the data, wrong formats or datatypes give warning messages to prevent errors.
Excel also has some form of data validation under the data tab. Here the developer or
user can allow the data type for a cell or column and give a certain data range. The
options for this data validation in Excel are limited and would not help in the given
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example in this research. The input validation of Excel is a simplified version of the
input validation of Betty Blocks.

Next to input validation, 7 out of 8 persons confirm that they experience mistakes
when using Excel due to Human Error. These mistakes range from wrongly formulated
formulas, changes made to a spreadsheet by colleagues, errors as a result of wrongfully
copying formulas, or selecting too many or too few cells when adding cells. To coun-
teract these mistake and get more control over the quality of the application Betty
Blocks offers multiple tools which are used as additional configurations used in pages,
actions and back office. The first of these tools is the changes functionality. Changes
allow you to get informed about all development and the changes made in your appli-
cations. The tool provides when, who, which object, what type, and what kind of change
has been made. The second tool is the logs tool. This interface keeps track of all the
logged action events, warnings, errors, used variables and debugging information by
simply enabling the debug logging option in the action event or page. Finally, there are
users and roles implemented into the back office. Application users can be added and
managed from the user management functionality. By using permissions, an admin can
determine what a user can and cannot do in the application. These permissions are split
into 5 different types: read, create, export, update and destroy and are given by adding
roles to a user. These permissions can even be assigned to specific sections of the ap-
plication like the models, views and subviews in the back office and the visibility of
buttons or manual actions, components and fieldsets in a form. Excel in itself does not
allow for debugging logs, user management and a changes interface. Excel does allow
the user to install add-ins that allow debugging, pivot tables and formula tools that could
all help quality control. However, these add ins are not part of the main functionality of
Excel. LCDPs always require the user to log in using their e-mail address and password
to get access to the application. Furthermore, within Betty Blocks there is the ability to
enable two-factor authentication. Whenever an user wants to log in, they have to enter
a code that is shown in the authenticator application on the user’s mobile phone. Integ-
rity is another aspect that has a high priority within the Betty Blocks platform. No pro-
jects, data or information can be deleted, changed or altered without the consent of the
user. This was also explored and tested during the evaluation of the quality control
using the previously mentioned tools. Excel also has some security measures in place
that can be mainly divided into two levels of security: password protection for the Excel
workbook so that only users who have a password can open the spreadsheet and spread-
sheet protection that limits what can be edited within the spreadsheet. In this way, all
cells or only certain cells can be protected to prevent someone from changing formulas
and making unwanted changes to spreadsheets. In addition, Excel provides the possi-
bility to hide sensitive data that might not be appropriate for all users, like employee
salaries. These three security aspects are useful to preserve the integrity of spreadsheets
and protect sensitive information from falling in the wrong hands.

44  Performance

As can be seen in appendix 4, the Betty Blocks application is developed using multiple
views and subviews that pass data from forms to views using actions. On the other
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hand, the Excel application consists of one interface containing all formulas, an input
form and the scheme containing all calculated data. Once the data has been entered in
the input form, the Excel application calculates the data and scheme instantaneously.
Betty Block requires the user to save the input form in the database and click the cal-
culation action manually. Saving the data already takes around three seconds. Once the
action itself is clicked, the action takes around 16 seconds to calculate all the data and
show it in the scheme subview for the most common loan term of 360 months. In the
same way, if for any reason data needs to be deleted from the subview all lines must be
selected and deleted using another manual action. This process again takes 34 seconds
for a scheme containing 360 lines. This shows that Excel significantly outperforms
Betty Blocks in terms of calculating, deleting and updating data. Table 6 shows the time
in seconds it took to save, calculate and delete data within both applications.

Table 6. Time in seconds needed to save, calculate and delete data for a loan term of 360

months.
Betty Blocks Excel
Saving Data 3 N/A
Calculation Data 16 0.2
Deleting Data 34 0.2

5 Discussion

In this section, I will describe the major findings of my research and discuss their im-
plications. I will show how these findings relate to similar research and provide the
limitations of my research and the findings. Finally, some further research will be sug-
gested.

