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Principles of Data Design in Spreadsheets

Alexander Prutzkow

Abstract—Spreadsheets remain a relevant data processing
tool for end users, despite the proliferation of databases and
information systems. There are principles for writing easily-
modifiable programs. However, there are no such principles for
spreadsheets. We have formulated three principles for data
design in spreadsheets. The data elementarity principle states
that any component of a spreadsheet (cell, row or column,
table, sheet) must contain indivisible (for this component and
problem) data. This principle determines the arrangement of
data in cells, tables, sheets, and spreadsheets. The data
consistency principle states that data must not have
contradictory values. This principle defines the relationship of
data among themselves, the relationship of source and derived
data. The principle, together with the previous principle, is
related to the organization of data. The data certainty principle
states that any component of a spreadsheet must have purpose.
This principle determines the presentation of data in a
workbook. The data must have names and a single designation.
Each principle has rules that govern the details of data design
in spreadsheets. Compliance with these principles and rules will
make the spreadsheets readable and easily-modifiable. The
formulated principles are used by us in spreadsheets for
organizing the educational process and maintaining electronic
journals, as well as in teaching how to work in spreadsheets.
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I. WHAT INSPIRED US TO FORMULATE PRINCIPLES
OR INTRODUCTION

Any data processing can be programmed. A spreadsheet is a
way to process data without programming (or with minimal
programming). Therefore, spreadsheets are used by end
users.

We teach spreadsheets at the School of Programmers of
the Russian State Radio Engineering University (RSREU)
[1] and Ryazan State Medical University. Students are
required to explain how to arrange data on the sheet and why
one organization of data is better than another.

We have already formulated the principles of easily-
modifiable programs [2-3]. These principles allow you to
say why one program is written better than another.
Programs must follow code conventions as well.

All this inspired us to the purpose of the study.

Il. PURPOSE OF THE STUDY
The purpose of the study is to formulate the principles for
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data design in spreadsheets so that spreadsheets are readable
and easily-modifiable.

I1l. RELATED WORKS

A spreadsheet software developer has provided guidelines
for organizing and formatting data in spreadsheets [4-5].

In [6], the rules for organizing data are formulated. These
rules apply to individual cells as well as spreadsheets in
general.

Practical guidelines (or rules) for organizing data in
spreadsheets are discussed in [7-11]. In [12], the rules of
using spreadsheets in institutions are proposed. In [7, 12],
the rules are called the principles.

There is a software tool to automate the search for
violations of the principles of using spreadsheets [13]. To
check the types of source data and debug types, software
engineering approaches can be used [14]. Templates of data
arrangement in spreadsheets are highlighted in [15].

Errors in spreadsheets are explored and classified in [16-
18]. Compliance with the rules of data organization in
spreadsheets allows you to avoid unwanted data changes
[19].

In [20-24], the best practices for arranging data in
datasets are discussed. These practices can be used to
organize data in spreadsheets. The rules of data organization
should be taught to students when studying spreadsheets
[25].

Why people use spreadsheets, what operations they
perform and what problems they face is explored in [26-28].

These sources allowed us to formulate the following
principles.

IV. TERMINOLOGY

To formulate the principles, we introduce the following
terminology.

A. Spreadsheets and Sheets

The term ‘spreadsheet” means:
»  ‘workbooks’ as a file with multiple ‘worksheets’ or;
e spreadsheet software.

The term ‘sheet” means an individual ‘worksheet’.

B. Container and Components

A container is a collection of named components (see table).
The container has the following properties:
e boundedness: for each component it should be clear
whether it is included in the container or not;
e naming: for each component within the container, it
must be clear what kind of data it holds.
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CONTAINERS AND THEIR COMPONENTS

CONTAINER COMPONENT
Spreadsheet Sheet
Sheet Table or list as a table
Table Rows (or columns)

List Item (in row or column)
Row or column Cells

C. Entity and Object

An object is a collection of parameter values.
An entity is a notion of a subject area that includes objects
with the same parameters.

D. Facts

Facts are objects with the same parameters that have the
following properties [29]:
» atomic: parameters are elementary;
» timestamped: one of the parameters is related to time;
» identifiable: the facts are pairwise distinct.

Facts form a list.

Fact is an object. However, let's single out the facts in a
separate group and consider objects - all objects that are not
facts.

V. PRINCIPLES OF DATA DESIGN IN SPREADSHEETS

The principles of data design in spreadsheets are as follows:
» data elementarity principle;
»  data consistency principle;
»  data certainty principle.

Let's look at these principles and their corresponding rules
in detail.

VI. DATA ELEMENTARITY PRINCIPLE

Data in spreadsheets must be elementary or atomic.
Elementarity means the indivisibility of data.

The purpose of the principle is to reduce the time
complexity of data processing by eliminating parse
operations and their repetitions.

We mean the elementary character of data for each
component (see table).

Elementarity of data can be defined in different ways for
visual representation of data (human readability) or to
simplify program processing (machine parsing).

The following rules apply to this principle.

A. Data in cells must be elementary

Elementary data does not need to be further separated. They
can be combined in any order. For example, we can combine
the last_name and first_name as

last_name + first_name
or

first name + last name.

B. One table row — one entity object or one fact

By extracting data from a table row, we know exactly how
the object's parameters are located. To get a parameter, you
only need a cell reference, not a formula to find and extract
its value from a row or table.

Objects can also be arranged according to the columns of
the table.

C. One table — one entity or one list of facts

When setting a table range in a formula, we must be sure
that the table contains only objects of the same entity, but
not several. This will simplify formulas for obtaining values.

