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Abstract 

The impending mass retirement of baby-boomer COBOL developers, has 
companies that wish to maintain their COBOL systems fearing a skill shortage. 
Due to the dominance of COBOL within the financial sector, COBOL will be 
continually developed over at least the coming decade.  
 
This thesis consists of two parts. The first part consists of a literature study of 
COBOL; both as a programming language and the skills required as a COBOL 
developer. Interviews were conducted with key Handelsbanken staff, regarding 
the current state of COBOL and the future of COBOL in Handelsbanken. The 
second part consists of a quantitative forecast of future COBOL workforce state 
in Handelsbanken. The forecast uses data that was gathered by sending out a 
questionnaire to all COBOL staff. 
 
The continued lack of COBOL developers entering the labor market may create 
a skill-shortage. It is crucial to gather the knowledge of the skilled developers 
before they retire, as changes in old COBOL systems may have gone 
undocumented, making it very hard for new developers to understand how the 
systems work without guidance. To mitigate the skill shortage and enable 
modernization, an extraction of the business knowledge from the systems 
should be done. Doing this before the current COBOL workforce retires will 
ease the understanding of the extracted data. 
 
The forecasts of Handelsbanken’s COBOL workforce are based on developer 
experience and hiring, averaged over the last five years. The forecasts take into 
consideration the age developers are hired, the age the developers exit, and 
their cumulative growing experience while in the skills pool. The state of 
COBOL in 2015 is used as a baseline of COBOL needs to forecast until 2060. 
I.e. the rate at which COBOL systems are developed stay the same. 
 
The forecasts show that if no developers are hired, most of their experienced 
developers will have left by 2030. To keep their current COBOL experience 
level, Handelsbanken needs to keep hiring over the coming 45 years. 
Handelsbanken has to hire on average 8.2 developers per year until 2030, and 
6.5 developers per year until 2060. I.e.  Handelsbanken has been able to keep a 
high average of 7.6 people per year for the last five years.  
 
Keywords 
COBOL, IT, IT-skills, Aging Workforce, Knowledge Loss, Legacy system, 
Business software, Developer, ERP systems, Business Knowledge, Business 
Processes, Business Logic  
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Abstract 

Organisationer som underhåller COBOL system är oroliga inför den åldrande 
COBOL-arbetskraftens pensionering. COBOLs dominans inom den finansiella 
sektorn leder till att COBOL kod kommer att fortsätta utvecklas i minst tio år 
till. 
 
Den här uppsatsen är uppdelad i två delar. Första delen är en litteraturstudie 
om COBOL som programmeringsspråk, samt kunskapsbehovet som COBOL 
utvecklare. Intervjuer gjordes med nyckelpersoner inom Handelsbanken, kring 
det nuvarande tillståndet av COBOL och COBOLs framtid i Handelsbanken. 
Den andra delen består av en kvantitativ prognos kring Handelsbankens behov 
av COBOL utvecklare i framtiden. Prognosen bygger på data som samlats 
genom att skicka ut en enkät till alla COBOL utvecklare. 
 
Den fortsatta bristen på nya COBOL utvecklare på arbetsmarknaden kan skapa 
en kompetensbrist. Det är viktigt att samla kunskapen som de pensionerande 
utvecklarna bär på, eftersom ändringarna i systemen kan ha gått 
odokumenterade, vilket gör det väldigt svårt för nya utvecklare att förstå 
systemen utan vägledning. För att minska kompetensbehovet och möjliggöra 
modernisering av systemen, bör en extraktion av affärskunskap göras ur 
systemen. Att ta hjälp av utvecklarna av systemen kan avsevärt förenkla 
förståelsen av den extraherade informationen. 
 
Prognoserna av Handelsbankens COBOL arbetskraft baseras på data om 
utvecklarerfarenhet och anställning över de senaste fem åren. Prognoserna tar 
hänsyn till åldern när utvecklarna anställs, åldern när utvecklarna slutar, och 
tillväxten av deras sammanlagda erfarenhet under tiden de jobbar. Prognosen 
använder COBOL erfarenhetsbehovet i 2015 som en bas för prognosen. 
Prognosen beräknar behoven fram till år 2060. 
 
Prognoserna visar att om inga nya tillskott av utvecklare görs, så kommer de 
flesta av Handelsbankens erfarna utvecklare ha slutat vid år 2030. För att 
behålla deras nuvarande erfarenhetsnivå, så kommer Handelsbanken behöva 
kontinuerligt anställa utvecklare över kommande 45 åren. Handelsbanken 
kommer behöva anställa i genomsnitt 8,2 utvecklare per år fram till 2030, och 
därefter 6,5 utvecklare per år fram till 2060. Handelsbanken har lyckats ha en 
hög genomsnittlig anställningstakt de senaste fem åren, 7,6 personer per år. 
 
Nyckelord 
COBOL, IT, IT-kompetens, utveckling, Pension, Gamla Anställda, 
Kunskapsförlust, COBOL kompetens, Affärssystem, Utvecklare, Affärslogik, 
Affärsprocess, Affärskunskap 
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Vocabulary 

Back-end/Front-end – A term used to describe the layer handling data 
access and processing that the user does not see. The other layer called front-
end is a term to describe what the user perceives of an application, handles 
GUIs and user interaction with the application. 
 
Business Logic – The code that handles real-world business rules. E.g. while 
from a technical standpoint wages could be paid on weekends, to accommodate 
real-world bank schedules, the wages are paid on weekdays. 
  
Business Intelligence – A set of techniques and tools to extract useful 
business information out of data. Finding correlations between unstructured 
data to create business cases. 
 
C#/ Java – Popular object-oriented general-purpose programming languages. 
 
Concurrency – A type of computing where multiple computations are 
executed at the same time. The opposite is executing one computation at a time 
after one another, called sequentially. 
 
Compiler – A compiler transforms instructions from a high-level 
programming languages to lower-level programming language or machine 
code. This is done so the computer can understand and execute the instructions 
carried within the code. 
 
Compile time – The time in which compilation of the program is done. Saying 
that a task is done during “compile time”, means that a task happens while a 
compilation is being executed. 
 
Coupling – Describes the degree in which systems or components within a 
system are connected. Low-coupling is what developers strive for, as a lower 
amount of dependencies makes it easier to change systems or components. 
Low-coupling usually means that each component is isolated to do a specific 
task, increasing readability and making it easier to foresee the consequences of 
changing a component. 
 
Data Type – A data type is a description of the expected data contained within 
an item. Giving information a data type classifies the values it can contain, such 
as integers, doubles and strings. Defining the type of information makes it 
possible for a computer to determine e.g. that arithmetic works on integers and 
not on strings. 
 
Debugging – Debugging is the process of analyzing a system to find the source 
of unintended behavior in the software or hardware. It can involve various 
different tools such as executing the code line by line, analyzing the values in 
the memory, going through log files, etc.  
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ERP Systems – Enterprise resource planning software. A type of business-
management software that an organization can use to collect and manage data 
from business activities. 
 
GUI – Stands for Graphical User Interface, the interface the user sees and 
interacts with in an application. 
 
Domain Knowledge – The knowledge of the domain where the computer 
system operates. Often times refers to a person understanding the business 
processes and logic that the software has to follow. 
 
High-level Programming Language – Programming languages that 
abstract the inner workings of how the computers work and instead focuses on 
the functionality to be provided. A low-level language is for example assembly 
language where the developer needs to specify which memory address to write 
to or read from. 
 
Intermediate Representation – An abstract language to express software 
operations, it creates a representation of how the software processes work 
independent of the source programming language. 
 
I/O device – An Input/Output device is any device that communicates 
something to a user. Computer mouses and keyboards are input devices as they 
are used to communicate something to the computer. Monitors and printers are 
output devices, as they are solely used to output information to the used. A hard 
drive is an example of both an input and an output device, as information can 
be stored on it and extracted from it. 
 
Legacy System – a term applied to old technology, system or application that 
is seen as outdated. 
 
Mainframes – Mainframe computers are the computers that run COBOL 
code and COBOL batches. 
 
Modularization – The concept of separating functionality into independent 
modules. Each module then does a specific task making them easier to reuse 
and making the system’s components interchangeable. 
 
Monolithic System – Systems that contains no architectural separation 
between components. Instead they are interwoven and almost everything can 
be called from everywhere. This creates a problem as the developer does not 
know if the data are currently in use by other parts of the system, and therefore 
can be damaged if changed. 
 
Noise words – In COBOL, noise words are seen as words that are only added 
for the sake of readability. Omitting them from a statement will not affect the 
functionality of the statement. 
 
Pointer – A pointer is a reference to another value that is stored somewhere 
else. This means that all changes made to the data in the pointer are made to 
the original value.  
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Portability – The concept of the same software being able to run in different 
environments. E.g. Software with the ability to, without modification, run on 
different computers containing different operating systems are regarded as 
highly portable. 
 
Probability Mass Function – A statistics term used to define the probability 
that a random variable exactly equals some value. 
 
Reverse engineering – A process used to extract information about a man-
made object through analyzing its behaviors. In software, it is done to create a 
representation of how a system works.  
 
Runtime – Also called execution time, is the time while a program is being 
executed. Tasks that are said to be executed at run time will not be executed 
until a program is in operation. 
 
Scalability – Capability of a system to handle a growing workload, or the 
system’s ability to be enlarged to accommodate the growth. If a system can 
handle 5000 requests on one server and upon addition of another server can 
handle 10000 requests, it is regarded as highly scalable. 
 
Spaghetti Code – A phrase used to describe code that has a complex and 
tangled control structure. This makes code hard to follow and therefore hard to 
maintain. 
 
Syntax – A set of rules and principles that govern the structure of a language. 
In programming languages this details the structure of the code in that specific 
language. 
 
Truncation – Limiting the amount of characters to describe something. In the 
famous Y2K problem, years where represented as the last two digits of the year 
pertaining that the systems are only built for the 20th century, e.g. the year 1992 
was represented as 92. 
 