A comparison between the two development platforms has been made based on the
evaluation criteria. First, the lead development time in Low-Code was significantly
longer than Excel. While the Betty Blocks application took 27.5 hours to develop, the
Excel application took only 6.25 hours to develop. This could be caused by multiple
factors. One of those factors is the lack of development experience in Low-Code, while
having some experience in Excel. As can be seen in appendix 1, a lot of resources were
needed to gain the knowledge and skills to be able to develop the Betty Blocks appli-
cation in comparison to the Excel application. Furthermore, the Betty Blocks applica-
tion contains additional aspects in the development process like data modelling, data-
bases in the form of grids, and the creation of actions and action events. With more
training and experience, the gap in development time between the two might grow
smaller. Second, the ease of use and use of exporting data were measured as a result of
the eight interviews conducted in this thesis. During this interview, tasks one through
five evaluated the ease of use and tasks six and seven evaluated the ease of exporting
data. Overall, Betty Blocks had a lower total task-completion time than Excel. This was
mainly due to the tasks involving exporting data. As can be seen in figure 4, Betty
Blocks slightly outperforms Excel in terms of ease of use, while Betty Block signifi-
cantly outperforms Excel in terms of exporting data. Furthermore, from the data that
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resulted from the interviews a learning curve can be observed. The task-completion
time between tasks with the same basic functionality got lower once they were com-
pleted for the second time. This was even more the case for Betty Blocks than for Excel.
This shows that, with some practice, tasks within the Betty Blocks application could be
performed even faster. This is also supported by participants from whom eight out of
eight state that they would be able to perform all tasks considerably faster if they were
to perform the experiment again. For the next evaluation criteria, there is quality control
and security. Human error is one of the biggest risks of developing and using spread-
sheets. Quality control can help reduce many risks in general. Betty Blocks provides
multiple tools and user management functionalities to increase quality control and se-
curity. Excel offers less functionality in this regard. Finally, Excel is able to calculate
all data instantaneously. On the other hand, Betty Blocks needs some time to both save
and calculate all data.

Overall, Betty Blocks outperforms Excel at evaluation criteria of exporting data and
has a high amount of quality control resulting in a low error rate and is more secure.
On the other hand, Excel has a considerably lower lead development time, has a higher
degree of usability and performs significantly faster. Both applications and ways of
development have their benefits, but also their shortcomings. LCDPs can take away
some of the risks of Excel, but comes with high development times and costs. Organi-
zations have to decide for themselves whether or not switching to LCDPs would be
beneficial for their development process and application performance.

This research focused on the development of a simple application when considering
the evaluation criteria. It is beyond the scope of this study to include and evaluate the
benefits of LCDPs like the use of sandboxes and version control, the use of databases,
data management and test environments that have not yet been explored during the
development within this research. On the other hand, Excel also has an online spread-
sheets counterpart that could provide more benefits in the evaluated areas that is beyond
the current scope. Future research is needed to establish the true potential of LCDPs in
regard to Excel spreadsheets and maybe even online spreadsheets.

6 Conclusion

This research aimed to make a comparison of the performance of LCDPs compared to
Excel spreadsheets for calculation within accountancy. Based on both qualitative and
quantitative research conducted in this thesis in the form of literature studies and inter-
views including task-performance by participants, it can be concluded that LCDPs have
some benefits over Excel spreadsheets regarding functionality, ease of use, quality con-
trol, ease of exporting data and security. On the other hand, lead development time in
Low-Code is seen to be considerably higher than in Excel. Furthermore, results show
that Low-Code has a significant learning-curve resulting in high potential training times
and development costs. This research clearly illustrates the potential that LCDPs and
its technologies have to revolutionize software development processes. LCDPs have
the potential to transform current relationships between business and IT resulting in
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quick innovation and resolving the current lack of software developers. IT organiza-
tions see an immense opportunity to save development time and costs through the tools
provided by LCDPs. However, organizations must be able and willing to invest both
time and effort in employee training and management processes to realize the real po-
tential of LCDPs to accelerate application development. Based on these conclusions,
future studies could address the benefits of LCDPs beyond the scope of this research
and the benefits that online spreadsheets can bring and how this compares to LCDPs.
By conducting interviews and conducting a literature study I have made a comparison
between LCDPs and spreadsheets for calculation tools within accountancy. This shows
that low-code development tools can provide immense opportunity if the right condi-
tions are met. While LCDPS have been compared to each other in multiple research
studies, no comparison between LCDPs and spreadsheets had been made. The results
of this research can give businesses an overview of the potential benefits of LCDPs and
make them think about the risks that come with the use of spreadsheets. Based on this
information organizations can make a guided decision on whether or not switching to
low-code development would be beneficial for their application development process
and the use of those applications.
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Appendix 1

