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Abstract

Documentation is an important artefact of any software product. For once, user documenta-

tion is important so users can be more productive using spreadsheets, without the need to

arbitrarily looking for the feature they want to perform a task. On the other hand, developer

documentation allows for software professionals to more easily maintain the software.

This issue is even more relevant when dealing with software for non-professional program-

mers. In fact, in many cases documentation is not even available. For instance, for spreadsheets,

and even considering an industrial setting, only around 30% have some kind of documentation.

This makes their usage and maintenance very difficult.

There are many development systems allowing users to properly write documentation. For

instance, JavaDoc is a well-known and used framework to document Java projects. Spreadsheets,

the most used development environment for non-professional programmers, do not have such

a system. Thus, it is important to create a documentation support mechanism, but specific for

spreadsheets and their users and developers.

In this document we introduce a structured approach to document the different parts of a

spreadsheet, from cells to complete workbooks. Our proposal is supported by an Excel add-

in to ease the writing and reading of the documentation. Furthermore, it is also possible to

consult the documentation in a web page. The add-in also allows to import and export the

documentation as an XML file, to facilitate its exchangeability.

Our methodology allows developers to document, focused on (future) users, the input and

output cells of a spreadsheet, but also focused on (future) developers, to technically document

the formulas to facilitate their maintenance.

The empirical validation we performed shows that, in most cases, our approach improves

the effectiveness and efficiency of spreadsheet users/developers.

Keywords: Spreadsheets, User Documentation, Developer Documentation, Tools, Excel, Add-

in.
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Resumo

A documentação é um artefacto importante em qualquer software. Assim sendo, a documenta-

ção para os utilizadores é importante, pois irá aumentar a sua produtividade sem a necessidade

de andar à procura arbitrariamente do que precisam para desempenhar uma tarefa na folha

de cálculo. Por outro lado, a documentação específica para programadores torna mais fácil a

manutenção/atualização do programa em causa.

Esta questão é ainda mais relevante quando se trata de programas para utilizadores que

não são programadores profissionais. De facto, em muitos casos, essa documentação nem está

disponível. Por exemplo, para folhas de cálculo, e mesmo considerando um cenário industrial,

apenas cerca de 30% têm algum tipo de documentação. Isso implica que a sua utilização e

manutenção se torna muito difícil.

Existem muitas ferramentas que permitem aos utilizadores escreverem corretamente docu-

mentação. Por exemplo, o JavaDoc é uma ferramenta muito conhecida e usada para documentar

projetos Java.

As folhas de cálculo são o ambiente de desenvolvimento mais utilizado pelos programadores

não profissionais, mas neste caso não existe um sistema semelhante ao JavaDoc. Portanto, é im-

portante criar um mecanismo de suporte para a documentação, mas específico para utilizadores

e programadores de folhas de cálculo.

No presente documento, introduzimos uma abordagem estruturada para documentar as

diferentes partes da folha de cálculo, começando nas células e acabando na folha de cálculo em si.

A nossa proposta é baseada num suplemento para o Excel de forma a facilitar a escrita e leitura

da documentação. Além disso, é também possível consultar a documentação numa página

web. O suplemento permite também importar e exportar documentação. A nossa metodologia

permite aos programadores documentarem as células de entrada e de saída da folha de cálculo,

focando-se nos utilizadores (futuros), mas também focando-se nos (futuros) programadores,

permite documentar mais tecnicamente as fórmulas facilitando a manutenção da própria folha.

A avaliação empírica que realizamos mostra que, na maioria dos casos, a nossa abordagem

aumenta a eficácia e a eficiência dos utilizadores/programadores de folhas de cálculo.

Palavras-chave: Folhas de cálculo, Documentação para Utilizadores, Documentação para Pro-

gramadores, Ferramentas, Excel.
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1
Introduction

Spreadsheets are used by a continuously growing number of people and organizations. In-

deed, spreadsheet systems are the most used programming system [15], especially by non-

professional programmers, the so-called end users. As in other programming languages/envi-

ronments, it is quite common to find spreadsheets with errors. Indeed, the error rate within

spreadsheets can be up to 90% [18]. Hence, the European Spreadsheet Risk Interest Group

(EuSpRIG)1 regularly updates their web site with new stories reporting the losses (economical,

brand recognition, etc.) caused by errors in spreadsheets to companies and other entities.

Many reasons exist for this scenario: the lack of abstraction, of a testing methodology, or

a (very) weak type system. Some errors can also be explained by the lack or poor documenta-

tion [21]. Indeed, in many of the cases reported by EuSpRIG, the lack of or bad documentation

is mentioned. Moreover, software tends to lose some of its efficiency when no proper docu-

mentation is available [7]. Without the proper documentation users and developers have more

difficulties in understanding, using, and updating the software. The same happens for spread-

sheets. In a recent study in a financial institution, researchers found that 70% of users that

receive spreadsheets from colleagues have difficulties understanding them [11]. This trans-

ferring scenario is quite common as 85% of the study participants reported doing so. The

same authors reported that spreadsheet users browse them for hours trying to understand their

content since only one third has some kind of documentation [10].

Unfortunately, spreadsheet systems do not have a proper form to document their programs.

In modern spreadsheet systems it is possible to add general notes to a cell, but that is a very

unstructured way of doing documentation, when compared to what tools like JavaDoc2, for

the Java programming language, allow. This can be compared to writing ad-hoc comments

in a textual programming language which makes it quite hard for spreadsheet developers to

actually document their spreadsheets. For instance, in [9] the authors analysed more than

15.000 spreadsheets available in the Enron Email Archive [13], containing the emails from the

1http://www.eusprig.org/
2http://www.oracle.com/technetwork/articles/java/index-jsp-135444.html
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CHAPTER 1. INTRODUCTION

Enron oil corporation. They found that some spreadsheet documentation was in the emails

themselves, instead of being in the spreadsheets. This shows that there is the need to document,

but not the proper means.

Users tend to workaround this situation documenting their spreadsheets in the best way

they can. Some write the documentation on a separate worksheet and reference to it informing

that such worksheet is the documentation of the spreadsheet. In this case, it is not possible to

see the documentation and the corresponding document artifacts at the same time, as one can

do using for instance JavaDoc, making it difficult to relate the documentation with the actual

spreadsheet content. Others, write the documentation on the worksheet with the content, close

by the cells they want to describe. However, in these cases the users are inserting extra cells

in the spreadsheet, which are not part of the program, increasing its complexity and making it

more disorganized.

These kinds of documentation make users question its interest. Although it is important to

document software, it cannot be done in any way. It is important to write and organize it in

such a way that the target readers will get what they want. A good documentation will increase

the users’ efficiency and effectiveness, and thus, their productivity [7, 19]. Indeed, JavaDoc is a

good example of a successful way of documenting software [14].

1.1 Challenges

The main challenge of this work is to provide spreadsheet end users a way to document and

read that documentation in a structured way. Although users already try to document their

programs, they tend to do it in a very ad-hoc way as there is little to no support to properly

document spreadsheets. Therefore, we envision a system that supports end users in creating and

reading documentation in a regular and structured way. However, given end user developers

do not have the training professional programmers have, the methodologies and tools proposed

must have the right level of complexity and features so they can actually use and appreciate

them. This is indeed the biggest challenge of this work.

1.2 Our Solution

The goal of this work is to propose a methodology, supported by a tool, to guide spreadsheet

developers and users to write and read documentation.

We will propose a methodology to write documentation, from the perspective of who is

developing the spreadsheet, and another to read such documentation, from the perspective of

who wants to simply use the spreadsheet. Both methodologies are supported by a tool, an Excel

add-in termed SpreadsheetDoc.

SpreadsheetDoc allows developers to write documentation in a structured way as they can

document each part of the spreadsheet in a different and targeted way.

On the other hand, spreadsheet users can read the documentation written in different ways,

either within the spreadsheet itself, or in a web page dedicated to that purpose.

2



1.3. CONTRIBUTIONS

1.3 Contributions

We accomplished the following contributions:

• A methodology to document spreadsheets, from the perspective of their developers.

• A methodology to read documentation for existing spreadsheets, from the perspective of

the people that simply want to use them.

• A canonical format to store spreadsheet documentation under an XML format so different

applications can exchange documentation of spreadsheets.

• An open-source Excel add-in, termed SpreadsheetDoc3, that supports both documenta-

tion writers and readers.

• A web page properly structured to display the documentation of a spreadsheet.

• A (national) conference paper — [3].

• In preparation a journal paper and a conference paper.

1.4 Thesis Organization

The rest of the document is structured as follows:

• Chapter 2 presents some terms used, an example of use of our framework and a schema

of our solution and its description.

• Chapter 3 presents how users can document spreadsheets using our framework.

• Chapter 4 presents how users can read spreadsheet’s documentation using our framework.

• Chapter 5 discusses implementation’s details of our framework.

• Chapter 6 presents our empirical study to validate our framework.

• Chapter 7 presents the state of the art.

• Chapter 8 concludes the developed work and discusses future work.

3http://spreadsheetsunl.github.io/spreadsheetdoc/
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2
Application Context of SpreadsheetDoc

Raymon did a study showing that good documentation improves mainly two factors: effec-

tiveness and efficiency of users [19]. So, our framework intends to improve these two factors.

Raymon describes that users usually ask colleagues when they do not understand the system

they are working with. Thus, users usually lose efficiency and effectiveness, increasing the

losses of their corporations. Our framework aims to improve the usability of users when writ-

ing documentation. For instance, it is possible to send spreadsheets to other users without

the need to explain it because it is already documented. Thus, users will have less difficulties

working on spreadsheets that were not created by them.

In [16] the author discusses two kinds of documentation: development documentation and

user documentation. The former is about the software itself, its internal form, and is created for

developers, with technical knowledge about the software and its implementation details. The

latter is for the software users, possibly with no technical skills to understand documentation

written for developers. We have also separated these kinds of documentation in our approach.

On one hand formulas should be documented technically, that is, with enough technical detail

so they can be updated by other developers. On the other hand, input and output cells should

be documented for end users so they can know where to input their values and read the results.

Developers have a documentation different from the documentation of end users. Their

documentation has descriptions that only developers are accustomed to use. For instance, de-

velopers describe how a formula on a cell works, that is, explain how the formula is constructed

and what parameters should be used. To end users, the internals are not important, only in-

puts and outputs are relevant: they just want to use the spreadsheet. So, documentation for

maintainers must have details that an end user may not understand.

In this chapter we introduce a few concepts of the spreadsheet realm (Section 2.1), briefly

introduce our work through an example (Section 2.2), and describe the overview of our method-

ology and tool (Section 2.3).
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2.1 Definitions

Workbook/Spreadsheet A workbook is a spreadsheet file. The term spreadsheet is often used

to refer to a workbook, when in fact it refers to the computer program, such as Excel. We will

use these terms interchangeably.

Worksheet A worksheet, or simply sheet, is a single page of a workbook, that is, one of the

tabs that can be found at the bottom of the spreadsheet (in most spreadsheet systems).

Cell A cell is a rectangular box in a worksheet, that is, the intersection point of a vertical line

(column) and a horizontal line (row). Its name is the concatenation of its coordinates: a letter

for the column and a number for the row. It can has content, which can be plain values (for

instance, 4 or Bid), or formulas (for instance, =SUM(A1:B3)).

Row Refers to all the cells contained in a horizontal line (given by a number).

Column Refers to all the cells contained in a vertical line (given by a letter).

Range A range is a rectangular selection of cells, containing one or more cells.

Input Cell An input cell is a cell that is referenced by others, but does not reference any other

cell.