Wrapper – A function that acts as a communicator between two functions. Its 
main purpose is to call another function, if necessary format and return the data 
generated by the function. 
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1 Introduction  

COBOL is a mature programming language that to this day operates in large 
business oriented applications. Consumers indirectly interact with COBOL 
systems several times a week. Numerous large financial, governmental and 
healthcare services depend on COBOL systems. Where the systems process 
large transaction volumes every day (D. E. Carr & Kizior, 2003). Therefore, 
maintaining COBOL platforms is crucial to the infrastructure and basic services 
that these organizations provide. However, the skills required to maintain 
COBOL applications are becoming scarcer by the day (Colvey, 2014; Mike & 
With, 2015).  

1.1 Background 

COBOL has gone through a negative discourse regarding COBOL’s demise and 
mainframes limited future capabilities (Hjelm & Östrand, 2015). This resulted 
in less academic institutions offering COBOL courses, governmental and 
company internal COBOL training seizing and a decrease in the development 
of new COBOL applications. The influx of new COBOL developers on the 
market has stagnated (Anthes & Walker, 2006; Mitchell & Keefe, 2012a).  
 
The skills necessary to maintain COBOL systems are currently being provided 
by an aging workforce nearing retirement. These organizations are now facing 
a COBOL-skill shortage(Colvey, 2014).  
 
Handelsbanken is one of the 4 large banks in Sweden. Implementing IT-
systems in the late 60s, COBOL has handled Handelsbanken’s core business 
applications for over 40 years.  

1.2 Problem and Goal 

The topic of this thesis is centered on knowledge loss, specifically COBOL 
knowledge loss.  
 
To understand COBOL knowledge loss, it is critical to detail the history of 
COBOL, thereby recognizing the reasons behind the current shortage of COBOL 
developers. The next step is to pinpoint the skills required to be a COBOL 
developer, including the knowledge accumulated through experience such as 
domain and application knowledge. 
 
Problem: How much COBOL-skills will Handelsbanken need in the 
future? 
Subproblems: 

1. How is COBOL different from another currently established 
programming language? 

2. What type of knowledge loss affects a company most? 
3. What COBOL issues does Handelsbanken face? 

 
The goal of the thesis is to pose a solution for the main problem and discuss the 
three related subproblems. First is the need to understand why the COBOL 
discourse occurred and what consequences are affecting the job market today. 
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Secondly, is understanding the strengths and weaknesses of COBOL. Thirdly, 
the skills COBOL developers possess and the organizational consequences of 
losing these skills need to be determined. Lastly, the problems identified in the 
first three questions will be compared to Handelsbanken’s problems.  
 
After the three subproblems have been treated, the main problem will consist 
of a forecasting of the skill needs in the future. Determining Handelsbanken’s 
future needs to keep a sustainable pool of COBOL-skills. 

1.3 Benefits and Sustainability 

This research may result in companies understanding the fundamental needs 
of COBOL developers in the future. Assessing their own COBOL-skills and 
giving them a model to forecast their future hiring needs. The data of the case 
study can be used to support future hiring strategies for COBOL developers. 
This paper may also be of interest for academia and other teaching institutions, 
understanding future COBOL-skill shortage and to investigate if the needs 
warrant introducing COBOL courses. 
 
A reason for organizations to move away from COBOL has been to reduce 
operational costs associated with keeping and maintaining COBOL systems and 
equipment (El Beggar, Bousetta, & Gadi, 2014). Handelsbanken’s own analysis 
has concluded the result that the costs of migrating to a new platform will result 
in meager operational cost differences, while requiring an expensive 
investment. This is a result of decades of organization and system optimization 
to lower COBOL costs (Tigerström & Fahlgren, 2014, pp. 17–18). Therefore, in 
Handelsbanken’s case, keeping COBOL mainframes is a much more 
environmentally sustainable option, as no new equipment needs to be bought. 

1.4 Methodology 

To answer the main problem and its subproblems, the thesis will employ 4 
methods.  
 
A literature study will serve as background information, researching COBOL 
history and industry views on COBOL. The literature study will coincide with 
interviews conducted in Handelsbanken to explain and compare 
Handelsbanken’s COBOL issues to those of other companies.  
 
To gather the data, a questionnaire will be sent out to all COBOL developers. 
The results of this questionnaire will be used as a basis to quantify 
Handelsbanken’s future COBOL skill needs using Sandborn and Prabhakar’s 
method (Sandborn & Prabhakar, 2015). 

1.4.1 Literature study  

The literature study will serve to explain two things: First the history of COBOL, 
its discourse and the consequences of the discourse will be analyzed. Secondly 
mapping the type of applications that use COBOL, the skills COBOL developers 
employ and the knowledge COBOL developers acquire through experience.  
 
To ensure the quality of the sources, all reports, book excerpts and theses have 
been gathered from the university search engine (KTH, n.d.) and Google 
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Scholar. However, COBOL’s lifespan has been influenced by public opinion. 
Therefore, magazine articles will be important sources of information regarding 
the COBOL discourse and its impact today. Any information in this thesis 
regarding public opinion has been gathered from multiple sources to increase 
its credibility. 

1.4.2 Interviews 

Three unstructured interviews were conducted. This interview type was chosen 
because it allowed the interviewees to freely express their views (Oates, 2006), 
and get a broader understanding of Handelsbanken’s situation.  
 
The first interview with Thomas Axelsson, one of the chiefs of COBOL 
competencies, is aimed at understanding the COBOL-skills shortage at 
Handelsbanken.  The second interview with Tomas Björklund, the head 
architect of digital platforms, is regarding an investigation he conducted about 
the possibility of replacing COBOL with Java. The third interview with Lennart 
Henäng, technology architect, is aimed at understanding COBOL technology 
and architecture. 
 
Oates explains that our memory is unreliable for capturing the discussion, 
documentation is therefore needed. For this reason, audio recordings have been 
used as they are less intrusive than video interviews while taking notes would 
hinder the discussion. All interviewees were informed at the start of the 
interview that the recording will only be used for reference and quotation 
purposes. Any references have been submitted for checking by the interviewees. 
The interviews were processed afterwards and summarized with notes about 
the topics discussed between timestamps. 

1.4.3 Questionnaire 

The input data for Sandborn and Prabhakar’s method will be obtained using a 
questionnaire. The questionnaire was sent to all COBOL staff in 
Handelsbanken. The reason for using a questionnaire, as opposed gathering 
from data solely from HR, is that it eased the gathering of information regarding 
the COBOL developers past experiences, especially external experiences. 
 
To simplify the data analysis, closed questions were asked (Oates, 2006). The 
main data collected was factual data, concerning the ages of the COBOL 
employees and their collective COBOL experience. The questionnaire ended 
with a question about which experiences were more important as COBOL 
developers, experience gained within Handelsbanken or outside of 
Handelsbanken, as can be seen in appendix A. 

1.5 Delimitations  

This is a qualitative study of Handelsbanken, therefore no other companies will 
be analyzed. System solutions will not be analyzed for Handelsbanken. A study 
about Handelsbanken and legacy system migration has already been conducted 
a year prior to this study. For more information on the migration ideas and 
issues in Handelsbanken, refer to the study by Viktor Tigerström and John 
Fahlgren (Tigerström & Fahlgren, 2014). 
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2 Theory 

The COmmon Business-Oriented Language (COBOL) was one of the first high-
level programming languages and the first business programming language 
(O’Regan, 2009, pp. 125–127). This chapter will present the history of COBOL 
and the basics of the COBOL programming language. This chapter will also 
explain why Sandborn and Prabhakar’s method was chosen, how the forecast is 
implemented and the different inputs required. The method will result in an 
estimate of the employee skills pool and their experience over time.  All of the 
information in chapter 2.2 is cited from the book “Beginning COBOL for 
programmers” by Michael Coughlan, unless another source has been cited 
(Coughlan, 2014). 
 

2.1 History 

The problems and the people laying the foundation of the early computers were 
very different from the people and problems in the COBOL world. According to 
Schneiderman, computer scientists were generally interested in the problem 
domain of numerical analysis, physics and engineering, while the COBOL 
problem domain was focused on commercial file-processing. The differences 
between these communities influenced the development of COBOL and the 
public opinion surrounding it (Schneiderman, 1985). 
 
To understand the history of COBOL, it has to be put in the context of its time. 
At the time, FORTRAN (FORmula TRANslator) was the first and only high-
level programming language to be implemented. It was developed by John 
Backus at IBM in the mid-1950s, and the first compiler was available in 1957. 
FORTRAN was specifically made for scientific and engineering applications. 
FORTRAN was initially weak at handling input and output, which was critical 
for business applications (O’Regan, 2009, pp. 125–127). By the time FORTRAN 
was accepted as a standard, industry and government had suffered serious 
economic loss. This was caused by the need to rewrite all applications every 
time a computer change was due. This was an expensive and disruptive practice, 
which in effect led to the U.S. government sponsoring a meeting surrounding 
the creation of a common business language (Campbell-Kelly, 2013 ,Chapter 8).  
 
On 28-29 May 1959, there was a meeting at the pentagon by a group of 
computer professionals representing manufacturers and government 
organizations. The purpose of the meeting was to decide how to fulfill business 
application needs. The most important outcome of the meeting was a list of 
characteristics that the common business language should have. The group was 
later formed into the “Committee on Data Systems Languages" (CODASYL). 
The committee was spearheaded by Grace Murray Hopper, creator of FLOW-
MATIC, the first compiler that translated English-like syntax to machine code. 
The first specification for COBOL was finished December 1959, and the first 
compilers were produced and later demonstrated on December 6-7 1960 
(Sammet, 1985, pp. 290–294). 
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Computer manufacturers were reluctant to adopt COBOL as a standard, 
preferring to use their own business programming language standards. 
However, in the late 1960s, the government declared that it would not lease or 
purchase any new computer without a COBOL compiler. The manufacturers, 
IBM, UNIVAC and Honeywell, complied and all produced COBOL compilers 
(Campbell-Kelly, 2013, Chapter 8). Throughout the 70s and 80s, COBOL was 
one of the most widely used programming languages (Beyer, 2009, p. 301; 
Ensmenger, 2010, p. 101).  
 
According to Sammet, the creation of COBOL was intended as a stopgap. The 
committee never expected the type of longevity COBOL applications have had, 
remarking that they would’ve gone about the task of creating COBOL differently 
had they known (Sammet, 1985, p. 290). 
 