Task Activity Betty Blocks

Resource

Betty Blocks training day

https://academy.bettyblocks.com/classroom

Data Models
- What are model?
- What are properties?
- What are relations?
Create Models

Create Model Relations

Setting Model Properties, Val-
idations and Variables

3 video’s:
https://academy.bettyblocks.com/tutorials/data-
models

https://academy.bettyblocks.com/documenta-
tion/references/data-models/model-reference
https://docs.bettyblocks.com/en/articles/998125-
howto-create-model-relations
https://academy.bettyblocks.com/documenta-
tion/references/data-models/relations-reference
https://academy.bettyblocks.com/documenta-
tion/references/data-models/property-reference

Back Office

- How to search?

- How to use export?
- How to use import?
- What are filters?

- What are forms?

- What are grids?

- What are subviews?

7 video’s:
https://academy.bettyblocks.com/tutorials/back-
office

Turn on builder mode and cre-
ate Grid

https://academy.bettyblocks.com/documenta-
tion/references/back-office/grid-reference

Create form, set form compo-
nents and inputs

https://academy.bettyblocks.com/documenta-
tion/references/back-office/form-reference
https://academy.bettyblocks.com/documenta-
tion/references/back-office/form-component-ref-
erence

Explore filter, import and ex-
port functionalities

https://academy.bettyblocks.com/documenta-
tion/references/back-office/filter-reference
https://academy.bettyblocks.com/documenta-
tion/references/back-office/import-reference
https://academy.bettyblocks.com/documenta-
tion/references/back-office/export-reference

Actions
- What are conditions?
- What are sub actions?
- What are CRUD ac-
tions?
- Whatis a loop?

4 video’s:
https://academy.bettyblocks.com/tutorials/actions

Expression references

https://docs.bettyblocks.com/en/articles/1330419-
expression-reference



https://academy.bettyblocks.com/classroom
https://academy.bettyblocks.com/tutorials/data-models
https://academy.bettyblocks.com/tutorials/data-models
https://academy.bettyblocks.com/documentation/references/data-models/model-reference
https://academy.bettyblocks.com/documentation/references/data-models/model-reference
https://docs.bettyblocks.com/en/articles/998125-howto-create-model-relations
https://docs.bettyblocks.com/en/articles/998125-howto-create-model-relations
https://academy.bettyblocks.com/documentation/references/data-models/relations-reference
https://academy.bettyblocks.com/documentation/references/data-models/relations-reference
https://academy.bettyblocks.com/documentation/references/data-models/property-reference
https://academy.bettyblocks.com/documentation/references/data-models/property-reference
https://academy.bettyblocks.com/tutorials/back-office
https://academy.bettyblocks.com/tutorials/back-office
https://academy.bettyblocks.com/documentation/references/back-office/grid-reference
https://academy.bettyblocks.com/documentation/references/back-office/grid-reference
https://academy.bettyblocks.com/documentation/references/back-office/form-reference
https://academy.bettyblocks.com/documentation/references/back-office/form-reference
https://academy.bettyblocks.com/documentation/references/back-office/form-component-reference
https://academy.bettyblocks.com/documentation/references/back-office/form-component-reference
https://academy.bettyblocks.com/documentation/references/back-office/form-component-reference
https://academy.bettyblocks.com/documentation/references/back-office/filter-reference
https://academy.bettyblocks.com/documentation/references/back-office/filter-reference
https://academy.bettyblocks.com/documentation/references/back-office/import-reference
https://academy.bettyblocks.com/documentation/references/back-office/import-reference
https://academy.bettyblocks.com/documentation/references/back-office/export-reference
https://academy.bettyblocks.com/documentation/references/back-office/export-reference
https://academy.bettyblocks.com/tutorials/actions
https://docs.bettyblocks.com/en/articles/1330419-expression-reference
https://docs.bettyblocks.com/en/articles/1330419-expression-reference
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Variable reference