Output Cell An output cell is a cell that references other cells, but its not referenced by any

other.

2.2 Example

In this section we describe a spreadsheet which we use as a running example. This spreadsheet,

shown in Figure 2.1, was introduced in a book describing how to create spreadsheets [17].

This spreadsheet calculates the probability of winning an auction, according to a set of

assumptions. Although this spreadsheet is well organized and rather small, it is already difficult

to understand. In Figure 2.2 we show the same spreadsheet, but now with the formulas visible.

In fact, and since this is a well designed spreadsheet, some cells even have comments on

them (denoted by the small triangle appearing in the top right corner of the corresponding

cells). We list next the comments from the spreadsheet:

F4 Decision: Bid (in $million).

I4 Net value if the salvage value is low.

I5 Net value if the salvage value is high.

I8 Net value if the bid is successful.

I9 Net value if the bid is unsuccessful.
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Figure 2.1: A spreadsheet to calculate the winning probabilities of an auction.

Figure 2.2: Spreadsheet of Figure 2.1 with the formulas visible.

In [17] one can read some more details about this spreadsheet and corresponding compu-

tations. For instance, cell F5 calculates the probability of winning the auction. The formula

present in the book is P(Win) = (Bid - 2)/10, for 2 ≤ Bid ≤ 12. This formula is more

direct then the one presented in the spreadsheet, and the range of Bid (F4) is now clear. This

should be part of that cell’s documentation.

Using our approach, to document such formula, the user would click on the button to

describe a cell (“Cell”), under the group “Content Documentation”, and the wizard shown in

Figure 2.3 would appear.

Since we are documenting a cell, as in any other programming language, the developer

should describe the computation, the input, and the output. The first text box allows the user

to write a general description of the formula. This is similar to what a Java programmer starts
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Figure 2.3: Dialogue to document a formula cell.

to write when documenting a method. Next, the user can describe the argument(s) of such

formula. In this case, the input is cell F4, which is the label of the text box. Furthermore, the

tool also shows the type and the header of the inputs, in this case, double as type and “Bid”

as header. This may also help the user to detect incorrect usage of cells. Finally, the user can

describe the output of the formula, again annotated with the corresponding type and label. The

interested user can then read the documentation created by clicking the button “Cell” in the

“Read Documentation” section of the tool. The documentation can also be read in a web page,

as we will explain in Section 4.2.9.

2.3 Overview of Our Approach

Our framework is structured in three parts. The first part is where the user writes, reads,

and updates all the documentation. This is done using the corresponding buttons listed in the

ribbon, as illustrated in Figure 2.3. SpreadsheetDoc is composed of five different groups of func-

tionalities: General Documentation, Content Documentation, Input/Output Documentation,
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Read Documentation, and XML documentation.

The second part of our framework is the possibility of importing and exporting eXtensible

Markup Language (XML) files with the documentation. In fact, the XML file is responsible for

having all the spreadsheet’s documentation. So, it is important to allow users to manipulate

it, that is, replace the existent documentation with new. When a developer updates the doc-

umentation of one spreadsheet, all changes are local. So, users are working on an outdated

spreadsheet until the developer publishes the new version of the documentation using the XML

file. Thus, it is important the possibility of exporting updated documentation.

Such XML file can be used in different ways. For once, it is used by the tool itself to create

a web page where the user can read the spreadsheet documentation, possibly with links to

documentation of other spreadsheets, if they are referenced.

When exported, this XML file can also be used by other tools as they wish. For instance,

it can be used by other Excel add-ins to show the documentation in a different way, or by

add-ins for other spreadsheet system such as LibreOffice or OpenOffice so they can open Excel

spreadsheets, but also their documentation.

It is also possible to read an XML file to import documentation written in other tools. This

makes it easier to exchange spreadsheet documentation. For instance, it allows the user to

import a new version of the documentation the developer may have written.

With this file, users have the possibility of having consistent documentation (importing)

and also the opportunity of updating it and sending to other users (exporting).

Our framework has two buttons: “Import” and “Export”. Both buttons open a generic

dialogue box, one to open a file (import) and another to save a file (export).

When users are importing documentation they have to select an XML file. If they are

exporting documentation, they have to select the folder where the XML file will be saved.

The XML file must follow a certain format given by the schema presented in Appendix A.

The third part of the framework is where the user reads the documentation on a web page.

This web page is generated based on the XML file already created. Such web page can potentially

be consulted by other people. For instance, inside an organization there can be a server with

all the web pages of all spreadsheets available, and users can search for one spreadsheet’s

documentation, helping them to implement a new needed functionality.

Figure 2.4 illustrates the potential interactions users can have with the environment Spread-

sheetDoc creates.
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Spreadsheet user reads the
documentation in the

spreadsheet or a web page

Spreadsheet developer writes
documentation on the  spreadsheet

using SpreadsheetDoc

The XML can be
exported so it can be
used by other tools

It can import an
XML produced
by other tools

Excel + 
SpreadsheetDoc

Other users can search for
spreadsheets implementing

functionalities they need

Figure 2.4: The possible interactions with the SpreadsheetDoc environment.
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3
Documenting a Spreadsheet Program

In this chapter we explain in detail how spreadsheet developers should document their spread-

sheets. In Section 3.1 we start by generically explain how to document a spreadsheet, and in

Section 3.2 we introduce the SpreadsheetDoc functionalities and how they should be used to

document a spreadsheet program.

3.1 Proposal to Document Spreadsheets in a Structured Way

It is important to document a spreadsheet in a structured way for end users to understand their

purpose. Thus, to document a spreadsheet, developers should follow the next steps:

1. When developers create a spreadsheet they should start by describing its purpose in order

to give users an overview of the document.

2. Once a new worksheet is added, developers should document before adding modifications

to it.

3. When a cell, input, output, range, row, or column is relevant they should document it as

a way to simplify user’s comprehension of the spreadsheet and it should be done during

the development phase.

4. When developers perform modifications on documented cells, they should review the

content in order to update its documentation.

When comparing this structured way of documenting a spreadsheet with a very used frame-

work, such as JavaDoc, it is possible to conclude that both of them are comparable. The first part

is similar to documenting a Java program and each class and the second part is identical to com-

ment a Java method. This, or any other methodology for documenting spreadsheets, becomes

difficult to follow without the proper tool support. Thus, in the next section we introduce the

features SpreadsheetDoc provides to document a spreadsheet.
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3.2 Using SpreadsheetDoc to Document a Spreadsheet

In this section we are going to describe how to document each part of a spreadsheet using

SpreadsheetDoc.

Taking in consideration the spreadsheet developer, we have created three distinctive groups,

each one with different developers’ functionalities: General Documentation, Content Docu-

mentation and Input/Output Documentation (this can be seen in Figure 3.1). The General

Documentation group is composed of two functionalities: documenting a spreadsheet and each

worksheets aiming to improve users understanding of the spreadsheet behaviour, namely the

spreadsheet purpose (trough the spreadsheet button) and how each of its sections works (trough

the worksheet button).

The second group - Content Documentation - comprises four functionalities: documenting

cells, rows, columns, and ranges. Therefore, the documentation generated by this group focus

on users understanding of mentioned contents.

The group regarding Input/Output Documentation has the purpose of documenting input

and output cells. In this group, developers should mark all input and output cells along with

a textual description. Whenever a cell is signed as input, it cannot be signed as output at the

same time due to their distinct purpose. Hereupon, the documentation generated by this group

acts as a guideline for users. Therefore, users are able to immediately identify where to input

the data and where to read the results.

In the following subsections we explain in detail the objective of each group of functionali-

ties.

3.2.1 Documenting a Spreadsheet

Documenting a spreadsheet functionality (segment of the General Documentation group) al-

lows to document spreadsheet document as a whole. Overall, an organization makes use of

numerous spreadsheets. For instance, the oil company Enron exchanged more than 15.000

spreadsheets between their emails[9]. Taking this example in consideration, it is important to

document the spreadsheet file as a way for users to distinguish each file and possibly reuse

them. Therefore, when (firstly) documenting the spreadsheet, the developer should write a

general description of the spreadsheet itself.

When developers create a new spreadsheet they should start by clicking on the “Spreadsheet”

button. Hence, this button opens a dialogue box with a text box inside where developers can

write the spreadsheet’s general purpose. In this dialogue three buttons are shown: clear, ok,

and cancel. The clear button, as the name suggests, clears the text box. The ok button saves

the dialogue box state. Finally, the cancel button drops all changes inside the dialogue box.

We show in Figure 3.1 the wizard shown by our tool for our running example (Section 2.2), and

the description we added.

After writing and saving the documentation, if the user clicks again in the button, the same

wizard will be shown, but this time showing the recorded text.
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Figure 3.1: The “Spreadsheet” button wizard to document a spreadsheet file.

3.2.2 Documenting Each Worksheet

A spreadsheet can have dozens, even hundreds of worksheets. For the EUSES spreadsheet cor-

pus the biggest spreadsheet has 106 worksheets [6], and for the Enron corpus, 175 worksheets

were found in a single spreadsheet file [9]. Thus, it is quite important to document each of these

worksheets, otherwise it becomes impossible to know what each one is doing.

The “Worksheet” button, from the General Documentation group, has a structure similar

to the previous button, but in this case users should document the behaviour of the worksheet

and not of the spreadsheet. Inside each worksheet the user should click this button and write

the corresponding documentation. It will be associated with the worksheet the user is in.

The wizard shown is similar to the one in Figure 3.1, and thus we omit it.

3.2.3 Documenting a Cell

A spreadsheet can have thousands of cells. Indeed, the finest grain in a spreadsheet structure

is a cell. Although in most cases it is not necessary to document each cell individually, some of

them must be documented so one can understand how the spreadsheet works. The developer

must decide which ones deserve to be documented.

For the EUSES spreadsheet corpus the biggest spreadsheet has 889.952 cells [6], and for the

Enron 113.134 cells [9]. With our framework it is allowed to document each cell individually.

So, in our tool there are two ways of documenting a cell: documenting a cell containing a value

or document a cell containing a formula. The dialogue box shown is different as it is necessary

13



CHAPTER 3. DOCUMENTING A SPREADSHEET PROGRAM

to document different things.

The “Cell” functionality, from the group Content Documentation, can be used to document

each and every cell.

If the cell is a plain value (e.g. a string, a number), then the wizard shown is similar to the

one presented in Figure 3.2, showing one more button than the one presented in Figure 3.1.

In fact, the dialogue box is similar. The new button, remove, allows the user to remove the

current cell from the list of documented cells. If the current cell is not documented, the button

is disabled, otherwise it is enabled.

The documentation writer can then describe the cell content. If the content is a formula,

then the description must be more technical, so it can be updated by other developers.

Figure 3.2: The “Cell” button wizard to document a cell with a plain value.

If the cell content is a formula, at least three different text areas must be filled in. The first

text box is for the user to write a small description of the selected cell. The next text boxes are

used to describe the input and output.

For each input, that is, for each reference or range, a text box is presented so the user can

describe such input. Each text box has a label on the left showing two possible options. For

each argument, if it is a cell range, such range is shown, so the user knows which cells he/she is
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describing. The range type is also shown.

The type of a range however must be computed as Excel does not have such information. If

all the cells have the same type, then such type is presented. Otherwise, we compute the type

represented in more cells and present that type.

If the input is a reference to a single cell, then the tool presents its name (reference) and

type as given by Excel. This can be seen in Figure 3.3.

Figure 3.3: The “Cell” button wizard to document a cell containing a formula with several
inputs.

Finally, the last text box is to describe the output generated by the cell. Its label is the type

of the cell.

