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Purpose: The main purpose of the study is to develop and present a spreadsheet-based tool 6 

aligned with the MiRel concept to support data processing process in the analysis of employee 7 

participation in project implementation by automating the generation of a required report.  8 

The process for which the tool is created is an actual process implemented in an organisation 9 

operating on the market. 10 

Design/methodology/approach: The process in which a required report is generated has been 11 

analysed with particular attention to the data structure typical of the problem in question.  12 

The entities it contains along with the associated attributes have been identified. Connections 13 

between individual entities have been illustrated using an entity relationship model. The author 14 

has proposed methods for both data entry as well as entity representation in the spreadsheet-15 

based tool. Mechanisms employed to transfer data from a form to tables representing individual 16 

entities have been discussed. The process in which the required report is created has been 17 

divided into a number of steps. For each of them, a target effect has been defined and specific 18 

mechanisms enabling the target to be attained have been proposed.  19 

Findings: A spreadsheet provides an utterly sufficient environment to create a tool supporting 20 

the process subject to the research. Such a tool can be successfully created in line with the 21 

MiRel concept. Despite the fact that the required report in question is strictly defined in terms 22 

of its graphical form that does not match the charts and graphic elements available in MS Excel, 23 

it is possible to generate it automatically without having to use the VBA code. Its adequate 24 

graphical form can be obtained by means of conditional formatting provided that data have been 25 

correctly arranged in cells. Where the report is to be generated in a purely graphical form,  26 

the tool in question can be expanded with a relatively simple VBA procedure enabling such  27 

a report to be generated on the basis of its current form. 28 

Practical implications: The solution proposed in the paper can be successfully applied in 29 

practice to support the process analysed. 30 

Social implications: The solution proposed in the paper makes it possible to streamline the 31 

performance of the process analysed by relieving employees of the laborious and repeatable 32 

obligatory activities as well as reducing the risk of errors appearing in the report created in the 33 

process. 34 

Originality/value: The concept described in the paper is the author’s original solution. 35 

Keywords: spreadsheet, database, data processing, improvement of information processes, 36 

project management. 37 

Category of the paper: Case study and technical paper.  38 
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1. Introduction 1 

At this day and age, information is one of the most precious resources of organisations, 2 

which is why one can successfully build competitive advantage by using it in a competent 3 

manner. With regard to the foregoing, effective implementation of processes in which 4 

information is generated, acquired, stored, processed, shared, interpreted, or utilised, or in other 5 

words – information processes (Oleński, 2001, 2002), is one of the key factors which determine 6 

the success of every business operating in the market. 7 

Given the contemporary level of advancement of information technologies, a decided 8 

majority of information processes is implemented with adequate support from more or less 9 

sophisticated tools. And even though solutions of this kind are widely accessible, one can still 10 

come across processes where all or most of data processing is handled manually. The fact that 11 

the aforementioned processes continue to function nowadays may be attributable to the ever 12 

changing requirements pertaining to data logging and processing, introducing successive 13 

innovative data analysis concepts, the need to focus on a specific fraction of an enterprise in  14 

a more detailed manner than before, or the emergence of new and unprecedented issues.  15 

The necessity of handling information processes manually undoubtedly represents a serious 16 

problem, one which may potentially be solved by developing a dedicated IT tool on an in-house 17 

basis. 18 

Needless to say that spreadsheets are definitely very universal and common tools, familiar 19 

to nearly all organisations. One can find numerous suggestions in the literature on the subject 20 

as to how they can be utilised in diverse operational areas. They prove particularly useful when 21 

employed to support information processes in matters such as finance, sales, or marketing 22 

management (Jackson, Staunton, 2004; Kusztelak, 2020; Winston, 2019; Próchnicki, 2012), 23 

work time organisation (Szczęśniak, 2010; Zasadzień et al., 2017), or quality management 24 