Parameters of objects or facts in a table must be in the
same order.

D. One sheet — one table

One sheet should contain only one table. This allows you to
quickly find tables, copy tables along with a sheet to another
spreadsheet.

E. Do not use numbers in formulas

The formula determines the order in which the value is
calculated, and does not store the data. If you want to use a
number in a formula, you must write the number in a cell
and use a reference or a name in the formula.

VII. DATA CONSISTENCY PRINCIPLE

Every datum in spreadsheets must have the only one value.
The purpose of the principle is to eliminate the
inconsistency of the data.
The following rules apply to this principle.

A. All derived data must be computed

If the derived data is not calculated but written as values,
then when the source data changes, the derived data will
need to be rewritten. If derived data is calculated, then when
the source data changes, the derived data also changes.

B. Data must not have duplicates in the same spreadsheet

The main problem with duplication is a synchronization of
the values of duplicates. The absence of duplicates removes
this problem.

C. Ifthe input data has restrictions, then use the data
validation function

If the input data has restrictions, then it is necessary to check
their values. Invalid values will skew the derived data. This
will force you to check the values anyway, if not on input,
then on calculation.

D. If the number of cell values is limited and known in
advance, then make a list of possible values to fill the cells

«Preserve as much of the user’s work as possible» [30]. The
user can enter valid values, but with typos or errors. The
drop-down list excludes such erroneous input (fig. 1).

A B C
1 |Season: =
2 Winter
Spring
3 Summer
a4 Autumn

Fig. 1 — Select the season from the dropdown list

E. Don't use formatting as derived data

Suppose we need to detect abnormal values. We can
highlight them with a background color or a column with an
additional boolean type parameter (fig. 2). The TRUE value
for this parameter indicates that the value is normal, and the
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FALSE value indicates that the value is not normal.

A B
1  Weight |is Normal
2 75 TRUE
3 112| FALSE
4 54 TRUE
Fig. 2 — Discovering abnormal values by background color and additional
parameter

The additional parameter allows you to filter and sort the
values in contrast to the background color.

VIII.

Data in spreadsheets must have a clear purpose.

The purpose of the principle is to improve the readability
of data.

The following rules apply to this principle.

DATA CERTAINTY PRINCIPLE

A. There must be no empty components in the container

An empty component is the same to the TODO comment in
code: the data has not yet been received or it was forgotten
to enter.

However, filling all components reduces the visibility of
rare values. In this case, we recommend using conditional
formatting.

B. All data on the sheet must be named
Can you tell us what data is shown in fig. 3?

A B C

142

Fig. 3 — Nameless number in cell

It could be:
e number without label or;
e the number that should have been removed or;
e part of the remaining label to another number.
The correct answer can be any of the above. Therefore,
the data on the sheet must be named.

C. Follow to the naming conventions

The naming conventions contain the rules for naming
containers and their components (see table). Look for such
conventions in your institution before you start naming. If
there are no such conventions, then briefly and clearly
describe it on a separate sheet of the spreadsheet.

D. Data must have a single designation

At the beginning of the article, we introduced the terms. The
terms allowed us to unambiguously state the text of the
article, and you were allowed to unambiguously understand
it. Data designations should be clear to both the creator of
the spreadsheet and its users.

E. Use parentheses in formulas

The parentheses in the formula are used for the following:
¢ determine the order of operations;
< highlight the logical parts of the formula.

Deep nesting of parentheses reduces readability.
Unfortunately, spreadsheets don't have a way to break down
formulas like a program can be broken down into
subroutines.

F. Entity parameter values must have the same format

A different data format can be in the following cases:
e asingle format is not applied to the parameter values or;
e values are not an entity parameter due to incorrect data
organization.
To remove this ambiguity, entity parameter values must
have the same format.

G. Tables must have outer and inner borders

The border does not have to be a frame. The border can also
be a different background color.

H. Use names for constants, not cell references

Spreadsheets allow you to access cells not only by reference,
but also by name. Use names for constants to make the
formula more readable.

IX. DISCUSSIONS IN QUESTIONS AND ANSWERS

Q: What influenced the formulated principles?

A: The formulated principles were influenced by:

» theory of relational databases;

» principles of object-oriented programming;
» code conventions;

» principles of graphical user interface design.

Q: Does it follow from rule A of the data certainty
principle that there should not be empty cells on the sheet
outside the table?

A: Yes.

Q: What are the criteria for data design in spreadsheets?

A: The criteria for data design in spreadsheets are
readability and easily-modifiable.

Q: Are the principles formulated exhaustive?

A: At the current stage of the study, yes. But we do not
leave out the emergence of rules that require the formulation
of a new principle.

Q: What can a cell contain?

A: Based on the above rules, a cell can contain one of the
following:

(1) elementary datum or;
(2) formulaor;
(3) label or description.

X. CONCLUSIONS

We have formulated three principles for data design in
spreadsheets:
(1) data elementarity principle;
(2) data consistency principle;
(3) data certainty principle.

The proposed and already known rules are manifestations
of these principles. By following these principles and rules,
the spreadsheet will be readable and easily-modifiable.
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We use spreadsheets in the following cases:

e managing the operations of the School of Programmers
of the RSREU for the calculation of indicators for
various periods, the formation of reporting documents;

e electronic journals of students for counting missed
classes, marks received points and the formation of final
grades.

We use both spreadsheet software: standalone application
and online services. Spreadsheets in online services are
shared with other lecturers and dean.

In our practice, we adhere to the formulated principles.
These principles will be used in the educational process of
the School of Programmers of the RSREU and the Ryazan
State Medical University.
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