We also show the header units of each cell through the integration of an automatically

inference method [12]. Hence, some documentation is given to users automatically. For instance,

for our running example (presented on Chapter 2), we show the input of cell F5 as being “Bid´”,

and not as being only cell F4 (as “Bid” it is the label of cell E4), since the label is much more

informative than the cell reference, as shown on Figure 2.3.
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As shown in Figure 2.3, the dialogue box has four buttons, already described. This docu-

mentation process can be compared to the JavaDoc tool where users document their methods.

In this case, we document formulas. With JavaDoc the user writes a general description of

the method, our first box, describes each method argument, our following boxes, and finally

describes the return of the method, our last box.

3.2.4 Documenting a Row

Usually, spreadsheets users tend to develop tables containing rows and columns. For now we

are going to focus on rows. Depending on the spreadsheet structure, commenting a row can

be useful. Some rows are crucial for the produced results. For instance, a user can document

a row describing all the row behaviour, describing in a general form the parameters that one

is supposed to input on each cell of such a row. This functionality can also be used when each

row of the worksheet has a particular meaning, for instance, each row in a budget spreadsheet

may represent the budget for each particular entry.

The use of this functionality makes sense only if the worksheet does not have tables side by

side. Otherwise, commenting an entire row can be confusing.

The “Row” button opens a dialogue box with a text box inside, similar to the one presented in

Figure 3.1 (thus we omit its illustration). This button is also part of the Content Documentation

group.

3.2.5 Documenting a Column

Previous we have described the documentation of a row. The dual applies for columns. In some

cases spreadsheets are developed row oriented, but in some other cases, column oriented. Thus,

the documentation writer must choose the necessary and correct functionality so the user can

get the most out of the documentation.

3.2.6 Documenting a Range

Spreadsheets are a development framework where users have quite freedom. So, it is possible

(and actually quite common) to have more than one table on the same worksheet. Then, tables

have different objectives and it is important to understand what is the purpose of each one. So,

we have created a functionality where it is possible to document a selected range of cells, that

is, a rectangular selection of cells.

The “Range” button opens a dialogue box with two text boxes inside. Besides the dialogue

boxes, it has four buttons and one checkbox, as illustrated in Figure 3.4. The first text box

is in read-only mode and shows a list of all range’s cells and corresponding type, as given by

Excel (for instance, Double). The second text box, is for users to document the selected range.

After the user adds a new range, the list of documented ranges is updated. The four buttons

were already explained previously, so we are going to explain only the purpose of the checkbox.

When a user clicks on it, it will surround the range with a thick black border.

This button is the last of the Content Documentation group.

16



3.2. USING SPREADSHEETDOC TO DOCUMENT A SPREADSHEET

Figure 3.4: The “Range” button wizard to document a range of cells.

3.2.7 Documenting an Input Cell

When an end user opens a spreadsheet it is important to understand how it works. In fact, many

users are not the developers of the spreadsheet.

So, more than developers, end users are the main beneficiaries of this documentation. In

many cases, the user just wants to know where to input the values and where to collect the

results.

The “Input” button opens a dialogue with two text boxes inside as shown in Figure 3.5. The

first text box is in read-only mode and shows a list of all input cells and corresponding types.

After the user adds a new input cell, the list of documented inputs is updated. The second text

box allows the user to freely document the cell.

A cell is added to the list of documented inputs after the user clicks ok. In such a dialogue

four more buttons are shown: clear, ok, cancel, and remove.

All these buttons act as described before. The “Input” button is a part of Input/Output

Documentation group.
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Figure 3.5: Dialogue to document an input cell.

3.2.8 Documenting an Output Cell

Output cells are where the user usually sees the results produced by the spreadsheet program.

Thus, these are probably the most important cells for end users.

Similar to “Input”, the “Output” button opens a dialogue with two text boxes inside, now

showing the list of output cells, and the place to describe the current selected output cell. For

each output cell, it is also shown its type.
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4
Understanding a Spreadsheet Program

In this chapter we discuss how users can read spreadsheets’ documentation to better under-

standing a spreadsheet program. In Section 4.1 we explain how users should use our framework

to read the existent documentation, and in Section 4.2 we detail the implemented features to

read the documentation of a spreadsheet.

4.1 Proposal to Read Spreadsheets and their documentation in a

Structured Way

It is important to understand how to read a spreadsheet and its documentation in the appropri-

ate way. Thus, to a better understanding of the spreadsheet, end users should follow the next

steps:

1. When users open a spreadsheet, they should start by reading its overview in order to fully

understand its purpose.

2. Reading a spreadsheet as well as a worksheet should be done before changing any cell.

3. Additionally, users should read the documentation of the cells of interest, in case of its

existence, as a way to certify if that is the correct cell to be altered.

4. Users can consult the documentation both in a web page or in the Excel.

a) If users want to have an overview of the spreadsheet they should use the web page.

b) If users want to know what does a specific cell, it is more efficient to consult it in the

Excel. SpreadsheetDoc updates automatically the button’s state when the selected

cell changes.

It was possible to prove with our empirical study that web page and documentation in the

spreadsheet have their own advantage. When users want to read the documentation of a specific
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cell, it is faster read in the Excel than searching in the web page. On the other hand, when users

do not know what are they looking for, it is better to use the web page instead of search in

spreadsheet for documented cells one by one and read its documentation.

4.2 SpreadsheetDoc Features

In this section we will describe how to read each part of a spreadsheet.

Taking in consideration end users, we have created the Reading Documentation group. This

group is composed by nine functionalities: read the spreadsheet documentation, worksheets,

cells, rows, columns, ranges, input cells, output cells, and read all documentation in a web

page.

When an end user opens a spreadsheet, he/she needs to know how it works. Usually users

start by exploring the spreadsheet, trying to understand it before changing anything [8]. How-

ever, with the support of our framework, especially with the functionalities listed above, they

do not need to explore the spreadsheet. In fact, they just have to read the needed documentation

and start working. The documentation has the goal of giving users full support about how to

work with a given spreadsheet without, for example, the need of asking for a colleague’s help.

4.2.1 Show Spreadsheet Documentation

Spreadsheets are often given to users without more details and they are asked to perform

several tasks [8]. Typically, as they were not the ones developing the spreadsheet, they may

not understand it. Therefore, when an end user opens a spreadsheet it is important for he/she

to understand how it works. Consequently, we have developed one specific button, named

“Spreadsheet”, which users can select in order to understand what does the spreadsheet do.

This button has two possible states: enabled and disabled. It is enabled when developers have

written the spreadsheet description, and disabled when they have not.

Additionally, this button opens a dialogue box with a text box inside and a close button.

This text box is in read-only mode and users can read the text inside, where it explains the

spreadsheet’s general behaviour. The close button, as the name suggests, closes the opened

dialogue box. In Figure 4.1 is shown the wizard of our tool.

As for other parts of the spreadsheet, the documentation is shown inside Excel itself so users

can access the documentation and the spreadsheet at the same time.

4.2.2 Show Worksheet Documentation

A spreadsheet can have one or more worksheets. Then, it is important to understand what each

one does, as each worksheet was design with a certain purpose. Therefore, when users start

working on a given spreadsheet they should know exactly in which worksheet they have to

execute the changes, in order to resolve the tasks that they are performing.

The “Worksheet” button, from the Read Documentation group, has a similar structure to the

previous button. Each worksheet has associated the correspondent documentation. Therefore,

when a user changes the worksheet and clicks on the button, it shows the documentation of the
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Figure 4.1: The “Spreadsheet” button wizard to read the spreadsheet documentation.

selected worksheet. As the wizard shown is similar to the one in Figure 4.1, we do not include

it in this section.

4.2.3 Show Cell Documentation

When a user opens a spreadsheet it is usual that he/she does not know what each cell does. So,

the user usually starts by selecting one cell as an attempt to understand it. Therefore, we have

created the ‘Cell” button as a way to simplifying the users understanding of each cell. However,

some cells do not need any kind of documentation. Thus, in order to tell the user which cells

have documentation, our button has two possible states: enabled and disable, where enabled

means that the cell has documentation, and disabled the opposite.

The “Cell” button, from the Read Documentation group, can be used to read each and every

documented cell. If the cell is a plain value, the wizard shown is similar to the one presented

in Figure 4.1 (thus we do not show it in this section). However, if the content is a formula, the

description is more technical in order to be updated by other developers (Figure 4.2 shows the

wizard of a cell which contains a formula).

The “Cell” button opens a dialogue that is adapted to the cell content. The first text box is

for the user to read the general description of the selected cell. The next text boxes are used

to read the inputs’ descriptions. For each input, that is, for each reference or range, a text box
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is presented so the user can read each input documented separately. Each text box has a label

on the left, showing two possible options. For each argument, if it is a cell range, such range is

shown, so the user knows which cells he/she is reading. The range type is also shown. This can

be seen in Figure 4.2. Finally, the last text box is to read the output produced by the cell. Its

label is the type of the cell.

We also show the header of each cell through the integration of an automatically inference

method [12], already explained.

Figure 4.2: The “Cell” button wizard to read a cell with a formula value.

4.2.4 Show Row Documentation

Some particular rows of the spreadsheet can be important for its comprehension/use. For

example, the same row on different worksheets can have different meanings. So, the “Row”

button allows users to click on a row’s cell to read its documentation, giving them an overview

of what does each cell of the selected row.

The “Row” button opens a dialogue box with a text box (in read-only mode) inside, similar

to the one presented in Figure 4.1, where users can read the row description. If the row is not
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documented, then the button is disable.

4.2.5 Show Column Documentation

Some spreadsheets are column oriented or have important columns that should be documented.

For those cases, a dual button to “Row”, namely “Column” can be used to this documentation.

4.2.6 Show Range Documentation

Many users create several tables on the same worksheet. These tables may have different

objectives and it is important, for users, to understand what each one does.

The “Range” button, from the Read Documentation group, can open two different dialogue

boxes, depending on the context. It also has two possible states: enabled and disabled. Hence,

when there are no ranges documented, the state is disabled. Otherwise, it is enabled. Now, we

are going to explain why there are two possible dialogue boxes and when each one appears.

When users select one cell or a range of cells (the range is not documented) and click on the

“Range” button, it opens a dialogue box with a text box and one close button inside. The text

box is in read-only mode and shows a list of all documented ranges. In Figure 4.3 we show the

wizard for this case.

Figure 4.3: The “Range” button wizard to show existent ranges.

On the other hand, when users select an existent range and click on the “Range” button, it

opens a dialogue box with three text boxes and the close button inside. All the text boxes are

in read-only mode. The first text box and the button act as described before. The second text

box shows a list of all the range’s cells and corresponding type. Finally, the last text box allows

users to read the description of the range, giving them an overview of its purpose. In Figure 4.4

it is shown the wizard of the second dialogue box described.
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Figure 4.4: The “Range” button wizard to read the range documentation.

4.2.7 Show Input Cells’ Documentation

When end users receive a new spreadsheet, the first thing they need to know is probably where

they have to input values (inputs) and where results are shown (outputs). Correctly identifying

the input cells is very import for end users, since it is where they change values to compute the

necessary outcomes.

The “Input” button opens a dialogue with two text boxes, two buttons (ok and cancel), and

one checkbox inside. The two text boxes are in read-only mode. The first, shows a list of all

input cells and corresponding type. The second, allows users to read the input description of

the related cell. The checkbox has the purpose of changing the input cell’s colour. When the

checkbox is checked, it paints with red the cell background colour; otherwise it removes the

colour. This action with the checkbox only produces results when users click ok, otherwise,

nothing happen. As the previous described buttons, this button also have state. When there is

at least one input it is enabled, otherwise it is disabled. When an user clicks on the “Input” if

the selected cell was marked as input it opens a dialogue box showing the list of all inputs and

also the corresponding description. Otherwise, it shows only the list of input cells.
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In Figure 4.5 we show a worksheet with two colours represented. The meaning of red colour

was already explained, and on following sub-section we are going to explain the blue colour

(outputs).