The COBOL community has been isolated from the computer science 
community and widely criticized by it. One of the major reasons was that no 
one from the academic computer science community participated in the design 
of COBOL. There was also a lack of books to teach COBOL foundations early 
on, the only way to learn COBOL was through the technical documentation of 
the COBOL language. The English-like syntax was seen as verbose and lacking 
in structure (Schneiderman, 1985); Edsger W. Dijkstra, a very influential 
member of the computer science community, remarked in 1975 that “The use 
of COBOL cripples the mind; Its teaching should, therefore, be regarded as a 
criminal offense” (Dijkstra  W., 1982). At that time, COBOL code lacked 
modularization and was monolithic, leading to the writing of “spaghetti code”, 
which makes systems difficult to maintain (Coughlan, 2014, p. 4).  
 
Proponents of COBOL defended it, arguing that the wordiness lead to self-
documenting code, easing maintenance (Belzer, Holzman, & Kent, 1976, p. 53). 
Howard E. Tompkins answered Dijkstra, defending the writing of structured 
COBOL, “there are too many such business application programs written by 
programmers that have never had the benefit of structured COBOL taught well” 
(Tompkins E., 1983, p. 86). CODASYL kept releasing new versions of COBOL 
to address these criticisms and other maintenance issues (Coughlan, 2014, p. 
4). 
 
The demise of the COBOL language has been forecasted for many decades 
(Conner, 1984; Paulson, 2001; Yourdon, 1996). The forecasts of COBOL’s 
demise grew stronger around the turning of the millennia in the wake of the 
Y2K problem (Hayes, 2002).  
 
The Y2K problem, also known as the millennium bug, was a problem that due 
to a lot of COBOL programs truncating the year in their internal date systems 
to two digits instead of four, the computer programs would not be able to 
differentiate between 2000 and 1900 after the turn of the millennia (Bennett, 
1999). 
   
While these problems were dismissed as exaggerations (E C Arranga & Coyle, 
1997; Glass, 1999), there was a dramatic decrease in the number of students 
taking COBOL courses. This lead to colleges changing COBOL courses to be 
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elective in their curricula, while some colleges stopped offering it (Fougere, 
Macdonald, & Sousa, 2003, p. 164; Kung, Yang, & Zhang, 2006).  
 
One of the effects following the Y2K problems is the discovery of how much 
COBOL dominates the enterprise (Edmund C Arranga & Price, 2000). There 
are estimates that 200 billion lines of COBOL code is still actively used by 
businesses today (D. Carr & Kizior, 2000, p. 4). Companies perceive that they 
will maintain and develop COBOL code for the foreseeable future (Hjelm & 
Östrand, 2015).  
 
In the present day, the employees developing in COBOL have not changed, 
Most of the COBOL developers are baby boomers nearing retirement (Colvey, 
2014; Dubie, 2003; Mitchell & Keefe, 2012b). Companies have had problems 
recruiting younger talent, according to a questionnaire, 73% of IT universities 
do not include COBOL in its curriculum (Mike & With, 2015). The lack of 
COBOL courses prompted COBOL vendors to create academic initiatives; 
delivering COBOL training and courseware at universities around the world 
(Micro Focus, 2007). 

2.2 COBOL Language 

Five COBOL standards have been produced, the standards released where 1967, 
1974, 1985, 2002 and 2014. The standard discussed in the coming chapters will 
be the ANS 85 (American National Standard), as the later standards have had 
poor adoption rates in the industry.  
 
In comparison to modern programming languages, COBOL is verbose. The 
syntax consists of English-like design with a hierarchical structure. The 
hierarchy consists of program, division(s), section(s), paragraph(s), sentence(s) 
and statement(s), where program is the top of the hierarchy and statement(s) 
is at the bottom.  
 

 
Figure 2-1. Code hierarchy in a COBOL program  (Coughlan, 2014) 

 
Divisions are defined at the start of the program and consist of four types. The 
IDENTIFICATION DIVISION handles the identification of the program. It consists of 

the name of the program called PROGRAM-ID, the author and the date the 

program was written. The ENVIRONMENT DIVISION describes the environment 
the program has access to. It is made to simplify the transition of the program 
to a new computer, adapting the program to e.g. new peripherals or another 
system language. The ENVIRONMENT DIVISION consists of two sections: the 
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CONFIGURATION SECTION and the INPUT-OUTPUT SECTION. The CONFIGURATION 
SECTION allows the developer to define e.g. what currency symbol to use, using 
a comma or a period as a decimal mark and the alphabet used by the program. 
The INPUT-OUTPUT SECTION lets the developer connect internal names with 

external devices and files. The DATA DIVISION lets the user define data items, 
describe the structure of the data, define I/O devices such as hard drives and 
CD readers, handle subprograms and creation of reports. Lastly, the PROCEDURE 
DIVISON is the code that is going to be executed. The program stops executing 

on the STOP RUN command. 
 
Each division can contain one or multiple sections, which in turn can contain 
one or multiple paragraphs, which contain one or multiple sentences, etc. Each 
sentence is terminated by a period. The keyword that defines the statements 
instruction are referred to as a verb. Statements start with a verb and are 
followed by one or multiple operands upon which the verb acts.  
 

 
Figure 2-2. Primary COBOL verbs, categorized by type 

 
When defining variables in the DATA DIVISION, there are three data types in 
COBOL, numeric, alphabetic and alphanumeric. COBOL has a “declaration by 
example” approach to defining variables using a so-called picture (hence PIC) 
data type. The symbols used in picture declaration describe the type and length 
of a data item. A PIC declares its types using 9=numeric, A=alphabetic and 

X=alphanumeric. E.g., PIC 9 would define an integer data item that can only 

contain numbers between 0-9, PIC 99 can contain from 0-99 and PIC 9(5) can 

contain up to five numbers. PIC X(24) can contain an alphanumeric value with 

24 characters. Two special symbols are also deployed to pictures, namely the S 

and V symbol. The S symbol defines that a numeric value is signed and appears 

in the beginning of a picture. The V symbol defines the position for a decimal 
point in the number. The picture can be followed by an initial value, declared 
right after the word VALUE. 
 

 
Figure 2-3. Data item declaration examples 

 
In Figure 2-3, the declarations start with a number. This number is called a level 
number and determines the hierarchy of the data. This way, the developer can 
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define the relationships between the data items to describe a group data item. 
The developer can define a level between 01 and 49.  
 

 
Figure 2-4. A hierarchical declaration of a sales item. 

 
COBOL simplifies setting values to group items by giving the ability to set all 
values in a group data item using a string. Setting values can be done using the 
MOVE verb. Each data item can also be changed by setting a new value to that 
specific data item. Figure 2-6 uses the data in Figure 2-4 to first set the type and 
price of the item, and thereafter set the name. Note that the information in the 
string has to correctly correspond with the indexes of where each item starts 
(see the three spaces after hygiene in Figure 2-5). 
 

 
Figure 2-5. Showing how to set a value to a whole group and displaying the grouped data 

 

2.2.1 Control Structures for Selection and Iteration 

The main code of the program is in the PROCEDURE DIVISION. IF, EVALUATE and 

PERFORM verbs are the main verbs that handle the control structure of a COBOL 
program.  
 
The IF verb can handle the typical conditions used in other programming 
languages. Relational conditions to compare if a number is greater than or less 
than another number, signed conditions to check if a number is positive or 
negative, and complex conditions that string these together using OR/AND 
keywords. Complex conditions can also be bracketed to control the 
comparisons made. Conditions are negated by using the NOT keyword.  
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Figure 2-6. Simple IF verbs using different types of conditions 

 
COBOL also simplifies the comparison of a variable to multiple values. COBOL 
handles this by writing the variable on the left hand side and the values it can 
have on the right. 
 

 
Figure 2-7. Simple comparison of multiple values to one variable 

 
COBOL allows validating against so called Classes. There are four predefined 
classes: NUMERIC, ALPHABETIC, ALPHABETIC-LOWER and ALPHABETIC-UPPER. There 
is also the ability to define custom classes to validate against. These are defined 
in the CONFIGURATION SECTION under the SPECIAL-NAMES paragraph. 
 

 
Figure 2-8. Defining a custom class 

 
To help with clarity and simplify getting and setting data item values, COBOL 
uses condition names. Condition names are defined under a data item with the 
special level 88.  
 



11 
 

 
Figure 2-9. An example of condition names 

 
Condition names can really help with clarifying what is being compared, as can 
be seen in Figure 2-9. 
 
The EVALUATE verb in COBOL simplifies performing computations based on 

multiple values. Simply, the EVALUATE verb removes the need for nested IF verbs 
for the most part. This allows the implementation of so called decision-tables. 
Decision tables are logic tables that simplify expressing complex business rules 
in tabular form. 
 

 
Figure 2-10. A decision table describing the admission pricing scheme for an amusement park 

 
Figure 2-10 is an example of a decision table taken from Coughlan’s book. It 
describes the pricing scheme for admission to an amusement park. The price of 
admission is dependent on two factors, the age and height of the customer. The 
EVALUATE verb creates readable code to explain the decision table as seen in 
Figure 2-11. 
 

 



12 
 

Figure 2-11. EVALUATE verb used to set the correct admission price depending on the age and 

height of the customer 

 
Lastly, the PERFORM verb tells the computer to run a subroutine. Any paragraph 

can be used as a subroutine. PERFORM can be used to call an out-of-line block of 
code, thereby altering the sequential flow of the program. We use this to divide 
the code into small chunks that can be used to do specific tasks repeatedly. 
Figure 2-12 shows a program that calls paragraphs twice, which changes the 
sequential flow of execution. The program uses a paragraph to prompt the user 
to input two numbers, thereafter another paragraph to add these numbers. It 
later returns to the main procedure and prints the sum of the numbers. 
 

 
Figure 2-12. A program that makes use of the PERFORM verb to calculate a sum 

 
The IF, EVALUATE and the basic PERFORM verbs are control structures used for 
selection, providing a way to control the flow of code execution in the program. 
There are four variations of the PERFORM verb that are used for the second type 

of control structures, iteration. The variations consist of PERFORM…THRU, 

PERFORM...TIMES, PERFORM...UNTIL and PERFORM...VARYING.  
 