https://academy.bettyblocks.com/documenta-
tion/references/expressions-and-variables/varia-
bles-reference

Indexing

https://docs.bettyblocks.com/en/articles/998121-
property-reference

Creating actions

https://academy.bettyblocks.com/documenta-
tion/references/actions/action-reference
https://docs.bettyblocks.com/en/articles/998093-
what-are-actions

Creating action events

https://academy.bettyblocks.com/documenta-
tion/references/actions/action-event-reference
https://docs.bettyblocks.com/en/articles/998108-
action-event-reference

Creating action trigger

https://academy.bettyblocks.com/documenta-
tion/references/actions/action-trigger-reference
https://docs.bettyblocks.com/en/articles/998100-
action-trigger-reference

Create template

https://docs.bettyblocks.com/en/articles/2901318-
template-reference

Create export to PDF using
Liquid

https://academy.bettyblocks.com/tutorials/ac-
tions/how-to-use-the-pdf-generate-action
https://docs.bettyblocks.com/en/articles/998154-
howto-use-pdf-properties-in-betty-blocks
https://docs.bettyblocks.com/en/articles/998167-
howto-use-the-liquid-template-language-to-dis-
play-dynamic-content-on-your-templates

Task Activity Excel

Resource

Enabling developer functional-
ity

https://support.microsoft.com/en-us/office/show-
the-developer-tab-e1192344-5¢56-4d45-931b-
e5td9bea2d45

Setting Excel data validation

https://support.microsoft.com/en-gb/office/apply-
data-validation-to-cells-29fecbcc-d 169-42c1-
9d76-eff3ce5{7249 2ui=en-us&rs=en-gb&ad=gb

Creating radio button

https://trumpexcel.com/insert-use-radio-button-
in-excel/

Create scheme setup including
formulas
- IF function

- Month/ Year

https://support.microsoft.com/en-us/office/it-
function-69aed7c9-4e8a-4755-a9bc-
aa8bbff73be2
https://www.extendoffice.com/documents/ex-
cel/4597-excel-increment-date-by-month-year-
days.html
https://exceljet.net/excel-functions/excel-month-
function