Figure 4.5: The “Input” button wizard to read the input documentation.

4.2.8 Show Output Cell Documentation

Every change on a worksheet’s cell producing results on other cell is considered an output cell.

Thus, these are probably the most important cells along with input cells for end users.

Similar to “Input”, the “Output” button opens a dialogue with two text boxes (in read-only

mode) inside, showing the list of output cells and the place where it is described the current

selected output cell. For each output cell, it is also shown its type. It also has two buttons (ok and

cancel), and one checkbox for end users productivity, acting as described before. Here, when

users save the checked state, the output cells’ background colour changes to blue, otherwise,

the background colour is removed. Furthermore, it has two states: enabled and disabled which

acts like the ones described on previous sub-section.
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When an user clicks on the “Output” if the selected cell was marked as output it opens a

dialogue box showing the list of all outputs and also the corresponding description. Otherwise,

it shows only the list of output cells.

The opened dialogue box is similar to the one presented in Figure 4.5 (thus we omit its

illustration).

4.2.9 Show the Complete Documentation in a Web Page

We have designed a web page in order to facilitate the interaction of end users with the complete

documentation. This web page contains all the documentation of a spreadsheet, so it becomes

easier for users that do not know the spreadsheet to consult all documentation together instead

of searching cell by cell in the spreadsheet.

The biggest advantage of our page is the possibility to present to users all available docu-

mentation of a spreadsheet. This functionality in an enterprise context allows to push the web

page to a server, providing it to all enterprise’s collaborators.

For each worksheet it is presented its content, that can be composed by six sections (some

may be empty if the spreadsheet developers did not write any documentation): cells, rows,

columns, inputs, outputs, and ranges. Each one is represented in a tab and, when clicked, it

shows its description as well as its content. Each section is represented at least by one tab.

When a cell has a formula its content is different. In this case, besides the description it has

also each input and one output description, as shown in Figure 4.6.

Figure 4.6: Input section in a web page when a cell has a formula.

The complete structure of the web page automatically generated by SpreadsheetDoc for the

running example is shown in Figure 4.7.
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Figure 4.7: Web page structure for the running example.
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5
Developing SpreadsheetDoc

We have developed an add-in using the programming language C#, version 4.0., which was

implemented using the Integrated Development Environment (IDE) Visual Studio Ultimate

2013. In order to test the add-in, we have used Excel 2013 and we have run our framework on

debug mode through the IDE.

In order to develop a framework for Excel there are two possible language options: C# and

Visual Basic for Applications (VBA). We have chosen the C# instead of VBA not only because

C# is more used than VBA [23] but also because C# is also more powerful than VBA. As already

shown on previous chapters, our framework is composed by several groups of dialogue box. All

dialogue box fields are created statically with exception for cells with formula. For those, the

dialogue box content is created both statically (for General Description and Output text boxes)

and dynamically (for Input text boxes), which means that the number of arguments defines the

number of text boxes created dynamically.

As each dialogue box has to be saved it was essential a support structure for doing it. There-

fore, we have decided to use only a variable (type object) for a spreadsheet because it is only one

object, and a Dictionary<Key,Value> structure where the key is each worksheet, guaranteeing

that each sheet has their own cells, and the value is a list of dictionaries. Regarding the value

parameter, the list of dictionaries is composed by five different dictionaries and each one follows

a standard. Concerning the list entries: The first position (0) stores all saved input forms and

this position contains the existent documentation for inputs; The second position (1) has the

same purpose, but in this case the output forms are the ones stored; The third position (2) stores

the same forms but with three distinct types of documentation. One with documentation of the

own worksheet, another with row’s documentation, and lastly, with column’s documentation;

The fourth position (3) stores all documented ranges form. Finally, the last position (4) stores

forms of cells with plain value and cells with formula value. The differences between them were

already explained previously. With this list, it is easier to search for desired documentation and

at the same time update the buttons’ state.

When users change a type of cell, for example when a cell type is double and documented,
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and it is changed to string, our framework opens the dialogue box, in order to force users to

update the documentation.

As the Excel does not support any file attached, when we send our spreadsheet to other user

the documentation will be lost. Therefore, our documentation, which is saved as an XML file,

was saved in a hidden worksheet and all changes made by developers are saved there. This

allows to send one spreadsheet to other user without losing any information. Additionally,

when a user opens a spreadsheet, the documentation is automatically loaded without he/she

realizing it. If the worksheet does not exist, it is created without the user knowledge and all

documentation is saved there. We have used an eXtensible Stylesheet Language Transformations

(XSLT) file to perform transformations in order to generate a web page based on a temporary

XML file, created to perform the transformation which is deleted afterwards. Thus, a web page

is created following the set of rules defined by the XSLT file.

We have used two jQuery functions to change dynamically the header of each element of the

web page. For example, when a user changes from cell C5 to cell C6, the header is updated. So,

our implementation is extensible in the means that if someone wants to add a new functionality,

he/she can add a new entry to the dictionary’s list and develop all needed methods. Therefore,

there is no need of doing any modifications on our code.

Our framework is available on link:

http://spreadsheetsunl.github.io/spreadsheetdoc/
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6
Empirical Validation

An empirical validation is widely recognized as essential in order to validate a new framework.

Therefore, we have done an empirical study, which is described in this chapter and whose

results we also analyse in detail, in order to validate our framework.

Our motivation to do this study was the need to understand the differences of performance

between users using the SpreadsheetDoc and users which have used traditional spreadsheet

systems (Excel). In Section 6.1 we detail the design of our study. In section 6.2 we explain how

we have run our study. In Section 6.3 we analyse the collected data. In Section 6.4 we interpret

the obtained results and finally, in Section 6.5, we discuss the obtained results.

To execute this study we have followed others studies like [5].

6.1 Design

The aim of our study is to evaluate the efficiency and effectiveness of users using our framework,

comparing to simply use Excel. As we have described previously, it is extremely common to find

users spending considerable time amounts trying to understand and use spreadsheets. There-

fore, our ambition is to mitigate this problem. Thus, evaluating the efficiency and effectiveness

of users using SpreadsheetDoc was quite important.

The study we have designed was applied in an academic environment, so it was done with

college students. To incentive the students of our university we have decided to raffle a voucher

with the value of fifty Euro for a technology store.

We have asked to participants to perform some tasks in two distinct spreadsheets given by us.

Those spreadsheets were taken from a book [17] and from Enron oil corporation database [9].

As we have described previously, we have developed functionalities to read and write doc-

umentation. In this study, we were only interested in testing the read documentation part. To

create documentation we need more experienced users and they do not need much help as the

users of our environment. So, with end users we can understand better if our framework is easy

to use or not. Since the users that need to read the documentation are probably less experts, it
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is important know if users interact easily with the spreadsheet using SpreadsheetDoc. Then,

the selected subjects are similar to all non-programmer which use spreadsheets every days.

6.1.1 Hypotheses

The use of SpreadsheetDoc brings some advantages such as to providing users documentation

about the spreadsheet and simplifying its usage. In theory, this reduces the number of errors

and improves user performance. However, this needs to be tested. So, we could informally state

two hypotheses:

1. In order to perform a given set of tasks, users spent less time when using SpreadsheetDoc

instead of using only Excel.

2. Spreadsheets used with the support of SpreadsheetDoc have a correctness grade higher

than using only Excel.

Formally, two hypotheses are being tested: HT for the time that is needed to perform a given

set of tasks, and HC for the correctness grade found in different types of spreadsheets. They are

respectively formulated as follows:

1. Null hypothesis, HT0
: The time to perform a given set of tasks using SpreadsheetDoc is

not less than that taken using only Excel. HT0
: µd ≤ 0, where µd is the expected mean of

the time differences.

Alternative hypothesis, HT1
: µd > 0, that is, the time to perform a given set of tasks using

SpreadsheetDoc is less than using only Excel.

Measures needed: time taken to perform the tasks.

2. Null hypothesis, HC0
: The correctness grade in spreadsheets when using SpreadsheetDoc

is not smaller than using only Excel. HC0
: µd ≤ 0, where µd is the absolute frequency

difference of the correctness grades (effectiveness).

Alternative hypothesis, HC0
: µd > 0, that is, the correctness grade when using Spread-

sheetDoc is smaller than using only Excel.

Measures needed: correctness grade for each spreadsheet.

6.1.2 Variables

The independent variables are: for HT the time to perform the tasks, and for HC the correctness

grades (effectiveness).

6.1.3 Subjects and Objects

Initially, we have decided that the subjects of this study must not be computer science students

neither students from related areas, and secondly, that they must have some knowledge of Excel.

However, as the number of participants who fulfilled this requirement was not enough to create

a significant empirical validation, we have decided to expand the subjects group and admit all

students, related or not to the computer science subject.
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Therefore, the subjects admitted to the present study were students from Faculty of Science

and Technology of Universidade NOVA de Lisboa, with a certain knowledge of Excel. In order

to find the population with the desired requirements to this study, we have created a selection

questionnaire (Appendix B) as a way to evaluate the student knowledge of Excel as well as

the students major. Out of a total number of thirty-eight students that filled the selection

questionnaire, thirty-six fulfilled the conditions we were looking for. However, only fourteen

actually appeared to participate in our study. We will give more details about participants

in Section 6.3. As we will show in Section 6.2, there was no statistical difference between

computer science students and others.

The objects of this study were three distinct spreadsheets that will be described later in

section 6.1.4. One spreadsheet was used as tutorial, explaining how participants should use

our framework. Afterwards, they were asked to realize some tasks in the remaining two spread-

sheets. Some spreadsheets have some documentation. So, when users used SpreadsheetDoc,

we have deleted the existent documentation and presented users with ours. If users used only

Excel, them the existent documentation is available for consulting. In Figure 6.1 we show the

existent documentation.

Figure 6.1: Spreadsheet containing some documentation.
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6.1.4 Instrumentation

As we have been describing, our study was supported by three distinct spreadsheets. The

spreadsheet used to perform the tutorial only has one worksheet. So, we have decided to split

it in two different worksheets. One worksheet responsible for the input data and the other

responsible for the results/outputs. We have decided to perform this change because it was

important to explain to participants that sometimes they should work on different worksheets

when performing one task.

The spreadsheet used on the tutorial was designed to calculate the probability of winning

an auction of a boat depending on the bid offer and was taken from [17]. The other two

spreadsheets were taken from [17] and from an enterprise database [9]. The first is about

how to spend advertising money to improve the volume of sales and from now on is termed

AdBudget. The second is from a gas enterprise and stores its invoice in a month and from now

on is termed EnronGAS.

Participants have received a set of tasks (Appendix D) to perform. They have to insert and

consult values, consult formula’s arguments and update a formula.

In order to understand the participants difficulties in the study, two questionnaires were

prepared: one answered before the study (pre-questionnaire) and another answered after (post-

questionnaire). Before participants left the room, we have collected from each computer the two

modified spreadsheets in order to obtain information about their answers later. Note that we

did not wanted to evaluate the participants skills regarding the Excel program, this study’s main

objective was to evaluate our framework and understand if it facilitate users comprehension of

spreadsheets in general.