PERFORM…THRU runs all code between two paragraphs. PERFORM…THRU is a 
dangerous construct. A developer that is unaware that two paragraphs are 
executed using PERFORM…THRU, may add a paragraph in between, then the 

paragraph gets executed by mistake. This limits the use of the PERFORM…THRU 

statement. PERFORM…TIMES is a statement where a paragraph is executed a 
specified number of times. It has very few equivalents in other programming 
languages because of its limited usefulness, the same effect can be achieved with 
the next two constructs.  
 
PERFORM…UNTIL plays a much more important role as it loops a paragraph until 
a specified condition has been met. Pre-test and post-test in the 
PERFORM…UNTIL statement is defined by writing PERFORM WITH TEST 
BEFORE/AFTER. Pre-test checks the loop condition before starting the loop, and 
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post-test lets the loop run once before checking the loop stopping condition. 
Note that the default behavior of the PERFORM…UNTIL statement is WITH TEST 
BEFORE so it is rarely stated. Note that in COBOL, the developer sets the 
condition when the  
 

 
Figure 2-13. Processing a document by iterating until its end 

 
PERFORM…VARYING is a counting iteration where the developer defines the value 
to be counted, how much to increment it on each loop and post- or pre-test 
checks.  
 

 
Figure 2-14. A PERFORM…VARYING loop that increments loops by 20 and stops at 100 

 
Compared to other programming languages, COBOL allows up to three values 
to be incremented. This works by letting the third value iterate through all its 
values to increment the second value, when the third value has iterated the 
second value to its limit, the first value is incremented. This resembles how and 
odometer works where the third value has to go from 0 to 9 until the second 
value is incremented to 1 and the third value restarts from 0. 
 

 
Figure 2-15. Displaying how all the seconds of the day can be simulated using a 

PERFORM…VARYING statement with multiple variables  
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Figure 2-15 shows a simulation of each second of a day using military time. The 
simulation starts by incrementing the seconds to 60 which increments minutes 
by 1, after incrementing the minutes 60 times the hour’s increment by one, etc. 
Note that FILLER can be used when the developer does not want give a unique 
name to a variable. 
 

2.2.2 Contained and External Subprograms 

Up until now, all the code has been contained in one program. Large 
applications usually contain subprograms that the main program can call to 
handle specific repeatable operations. Subprograms are divided into two types, 
external and contained subprograms. External subprograms are declared in 
external files and contained subprograms are declared inside another program. 
Contained programs end on the END PROGRAM statement while external 

subprograms end using the EXIT PROGRAM statement. 
 
By default, COBOL subprograms keep the state of their data items. When 
exiting a subprogram, all the data items will save their values, keeping them on 
reentry into the subprogram. Therefore, a COBOL developer has to consider if 
the data items in the subprogram still contain their initial values or the values 
from the last call. A developer can force the program to reinitialize its data items 
on each call using the IS INITIAL PROGRAM clause. The clause is attached after the 

PROGRAM-ID. If a developer wants to control when the subprogram reinitializes 

its values, she can use the CANCEL verb from the main program. 
 
COBOL is very rigid with which program can call a subprogram. An external 
subprogram can be called from any program; a contained subprogram can only 
be called by its immediate parent by default. Using the IS COMMON PROGRAM 

clause after the PROGRAM-ID, contained subprograms can be called by sibling 
subprograms. A sibling subprogram is a contained subprogram that is within 
the same main program and have the same immediate parent. Note that writing 
IS INITIAL COMMON PROGRAM is allowed. In this case, IS and PROGRAM are noise 
words that can be omitted. 
 
The CALL verb is used to invoke subroutines in both types of subprograms. Data 
in the subprograms cannot be seen by the main program and vice versa. 
Therefore, the CALL verb also defines which parameters are passed. When 

calling a subprogram, the caller references the PROGRAM-ID of the subprogram 
in a literal (within citation marks) and the parameters that need to be passed. 
The subprogram declares the parameters as data items within the LINKAGE 
SECTION under the DATA DIVISION. It also needs to be appended on the 

PROCEDURE DIVISION statement with the USING verb. The data item can be 

renamed in the subprogram. However, the parameters in the PROCEDURE 
DIVISION have to be declared in the same order as the CALL verb passes them. 

The CALL verb parameters are passed BY REFERENCE by default, but can also be 

passed BY CONTENT. Passing a parameter BY REFERENCE sends a pointer to the 
data item in the main program, this means that any changes to the data item in 
the subprogram will also change its value in the main program. Passing the 
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parameter BY CONTENT will send the value of the parameter to the subprogram, 
containing no reference to the data item in the main program.  
 

 
 

 
Figure 2-16. (a) Program that calls a contained subprogram and an external subprogram and 
then shows the output, (b) an external subprogram 

 
Figure 2-16 shows a program that calls a contained and an external subprogram 
and thereafter displays the values of parameters passed to the subprograms. 
The subprograms only set new values to the parameter. The output indicates 
how the BY REFERENCE passed parameter changed value in the main program, 

while the BY CONTENT parameter did not. Therefore, BY REFERENCE should only 
be used when a value needs to be returned to the caller or the data is too big to 
pass. 
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Other than parameter passing, subprograms can access a data item by setting 
the data item’s visibility. A data item can have two visibility settings, global or 
external. They are set by appending IS GLOBAL or IS EXTERNAL after the data item 

declaration. IS GLOBAL makes the data item visible only in contained 
subprograms. It can be directly referenced by the subprogram without the need 
to be declared in the LINKAGE SECTION or after the USING verb. IS EXTERNAL can 
be used for both external and contained subprograms. However, it needs to be 
declared exactly the same in every subprogram, even if the subprogram never 
uses the data. The requirement to declare external data items in every 
subprogram, makes it hard to find where the external data item is used or 
changed, resulting in code that is difficult to debug. Using IS EXTERNAL is 
therefore regarded as very poor practice and should be avoided. 
 
In a large company, there are typically common data items that multiple 
programs use to do different tasks. An example would be customer data items. 
These should be declared the same across all programs to ease reading and 
writing customer information. There is a strong possibility that while defining 
these data items multiple times, a developer makes a mistake which is then 
written to a file. If another program reads the file it may crash because it does 
not recognize the item declaration. To standardize definitions and alleviate the 
developer from redundant rewrites of definitions, a central source text library 
can be created. It also helps maintenance as the source is easier to find. If a 
change to the definition is done in the central source text, it will only require a 
recompile to the programs that use it. 
 
The COPY verb is used to copy a declaration to the WORKING-STORAGE SECTION. 
The copy files, also called copybooks, can either be standalone files or part of a 
library. The COPY verb is followed by the filename. If the copybook is contained 

within a library, the filename is followed by the IN keyword and the name of the 

library. The COPY statement can also modify the text as it is being copied using 

the REPLACING verb. The REPLACING verb can be used to modify any statements 

or characters while copying. The REPLACING verb therefore makes it possible to 
change the data item’s length, name and level. It can even be used to append 
statements. The REPLACING verb will replace all occurrences of a single string in 

the copybook. Unlike other COBOL statements, the COPY statement is executed 
in compile time instead of runtime. 
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Figure 2-17. (a) Shows two copybooks, (b) Is an example of statements from two copybooks 
appended into a program 

 
Using the values from Figure 2-4, the example in Figure 2-17 shows how the 
COPY and REPLACING verbs use the copy files to get and modify the data items. 
By replacing a statement with more statements, the developer has successfully 
appended code to suit their application needs. Note that copybook filenames 
are case-sensitive. 

2.3 Forecast 

Peter A. Sandborn and Varun J. Prabhakar, a professor of mechanical 
engineering with a Ph.D. in electrical engineering and a Ph.D. of mechanical 
engineering respectively, created a method they call “Loss of critical human 
skills necessary for supporting legacy systems”.  
 
An organization requires a dependable pool of skills and availability of workers 
to perform necessary support activities without business interruption. 
However, due to rapid technological developments, the people with the 
required skillset are becoming scarcer. The mismatch between the skills needed 
by the employer and the skills possessed by the workforce can be broadly 
classified into three categories: skills obsolescence, skills shortage and critical 
skills loss. Skills obsolescence is the problem of the workers not having the skills 
required to perform their jobs. Skill shortage refers to insufficient current skill 
competencies. Critical skills loss is concerned with the loss of skills that are 
either non replenishable or acquired over a very long period of time. This last 
category is the topic of this method. 
 
Critical skills loss examines the loss of knowledge acquired by experience. It is 
caused as a result of long term (20+ years) attrition, where there are insufficient 
numbers of young workers to take place of the skilled older workers. Therefore, 
it is an involuntary non-recoverable loss. 
 
Critical skills loss is the outcome of an organization’s dependence on very 
specific skills with little, but nonzero demand. It is not a result of neglect from 
the organization or poor planning, rather an inevitable outcome associated with 
the aforementioned dependency. Organizations supporting systems that have 
long lifespans, e.g. 20-30 years, face difficulties. The rapid growth of new 
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technologies around them, makes the number of developers with the necessary 
skillset to support their systems, shrink. Eventually leading to the time and cost 
required to support a legacy system increasing. 

2.3.1 Model 

The model in this chapter forecasts future changes in experience relative to the 
current skills pool. The model assumes that the existing skills pool is sufficiently 
experienced to support the systems at the start of the analysis period, using the 
current cumulative experience as a baseline to determine future hiring needs. 
 
The model requires four primary inputs: the distribution of current ages (𝑓𝐶), 
the distribution of hiring ages (𝑓𝐻), the distribution of exit ages (𝑓𝐿), and the 
hiring rate (𝐻). 
 