https://academy.bettyblocks.com/documentation/references/expressions-and-variables/variables-reference
https://academy.bettyblocks.com/documentation/references/expressions-and-variables/variables-reference
https://academy.bettyblocks.com/documentation/references/expressions-and-variables/variables-reference
https://docs.bettyblocks.com/en/articles/998121-property-reference
https://docs.bettyblocks.com/en/articles/998121-property-reference
https://academy.bettyblocks.com/documentation/references/actions/action-reference
https://academy.bettyblocks.com/documentation/references/actions/action-reference
https://docs.bettyblocks.com/en/articles/998093-what-are-actions
https://docs.bettyblocks.com/en/articles/998093-what-are-actions
https://academy.bettyblocks.com/documentation/references/actions/action-event-reference
https://academy.bettyblocks.com/documentation/references/actions/action-event-reference
https://docs.bettyblocks.com/en/articles/998108-action-event-reference
https://docs.bettyblocks.com/en/articles/998108-action-event-reference
https://academy.bettyblocks.com/documentation/references/actions/action-trigger-reference
https://academy.bettyblocks.com/documentation/references/actions/action-trigger-reference
https://docs.bettyblocks.com/en/articles/998100-action-trigger-reference
https://docs.bettyblocks.com/en/articles/998100-action-trigger-reference
https://docs.bettyblocks.com/en/articles/2901318-template-reference
https://docs.bettyblocks.com/en/articles/2901318-template-reference
https://academy.bettyblocks.com/tutorials/actions/how-to-use-the-pdf-generate-action
https://academy.bettyblocks.com/tutorials/actions/how-to-use-the-pdf-generate-action
https://docs.bettyblocks.com/en/articles/998154-howto-use-pdf-properties-in-betty-blocks
https://docs.bettyblocks.com/en/articles/998154-howto-use-pdf-properties-in-betty-blocks
https://docs.bettyblocks.com/en/articles/998167-howto-use-the-liquid-template-language-to-display-dynamic-content-on-your-templates
https://docs.bettyblocks.com/en/articles/998167-howto-use-the-liquid-template-language-to-display-dynamic-content-on-your-templates
https://docs.bettyblocks.com/en/articles/998167-howto-use-the-liquid-template-language-to-display-dynamic-content-on-your-templates
https://support.microsoft.com/en-us/office/show-the-developer-tab-e1192344-5e56-4d45-931b-e5fd9bea2d45
https://support.microsoft.com/en-us/office/show-the-developer-tab-e1192344-5e56-4d45-931b-e5fd9bea2d45
https://support.microsoft.com/en-us/office/show-the-developer-tab-e1192344-5e56-4d45-931b-e5fd9bea2d45
https://support.microsoft.com/en-gb/office/apply-data-validation-to-cells-29fecbcc-d1b9-42c1-9d76-eff3ce5f7249?ui=en-us&rs=en-gb&ad=gb
https://support.microsoft.com/en-gb/office/apply-data-validation-to-cells-29fecbcc-d1b9-42c1-9d76-eff3ce5f7249?ui=en-us&rs=en-gb&ad=gb
https://support.microsoft.com/en-gb/office/apply-data-validation-to-cells-29fecbcc-d1b9-42c1-9d76-eff3ce5f7249?ui=en-us&rs=en-gb&ad=gb
https://trumpexcel.com/insert-use-radio-button-in-excel/
https://trumpexcel.com/insert-use-radio-button-in-excel/
https://support.microsoft.com/en-us/office/if-function-69aed7c9-4e8a-4755-a9bc-aa8bbff73be2
https://support.microsoft.com/en-us/office/if-function-69aed7c9-4e8a-4755-a9bc-aa8bbff73be2
https://support.microsoft.com/en-us/office/if-function-69aed7c9-4e8a-4755-a9bc-aa8bbff73be2
https://www.extendoffice.com/documents/excel/4597-excel-increment-date-by-month-year-days.html
https://www.extendoffice.com/documents/excel/4597-excel-increment-date-by-month-year-days.html
https://www.extendoffice.com/documents/excel/4597-excel-increment-date-by-month-year-days.html
https://exceljet.net/excel-functions/excel-month-function
https://exceljet.net/excel-functions/excel-month-function
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- ALS function https://support.microsoft.com/nl-nl/office/als-
functie-69aed7c9-4e8a-4755-a9bc-aa8bbff73be2
PMT functionality https://support.office.com/nl-nl/article/bet-func-
tie-0214da64-9a63-4996-bc20-214433fa6441

Appendix 2

Script prior to interview:

First, I would like to thank you once again for being willing to participate in the inter-
view aspect of my study. As I have mentioned to you before, my study seeks to make
a comparison between Excel and Low-Code based calculation tools within account-
ancy. In my research I looked at the risks of using Excel in general and also at the
opportunities of Low-Code that could take away some of those risks. The aim of this
research is to document whether Low-Code based calculation tools can outperform Ex-
cel based calculation tools on multiple factors. Some of these factors are functionality,
quality control, ease of use, security and ease of exporting data. Our interview today
will last approximately 20 to 30 minutes during which I will be asking you some general
questions regarding low-code platforms and the use of Excel within the company that
you are currently employed. Next to this, I will ask you to perform some tasks in both
Excel and Low-Code based calculation tools as discussed beforehand.