(Knight, 2009; Szczęśniak, Molenda, 2013; Szczęśniak, 2021). 25 

The high flexibility of spreadsheets makes them suitable for both ongoing processing of the 26 

data sets in disposal and for designing dedicated tools to automate such a processing operation. 27 

A solution which supports the creation of such tools is the author’s signature concept known as 28 

MiRel (Szczęśniak, 2017, 2018a, 2018b, 2020a). Its main pre-assumption is that spreadsheets 29 

are used to develop IT tools based on an explicitly defined relational data model. An example 30 

of a tool created in line with this concept to support the process of analysis of employee 31 

participation in the implementation of individual projects has been discussed further on in this 32 

paper. The presented description is a case study for a real problem identified in an organization 33 

operating on the market. 34 

  35 
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2. Characteristics of the process analysed 1 

An information process identified within an organisation whose core operation boils down 2 

to performing construction-related project activities consists in generating a report containing 3 

a list of employees who participate in the implementation of individual projects. This report is 4 

developed into a diagram modelled on the one provided in Figure 1.  5 

 6 

Figure 1. Structure of the report being generated. 7 

It is developed with reference to data stored in a table whose layout has been shown in 8 

Figure 2. 9 

 10 

Figure 2. Structure of the table on which the report is based. 11 

The report is created at the department level of the organization. One of the employees 12 

prepares data in the form of a table as shown in Figure 1. In this table, each project and each 13 

employee may appear only once. Each employee can play one specific role in the project.  14 

If it is a managerial role, this fact is simply marked in the table. If it is a different role,  15 

the table includes a number specifying how much of the employee's working time is spent on  16 

a given project. Based on the prepared table, the next employee prepares the final form of the 17 

report in accordance with Figure 2. In this report, individual roles should appear in  18 

a predetermined order. At the moment, the report is created manually. This activity is both 19 
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laborious and repeatable. Where this is the case, it seems to be a good solution to make sure 1 

that this process becomes fully automated, and to this end, a tool aligned with the MiRel concept 2 

and developed in a spreadsheet can prove particularly adequate. 3 

3. Data structure applied in the tool 4 

With regard to the problem in question, the following entities have been identified:  5 

role, project, employee, and employee-project. An instance of the employee entity represents 6 

an employee of a given organisation, while that of the project entity – a project implemented 7 

by the latter. An instance of the role entity refers to the role which an employee can perform 8 

under a project. An instance of the employee-project entity corresponds to the fact that a specific 9 

employee participates in a specific project. The links between individual entities as well as the 10 

attributes identified for them have been depicted in Figure 3. 11 

 12 

Figure 3. IDEF1x standard-compliant (Allen, 2006) model of inter-entity relations for the tool proposed. 13 

The first of the attributes identified for entity role is role code. It is a two-letter identification 14 

code of the role an employee can perform under a project. The second attribute is order.  15 

The values it assumes are integers larger than 0. These numbers define the order in which  16 

an employee performing a given role will occur in the report being generated. The smaller the 17 

value, the sooner one occurs in the report. Exactly one role must take the value of 1 for attribute 18 

order. This role is considered as the main managerial role. Employees holding this role will 19 

occur in the upper section of the report. Other values of attribute order, i.e. those larger than 1, 20 

can reoccur. Another entity is that of project. For this entity, the only attribute which has been 21 

identified is a project-identifying code. For another entity, i.e. employee, three attributes have 22 

been identified. The first two of them are an employee’s surname and forename. It has been 23 

assumed that a combination of surname and forename in the range analysed is unique,  24 

and consequently, these attributes form a composite primary key. The third attribute identified 25 

for this entity is role code, whose value defines the role a given employee performs under 26 
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projects. The last entity is employee-project, and four attributes have been defined for it.  1 

The first three are surname, forename, and project code. These attributes define the links 2 

between a given employee and a specific project, representing a composite primary key.  3 