6.1.5 Data Collection Procedure

We have planned several steps to run our study, with two different options: perform the task

with (1) and without (2) SpreadsheetDoc help, as an attempt of comparing the efficiency and

effectiveness of performing the given tasks by users. Therefore, the first option (1) includes five

different phases:

1. Filling the pre-questionnaire (Appendix B);

2. Attending and performing the tutorial on SpreadsheetDoc (Appendix E);

3. Performing the set of tasks on the two given spreadsheets, with a time limit of fifteen

minutes (Appendix D);

4. Filling the post-questionnaire (Appendix C);

5. Collecting all spreadsheets, questionnaires and answers.

Regarding the second option the participants did not perform the second step (2) - Attending

and performing the tutorial on SpreadsheetDoc.

In steps (2) and (6) we have had a direct participation by performing the tutorial with

participants and retrieving all materials used by them, respectively. All the subjects of our study

were expected to perform the two sets of tasks on the respective spreadsheets. The objective
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of the study was not to compare one spreadsheet against another, but instead to compare our

framework against simply using Excel.

6.1.6 Analysis Procedure and Evaluation of Validity

The analysis of the collected data was achieved trough the comparison of the group of partici-

pants that have performed the tasks using our framework with the group of participants that

have performed the tasks without our framework’s help.

Since the study is composed by several tasks, we have marked each user’s time, as we show

on the tables in Section 6.3.1. As a way to perform the comparison we have made the average

time that participants took to complete the tasks in each group and compared both of them.

To ensure the validity of the data collected, several kinds of support were planned: con-

stant availability to clarify any doubt; the existence of the tutorial to explain how to use our

framework (this is specifically for the group that preformed the tasks with documentation); and

supervise the work done by the subjects in a way that do not interfere with their work. This

last point consists in observe if participants are having problems and try to help them if their

difficulty is related to something that does not influence the study results.

6.2 Execution

The study was performed in one classroom with fifteen available computers and with a total of

fourteen college students, each one in the selected session which he/she wanted to participate.

Initially, we have scheduled four sessions, but as we did not have sufficient participants, we

have scheduled four more sessions. Despite some subjects have performed the proposed tasks

with our framework and others without it, the study has been made with the same limit of time

in all sessions.

Firstly, we have pre-installed our framework on the selected computers and, before each

session, we have verified if the environment was correctly set.

When the subjects were already set in the classroom, we have started by introducing the

purpose of the study, explaining what we have developed so far and why was their participation

important.

Afterwards, the participants started filling the pre-questionnaire, with generic information

about themselves (gender, age range, course, course year) as well as some questions about

their previous experience with spreadsheets. As it was already mentioned, some participants

have done the tasks with the documentation provided by our framework and others have per-

formed the tasks without it, which means that they only used the existent documentation in the

spreadsheet.

During the sessions where participants used our framework, we have given a tutorial and

during it, we have answered all the questions that the participants had, making sure that they

could use the framework correctly. Then, they have had fifteen minutes to perform all the tasks

in each of the spreadsheets without our assistance (fifteen minutes per spreadsheet).

We have decided which sessions used our framework and which did not, in order to balance

the number of participants with documentation and without documentation. Regarding the
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sessions, we have decided to alternate the spreadsheet which the participants used to start the

study. In other words, some participants have started the study with the Adbudget spreadsheet

and others with the EnronGAS spreadsheet. This was quite important to get more realistic

and even results, as during the tasks performed in the first spreadsheet participants are still

learning how to work with our tool and because concentration levels start to decrease over a

period of time, which could influence the time spent on each task.

Lastly, we have asked participants to answer the post-questionnaire in order to evaluate

the confidence that they had on their performance during the study and afterwards we have

collected the modified spreadsheet files, the questionnaires, the answers of each spreadsheet as

well as the times to perform each task, thus we could analyse them later on.

6.3 Analysis

In order to perform quantitative analyses of this study, we have used all subject’s results: 7

subjects for the spreadsheets that used our framework and 7 for the ones that did not used it.

6.3.1 Descriptive Statistics

Subjects: Basic information about the subjects was gathered, namely their gender, age, major,

year of college, and familiarity with spreadsheets. From the fourteen subjects, nine were male

and five were female. Most of them (ten) are aged between twenty and twenty-five, with three

subject being over twenty-five and one less than twenty years old. The subjects come from

different areas of study, and most of them are not from computer science or related areas. We

have had students from:

• Master in Computer Science (3)

• Master in Electrical and Computer Engineering (1)

• Master in Mechanical Engineering (1)

• Master in Civil Engineering (2)

• Master in Conservation - Restoration (1)

• Bachelor in Applied Chemistry (1)

• Master in Biotechnology (2)

• Master in Chemical and Biochemical Engineering (1)

• PhD in Sustainable Chemistry (1)

• Master in Biochemistry for Health (1)

Furthermore, two questions about formulas were done to evaluate their knowledge:

• How do you do the sum of cells A1 through D3? - Twelve participants have answered

correctly and two have done A1 plus D3, which we have considered incorrect.
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• How do you do to know if cell A1 is greater than A3? - Eleven have answered correctly

and three “I do not know”.

Thus, most participants were familiar with basic Excel.

Time spent: Differences were found regarding the time that subjects used to perform the tasks.

The minimum times recorded on each spreadsheet was by participants using our framework,

with average times being minor than without it.

Table 6.1 and Table 6.2 show the time used for each participant to perform their tasks and

an average time used for each question, on Adbudget for informatics and non-informatics using

documentation. On the other hand, the Table 6.3 and Table 6.4 have the same goal but in this

case the subjects did not used documentation. So, it is possible to compare each table results.

Note that when a hyphen (-) appears on the table it means that the subject did not answered to

the question.

Table 6.1: Time used for non-informatics with documentation, to perform tasks on the Adbud-
get spreadsheet.

Questions

1 2 3 4 5

Participants

1 00:01:00 00:01:00 00:01:00 00:03:00 00:01:00
3 00:01:00 00:01:00 00:01:00 00:03:00 00:03:00
5 00:01:00 00:01:00 00:01:00 00:01:00 00:02:00

25 00:01:00 00:01:00 00:01:00 00:02:00 00:03:00
27 00:02:00 00:01:00 00:01:00 00:02:00 00:02:00

Average 00:01:12 00:01:00 00:01:00 00:02:12 00:02:12

Table 6.2: Time used for informatics with documentation, to perform tasks on the Adbudget
spreadsheet.

Questions

1 2 3 4 5

Participants
2 00:01:00 00:01:00 00:01:00 00:03:00 00:01:00

26 00:01:00 00:02:00 00:01:00 00:02:00 00:03:00

Average 00:01:00 00:01:30 00:01:00 00:02:30 00:02:00

Table 6.5 and Table 6.6 show the time used for each participant to perform their tasks and an

average time used for each question, on EnronGAS for informatics and non-informatics using

documentation. On the other hand, the Table 6.7 and Table 6.8 have the same goal but in this

case the subjects did not used documentation. So, it is possible to compare each table results.

Note that when a hyphen (-) appears on the table it means that the subject did not answered to

the question. When the sum of the times of all questions of one subjects is superior to fifteen

minutes is because the subject start one task but as he/she could not solve it, he/she moved to

next question finishing the previous later.
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Table 6.3: Time used for non-informatics without documentation, to perform tasks on the
Adbudget spreadsheet.

Questions

1 2 3 4 5

Participants

10 00:05:00 00:01:00 00:01:00 00:02:00 00:03:00
11 00:07:00 00:01:00 00:02:00 00:02:00 00:01:00
12 00:03:00 00:02:00 00:02:00 00:05:00 00:02:00
13 00:02:00 00:03:00 00:01:00 00:02:00 00:03:00
35 - 00:01:00 00:01:00 - 00:03:00

Average 00:04:15 00:01:36 00:01:24 00:02:45 00:02:24

Table 6.4: Time used for informatics without documentation, to perform tasks on the Adbudget
spreadsheet.

Questions

1 2 3 4 5

Participants
33 00:06:00 00:02:00 00:01:00 00:05:00 -
34 - 00:01:00 00:01:00 00:03:00 00:02:00

Average 00:06:00 00:01:30 00:01:00 00:04:00 00:02:00

Table 6.5: Time used for non-informatics with documentation, to perform tasks on the Enron-
GAS spreadsheet.

Questions

1 2 3 4 5

Participants

1 00:02:00 00:01:00 00:01:00 00:02:00 00:01:00
3 00:03:00 00:01:00 00:01:00 00:02:00 00:01:00
5 00:02:00 00:01:00 00:01:00 00:02:00 00:02:00

25 00:02:00 00:01:00 00:01:00 00:01:00 00:02:00
27 00:02:00 00:01:00 00:01:00 00:01:00 00:01:00

Average 00:02:12 00:01:00 00:01:00 00:01:36 00:01:24

Table 6.6: Time used for informatics with documentation, to perform tasks on the EnronGAS
spreadsheet.

Questions

1 2 3 4 5

Participants
2 00:02:00 00:01:00 00:01:00 00:01:00 00:01:00

26 00:02:00 00:01:00 00:01:00 00:04:00 00:02:00

Average 00:02:00 00:01:00 00:01:00 00:02:30 00:01:30

Figure 6.2 and Figure 6.3 show the comparison of the time used for each participant between

using our framework, and using the Excel, for Adbudget an EnronGas spreadsheet, respectively.

Note that both figures represent the performances of non-informatics students to complete

each task.
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Table 6.7: Time used for non-informatics without documentation, to perform tasks on the
EnronGAS spreadsheet.

Questions

1 2 3 4 5

Participants

10 00:05:00 00:04:00 00:01:00 00:02:00 00:02:00
11 00:02:00 00:03:00 00:01:00 00:01:00 00:02:00
12 00:02:00 00:12:00 00:01:00 00:01:00 00:01:00
13 00:07:00 - 00:01:00 00:01:00 00:02:00
35 - - 00:02:00 00:01:00 -

Average 00:04:00 00:06:20 00:01:12 00:01:12 00:01:45

Table 6.8: Time used for informatics without documentation, to perform tasks on the Enron-
GAS spreadsheet.

Questions

1 2 3 4 5

Participants
33 00:08:00 00:01:00 00:01:00 00:01:00 00:02:00
34 00:14:00 - 00:01:00 00:01:00 00:04:00

Average 00:11:00 00:01:00 00:01:00 00:01:00 00:03:00

Figure 6.2: Time used to perform the tasks, for non-informatics, between SpreadsheetDoc and
only Excel in Adbugdet spreadsheet.

Figure 6.4 and Figure 6.5 show the comparison of the time used for each participant between

using our framework, and using the Excel, for Adbudget an EnronGas spreadsheet, respectively.

Note that both figures represent the performances of informatics students to complete each

task.
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Figure 6.3: Time used to perform the tasks, for non-informatics, between SpreadsheetDoc and
only Excel in EnronGAS spreadsheet.

Figure 6.4: Time used to perform the tasks, for informatics, between SpreadsheetDoc and only
Excel in Adbudget spreadsheet.

Correctness grade (effectiveness): To evaluate the correctness of the spreadsheets produced

during the study, correctness grades are used. Each of the five tasks requires a set of spreadsheet

operations to be correctly performed. Such operations included: change an input value and

consult its result, identify the parameters (inputs) of a formula, and perform a modification

in a formula. The correctness grade are evaluated using three values: 1, 0.5 and 0; where 1 is

correct, 0.5 is half correct (e.g. insert an input correctly but consult the wrong cell) and 0 is

incorrect.