To calculate the pool size, a projection of the future employee experience in the 
pool is made. It is done by using the current employee experience while 
accounting for age-related loss. The experience level of the pool varies over time 
and is effected by: 
 

1. New hires added to the skills pool 
2. Attrition rate due to loss of skilled employees  
3. The skill pool’s varied experience levels 
4. Experience gained as people remain in the pool  

 
Generally, the data are available on an annual basis. Therefore, the analysis will 
utilize one-year time steps, 𝑖, from the start of the analysis period. H will be new 
hires per year as part of the pool size at the start of the analysis period (𝑖 = 0), 
𝑓𝐶  will be the probability mass function (PMF) of age in the current skills pool, 
𝑓𝐻 will be the PMF of age of the new hires in the skills pool, and 𝑓𝐿 will be the 
PMF of age of the people exiting the pool (attrition). The net frequency of the 
people in the pool of age 𝑎 during year 𝑖 is given by 
 

𝑁𝑖(𝑎) = [𝑁𝑖−1(𝑎 − 1) + 𝐻𝑓𝐻(𝑎)](1 − 𝑓𝐿(𝑎)) (A) 
 
Where 𝑖 is the number of years from the start of the analysis. To simplify the 
calculations, the hiring rate, 𝐻, is the same for all ages. Another requirement is 
that when 𝑖 = 0, 𝑓𝐶(𝑎) will be the current distribution of the workers ages in the 
skills pool. The cumulative net frequency of people left in the pool, 𝑁𝑁𝐸𝑇, will be 
the sum of (A) over all the ages. 
 

𝑁𝑁𝐸𝑇(𝑖) =  ∑ 𝑁𝑖(𝑎)

𝑟

𝑎=𝑦

 (B) 

  
In (B), 𝑟 is the retirement age and 𝑦 is the age of the youngest employee in the 
skills pool, this equation assumes that there is a mandatory retirement age 𝑟. 
Early retirement and other loss of skilled employees will be captured in 𝑓𝐿. The 
PMF of retention will be estimated annually by 𝑓𝑅(𝑎) = 1 − 𝑓𝐿(𝑎)  
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Estimating the size of the pool over time is a necessary component, but is 
insufficient to determine hiring needs. The experience of the pool varies over 
time which affects the ability to support a system. The following calculation 
estimates the cumulative experience of the pool in order to track the true value 
of the pool of skilled workers. Experience is defined as the amount of time that 
an employee has spent working as a COBOL developer. The cumulative 
experience of the pool in the year 𝑖, 𝐸𝑖, will be calculated using 
 

𝐸𝑖 =  ∑(𝑎𝑅𝐸 + 𝐼𝐸)𝑁𝑖(𝑎)

𝑟

𝑎=𝑦

 (C) 

 
where 𝐼𝐸  and 𝑅𝐸  are parameters used to map age to effective experience 
measured in years. 𝐸𝑖  is only used to determine change in the cumulative 
experience from the initial condition. The cumulative experience in the year 𝑖 
as a fraction of the current pool’s experience, 𝐸0, can be determined as 
 

𝐸𝑐𝑖
=

𝐸𝑖

𝐸0
 (D) 

  
Using the cumulative experience, the time to perform maintenance can be 
determined in year 𝑖 by using 
 

𝑇𝑖
𝑚 =

𝑇0
𝑚

𝐸𝐶𝑖

  (E) 

 
Time to perform maintenance activities increases as experience decreases for 
two reasons: The first one being that less-experienced employees may require 
more time to complete a task, second reason is the decrease of the number of 
workers able to perform the required maintenance decrease, thus the 
availability of workers at any specific time decreases. 
 
All the equations so far assume there is a fixed hiring rate. While the hiring rate 
may or may not be sufficient, the model can be used to determine the hiring 
rate by maintaining the current level of experience. The required hiring rate, 𝐻𝑖, 
can be determined with the help of (A). 
 

𝐻𝑖 = [
𝑁𝑖(𝑎)

1 − 𝑓𝐿(𝑎)
− 𝑁𝑖−1(𝑎 − 1)] (

1

𝑓𝐻(𝑎)
)  (F) 

 
The requirement for this equation is that 𝐸𝐶𝑖 

= 1 i.e. the cumulative experience 

is constant at the level of 𝐸0. 
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3 Results and analysis 

This chapter presents an analysis of COBOL and results of the forecast. The 
analysis consists of explaining the technological differences between COBOL 
and other contemporary languages, the skills required as a COBOL developer, 
and lastly Handelsbanken’s perspective on COBOL. The forecast will 
implement the model presented in 2.3.1 on Handelsbanken.  

3.1 COBOL vs Java 

COBOL will be compared to Java because it is widely used in enterprise 
computing. As COBOL is a procedural programming language and Java is an 
object-oriented programming language, the two programming paradigms will 
be indirectly compared. The comparison will only focus on business application 
programming; therefore, the domains of internet connectivity, GUI interfaces 
and concurrency will not be discussed 
 
The first difference that strikes a Java developer while reading COBOL is the 
structure of the syntax. COBOL has a large library of reserved words, which 
limits the developer’s choice of data item names they are able to use. IBM has a 
library of COBOL reserved words on the z/OS platform of 419 words (IBM, 
2010). In comparison, Java contains 53 reserved words (Oracle, n.d.). COBOL 
makes use of very few symbols in the language and even contains noise words. 
This limits the choices COBOL developers have in naming their data items. 
However, this also increases the readability of the code. Readability becomes 
more important in the maintenance phase of the program, as the program may 
not be maintained by the creator. Future maintenance tasks may go 
undocumented while the system becomes more complex. This makes the code 
the most up to date documentation of the program. COBOL may therefore be 
easier to maintain over longer periods of time. 
 
COBOL contains no constants; all data items are variables. Therefore, a COBOL 
developer cannot be certain that a data item has not changed from its initialized 
value. Constants can come in handy as they ease setting a value in one place and 
just referencing that value, a developer can be sure that the value does not 
change during runtime, simplifying future maintenance. The problem with 
having only variables and no constants is that if any part of the program 
changes the value of a variable that the developers consider a constant, the 
program may crash as the data item now contains an unexpected value. This 
problem is exacerbated by the lack of scopes within a program. COBOL lowest 
level variable scope is within a whole program as all data items are declared 
within the DATA DIVISION.  
 
Java in comparison has block scopes, which limit the visibility of a variable to 
the block it is declared in and the blocks under it. Java also uses fields to declare 
variables at the start of the file similarly to COBOL’s DATA DIVISION. These can 

also be scoped in the scopes of private, protected, public and default, making sure 
that other parts of the software lack direct access to the variables. The block 
scopes in addition to the constants can really simplify debugging which eases 
future maintenance. 
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Java, unlike COBOL, is case-sensitive. Thereby Java developers have to 
reference the variable and class names correctly, which organically teaches new 
Java developers the naming conventions set by the company. This semantic 
difference has to be taught to new COBOL developers.  
 
Data declaration and comparison in COBOL is more troublesome than in Java. 
COBOL developers have to be really careful with the data contained in data 
items, as COBOL has very weak data typing. COBOL does not enforce what data 
should be contained in data items, therefore developers have to be careful to 
pass correct data that fit the data type. This also goes for declaring data passed 
in parameters. COBOL programs do not crash when incorrect data is passed, 
instead the data item tries to fit the data within its given data type. For example, 
a data item named TwoNumbers with the data type PIC 99 gets the value 1056 

passed to it, TwoNumbers will set the value to 56. Problems like these are hard 
to debug as the data item may be passed around in subprograms and not be 
read until much later, making it difficult to find the source of the error.  
 
Another problem is the rigid data declaration format. COBOL data items are 
declared with a defined length and structure, forcing the developer to predict 
the length and format of the data. As time passes and new features are added, 
this rigidity will create unnecessary maintenance. The data length and format 
have to be constantly changed, or new data items have to be created to handle 
data. The alphanumerical data items will not contract to handle smaller data 
either, instead they have to be filled out with empty spaces. This a problem 
when communicating with COBOL programs, as the length of the data has to 
stay constant. The sublevels declaring the relationships within the data item 
also have to be considered. Some of these problems are alleviated with a central 
source library for common data items. 
 
In comparison, the Java compiler is very strict, warning the developer when 
doing any data typing mistake. Thereby creating much less error prone code. 
The Java data formats also do not force any specific lengths on basic data types, 
making future developments easier.  
 
All COBOL program start with multiple divisions, configuring the behavior and 
declaring the data that is going to be used in the program. This greatly simplifies 
reconfiguration as COBOL software can easily be configured to fit different 
environment needs. Changing the I/O devices, configuring subprograms, 
changing the currency, changing the decimal notation between a coma and a 
dot and finding the data item declaration are all examples of thing that are 
easily done in the divisions. In comparison, doing such changes in Java depends 
on the way the application was developed. Java developers must therefore think 
through the design of the configuration thoroughly before starting 
development, creating their own configuration standards in the process.  
 
To achieve good reusability of code in software, isolated parts need to be 
created. External parts are needed if the parts are going to be used by multiple 
different systems. COBOL handles this reusability mostly by using 
subprograms. Unfortunately, COBOL is very limited in the calling of 
subprograms. COBOL can only call whole subprograms, forcing the developer 
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to create multiple subprograms to handle different aspects of the same data. 
Partitioning within the subprogram becomes more difficult as all parameters 
have to be sent on each call, ultimately having to send dummy data when the 
parameter is not going to be used. Only the parent of a contained subprogram 
can call it. The difficulties are alleviated somewhat by using the IS COMMON 
PROGRAM clause. However, if the main program wants to access a nested 
subprogram, it has to direct the call through its direct descendant subprogram. 
This problem is also exacerbated by only being able to call the whole 
subprogram instead of parts of it. The developer could have otherwise dedicated 
different paragraphs within the subprogram to call the child subprogram.  
 
Javas version of subprograms are called classes. Classes can contain methods 
and fields. Classes, fields and methods within can all be scoped with either 
public, protected, default or private. Because of this, Java does not have to use a 
rigid hierarchy for the files, rather the access to classes are set by the scopes. 
The freedom of calling and data sharing in Java makes it simpler to add new 
features in the future. Also, parameters can be sent directly to the methods, 
removing the need to send all parameters even if they are going unused. 
 