The fourth attribute is that of participation. It takes numerical values larger than 0 and smaller 4 

than or equal to 1. The value of this attribute represents the fraction of a given employee’s work 5 

which has been allocated to a given project. In the case of an employee assigned a role with the 6 

order attribute value of 1, the number 1 is entered irrespective of the number of projects which 7 

the given employee supervises. 8 

Individual entities in the tool created as proposed are represented in conformity with type I 9 

of entity representation, as assumed under the MiRel concept, namely in the form of tables,  10 

as in a typical relational database. Each table has been placed in a separate worksheet whose 11 

name corresponds to the entity name. Their layout has been shown in Figure 4.  12 

One of the premises underlying the solution in question is that it can contain data of no more 13 

than 10 roles, 50 employees, and 20 projects. Consequently, it has been further assumed that, 14 

in worksheet Roles, data will be contained in rows 2 through 11, in worksheet Projects –  15 

in rows 2 through 21, while in worksheet Employees – in rows 2 through 51. What has also 16 

been envisaged is that no more than 500 employee assignments to projects can be entered in 17 

the tool, and therefore, in worksheet Employees_Projects, data can be contained  18 

in rows 2 through 501. 19 

 20 

Figure 4. Representation of entities in the tool in question. 21 

Where the tool in question is used, only the data in worksheet Roles are entered in the layout 22 

provided in Figure 4. All other data are entered in the form shown in Figure 5, conforming with 23 

the form currently filled while performing the process in question in a routine manner,  24 

and then, by way of suitable formulas, they are transferred to corresponding tables. 25 
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 1 

Figure 5. Layout of cells in worksheet Form with the highlighted ranges corresponding to individual 2 
tables. 3 

This form is to be found in the worksheet titled Form. It is where one can identify the ranges 4 

corresponding to the tables shown in Figure 4. Range A corresponds to table Projects, range B 5 

corresponds to table Employees, and range C – to table Employees_Projects. The data layout 6 

within ranges A and B matches the data layout in the target tables, and so it suffices to employ 7 

simple formulas for data transfer purposes. In the case of range C, the form’s data layout is 8 

compatible with type II of in-worksheet representation, and therefore, in order to transfer the 9 

data to the appropriate table compatible with type I of representation, one of the solutions 10 

proposed in the literature has been applied (Szczęśniak, 2018a). Under this solution, auxiliary 11 

table T1 has been added to worksheet Form and three auxiliary tables to worksheet 12 

Employees_Projects. Both the auxiliary column and its formula have been shown in Figure 6. 13 

In terms of how formulas are presented in the paper, it has been assumed that their form,  14 

as provided, is to be considered representative of the top left cell of the range in which they 15 

occur. For formula FA1 in auxiliary table T1, it is the form to be found in cell AA4. 16 

 17 

Figure 6. Cell layout and formula in an auxiliary table in worksheet Form. 18 
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Individual cells of the auxiliary table correspond to the form cells where the numbers 1 

representing the employee participation in the project implementation are entered. The number 2 

which conveys information about the row and column in the form where a value previously 3 

entered is to be found occurs in each auxiliary table cell if this value exists in the corresponding 4 

form cell. This number is entered according to formula 1: 5 

𝑛 = 𝑎 − 1 + 𝑑(𝑏 − 1) (1) 

where: 6 

n – number entered in auxiliary table T1, 7 

a – number of the current column within range E4:X53 in the form, 8 

b – number of the current row within range E4:X53 in the form, 9 

d – total number of columns in range E3:X3 in the form, representing the maximum number of 10 

projects which the tool may comprise. 11 

 12 

The auxiliary columns in worksheet Employees_Projects along with their respective 13 

formulas have been shown in Figure 7. 14 

 15 

Figure 7. Layout of columns in worksheet Employees_Projects with the formulas applied. 16 

In consecutive rows, formula FB1 returns consecutive numbers retrieved from auxiliary 17 

table T1. Based on these numbers, formula FB2 and formula FB3 identify the numerical 18 

designation of the form’s row and column, respectively, from which corresponding data should 19 

be acquired. The row and column numbers are established according to formulas 2 and 3: 20 
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𝑟 = ⌊ 
𝑛