Table 6.9 shows the correctness grade (effectiveness) of each non-informatics subject to
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Figure 6.5: Time used to perform the tasks, for informatics, between SpreadsheetDoc and only
Excel in EnronGAS spreadsheet.

perform their tasks on Adbudget spreadsheet. Table 6.10 shows the results using the Spread-

sheetDoc while 6.11 shows the results using only the Excel. The first four rows for the question

four have a hyphen (-) because they were cancelled due to an error on the spreadsheet. It was

corrected for the next session that is why the last row has result. To the other questions, when

it has a - it is because the subject did not answered.

Table 6.9: Correctness grade for non-informatics on the Adbudget spreadsheet.

Table 6.10: With documentation.

Questions

1 2 3 4 5

Participants

1 1 1 1 - 1
3 1 1 1 - 1
5 1 1 1 - 1

25 1 1 1 - 1
27 1 1 1 1 1

Table 6.11: Without documentation.

Questions

1 2 3 4 5

Participants

10 0 0.5 1 - 1
11 0 0.5 1 - 1
12 0 0.5 1 - 1
13 0 0.5 1 - 1
35 - 0.5 1 - 1

Table 6.12 shows the correctness grade (effectiveness) of each informatics subject to perform

their tasks on Adbudget spreadsheet. Table 6.13 shows the results using the SpreadsheetDoc

while 6.14 shows the results using only the Excel. When it has a hyphen (-) it is because the

subject did not answered.

Table 6.15 shows the correctness grade (effectiveness) of each non-informatics subject to

perform their tasks on EnronGAS spreadsheet. Table 6.16 shows the results using the Spread-

sheetDoc while 6.17 shows the results using only the Excel. The first four rows for the question

four have a hyphen (-) because they were cancelled due to an error on the spreadsheet. To the

other questions and for the last row, when it has a - it is because the subject did not answered.
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Table 6.12: Correctness grade for informatics on the Adbudget spreadsheet.

Table 6.13: With documentation.

Questions

1 2 3 4 5

Participants
2 1 1 1 1 1

26 1 1 0 1 1

Table 6.14: Without documentation.

Questions

1 2 3 4 5

Participants
33 0 0.5 1 1 -
34 - 0 1 0 1

Table 6.15: Correctness grade for non-informatics on the EnronGAS spreadsheet.

Table 6.16: With documentation.

Questions

1 2 3 4 5

Participants

1 1 1 1 1 1
3 1 1 1 1 1
5 1 1 1 1 1

25 1 1 1 1 1
27 1 1 1 1 1

Table 6.17: Without documentation.

Questions

1 2 3 4 5

Participants

10 0 0.5 1 - 1
11 0 0.5 1 - 1
12 0 0.5 1 - 1
13 0 0.5 1 - 1
35 - 0.5 1 - 1

Table 6.18 shows the correctness grade (effectiveness) of each informatics subject to perform

their tasks on EnronGAS spreadsheet. Table 6.19 shows the results using the SpreadsheetDoc

while 6.20 shows the results using only the Excel. When it has a hyphen (-) it is because the

subject did not answered.

Table 6.18: Correctness grade for informatics on the EnronGAS spreadsheet.

Table 6.19: With documentation.

Questions

1 2 3 4 5

Participants
2 1 1 1 1 1

26 1 1 1 0 1

Table 6.20: Without documentation.

Questions

1 2 3 4 5

Participants
33 1 1 1 1 1
34 0.5 - 1 1 0

Figure 6.6 shows the absolute frequency (quantity of users’ correctness grade, effective-

ness) between subjects with documentation available (6.6(a)) and subjects that do not have

documentation (6.6(b)) in Adbudget spreadsheet.

Figure 6.7 shows the absolute frequency (quantity of users’ correctness grade) between

subjects with documentation available (6.7(a)) and subjects that do not have documentation

(6.7(b)) in EnronGAS spreadsheet.

6.3.2 Hypothesis Testing

The significance level used throughout the evaluation of all the tests is 0.05. The evaluation of

the tests was performed using the SPSS software.
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(a) Absolute frequency for Adbudget spreadsheet with documentation.

(b) Absolute frequency for Adbudget spreadsheet without documentation.

Figure 6.6: Absolute frequency of all subjects for Adbudget spreadsheet.

Since we have less participants than intended, we have group together some of the study

results to perform the statistical analysis.

First, we have considered the answers to question i (where i ∈ {1,2,3,5}), both from spread-

sheet EnronGAS and spreadsheet Adbudget, as answers to the same question, regarding the

time participants took to answer them (but not for correctness). We did this as the questions

are of the same kind and quite similar, being the only difference the spreadsheet they are writ-

ten for. Moreover, this is possible because there is no statistical difference between the time

participants took to answer the questions from both spreadsheets. Indeed, a Mann-Whitney

test indicated that the times spent in question i (where i ∈ {1,2,3,5}) was not significantly dif-

ferent for the Adbudget spreadsheet (Mdn1 = 00:02, Mdn2 = 00:01, Mdn3 = 00:01, Mdn5 =
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(a) Absolute frequency for EnronGAS spreadsheet with documentation.

(b) Absolute frequency for EnronGAS spreadsheet without documentation.

Figure 6.7: Absolute frequency of all subjects for EnronGAS spreadsheet.

00:02), and EnronGAS (Mdn1 = 00:02, Mdn2 = 00:01, Mdn3 = 00:01, Mdn5 = 00:02), U1 = 67,

U2 = 72.5, U3 = 91, U5 = 74.5, p1 = .518, p2 = .755, p3 = .549, p5 = .581.1 There was however a

significantly difference for question 4 and thus their times cannot be used together.

Second, we have also grouped the results of both informatics and non-informatics. This is

only possible as there is no statistical difference between the answers of informatics and others.

Indeed, a Chi-square test of independence was calculated comparing the frequency of each

kind of answer (correct, half-correct, and incorrect) for question i (where i ∈ {1,2,3,5}) for both

spreadsheets between informatics and non-informatics. The test did not found a significant

1We follow the reporting format suggested in [2].
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interaction (p1 = .936, p2 = .300, p3 = .107, p5 = .557).2 This was calculated using answers from

both spreadsheets together. Since that is not possible for question 4, we do not use such result

here.

Comparison of correctness We have performed three tests (all suggested by SPSS) to ver-

ify the statistical significance of the correctness grade: Kendall’s tau-b, Kendall’s tau-c, and

Gamma.

For the EnronGAS spreadsheet the correctness grade is greater when using SpreadsheetDoc

for questions 1, 2, and 5 (p = .000 for the three questions and for the three tests).

For the Adbudget spreadsheet the correctness grade is greater when using SpreadsheetDoc

for questions 1, 2, and 4 (p = .000 for the three tests for question 1, p = .048 for Kendall’s tau-b

test and p = .000 for the others for question 2, and p = .034 for the three tests for question 4).

For the others it is not possible to determine the statistical significance of the differences

between the answers.

Table 6.21 resumes the statistical significance of the answers for each spreadsheet, as well

as when considering both spreadsheets together. The hyphen mark is used to denote the impos-

sibility of merging the results.

Table 6.21: Statistical relevance for answers.

Questions

1 2 3 4 5

Adbudget 3 3 7 3 3

EnronGAS 3 3 7 7 3

Together - 3 7 7 -

Comparison of times In this case, to verify the statistical relevance, we have used the test

Mann-Whitney.

For the EnronGAS spreadsheet the Mann-Whitney test indicated that the time spent to

answer question i (where i ∈ {1,2}) was greater without the use of SpreadsheetDoc (Mdn1 =

00:06, Mdn4 = 00:03), than using SpreadsheetDoc (Mdn1 = 00:02, Mdn4 = 00:01), U1 = 8,

U4 = 3.5, p1 = .034, p4 = .012.

For the Adbudget spreadsheet the Mann-Whitney test indicated that the time spent in ques-

tion 1 without SpreadsheetDoc (Mdn = 00:05) was greater than with SpreadsheetDoc (Mdn =

00:02), U = 3.5, p = .034.

As we described it is statistically possible to merge both spreadsheet results. In this case,

an extra significance arises for question 5. Indeed, for both spreadsheets together, the Mann-

Whitney test indicated that the time spent in question 5 without SpreadsheetDoc (Mdn =

00:05) was greater than with SpreadsheetDoc (Mdn = 00:02), U = 42.5, p = .02. There is also

significance for questions 1 and 2, but that already happened for each spreadsheet individually.

For the remaining cases it is not possible to determine the statistical significance of the

differences between the times participants took to answer the questions.

2Again, we follow the reporting format suggested in [2].
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Table 6.22 resumes the statistical significance of times spent in the answers for each spread-

sheet, as well as when considering both spreadsheets together. Again, the hyphen mark is used

to denote the impossibility of merging the results.

Table 6.22: Statistical relevance for times.

Questions

1 2 3 4 5

Adbudget 3 7 7 7 3

EnronGAS 3 3 7 7 3

Together 3 3 7 - 3

6.4 Interpretation

The results from the analysis suggest that SpreadsheetDoc can improve users’ performance

doing their tasks. However, this was not the case for question three. We believe this is because

the answer to this question is quite easy. Users just have to consult the formula arguments and in

that way, our framework does not provide any extra help. In question four of EnronGAS we have

had interesting results. Users without documentation were more efficients that the other, but in

the other hand their effectiveness was worst when compared to users with documentation. So,

in this question we can conclude that SpreadsheetDoc helps users to perform the tasks correctly

in spite of taken more time.

Comparing the efficiency and effectiveness registered on the tables it is possible to conclude

that our framework was useful mainly for questions one and two.

Moreover, from the post-questionnaire we can conclude that subjects felt more confident

in the results using our framework when compared to the ones who used only Excel. This

indicates that our framework is useful and some given suggestions were welcome.

6.4.1 Threats to validity

The goal of the study is to demonstrate that is better use our framework than only Excel. There-

fore, validity threats for this study were analysed and divided in four categories as defined

in [4]: conclusion validity, internal validity, construct validity and external validity.

Conclusion validity: The main concern is the low statistical power due to the low number

of participants. To overcome this issue we have decided to group the same question of each

spreadsheet and which could improve our statistical power. It is important to note that this

only could be possible due to a statistical test which allowed it.

Internal validity: In order to minimize the effects on the independent variables that would

reflect on the causality, several actions were taken. First, this study was executed several times

(different sessions), where the subjects of one session work with our framework and others did

not. Second, within each session, some participants have started with the Adbudget spreadsheet

and others with the EnronGAS spreadsheet to minimize learning effects. Third, the time to
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perform the study was reduced as much as possible so that the subjects could remain focused

during all the study (fifteen minutes for each spreadsheet). Fourth, all the subjects performed

the same tasks, so issues from having different groups with distinct treatments do not arise.

This specifications intend to obtain more control and reduce internal validity threats.

Construct validity: For this validity we have used two spreadsheets. Before starting perform-

ing the tasks, we have informed the subjects that they were not under evaluation guaranteeing

that they were not affected by this study.

Some subjects have done the study using documentation and others without it and the tasks

we have asked users to perform are common in spreadsheets, such as insert values, consult

values, and change formulas. So, we believe the study construction allows to evaluate the use

of SpreadsheetDoc.

External validity: This validity is related to the strength to generalize the results of this

study to industrial practice. Due to this, we have selected two spreadsheets from the real-world:

one from a company and another from a book on the design of spreadsheets. Although the

spreadsheets are real-world spreadsheets, the environment is not. Nevertheless, the participants

represent a wide range of spreadsheet users, and thus, we believe that results are generalizable.

6.4.2 Inferences

Since this study was performed in a very specific environment, we cannot generalize it to every

case. Nevertheless, the environment used to perform this study was as similar as possible to

a real one, in which end users are normally non-professionals and in which spreadsheets are

already developed with a specific purpose. Therefore, the used spreadsheets were based on real

cases, and the majority of the students which preformed the study were from a non-informatics

areas.