COBOLs main way to define complex entities is through grouped data items. 
COBOLs strength in defining these types of relationships is the ease of setting 
new values. COBOL can both describe and set the values of a whole group of 
data items in one string. At the same time, COBOL also has the ability to set 
each data item in the group by itself. This feature makes COBOL easily write or 
parse a whole file with records, setting all the values for each row correctly. It 
also helps when integrating COBOL systems with other types of systems, as it 
is enough for COBOL to get a string to describe each entity. 
 
The weaknesses of the grouped data items become apparent when compared to 
objects. Objects can have constructors that are used to ease creation. Objects 
are isolated, making it easier to create low-coupling in code. Objects can be 
enumerated, creating multiple instances of an object within the same program. 
Objects can have their own methods to handle their data. Objects can inherit 
from each other, simplifying the reusability of code. Objects are however not 
easily communicated between different applications or programming 
languages. COBOLs string based communication simplifies the creation and 
handling of grouped data items. 
 
A very important difference between Java and COBOL is the handling of 
decimal arithmetic. Java uses floating-point decimal arithmetic while COBOL 
uses fixed-point decimal arithmetic. This means that the native numerical data-
types in Java, real, float and double, cannot represent common decimal fractions 
exactly. Mikhail Vorontsov pointed out that even simple calculations with 
decimals are not precise enough (Vorontsov, 2013).  
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Figure 3-1. An example of how Java calculations may incorrectly handle simple decimal 
arithmetic 

 
Coughlan gives an example that explains how these tiny inaccuracies can lead 
to unacceptable errors for financial calculations. Suppose a telephone company 
is required to calculate a tax of 15% on a 70 cent phone call that is then rounded 
to the nearest cent. The calculation 0.70 * 1.15 produces a result of 
0.8049999999999999, which rounds down to 0.80 cents. The correct result 
should have been 0.805 which would round up to 0.81 cents. Imagine this 
difference of a cent per calculation, taken over a million calculations of this 
kind, it would result in an undercharged tax of ten thousand dollars. To solve 
this, Java introduced the BigDecimal class. The BigDecimal class can handle 
decimal arithmetic with precision. However, it is cumbersome to use and 
harder to debug as it cannot use native arithmetic operators (+ - / *). Rather, it 
relies on methods in the class to handle the calculations e.g. result = 
num1.multiply(num2). Calculations are also slow as Java still uses floating point 
arithmetic in its core. 
 
COBOL systems are used mostly for large amounts of calculations in so called 
batches. A batch is a queue of calculations, transactions or other types of jobs 
that need to be done, these jobs are accumulated during the day by staff and 
customer activities. According to a Computer World survey, COBOL was 
compared to have much higher better performance while handling batch, 
transaction and other types of business processing (Mitchell & Keefe, 2012b). 
COBOL batches are also restartable. That means that if a COBOL process 
crashes while doing a batch, the batch can restart from where it left off using so 
called checkpoints. 

3.2 Skills  

COBOL code run core business applications in large corporations in the 
financial, medical and insurance sectors (D. E. Carr & Kizior, 2003). Multiple 
automatic migration approaches have been suggested for COBOL, they have 
either not worked or had bad performance (Sneed & Erdoes, 2013; Suganuma, 
Yasue, Onodera, & Nakatani, 2008). The two existing solutions are rewriting 
the existing codebase which requires COBOL knowledge to extract business 
knowledge, or keeping it all in COBOL which has proven to be operational for 
decades (Hjelm & Östrand, 2015; Sneed & Erdoes, 2013).  
 
These solutions have created two different types of future careers for COBOL 
developers: developers that can understand COBOL and modernize it in a 
newer language such as Java, and a more traditional type of COBOL developer 
only focused on developing and maintaining COBOL code (Harbert, 2008). 
Both solutions mean that COBOL-skills will still be required in enterprise and 
government for at least the coming decade (Hjelm & Östrand, 2015; Sullivan, 
2008).  

3.2.1 Required skills 

Unlike modern general-purpose programming languages such as C# or Java, 
COBOL is made for a very specific use case; business administration 
applications requiring high transaction volumes (Glass, 1997). These systems 
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work by creating large-scale batches that usually run during the night on 
mainframe computers.  
 
COBOL is still used today to address the same use case, COBOL excels at 
handling large transaction volumes with high performance, scalability and 
mathematical accuracy (Glass, 1997, p. 17). Because of their long term use, large 
amounts of valuable business knowledge in these organizations is preserved in 
these legacy systems (Kelly, Holland, Gibson, & Light, 1999, p. 5; Perez-Castillo, 
2012). 
 
Seeing as COBOL is not a general-purpose programming language, for 
businesses to compete on the market they have to integrate COBOL with newer 
technologies (Mike & With, 2015). Companies have developed “wrappers” to 
mitigate this issue (Heuvel, 2007, p. 32), wrappers help modern systems 
communicate with the COBOL back end, creating the ability to provide modern 
interfaces and GUIs for customer or staff applications (Koschel, Kleiner, & 
Astrova, 2009; Wagner, 2014, p. 41).  
 
The required skills are divided into two: COBOL-skills focusing on the syntax 
and environment of COBOL applications, and domain-specific skills focusing 
on the understanding of business processes, business procedures, business 
logic, policies and, to a certain extent, laws. 
 
COBOL is a simple, easy-to-learn language with high readability (Sullivan, 
2008). One of the key goals while developing COBOL was to make it easy to 
learn as a developer (Schneiderman, 1985, p. 350). Understanding the 
programming environment of a specific company takes time, but comes with 
experience.  
 
There has recently emerged a demand on new types of skills, the skills of system 
modernization. According to Andrew J. McAllister (2010), the technical skills 
consist of 
 

1. Understanding modernization best practices and deciding the most 
appropriate approach 

2. Understanding of legacy environments, programming languages and 
data formats to analyze and re-document existing systems 

3. Technical skills regarding the parsing and analysis of legacy source code 
 
COBOL developers gain domain and application expertise with experience, 
making these developers an important asset in software modernization, as  the 
availability of domain and application experts to extract business knowledge  
substantially simplifies the modernization process (Canfora, Cimitile, Lucia, & 
Lucca, 2001, p. 402; Pérez-Castillo, de Guzmán, & Piattini, 2011, p. 525; Perez-
Castillo, 2012, p. 674).  

3.2.2 Knowledge Loss 

As mentioned in 3.2.1, COBOL is not a syntactically difficult language,  the 
problem is the loss of business knowledge when a COBOL developer leaves their 
position i.e. domain and application specific knowledge (Dubie, 2003; John et 
al., 2008). Another issue is that maintenance and development costs increases 
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dramatically with the loss of tacit knowledge gained by experienced workers 
(Besanko, Doraszelski, Kryukov, & Satterthwaite, 2010, pp. 1–2; Sandborn & 
Prabhakar, 2015).   
 
Modernizations have to be done in a little-by-little basis as complete rewrites 
have had high failure rates, come with high risks and are expensive and (John 
et al., 2008; Lyons J. & Lyons, 1981). The problem with the modernization 
process is that the documentation of older systems is usually non-existent. If 
existent, several major additions have been made over the systems lifespans 
which have gone undocumented, changing the legacy systems actual function 
to make the documentation almost unusable (Kelly et al., 1999, pp. 7–8).  
 
Adding to the systems complexity is antiquated laws, agreements and polices 
that were in effect when a customer contract was signed (Barbier & Recoussine, 
2015, p. 24). These systems have to uphold these laws, adding to the complexity 
of maintaining or migrating COBOL systems in the future, making the domain 
and applications expertise of retiring COBOL developers a very valuable asset.  
 
This creates a problem, the ability to modernize can only be done on a little-by-
little basis. With the non-sufficient documentation however, the knowledge of 
how these systems work is possessed by people nearing retirement age, making 
businesses unable to wait. 
 

3.3 Handelsbanken 

Handelsbanken have had the same issues surrounding COBOL competencies 
as many other companies in the financial sector. The COBOL discourse affected 
the opinions regarding COBOL. Interviewing Thomas Axelsson, one of the 
chiefs of COBOL competencies in Handelsbanken, he explained that the belief 
that COBOL will be abandoned has been “in the air” for the last two decades. 
Many employees, excluding the employees working directly with COBOL, 
believed it was on its way out sooner rather than later. However, COBOL has 
persisted in the bank much like other organizations. Tomas Björklund, the head 
architect of digital platforms, commented that while people may have an 
opinion regarding the abandonment of COBOL, there has never been a formal 
decision regarding the subject. 
 
Björklund was commissioned to do an investigation regarding the replacement 
of COBOL with Java. In his analysis he came to the conclusion that it is too 
expensive to make a full replacement both financially and timely. Björklund 
also believed that there will not be any long-term COBOL-skill shortage. 
Arguing that due to simple economics, the demand of COBOL-skills in the 
industry increasing in coming years, will lead to an increase of supply to meet 
that demand.  
 
Björklund’s other conclusion was that Handelsbanken should strive towards a 
symbiotic relationship between COBOL and Java. By keeping COBOL 
applications and building new applications in Java, both of them can work 
together in different parts of e.g. a transaction. He did not believe in a 
replacement of COBOL with Java, explaining that to keep up with the market, 
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current applications continuously need additions. Even new COBOL 
applications are being developed. Thus the COBOL codebase will continue 
growing with Java developers unable to catch up. Another problem with 
migrating to Java is that most Java developers lack experience in creating ERP 
systems. Most Java developer educations focus on web development and 
distributed computing, which makes it difficult to find Java developers with an 
understanding of business processes. Björklund believed to this end that in the 
future, Handelsbanken will need software engineers that understand both Java 
and COBOL. 
 
According to HR representatives in Handelsbanken, Swedish banks have had 
unionized personnel policy agreements in the financial sector with generous 
benefits, leading to employees retiring early at the age of 61. While these 
agreements have now changed, the baby boomer generation of COBOL 
developers have had mostly early retirements in the last five years. 
 
Thomas Axelsson also confirmed that like other companies, Handelsbanken 
suffer from insufficient documentation for COBOL applications (3.2.2). 
Lennart Henäng, technology architect, believed that the problems with the 
workforce retiring now is not the loss of COBOL-skills, it is the loss of domain 
knowledge. With the constantly changing landscape of the financial sector; new 
laws, new policies and stiffer competition. Henäng believes that the quick fixes 
to add functionality or fulfill these requirements over time have made COBOL 
systems less flexible. Quick fixes in this regard, is seen as developing without 
fully complying with the system’s intended architecture or purpose. While 
Lennart does not believe that quick fixes are as common anymore, this still 
creates problems with extracting business knowledge from older systems. As 
older systems have changed over time, all the use cases and dependencies of the 
systems are not clearly specified.  