𝑑
 ⌋ + 1 (2) 

𝑐 = 𝑚𝑜𝑑 (
𝑛

𝑑
) + 1 (3) 

where: 1 

r – number of the row in range E4:X53 in the form, 2 

c – number of the column in range E4:X53 in the form, 3 

n – numerical value returned by formula FB1 from auxiliary column C1, 4 

d – total number of columns in range E3:X3 in the form, representing the maximum number of 5 

projects which the tool may comprise. 6 

 7 

With reference to the row and column numbers previously identified, formulas FB4, FB5, 8 

FB6 and FB7 transfer the values of attributes Surname, Forename, Project, and Participation 9 

from the form to table Employees_Projects.  10 

4. Generating the report 11 

Based on the data collated in the layout corresponding to the one shown in Figure 4,  12 

the report envisaged in the analysed process is generated, as schematically depicted  13 

in Figure 1. The report generation process can be divided into a number of steps. The first one 14 

consists in identifying the employees who supervise projects as well as the projects assigned to 15 

these employees. In this step, auxiliary columns have been added in worksheets Employees and 16 

Employees_Projects. These columns, along with their respective formulas, have been shown in 17 

Figures 8, 9, and 10, respectively.  18 

 19 

Figure 8. Auxiliary column in worksheet Employees. 20 
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Formula F1 to be found in the auxiliary column in worksheet Employees returns a code 1 

which constitutes a combination of the values of the attributes belonging to the primary key of 2 

the table. An identical code is generated in the auxiliary column in worksheet 3 

Employees_Projects by means of formula FD1. Formula FD2 returns the number of the row in 4 

worksheet Employees containing the code from the current row in worksheet 5 

Employees_Projects. It is from that row that formula FD3 retrieves the corresponding code of 6 

the employee role under a given project. Formula FD4 returns a number which specifies how 7 

many times the current code from auxiliary column C21 has occurred in the preceding rows of 8 

the worksheet as well as in the current one. Next, formula FD5 returns the value of 1 in the 9 

rows where the given code in column C21 occurs for the first time and the code in auxiliary 10 

column C23 is the code assigned the order of 1. These values are then totalled by formula FD6, 11 

whereby consecutive natural numbers occur in auxiliary column C26 in the rows containing 12 

data of the project-supervising employees, and they are the rows in which these data occur for 13 

the first time. Additionally, based on the code acquired from column C21, an extended code is 14 

generated in auxiliary column C27, containing a number that specifies which consecutive 15 

occurrence of the code from column C21 it is. 16 

 17 

Figure 9. First group of auxiliary columns of the report generating mechanism in worksheet 18 
Employees_Projects. 19 

Using the data to be found in auxiliary columns C21 and C26, formula FE1 creates a list of 20 

the codes which identify the project supervisors. For each of the employees thus identified, 21 

formula FE2 determines the number of projects they supervise, while formula FE3 calculates  22 

a cumulative sum based on this number. 23 
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 1 

Figure 10. Second group of auxiliary columns of the report generating mechanism in worksheet 2 
Employees_Projects. 3 

Formula FE4 enters the subsequent natural number as many times as there are projects 4 

supervised by a given employee. For instance, the first employee identified by the code  5 

SN01-FN01 supervises three projects, which is why the number 1 occurs in three consecutive 6 

rows in auxiliary column C31, while the second employee identified by the code SN03-FN03 7 

supervises two projects, hence the number 2 occurring in two consecutive rows in auxiliary 8 

column C31. Based on the numbers to be found in auxiliary column C31, formula FE5 returns 9 

a code which identifies a given employee in as many consecutive rows as there are projects 10 

supervised by this employee, while formula FE6 calculates how many times the given code 11 

occurs. Based on the values in auxiliary columns C32 and C33, formula FE7 generates a code 12 

which contains both an employee-identifying code and a number specifying which consecutive 13 

occurrence of the given code it is. The structure of the extended code conforms with the 14 