Our framework was developed mainly for end users, so it could be useful if applied on a

professional industry.

6.5 Discussion

The empirical study we have conducted reveals very promising results for our framework,

SpreadsheetDoc. Despite that participants had a shorter period of time to learn on a more

efficient way of how to work with our framework, they have accomplished their tasks faster

when compared to the participants that have not used our framework.

As we have envisioned, it was apparently easy to use our framework and useful. Most

participants wrote on post-questionnaire: “This tool help our understanding of the spreadsheet”

or “Very useful framework”.

We could conclude that our framework improves users’ efficiency and effectiveness. So,

our framework have had and improvement around of 50% of the times. As usual, there was

exceptions. We can also conclude that computer science using our framework or not have had

similar results, but our framework still has had better results.
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7
State of the Art

In this chapter we present the few approaches currently existent to document spreadsheets. In

Section 7.1 we describe a system for developers to document spreadsheets. In Section 7.2 we

discuss how users document a spreadsheet, and in Section 7.3 we discuss what Excel allows.

7.1 Programming Documentation

In [22] the authors present a system to format spreadsheet documentation. This system uses an

external editor to document spreadsheets and macros to format such text. This can be compared

to literate programming, where documentation and code are kept together in the same file. The

objective is to easily write and update documentation for spreadsheets. However, the user

must “program” the documentation itself, for instance, writing the following code to create a

variable to document a formula: @MACRO(xfor(v)=[@P(@V(f_@X(v)))]). These variables can

then be assigned to parts of the spreadsheet and used in the textual documentation. However,

this seems difficult to learn, specially for end users. Our approach on the other hand shows

contextualized wizards with the necessary text inputs the documentation writer must fill in,

making it more convenient for end users to document their spreadsheets.

7.2 Ad-hoc Documentation

We searched on different spreadsheets with the purpose of finding distinct types of documenta-

tion. Indeed, we found what we were searching for, but such documentation is too rudimentary,

that is, it is not structured.

Therefore, we are going to give some examples of what users do and explain the examples.

One way users document spreadsheets is by commenting below the presented content. In

Figure 7.1, users document below the table. They explain the meaning of each asterisk. This is

a type of documentation very common in spreadsheets. In this example, the user divided the

documentation by worksheet. In fact, there are four worksheets and each one has its own
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documentation. With our approach users can select a range of cells and document it, for

instance, the table in this example is in range the B6:F27.

Figure 7.1: A spreadsheet taken from EUSES, with path database/processed/03Quarterly Chap-
terA840A.xls.

Another way is to comment besides the content. It may have a header, for instance, “remark”

or other synonym. In Figure 7.2, users create a header named “remarks”. So, they are adding

to the spreadsheet more information because they have no other way to document it. Each row

can be commented as shown. Some cells have comments more extensive than other. It describes

the row’s behaviour. Our approach allows users to document each row they want.

In the first two examples, users are inserting extra cells in the spreadsheet, which are not

part of the program, making it more complex.
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Figure 7.2: A spreadsheet taken from EUSES, with path database/processed/3rd-20quarter.xls.

7.3 Excel Documentation

Excel is the most used program to develop spreadsheets, and it has some ways of doing docu-

mentation. In Figure 7.3 we show the properties available to document a spreadsheet such as

author, title, spreadsheet subject, etc. In fact, users can add some comments too, but not much

more.

Another example is the insertion of a comment on a selected cell; the comment is attached

to the cell. In Figure 7.4 users insert a comment on the selected cell. It is a feature available on

Excel. When the user passes the mouse over the cell, a pop up is opened and it is possible to read

the comment. It is not very efficient to use because when users are working on a spreadsheet

with big amount of data, it becomes too confusing due to the huge amount of documentation

non structured.
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Figure 7.3: Excel properties of a spreadsheet.

Figure 7.4: A spreadsheet taken from EUSES, with path database/processed/Coll2first-load.xls.
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8
Conclusions

This is the last chapter we present some conclusion remarks (Section 8.1) and future work

(Section 8.2).

8.1 Concluding Observations

Spreadsheets are the most used programming environment in the world. However, they lack

many of the features modern programming environments offer. In particular, there is no

structured way of documenting spreadsheet programs. Indeed, there is strong evidence that

users waste too much time trying to understand spreadsheets, especially when they are using

one that was not created by them. Hence, they search within spreadsheets trying to find some

kind of documentation, ask for help to colleagues, or end up by quitting.

To alleviate this scenario, we have developed a framework, SpreadsheetDoc, to permit the

writing and reading documentation of spreadsheets, which may be very useful when used

correctly. We have implemented our approach as an add-in for Excel that allows users to write

and read documentation through a set of wizards to facilitate its usage.

Indeed, the empirical validation we performed gives strength to our framework because in

most cases we can indeed improve users’ performance. Moreover, the opinions of participants

are mostly positive.

Nevertheless, there are still several issues we would like to address in future work, which

we discuss in the next section.

8.2 Future Work

In our approach we did not work on documenting the VBA scripts that are part of some spread-

sheets. Although this may seem important, in the Enron’s corpus only 47 spreadsheets (out

of more than 15.000) used VBA scripts [9]. Also in the EUSES corpus only 126 (out of 4.498)

used VBA [6]. Nevertheless, we will also address this in future work. Since in this case we are
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probably addressing more advanced users, we intend to follow an approach similar to JavaDoc,

where the programmer annotates the different parts of the source code, and from which it is

possible to generate a comprehensive web page. This will extend the web page generated by

our tool.

We foresee several improvements for SpreadsheetDoc. To make this framework even more

interesting we should link the input of a formula cell to the wizard to documented it.

Another quite interesting and promising direction is the automation or inference of docu-

mentation using the system presented in [1]. This system is more robust than the system used

by us, that is, it covered all the cases of inference of headers and units.

Moreover, we would also like to integrate some heuristics to automatically describe existing

formulas, in a similar way as described in [20]. For instance, for our running example, the

system could automatically infer the following description for cell I10: Cell I10 calculates Win?
No, that is, the maximum between Profit new ship and Profit tug/barge. This can easily be inferred

from the formula, its inputs, and corresponding labels.
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A
XSD Schema

1 <xs:schema attributeFormDefault="unqualified" elementFormDefault="qualified"

2 xmlns:xs="http://www.w3.org/2001/XMLSchema">

3 <xs:element name="Spreadsheet">

4 <xs:complexType>

5 <xs:sequence>

6 <xs:element name="Worksheet" maxOccurs="unbounded" minOccurs="0">

7 <xs:complexType>

8 <xs:choice maxOccurs="unbounded" minOccurs="0">

9 <xs:element name="Cell">

10 <xs:complexType mixed="true">

11 <xs:sequence>

12 <xs:element name="input" maxOccurs="unbounded"

13 minOccurs="0">

14 <xs:complexType>

15 <xs:simpleContent>

16 <xs:extension base="xs:string">

17 <xs:attribute type="xs:string"

18 name="cell" use="optional"/>

19 <xs:attribute type="xs:string"

20 name="description" use="optional"/>

21 </xs:extension>

22 </xs:simpleContent>

23 </xs:complexType>

24 </xs:element>

25 <xs:element name="output" minOccurs="0">

26 <xs:complexType>

27 <xs:simpleContent>

28 <xs:extension base="xs:string">

29 <xs:attribute type="xs:string" name="description"

30 use="optional"/>

31 </xs:extension>

32 </xs:simpleContent>

33 </xs:complexType>
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34 </xs:element>

35 </xs:sequence>

36 <xs:attribute type="xs:string" name="name"

37 use="optional"/>

38 <xs:attribute type="xs:string" name="description"

39 use="optional"/>

40 </xs:complexType>

41 </xs:element>

42 <xs:element name="Input">

43 <xs:complexType>

44 <xs:simpleContent>

45 <xs:extension base="xs:string">

46 <xs:attribute type="xs:string" name="name"

47 use="optional"/>

48 <xs:attribute type="xs:string" name="description"

49 use="optional"/>

50 </xs:extension>

51 </xs:simpleContent>

52 </xs:complexType>

53 </xs:element>

54 <xs:element name="Row">

55 <xs:complexType>

56 <xs:simpleContent>

57 <xs:extension base="xs:string">

58 <xs:attribute type="xs:byte" name="name"

59 use="optional"/>

60 <xs:attribute type="xs:string" name="description"

61 use="optional"/>

62 </xs:extension>

63 </xs:simpleContent>

64 </xs:complexType>

65 </xs:element>

66 <xs:element name="Column">

67 <xs:complexType>

68 <xs:simpleContent>

69 <xs:extension base="xs:string">

70 <xs:attribute type="xs:string" name="name"

71 use="optional"/>

72 <xs:attribute type="xs:string" name="description"

73 use="optional"/>

74 </xs:extension>

75 </xs:simpleContent>

76 </xs:complexType>

77 </xs:element>

78 <xs:element name="Range">

79 <xs:complexType>

80 <xs:simpleContent>

81 <xs:extension base="xs:string">

82 <xs:attribute type="xs:string" name="name"

83 use="optional"/>

84 <xs:attribute type="xs:string" name="description"

85 use="optional"/>
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86 </xs:extension>

87 </xs:simpleContent>

88 </xs:complexType>

89 </xs:element>

90 <xs:element name="Output">

91 <xs:complexType>

92 <xs:simpleContent>

93 <xs:extension base="xs:string">

94 <xs:attribute type="xs:string" name="name"

95 use="optional"/>

96 <xs:attribute type="xs:string" name="description"

97 use="optional"/>

98 </xs:extension>

99 </xs:simpleContent>

100 </xs:complexType>

101 </xs:element>

102 </xs:choice>

103 <xs:attribute type="xs:string" name="name" use="optional"/>

104 <xs:attribute type="xs:string" name="description"

105 use="optional"/>

106 </xs:complexType>

107 </xs:element>

108 </xs:sequence>

109 <xs:attribute type="xs:string" name="name"/>

110 <xs:attribute type="xs:string" name="description"/>

111 </xs:complexType>

112 </xs:element>

113 </xs:schema>
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15/02/2016 Questionário Pré-Sessão

https://docs.google.com/a/campus.fct.unl.pt/forms/d/1hwQVPYmLlvZlWKsVGsnnPDkgSEinwPhox3ruhl-RmxU/edit 1/2

Questionário PréSessão
Este questionário tem como objetivo selecionar pessoas com alguma experiência no uso de 
uma ferramenta de edição de folhas de cálculo.

*Obrigatório

1. Sexo *
Marcar apenas uma oval.

 Masculino

 Feminino

2. Idade *
Marcar apenas uma oval.

 <20

 2022

 2325

 >25

3. Curso *

4. Ano curricular em que se encontra *

5. Já trabalhou com alguma ferramenta de edição de folhas de cálculo? *
Ex: Excel, OpenOffice, LibreOffice, etc
Marcar apenas uma oval.

 Sim

 Não  Pare de preencher este formulário.

6. Como faria o somatório das células A1 a
D3? *

7. Como faria para saber se o valor da
célula A1 é maior que o da célula A3? *

8. O que faz a função COUNT? *
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15/02/2016 Questionário Pré-Sessão

https://docs.google.com/a/campus.fct.unl.pt/forms/d/1hwQVPYmLlvZlWKsVGsnnPDkgSEinwPhox3ruhl-RmxU/edit 2/2

Com tecnologia

9. O que faz função IF? *
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Questionário Pós-Sessão

1. Selecione a resposta que corresponde ao quanto concorda ou discorda com as seguintes
frases.

(a) Estou confiante que respondi corretamente a todas as tarefas da folha de cálculo
Adbudget. (Selecione uma)

© Concordo plenamente.