3.4 Current state 

The data available was used to create the distributions and correlate them with 
experience. The current age data are gathered by a questionnaire sent to 
COBOL employees. The hiring age distribution used the same data, choosing 
the employees with less than five years of experience. The exit age was gathered 
from HR records, representing the ages at the time of exiting the COBOL-skills 
pool in the last five years. The data is averaged over five years to remove the 
effects of any hiring spikes, creating a closer representation of today’s hiring 
environment on the labor market and internally. 
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Figure 3-2. (a) Current age distribution, (b) hiring age distribution and (c) exit age 
distribution 
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Figure 3-2(a) shows that the current ages of COBOL employees in 
Handelsbanken are on the older spectrum, compared to the average COBOL 
developer age (Mitchell & Keefe, 2012b). More than 60% of the COBOL 
developers at Handelsbanken are over 50 years old.  
 
The exit age in Figure 3-2(c) is largely focused around retirement. There is no 
one exiting the pool under the age of 35, only one of these employees has been 
in their position for more than five years.  The employees exiting the pool 
between the ages 35-59, do it almost evenly with half leaving the company and 
the other half pursuing other opportunities within Handelsbanken. 
 

 
Figure 3-3. The hiring sources in the last five years 

 
Figure 3-3 represents the sources from where the developers were hired in the 
last five years, around 67% of them were hired externally and 33% internally. 
Externally in this regard means recruiting from the labor market, internally is 
re-educating or hiring a COBOL developer that already works in some other 
non-COBOL position in Handelsbanken. 
 
To forecast future hiring needs, a mapping of the experience to the skills pool is 
required. The data of the developers’ experiences was captured in the 
questionnaire using two questions (Appendix A). The questions took into 
account the experiences gathered in Handelsbanken and the experiences 
gathered externally. These were weighed using the following formula: 
 

𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝑒𝑥𝑝𝑒𝑟𝑖𝑒𝑛𝑐𝑒
= 0.68(𝑌𝑒𝑎𝑟𝑠 𝑎𝑠 𝐶𝑂𝐵𝑂𝐿 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑟 𝑓𝑜𝑟 𝐻𝑎𝑛𝑑𝑒𝑙𝑠𝑏𝑎𝑛𝑘𝑒𝑛)
+ 0.32(𝑌𝑒𝑎𝑟𝑠 𝑎𝑠 𝐶𝑂𝐵𝑂𝐿 𝑑𝑒𝑣𝑒𝑙𝑜𝑝𝑒𝑟 𝑖𝑛 𝑜𝑡ℎ𝑒𝑟 𝑐𝑜𝑚𝑝𝑎𝑛𝑖𝑒𝑠) 

(G) 

  
To calculate the constants, the data from question 5 in the questionnaire was 
used (Appendix A), the results were filtered down to the employees with at least 
3 years of experience externally. The answers were divided almost evenly 
between the three alternatives presented. While it might seem that the 
constants in front of the years of experience should therefore both be 0.5, a 
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consideration of the embedded application and domain knowledge acquired 
while working on Handelsbanken systems has been made. 
 

 
Figure 3-4. Developer age with weighted experience correlation. 𝑅2 = 0.5377 

 
There comes a point where the developers cannot gain any more experience or 
the gains are small. For this reason, there was a set cap equivalent to fifteen 
years of COBOL experience in Handelsbanken and five years of experience 
externally. I.e. 𝑎𝑅𝐸 + 𝐼𝐸  is limited to a maximum value of weighted experience. 
The terms in 𝑎𝑅𝐸 + 𝐼𝐸 is derived as the equation for the trend line in Figure 3-4, 
the terms for this case study will be 𝑅𝐸 = 0.4195 and 𝐼𝐸 = −10.66. 

3.5 Projection 

The first forecast is the future pool size and ages along with the experience 
levels. These forecasts form the basis of calculating the future hiring needs and 
the impact on the time to perform maintenance activities. To compare the 
differences of no future hiring and the current hiring rate, both forecasts will be 
included in the charts where possible.  
 
All of the forecasts are stationary with the assumption that the coming decades 
will resemble the average hiring and exiting ages of the last five years. The pool 
size will serve as a foundation for the rest of the forecasts. The forecast was done 
using equation (B), calculating forty-five years into the future. The forecasts 
were done with the age of the youngest worker, 𝑦, set as 20 years old, and the 
mandatory retirement age, 𝑟, set as 67 years old. 
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Figure 3-5. Forecasts of the changes in the pool, with both no hiring and current hiring rate. 
(a) Illustrates the fraction of the pool size left each year. (b) Illustrates the average age in the 
pool 

 
Figure 3-5 presents the pool size forecast which has a slow decline the first five 
years after the start of the analysis period without hiring. The decline 
accelerates after year 2020, in 2025 the pool size is down to 75%. Five years 
after that in 2030, there is only about 30% of the pool size left. Most COBOL 
developers from the baby boomer generation retire in the coming fifteen years. 
In 2040 there is only 12 % left of the existing pool. 
 
With a hiring rate of around 5.4%, which equates to around 7.6 people per year, 
the pool size grows the first ten years to later decline, as most senior developers 
leave their positions. Around 2025, the pool size is at 107%, in 2030 it is down 
to 103%. Thereafter the pool size grows, becoming 110% in 2040.  The pool size 
never decreases under the size from the start of the analysis period. As shown 
in figure 4-4b, the average age stabilizes when the current hiring rate is 
introduced, the average age stays between 47 and 50.  In 2060, with the current 
hiring rate the pool size will be 120%. 
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According to Sandborn and Prabhakar, maintaining a pool size may not be 
enough to support a system. The experience levels in a skills pool varies. This 
has to be taken into account while hiring, as the accumulated experience of the 
developers determines the ability to maintain and develop systems effectively 
(Sandborn & Prabhakar, 2015). Experience was calculated using equation (C). 
 

 
Figure 3-6. Forecasts the changes in the accumulated experience in the pool. Graphs both with 
no hiring and with the current hiring rate 

 
The changes in the accumulated experience in Figure 3-6, closely resemble 
those of Figure 3-5a when there is no hiring. However, with the current hiring 
rate, the effects of losing the senior developers in the first fifteen years are 
noticeable. The accumulated experience grows the first five years, becoming 
105 % in 2020. Later the loss in accumulated experience makes it decline to 
89% by 2035. Afterwards the accumulated experiences start growing again, 
becoming 104% in 2045. By the end of the analysis period in 2060, the 
accumulated experience is 110%. 
 
As the experience levels changes, so does the ability and time to perform 
maintenance activities. These are forecasted using an arbitrary value of 1 hour 
as the average time for a maintenance activity, as there was no data on 
maintenance time.  
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Figure 3-7. Forecasts the changes in time to perform maintenance activities. Graphs both with 
no hiring and with the current hiring rate 

 
Figure 3-7 show that the maintenance time accelerates after 2020 when not 
hiring. By 2030, the length of a maintenance activity is about 3 times longer 
than at the start of the analysis period. Later increasing rapidly to become 9 
hours by 2045. However, with the current hiring rate, the maintenance time 
keeps fluctuating, having increased to about 1.2 hours by 2030. At the end of 
the analysis period, maintenance time has decreased to 0.9 hours 
 
Lastly, a forecast of the optimal hiring rate, 𝐻𝑖 , to keep the experience level 
constant at the level of 𝐸0. Note that 𝐻𝑖 is not allowed to drop under zero, as 
that would reflect a layoff situation. To calculate 𝐻𝑖, an equation solver is used. 
It calculates the value of 𝐻𝑖 with the constraint 𝐸𝑖 = 1 for each year to find the 
optimal hiring rate. 
 

 
Figure 3-8. Forecast of the optimal hiring rate. The percentage is based on the hiring needed 
as a fraction of the current skills pool at 𝑖 = 0 
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To counter the baby boomer retirements in the coming fifteen years, the hiring 
rate needs to be increased, with a maximum of 8.4% in 2026 (Figure 3-8). After 
2028 the optimal hiring rate drops to between 4-6%, as the losses in the skills 
pool deaccelerates after 2030 (Figure 3-5a). 
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4 Discussion & Conclusions 

The goal of this study was to analyze the development of Handelsbanken’s 
future COBOL-skill needs. The inevitable retirement of the majority of COBOL 
developers in the coming fifteen years (Mitchell & Keefe, 2012a), and the risks 
associated with the replacement (Tigerström & Fahlgren, 2014; Åhman, 2013), 
the financial sector is expecting a COBOL-skill shortage. 

4.1 Skill shortage 

According to Robert L. Mitchell (Mitchell & Keefe, 2012a), the largest issue 
regarding COBOL today is the scarcity of developers in the labor market. 
However, the results of the forecasting tell a different story for Handelsbanken. 
Keeping the average hiring rate of the last five years will make the COBOL-skill 
pool grow in both size and experience, as shown in Figure 3-5a and Figure 3-6. 
The growth will accommodate both maintenance and development of COBOL 
systems until 2060. The hiring rate has an average of 7.6 people per year, of all 
the employees hired in the last five years, 67 % were recruited externally. In this 
regard, Handelsbanken has had success hiring externally in the last five years, 
largely due to the hiring spikes in 2012 and 2015 (Figure 3-3).  
 
The boost in hiring is a result of the COBOL developer programme by JENSEN 
education that started in 2011. The COBOL developer programme was two 
semesters long, with a third of their education dedicated to an internship in a 
COBOL company (Guzmán, 2012). The interns represented most of the young 
developers, 35 years and younger, hired in the last five years (Figure 3-2b). Both 
hiring spikes of 2012 and 2015 were mostly by interns from JENSEN. The 
programme admitted its last class in 2014 and has since closed. According to 
Thomas Axelsson, who was one of the board members for the COBOL developer 
programme in JENSEN, it was due to a lack of governmental funding for the 
programme. 
 