Consent form
Beforehand you (gave) / (did not give) permission to audio and screen record our con-
versation. Are you still ok with me recording our conversation today? (Yes) / (No)

If yes: Thank you! Please let me know if at any point you want me to turn off the
recorder or keep something you said off the record.
If no: Thank you for letting me know. I will only take notes of our conversation

Before we start the interview, do you have any questions? (Discuss questions)
If you have any questions during the interview feel free to ask them at an time. I would
be happy to answer them.

Interview

Now we will start the actual interview which will be performed as follows. First I will
ask about some background information. After this, we will work in the different ap-
plications where I will ask you to perform some specific tasks that relate to the subjects
depicted in the sub questions of my research.

Background Excel
To begin the interview, I would like to ask you some questions about Excel, its risks
and your experience with using Excel within you work environment.
Excel is an tool that is used a lot for many tools and for making all different kind of
calculations. #1: How many times a month do you use Excel on average?

o Once or not at all


https://support.microsoft.com/nl-nl/office/als-functie-69aed7c9-4e8a-4755-a9bc-aa8bbff73be2
https://support.microsoft.com/nl-nl/office/als-functie-69aed7c9-4e8a-4755-a9bc-aa8bbff73be2
https://support.office.com/nl-nl/article/bet-functie-0214da64-9a63-4996-bc20-214433fa6441
https://support.office.com/nl-nl/article/bet-functie-0214da64-9a63-4996-bc20-214433fa6441

27

o 2-5 times a month
o Almost every day
o T use Excel every day

#2: When using Excel in your day-to-day activities does anything ever go wrong?
#3 Have you ever experiences any of the following Excel risks?
o Overconfidence - Despite the strong evidence of widespread errors in spread-
sheets, users rarely look to reduce these errors using post development test-
ing. This shows that users are overconfident in the use of spreadsheets.

o  Human error — most users are unaware of their own mistakes. They blame
the technology instead of themselves.

o Making Assumptions

o  Archiving or storage of spreadsheet documents

o Fraud

Background Low-Code
Low-Code is a relatively new concept. #1 : Have you ever heard of any of the following
Low-Code platforms?

o Salesforce

o Mendix

o Outsystems

o Betty Blocks

#1.1 Have you ever used any of them?
If yes: move on to question two.
If no: explain the concept of low-code, the platforms and what they do.
“Low-Code Development Platforms (LDCPs) are cloud services or products that are
used for application development. They avoid programming and instead employ visual
techniques that require low training times while increasing business value by speeding
up the development lifecycle of new applications and features, increasing productivity
and additional annual revenue.”
#2 Now we know the concept of low-code and we talked about the risks and your ex-
perience with Excel. Do you think that low-code could provide any benefits over Excel?
If so, what benefits? If not, why not?
If data management is not mentioned. Explain the benefits of data management, the
saving of calculated data in the database and the benefit of being able to see who
changed what within a low-code file that is not available within Excel.

o Version control and the use of sandboxes during development

o Being able to give different functions to different roles

o Addvalidation

o Allow for input validation on the right type of input (e.g. date numbers)

Tasks in general
There will be an A and B group both consisting of 4 persons. Group A will start will
the Excel tasks and group B will start with the Low-Code tasks.
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Tasks Excel
#1 Calculate the repayment and interest for the provided loan term using the following
data:

Loaned amount € 200.000,00
Interest percentage 2,75 %

Loan term 360

Loan provision date 01-06-2020
First payment date 01-07-2020
Repayment type Annuity

Use filters of searches to find the following information:
#2 What is the total repayment over the year 2020?

#3 What is the total interest over the year 2021?

#4 In what month and year is half of the repayment done?
#5 What amount needs to be paid in January 2041?
Export the found the found data to the following formats:
#6 Export the scheme to a .csv file.

#7 Export the scheme to .pdf file.

Tasks Low-Code
#1 Calculate the repayment and interest for the provided loan term using the following
data:

Loaned amount € 300.000,00
Interest percentage 1,5 %

Loan term 240

Loan provision date 01-07-2020
First payment date 01-07-2020
Repayment type Linear

Use filters of searches to find the following information:
#2 What is the total interest over the year 2020?