© Concordo.

© Nem concordo nem discordo.

© Discordo.

© Não se aplica.

(b) Estou confiante que respondi corretamente a todas as tarefas da folha de cálculo
EnronGAS. (Selecione uma)

© Concordo plenamente.

© Concordo.

© Nem concordo nem discordo.

© Discordo.

© Não se aplica.

2. A ferramenta ajudou-o a desempenhar as tarefas propostas com maior facilidade?

© Sim.

© Não.

3. Pensa que a ferramenta deveria ajudar mais quando estava a desempenhar as tarefas?

© Sim.

© Não.

4. A documentação existente sobre a folha de cálculo é de fácil consulta?

© Sim.

© Não.

5. A leitura da documentação existente sobre a folha de cálculo é fácil?

© Sim.

© Não.

6. A documentação existente sobre a folha de cálculo é percet́ıvel?

© Sim.

© Não.

7. O que acha da nossa ferramenta?

68



8. Sugestoes de melhoria:

Page 2
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Perguntas da folha de cálculo Adbudget

1. Comece por alterar o input fator de gastos em despesas gerais para 1,2.
Qual é o valor da célula correspondente aos custos das despesas gerais no 3o trimestre?

Resposta:
Ińıcio: Fim:

2. Coloque o input preço unitário do produto a 30.
Qual é o valor da célula do lucro bruto no 1o trimestre.

Resposta:
Ińıcio: Fim:

3. Indique quais são os inputs (argumentos da fórmula) da célula que calcula as despesas
fixas no 4o trimestre.

Resposta:
Ińıcio: Fim:

4. Modifique a fórmula responsável pelo cálculo da receita bruta de unidades vendidas no
1o trimestre, acrescentando-lhe a multiplicação do input fator de procura. Escreva
a fórmula tal e qual como aparece no Excel.

Resposta:
Ińıcio: Fim:

5. Modifique a fórmula responsável pelo cálculo das despesas fixas no 2o trimestre
acrescentando-lhe a soma da célula do cálculo dos custos de produção das unidades
vendidas no 2o trimestre. Escreva a fórmula tal e qual como aparece no Excel.

Resposta:
Ińıcio: Fim:
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Perguntas da folha de cálculo EnronGas

1. Comece por alterar o input preço do gás no dia 10 correspondente à ENRON - POOL
POINT para 12,12.
Qual é o valor do output valor real do gás na faturação no dia 10?

Resposta:
Ińıcio: Fim:

2. Coloque o input percentagem da quantidade base de gás a 0,9.
Qual é o resultado do output valor do défice do dia 8.

Resposta:
Ińıcio: Fim:

3. Indique quais são os inputs (argumentos da fórmula) da célula que calcula o volume
atual de gás diário no dia 3?

Resposta:
Ińıcio: Fim:

4. Modifique a fórmula responsável pelo cálculo do volume atual de gás diário no dia 3
retirando o input volume atual de gás diário no dia 3 na zona HIGH ISLAND 13L.
Escreva a fórmula tal e qual como aparece no Excel.

Resposta:
Ińıcio: Fim:

5. Modifique a fórmula responsável pelo cálculo total do valor da faturação para passar
a ser a fórmula AVERAGE. Escreva a fórmula tal e qual como aparece no Excel.

Resposta:
Ińıcio: Fim:

Page 2

73





A
p
p
e
n
d
i
x

E
Tutorial

75



Tutorial

Introdução

No contexto desta investigação produzimos uma ferramenta, designada SpreadsheetDoc,
que suporta documentação, para uma melhor compreensão das folhas de cálculo.

Na prática, essa ferramenta fornece um conjunto de botões que, cada um, executa um
conjunto de operações.

Neste estudo, pretendemos analisar até que ponto é vantajoso utilizar a ferramenta que
nós desenvolvemos.

Se tiver alguma dúvida durante este tutorial, por favor diga ao supervisor, para que
o mesmo o possa esclarecer.
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Este tutorial pretende fornecer um primeiro contacto com a nossa ferramenta, e utiliza
uma folha de cálculo para calcular a probabilidade de se comprar o barco SS Kuniang
conforme a proposta feita pela empresa. Alterando o valor oferecido, a folha apresenta
também o lucro sobre essa oferta.

Abra a folha de cálculo SS Kuniang.xls situada no ambiente de trabalho. De seguida,
clique na tab SpreadsheetDoc, situada na barra do menu do Excel. É posśıvel visualizar
na Figura 1.

Figure 1: Tab da nossa ferramenta

A ferramenta desenvolvida apresenta 5 grupos de documentação: General Documen-
tation, Content Documentation, Input/Output Documentation, Read Documentation
e XML Documentation. Cada um destes grupos tem as suas respetivas funcionalidades.
Tenha em atenção, que neste tutorial vamos apenas focar-nos nas funcionali-
dades do grupo marcado a negrito. É posśıvel visualizar na Figura 2.

Figure 2: Funcionalidades da ferramenta

Vamos agora abrir a documentação da folha de cálculo numa página web. Vá até ao
ambiente de trabalho e abra o ficheiro SS Kuniang.html

A página web começa por mostrar uma descrição geral do funcionamento da folha
de cálculo. De seguida, é posśıvel ver todas as worksheets presentes na folha (neste
caso Assumptions e Model). Cada worksheet tem respetivamente a sua descrição e o
seu conteúdo, ou seja, células, inputs, outputs, colunas, linhas e ranges que estejam
documentados. Vamos agora explicar cada uma das secções.

A secção das células contem a lista de todas as células documentadas. No caso da
célula conter um valor, então tem apenas a descrição. Caso a célula seja uma fórmula,
além da descrição, tem todos os inputs da célula (argumentos da fórmula, cada um com
a respetiva descrição) e o output (também com a respetiva descrição).

A secção dos inputs contem a lista de todos os inputs (células) documentados e a
respetiva descrição.

A secção dos outputs contem a lista de todos os outputs (células) documentados e a
respetiva descrição.

A secção das colunas contem a lista de todas as colunas documentadas e a respetiva
descrição.

A secção das linhas contem a lista de todas as linhas documentadas e a respetiva
descrição.
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A secção dos ranges contem a lista de todos os ranges documentados e a respetiva
descrição.

Antes de passarmos às perguntamos vamos explicar como ver os inputs de uma
célula (argumentos da fórmula). Para uma célula ter inputs tem que ser uma célula
com uma fórmula. Siga os seguintes passos.

1. Selecione a célula I4 na worksheet Model.

2. Clique no botão que diz Cell.

3. Leia os inputs da célula (argumentos da fórmula) e verifique que os inputs são
C10, F4, C7 e C8. Como pode ver na Figura 3, os inputs estão marcados com um
retângulo preto à volta.

4. Clique no botão que diz Close para fechar a documentação dessa célula.

Figure 3: Identificação de inputs de uma célula

Ao resolver as perguntas propostas tenha sempre em atenção se está a
trabalhar na worksheet correta.

Page 3
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Perguntas

Pergunta 1) Comece por alterar o input lucro bruto quando o valor do salvado
é baixo para 18,5.
Qual é o valor da célula lucro ĺıquido que se obterá tendo a guarda costeira
dado o valor do salvado como sendo baixo?
Responda à pergunta seguindo os seguintes passos.

1. Ler a documentação das duas worksheets na página web.

2. Após a leitura, foi posśıvel perceber que vamos ter que fazer alterações na work-
sheet Assumptions para alterar o input pretendido. Selecione na página web a
tab Assumptions.

3. Selecione na folha de cálculo a worksheet Assumptions.

4. Como a pergunta diz input, vamos procurar na página web na secção dos inputs.
Leia a documentação das células de input. Depois de encontrar o input pretendido,
neste caso é o C10, selecione na folha de cálculo a célula C10 da worksheet As-
sumptions.

5. Altere o valor da célula C10 para 18,5, tal como diz na pergunta.

6. Como a pergunta pede o valor de outra célula, temos de perceber onde ela está.
Temos de procurar na documentação a célula pretendida. Leia a documentação das
células de ambas as worksheets. Verá que a célula I4 da worksheet Model é a que
pretendemos.

7. Consulte a célula I4 da worksheet Model e escreva o seu valor na resposta. (A
resposta encontrada deve ser 6,500).

Resposta:

Perguta 2) Coloque o input oferta feita pelo salvado do barco a 9.
Qual é o valor do output lucro que a empresa espera obter com o barco SS
Kuniang?
Responda à pergunta seguindo os seguintes passos.

1. Como a pergunta diz input, vamos procurar na página web na secção dos inputs.
Leia a documentação das células de input. Depois de encontrar o input pretendido,
neste caso é o F4, selecione na folha de cálculo a célula F4 da worksheet Model.

2. Altere o valor da célula F4 para 9, tal como diz na pergunta.

3. Como a pergunta pede o valor do output, temos de perceber onde ele está. Sendo
que apenas a worksheet Model produz resultados e outputs, então temos de
procurar na documentação o output pretendido. Leia a documentação dos out-
puts da worksheet Model. Verá que a célula F9 da worksheet Model é a que
pretendemos.

4. Consulte a célula F9 da worksheet Model e escreva o seu valor na resposta. (A
resposta encontrada deve ser 6,350).

Resposta:
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Pergunta 3) Indique quais são as inputs (argumentos da fórmula) da célula do
lucro ĺıquido que se obterá tendo a guarda costeira dado o valor do salvado
do barco como sendo baixo.
Responda à pergunta seguindo os seguintes passos.

1. Como na pergunta pede as inputs da célula (argumentos da fórmula), temos
que ir procurar na secção das células pela célula pretendida. Depois de encontrar-
mos a célula pretendida, neste caso I4, selecione na folha de cálculo a célula I4 da
worksheet Model.

2. Clique agora no botão que diz Cell para abrir a documentação da célula no próprio
Excel.

3. É posśıvel ver que a célula tem quatro inputs.

4. Escreva quais são os inputs da célula na resposta. (A resposta deve ser C10, F4,
C7, C8).

Resposta:

Pergunta 4) Modifique a fórmula responsável pelo cálculo da probabilidade
de se comprar o barco SS Kuniang para passar a ser uma percentagem, ou
seja, multiplique a fórmula existente por 100.
Responda à pergunta seguindo os seguintes passos.

1. Como na pergunta pede para modificar uma fórmula, temos que ir procurar
na secção das células e ver qual é a célula com a fórmula pretendida. Depois de
encontrarmos a célula pretendida, neste caso F5, selecione na folha de cálculo a
célula F5 da worksheet Model.

2. Acrescente agora à fórmula a multiplicação por 100. A fórmula é =(F4-2)/10

3. Escreva a fórmula tal e qual como está no Excel na resposta. (A resposta deve ser
=((F4-2)/10)*100.

Resposta:

Pergunta 5) Modifique a fórmula do valor ĺıquido que a empresa obterá no
caso da oferta apresentada não ser suficiente para passar a ser a fórmula MIN.
Responda à pergunta seguindo os seguintes passos.

1. Como na pergunta pede para modificar uma fórmula, temos que ir procurar
na secção das células e ver qual é a célula com a fórmula pretendida. Depois de
encontrarmos a célula pretendida, neste caso I10, selecione na folha de cálculo a
célula I10 da worksheet Model.

2. Vamos então alterar a fórmula presente, ou seja, passar de MAX para MIN. A
fórmula é =MAX(C7;C8).

3. Escreva a fórmula tal e qual como está no Excel na resposta. (A resposta deve ser
=MIN(C7;C8).

Resposta:
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