structure of the previously generated code to be found in auxiliary column C27. Based on the 15 

extended code, formula FE8 specifies the number of the row in table Employees_Projects from 16 

which the code of the project supervised by a given employee should be acquired. For instance, 17 

in table Employees_Projects, the consecutive codes of the projects supervised by an employee 18 

identified by the code SN01-FN01 are to be found in rows 1, 2 and 3, while for an employee 19 

identified by the code SN03-FN03, the consecutive codes of the projects they supervise are to 20 

be found in rows 7 and 8.  21 

  22 
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The second step towards generating the report is to prepare and set the order of the contents 1 

which the report will contain as information about individual employees. To this end, the third 2 

group of nine auxiliary columns have been added in worksheet Employees_Projects, which 3 

have been shown in Figure 11 along with their respective formulas. 4 

 5 

Figure 11. Third group of auxiliary columns of the report generating mechanism in worksheet 6 
Employees_Projects. 7 

The values to be found in individual rows in auxiliary columns C38 through C41 correspond 8 

to the values to be found in these rows in table Employees_Projects. The values in auxiliary 9 

columns C42 through C46 are organised in the order in which they are to occur in the report. 10 

Formula FG1 in auxiliary column C38 creates the actual content which should be contained 11 

in the report. For the persons who supervise project implementation, this content is limited to 12 

their forename and surname. In the case of all other persons, besides their forename and 13 

surname, this content comprises the role performed under a project as well as a number, 14 

expressed in per cents, which specifies the employee participation in the project. The role and 15 

participation should be displayed in the subsequent row of text. Next, formula FG2 returns  16 

a number which designates the row in table Role where the role performed by a given employee 17 

is defined, while formula FG3 returns a number which defines the order according to which the 18 

person performing this role should appear in the report. According to this number, formula FG4 19 

generates a number which determines the position in the range containing sorted values at which 20 

the values from the current row of the unsorted range will be stored. The following is taken into 21 

account when establishing this position: the number from auxiliary column C40 and the order 22 



466 B. Szczęśniak 

in the unsorted range. Formula FG5 uses that number to return the numerical designation of the 1 

row in the unsorted range from which the corresponding values are to be transferred to the given 2 

row in the sorted range. In the sorted range, formula FG6 displays the relevant project code, 3 

while formula FG7 – the text to appear in the report. Additionally, formula FG8 counts the 4 

successive occurrences of the project code in the sorted range. Using that number as well as the 5 

project code to be found in auxiliary column C43, formula C46 creates a code according to 6 

which the right text is obtained and transferred to the corresponding cell in the report. 7 

The proper report is generated in worksheet Report, in the cells of range B8:AN52.  8 

It can comprise up to 20 projects, while besides the supervisor, up to 21 employees can be 9 

designated under a single project. There are two sections in the report. One lists the employees 10 

who supervise projects as well as the projects they have been assigned. The formulas applied 11 

in this section have been entered in individual rows. The other section presents all the persons 12 

participating in the implementation of individual projects in the right order. There is a single 13 

uniform formula which has been applied in this section. On account of the report formatting, 14 

across its entire range, the relevant values occur in every second row and every second column. 15 

Both the cell layout and the formulas applied have been shown in Figure 12.  16 

 17 

Figure 12. Layout of cells and formulas in the report. 18 

A single auxiliary row has been added directly above the report. It contains formula FF1 19 

which transfers values from worksheet Employees_Projects, from auxiliary column C35, 20 

according to which, formula FF3 retrieves the project code from the corresponding row in table 21 

Employees_Projects. Based on the project code, formula FF2 generates the corresponding code, 22 

determines its position in auxiliary column C46 in worksheet Employees_Projects,  23 

and then retrieves the text to be displayed in the report for the person who supervises the given 24 

project from the corresponding row in auxiliary column C44. It is the layout of the formulas 25 

applied in the auxiliary columns in worksheet Employees_Projects which guarantees that the 26 
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projects supervised by a single employee will be displayed next to one another in the report. 1 