#3 What is the total repayment over the year 2021?

#4 In what month and year is half of the repayment done?
#5 What amount needs to be paid in December 2034?
Export the found the found data to the following formats:
#6 Export the scheme to a .csv file.

#7 Export the scheme to .pdf file.

Comparing the two calculation tools
#1 Think of the following scenario: you have made some calculations and closed the
tool. Which program do you think will be easier to revisit the calculated data and why?
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#2 How likely is it that errors are made when using these tools?

#3 How easy would it be to explain both tools to a colleague?

#4 If you would be able to use both tools again. Do you think you would be able to
complete the tasks faster than the first time?

Appendix 3
Table 7. Task (T) completion time for each participant (P) in group A and B in time in sec-
onds for Excel (E) including assists (A). For each assist 20 seconds will be added.

E-P1 | E-P2 | E-P3 | E-P4 | E-PS | E-P6 | E-P7 | E-P§ | Total
T1 115-A 29 30 85-A 32 36 50 41 418

T2 9 38 35-A 31 15 77-A 11 13 229
T3 13 6 11 17 8 24 12 12 103
T4 16 14 52 23 25 21 29 31 211
TS 14 15 21 18 10 13 9 17 117

T6 93-A 52 67-A | 79-A | 69-A | 74-A 55 63-A | 552
T7 54-A 25 35 51-A 45 32 30 51 323
T1-7 314 179 251 304 204 277 196 228 | 1953

Table 8. Task (T) completion time for each participant (P) in group A and B in time in sec-
onds for Betty Blocks (B) including assists (A). For each assist 20 seconds will be added.

P1 P2 P3 P4 P5 P6 P7 P8 | Total
T1 59 33 45 55 64 68 74 77 475
T2 61-A 8 17 43 54 29 54-A 55 321
T3 17 8 21 11 9 13 6 21 106
T4 19 12 40 13 18 21 52 34 209
TS 9 16 17 21 26 11 9 22 131
T6 69-A 18 53-A 26 45 23 62-A 32 328
T7 28 13 25 19 7 10 44-A | 66-A | 212

T1-7 | 262 108 218 188 223 175 301 307 | 1782

Table 9. Mean completion times in seconds of all tasks per group including assist time.

Excel Betty Blocks
Group A 302 194 496
Group B 246 251 497
548 445 993
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Appendix 4

Gl o~ e G W

Aflossings- en renteschema

Gegevens: vul de rode vakjes in

Lo

aned Amount:

Interest Percentage (per month):

Lo
Lo

an Term {In Months):
an Provision Dite:

First Payment date:
Type of repayment:

Aflossings- en renteschema

@ Ancwiteten Lening

e R DR R
00 €625.00

Maand |  Begisaklo | Aflossing
Aordf20

May/20 300,000 €1.21068
Jure/20 €98,769.32 €1213.20
/28 €297,576.12 €.21573
Augist20 296,303 £1,21826
September/20 €95,142.13 €1.220.80
October/20 @93.9213 €.23.34
Hovemben 20 £292,557.9% 12589
Décember20 €291472.10 €.278.44
January/2L 29024355 €1,231.00
Feluay/2L 28901265 €1,23357
Morch/21 87,773.08 £1236.14
Ape2L E286,542.94 £1.2387
May/2L €285,304.23 €200
June[21 €284062.91 €1,243.88
Tiy/21 €@82.819.05 €1,24647
€1,249.07

Augustj2t. 28157258

Rents

51248
€619.95
61742
€614588
61234
Lz
€603
50467
50211
&5
€596.%
55438
€591.80
€551
58661

Totaal
T
15.68

€187
183568
183568
E161568
€183568
183560
€1,8568
153568
183568
€183568
€856
€181564
183568
140564
183568
€180558

Euidsakio
ERERER
€298,789.32
G9757612
€296,360.39
254213
2935133
€292,697.99
29147210
€290,243.65
26901265
287,779,
€256542.94
£265,304.53
€284,062.93
€282,819.05
,572.58
€280,323.51

Menthly Rent: J5 = H6/12

Calculate Payme: =-PMT(I5,K6,H5)
Kb =H7-(18-1)