Tomas Björklund pointed out that the availability of employees will probably 
increase as the demand increases in the coming years. However, to recruit 
graduate developers, there needs to be a source of COBOL or ERP system 
education. Coughlan also predicts that the job market for COBOL skills is likely 
to become more and more competitive (Coughlan, 2014). 
 
The knowledge to create and understand business processes is essential for the 
development or modernization of ERP systems. However, the lack of developer 
programmes containing business process courses is leading to a scarcity of new 
ERP system developers. Thereby, making it difficult to hire software engineer 
graduates for COBOL positions. Handelsbanken is representative of the 
financial sector issues surrounding COBOL. However, other companies 
publishing similar case studies will create a better understanding of the COBOL 
landscape in the industry, which in turn may lead to academic institutions 
providing COBOL education. Thereby, attracting new developers to the labor 
market. 
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4.2 Modernization 

Taking COBOL’s dominance of the financial sector into account, COBOL will 
most likely continue to be a major programming language for at least the 
coming two decades. However, for companies to be able to salvage and use the 
business knowledge contained in their systems, either a complete re-
documentation of the systems needs to take place, or the business knowledge 
has to be extracted. If no steps are taken to extract the knowledge by the time 
the system designers retire, the willingness to make changes in these systems 
will drop significantly. A system, generally, becomes more difficult to 
understand and expensive to change the longer it is maintained (Slee & Slovin, 
1997). This is especially relevant in COBOL as it can be monolithic, therefore, 
dependencies are difficult to discern and the fear of breaking the system or 
other systems that depend on it grows. Failing to find personnel to maintain 
COBOL systems quickly increases the cost of maintenance, as seen in Figure 
3-7. 
 
The lack of domain and application knowledge of the legacy systems has 
consequences. Modernization becomes more expensive (Adolph, 1996), reverse 
engineering large legacy systems is tricky (Henrard, Roland, Cleve, & Hainaut, 
2008; Van Geet & Demeyer, 2009) and computationally translating to another 
programming language is difficult for large legacy systems (Joiner & Tsai, 1998; 
Åhman, 2013). The intimate knowledge COBOL developers have, especially of 
the systems control flow, business logic and obscure laws or otherwise special 
use cases, makes these creators and maintainers of the legacy systems very 
knowledgeable domain experts. Robert L. Mitchell tells of a case where a 
customer estimates that the costs would have been five times lower, and taken 
one tenth of the time, if the system developers were still available for business 
knowledge extraction (Mitchell & Keefe, 2012a). 
 
This is an example of critical skills loss, where the COBOL developers 
knowledge is non replenishable (Sandborn & Prabhakar, 2015). Therefore, 
Handelsbanken should focus on extracting business knowledge out of the 
systems, before their COBOL developers retire. The availability of these domain 
and application experts can greatly lessen the cost associated with creating an 
intermediate representation for the systems (Pérez-Castillo, de Guzmán, 
Piattini, & Places, 2012). A common intermediate representation is the 
Knowledge Discovery Metamodel (KDM). It is a standard specification 
containing definitions for system knowledge extraction (Pérez-Castillo et al., 
2011). Gathering and abstracting knowledge contained in the systems is a first 
step to initiate the modernization process. As KDM is platform-independent, it 
frees the knowledge of the system to be able to completely rewrite it on another 
platform (Barbier & Recoussine, 2015, pp. 135–154). This will free the 
developers from the constraints that plagued the old systems. 
 
To understand the KDMs representation of business logic, rules and artifacts, 
knowledge of how business processes work is important. Searching for “ERP 
systems” (“Affärssystem” in Swedish) on antagning.se, the website for applying 
to Swedish university courses and programmes, returned twelve results with 
nine being relevant. The results were divided between five bachelor programs 
and five courses, the courses all focused on either business processes modelling, 
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business intelligence or configuring over the counter ERP system packages to 
fit customer needs. Only two universities offered courses on business processes 
as a part of a software engineer programme, with only one of the courses being 
mandatory part of an information technology master. None of the courses or 
the programme descriptions contained the word COBOL. 

4.3 Validity and Reliability 

The validity of a thesis, describe how well the methods used addresses the 
problems of the thesis. The reliability is the consistency and accuracy of the 
results (Golafshani, 2003) .To address the validity and reliability of this thesis, 
the methods and results will be compared to the problems of the thesis listed in 
1.2. The subproblems of the thesis were all addressed in chapter 3, where the 
subproblems were addressed in a subchapter each. The main problem was 
addressed in chapter 3.5, by quantitatively forecasting the future COBOL-skill 
needs of Handelsbanken. 
 
The first subproblem, was to explain the differences between COBOL and 
another currently established programming language. Financial institutions 
usually wait until a programming language has become ubiquitous and proven 
to be secure by other companies. Java was chosen for this reason. Developing 
in Java comes with greater freedom in data declaration, function calling and 
parameter passing. However, business applications are made to solve the 
problem domain of high volume business data processing. COBOLs 
performance in batch processing and accuracy in handling decimal arithmetic, 
makes it a better candidate for solving the issues of the problem domain.  
 
The second subproblem, was concerning which knowledge was most at risk of 
loss. As established in 3.2, the loss of domain and application knowledge is the 
most damaging loss to a company running COBOL systems. These skills are 
great assets during both system maintenance and future system modernization.  
 
In 3.3, Handelsbanken’s issues are compared to those of the industry. The 
negative discourse affected Handelsbanken staff’s opinion of COBOL. Complete 
system replacement is regarded as expensive and impossible to keep up with 
the current COBOL codebase. However, there is a need for developers that 
understand both Java and COBOL, to ease the starting of a system 
modernization process. Like others in the industry, Handelsbanken’s systems 
suffer from a lack of documentation, which makes the process of system 
modernization difficult. Those are the issues currently facing Handelsbanken, 
answering subproblem three. 
 
The choice of Sandborn and Prabhakar’s method was due to it addressing the 
problem of skills loss, in regard to legacy systems. The thesis main problem is a 
quantitative one, as quantifiable data helps in calculating costs, making it easier 
to use them for future managerial decisions. Using a quantitative method also 
contributes to the research field, as most research done in the field is qualitative 
(Sandborn & Prabhakar, 2015). 
 
To reproduce the actual hiring needs, the accumulated experience is taken into 
consideration. This produces a closer estimation of the amount of hiring that is 
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actually needed, instead of just replacing every lost COBOL developer with a 
new one. The experience is determined by the age of the employee at the time 
of employment, while age does not determine the skills of an employee, Figure 
3-3 shows a clear correlation between the average age of the employee and 
COBOL experience. This is an expected result, as the scarcity of young COBOL 
developers created a generational gap in the COBOL workforce. That makes the 
correlation between average age and experience feasible. 
 
Figure 3-2b and Figure 3-2c includes COBOL consultants. Consultants usually 
have a higher turnover rate than company employees. However, as they are 
captured in Figure 3-2b and Figure 3-2c, they are accounted for in the hiring 
and loss of employees. Therefore, no separation of employee type has been 
done. 
 
The method does not take into account what type of experiences the new hires 
have. Years of experience is only calculated as a combination between internal 
and external experience, not taking into account in what industry the external 
experience was gathered. An employee having external COBOL experience in 
the financial sector, may be worth more to a bank than an employee with 
external experiences in a different industry.  
 
The method is focused on supporting legacy systems, which only takes into 
account the maintainability of systems. The current workforce in 
Handelsbanken accounts for both developing and maintaining the systems, 
which means that the forecasting will also take into account current 
development staff.  
 
Ideally, the projections would have been made as an active process, as in reality 
the amount of developers entering and leaving the company vary over time. 
However, with the coming COBOL workforce retirement, and the uncertain 
future availability of COBOL developers, the assumptions needed for a 
nonstationary model become difficult to predict. Therefore, the forecast cannot 
take into account the personnel requirements of future changes in the systems. 
As the process is stationary, the forecast assumes that future years will resemble 
those of the last five years. 
 
The current data collected in the questionnaire represented around 70 % of all 
COBOL employees in Handelsbanken, to validate the results, the remaining 
30% could be asked to answer the questionnaire. They may have an impact on 
the results, depending on how much their experiences and ages differ in 
comparison to the rest of the employees. 
 
While Figure 3-5 forecasts the total accumulated experience, it does not take 
into account in which departments these needs are the most crucial. 
Departments relying on the knowledge of fewer people to run their COBOL 
systems have greater dependencies. These departments have a more immediate 
need for knowledge transfer, and therefore should be prioritized when 
employing. Evaluating the needs of different departments was not done due to 
time constraints. 
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Overall, the method chosen answers the main problem at hand. It calculates the 
workforce needed for future support and, to an extent, development of COBOL 
systems. Thereby, ascertaining the validity of the method. The reliability of the 
of the forecast results, will depend on the accuracy of the gathered data. The 
largest uncertainty is contained within the 30% that was not accounted for in 
the questionnaire. However, due to the generational gap in the COBOL 
workforce, the last 30% are assumed to be between 45-59 years old, close in age 
to the current workforce. Based on this assumption, the additional 30% would 
only account for a slight increase in the hiring needs, but not significantly 
change the outcome. 
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Appendix A Questionnaire 

The questionnaire sent to the COBOL employees 
1. Are you a consultant or an employee of Handelsbanken? √  

– radio buttons 
a. Consultant 
b. Employee 

 
2. How old are you? √  

–only integers  
 

3. How many years have you worked as a COBOL developer in 
Handelsbanken? (including internal training) √  
– only integers  
 

4. How many years have you worked as a COBOL developer outside of 
Handelsbanken? (excluding academic education) √  
– only integers 
 

5. When developing COBOL systems in Handelsbanken, which 
experiences/knowledge are more important to you?  
This question is asked to calculate the knowledge level (weighted 
experience) based on which type of experiences are more important 
for future system administration  
– radio buttons 

a. Handelsbanken specific experiences/knowledge 
b. General COBOL experiences/knowledge 
c. Both types are equally important 

 
 
 
 
√ = Question is obligatory 
– = Data input constraint 
Cursive = Informational text presented under the question 
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