Functioning similarly to formula FF2, also with reference to the project code, formula FF4 2 

acquires consecutive texts envisaged to be displayed in the report for all the employees 3 

participating in the project implementation. 4 

The right graphical form of the final report has been obtained by way of conditional 5 

formatting. In the first place, for the entire report, white has been defined as the fill colour for 6 

all cells. For a row which contains information about the supervisors, i.e. for range 7 

$B$8:$AN$8, white has been defined as the font colour, followed by the application of three 8 

formatting rules: 9 

 rule 1 – top and bottom cell edge is visible, and Blue, Accent 5, Lighter 80% is defined 10 

as the cell fill colour for the cells which meet the condition 11 

=OR(B8<>"";AND(B8="";A8<>"";C8=A8)), 12 

 rule 2 – right cell edge is visible for the cells which meet the condition 13 

=AND(COUNTIF(B8:$AO$8;B8)=1;B8<>""), 14 

 rule 3 – right cell edge is visible and black is defined as the font colour for the cells 15 

which meet the condition =AND(COUNTIF($B$8:B8;B8)=1;B8<>""). 16 

For all the remaining cells in the report, i.e. for range $B$9:$AN$52, the following two 17 

formatting rules have been applied: 18 

 all cell edges are visible for the cells which meet the condition =B9<>"" 19 

 left cell edge is visible for the cells which meet the condition 20 

=AND(B9="";B8<>"";B10<>"") 21 

It is for the application of the above formulas that the form demonstrated in Figure 13 has 22 

ultimately been obtained. 23 

 24 

Figure 13. Ultimate form of the report being created. 25 

In the form proposed in this paper, the tool in question uses only built-in spreadsheet 26 

functions as well as the conditional formatting mechanism. In cases where the report should be 27 

generated in a graphical form, the tool can be expanded with an additional, yet relatively simple, 28 

code developed in Visual Basic for Applications, as demonstrated in Figure 14. 29 
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 1 

Figure 14. Code of the procedure to generate the report in a graphical form. 2 

The CreateReport() procedure, as provided in the figure above, generates the report in  3 

a graphical form in worksheet ReportGR by making use of the report’s current form. This report 4 

is composed of rectangles whose width and height is defined by variables sW and sH, 5 

respectively, while the horizontal and vertical spaces between them are defined by variables sL 6 

and sT, respectively.  7 

5. Conclusions 8 

The solution proposed and discussed in the paper proves that one can successfully use the 9 

spreadsheet environment to create tools capable of providing full automation of data processing. 10 

Such tools can be created in line with the MiRel concept, assuming that all the tool’s data are 11 

stored in tables whose structure is compatible with the relational data model. The tool proposed 12 

by the author significantly streamlines the process of analysing employee participation in the 13 

implementation of projects by eliminating the necessary, yet laborious, manual report 14 

generation activity. The required report can therefore be generated automatically once the input 15 

data have been entered. In its basic form, the tool does not require using the VBA code, and as 16 

such, it raises no doubts as to safety aspects. All of data processing, in terms of both transferring 17 

them to appropriate tables and generating the final report, is executed by means of formulas 18 

which make use of standard built-in functions available in the MS Excel spreadsheet.  19 
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The selection of the functions applied to this end is relatively narrow, comprising AND(), 1 

COLUMN(), COLUMNS(), CONCAT(), COUNTIF(), IF(), IFERROR(), INDEX(), 2 

ISEVEN(), MATCH(), MAX(), MOD(), OR(), RANK.EQ(), ROUNDDOWN(), ROW(), 3 

SMALL(), SUM(), and XMATCH(). The ultimate form of the report has been obtained using 4 

the applicable conditional formatting rules. However, in cases where the report is to be 5 

generated in a purely graphical form, the tool can be expanded with a relatively uncomplicated 6 

VBA procedure capable of generating that report on the basis of its current form.  7 
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