18=1

19.=10R 2 based on choice in radio butten

Month and year:

114 = YEAR(C15)

115 = YEAR(C16)

K14 =IF(1N4=)150J14) L14=HI15

KI5 =IF115=116,015) L15=H16
Ci5=H8

C16= DATE(YEAR{C1S} MONTH(CIS}4+1,1)

Start Balance. End Balance:
D15=HS #16=D16-F16
D17 = IF(B1755HS7,0,416)

Repayment:
16 = IF{OF(B16<5IS8,B165HS7),0, F($159=2, SHS5/KS6, S1S6-F16))

Interest: Total:
F16=D16* 555 Gl6=E16+F16

Fig. 7. Excel development overview including invisible formulas and calculations

Linear

Lening - Aflossings

Users - Roles

Lenings - User User - Schemes

Scheme (o))

Lening - Schemes

Fig. 8. Data model of Betty Blocks Application including relationships
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end_saldo End saldo Price expression

|nterest Price expression
month Month Date
nr Nr Number
repayment Repayment Price
start_saldo Start saldo Price
total Tota Price expression
updated_at Updated at Date time

10 records < Vernieuwen

Fig. 9. Properties of the Linear Model. The same process regarding creating properties has been
performed for the other models.

() © cmeemoe @ @D

Tim Koring.

Lening Calculator

Fig. 10. Back office grid interface of the loan calculator including: loaned amount, loan term,
interest percentage, first payment data, loan provision date and payment type.
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Linear

Lening

Loaned amount

Interest
percentage

Loan term (in
months)

Loan provision
date

First payment
date

Payment type

Pdf

240

£ 01-07-2020

8  01-07-2020

scheme.pdf

300.000,00

1,50

Linear

Annuiteits

240 +

Calculate Scheme

Generate PDF

-

)

Fig. 11. Grid input form corresponding with grid interface including ‘Calculate Scheme’ and
‘Generate PDF’ buttons and subviews for both linear and annuity schemes.

Interest Total

0109-20 E €162188 €296.25
4 0110-2020 € €1.62031

5 111-2020 15 € 161875 £2 5
o € €1.617,19 €2

7 101 21 €365 €1.61563 €2912
€£364,06 €1.61406 €

0103-2021 € €1612,50 5

1 0104-2021 € €1.610,94 €

11 105-20 £ 287.50¢ €1.250,00 €359,38 €1409.38 €284.250,00

12 0106-2021 € €1.250,00 €357.81 €1607.81 €2
0107-2021 3 €12 €35625 €160625 €

Verwijderen Uitvoeren 240 linears £ Vernieuwen

Fig. 12. Linear Scheme sub view including: checkboxes, number, month, start balance, repay-
ment, interest, total, end balance, filters, sum functionality, export functionality and delete func-
tionality.



Fig. 13. Main action overview showing the three actions used in the applications.

Calculate Scheme

Action

Condition

Maak
Annuiteit

Fig. 14. Main action including condition, reference to another action, loop and create action.
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Condition

Action event

Kind

Condition

True message

True message type

False message

Condition

Use filter | Use expression

record

Payment type is gelijk aan Linear

Fig. 15. Condition where payment type is set to linear.

Action event

Kind

Times

Index

Variables

Variables

Loop

var:record.loan_term

index
Name Kind
aflossing_bedrag Number with decimal expression

Fig. 16. Loop that iterates the amount of the loan term including variables with Index set to

index.
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Action event

Kind Create

Model Linear

Assign Property Value
Lening varirecord
Repayment wvar:aflossing_bedrag
Start saldo var:start_saldo
Nr varindex
Month varmonth

As aflossing_current
Variables
Variables Name Kind

month Date expression
prev_aflossing Object
prev_number Number expression
start_saldo Number with decimal expression

Aangepast één maand geleden

Fig. 17. ‘Create’ action event for the linear model with variables assigned to properties and in-
dex.

Fig. 18. Overview of the changes functionality with all meta changes including when some-
thing was changes, by whom and what was changed.



