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Abstract

Spreadsheets play a vital role in data processing and reporting procedures of any organization. 
That is why spreadsheet programming is the most successful end-user programming. Keeping 
in mind the similarity between spreadsheet programs and traditional programs the techniques 
that can be applied to traditional programs can also be applied in context of spreadsheets. The 
main objectives of this research are: (1) to classify spreadsheet research papers according 
to three criteria: techniques used, datasets used, publication channels and trends; and (2) to 
analyze these studies from four perspectives: study objectives, methods, method accuracy 
and limitations of the study. We perform a systematic mapping study on spreadsheet studies 
published in the period 2013-2018, collected from automated four electronic databases.
We identiϐied a total of 44 studies published between 2013 and 2018 and classiϐied them on 
predeϐined classiϐication criteria. Based on the ϐindings of this research, it is concluded that 
Smell Detection is the technique that is applied in most of the cases on spreadsheets. The year 
2016 receives the highest number of publications on spreadsheets. The most used dataset is 
from the corporation called EUSES.  
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1   Introduction  

Research in software maintenance has shown that many programs contain a signiϐicant amount 
of duplicated (cloned) code. Such cloned code is considered harmful for two reasons: (1) multiple, 
possibly unnecessary, duplicates of code increase maintenance costs and, (2) inconsistent 
changes to cloned code can create faults, hence, lead to incorrect program behavior [1].

 Spreadsheets have been widely used for various business tasks, including data 
management, decision support, ϐinancial reporting and so on. It is estimated that 90% of 
desktops have Excel installed [2] and there were over 55 million users in the United State 
working with spreadsheets in 2012 [3]. It is also believed that the number of spreadsheet 
programmers is bigger than that of software programmers [3]. In most of the cases, the people 
who are responsible for developing and maintaining spreadsheets are end users and they are 
not familiar with software development practices, so errors are easily induced into spreadsheets 
during maintenance and updates [4].

 There is no mapping study applied on spreadsheets previously that demands from 
the research community to provide an overview of the trends and techniques that are being 
followed by researchers and are suitable to be applied on spreadsheets. Another problem in the 
previous studies is that each study focuses on some speciϐic method or technique and does not 
cover the entire domain. The main goals and purpose of this research is to introduce a broader 
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and precise overview of almost all the most commonly used latest techniques on spreadsheets 
in the form of a Systematic Mapping. We followed the guidelines of Petersen [4].

The organization of the paper is as follows: The detailed steps and the structured strategy of 
Systematic Mapping is described in section 2. Section 3 contains the presentation and discussion 
of results. Finally, the conclusion and future directions are given in section 4. Section 5 contains 
the references.

2 Systematic Mapping  

A systematic mapping was conducted by following the guidelines of Petersen [4] and the 
collected data is analyzed in an unbiased and structured fashion. The ϐirst and the basic step to 
start the process of systematic mapping was the formulation of protocol that was designed and 
structured by Awais Azam and reviewed by Dr. Khubaib Amjad Alam. Now the steps performed 
in systematic mapping are described in the next sections.

A  Research Questions

The research questions that were formed to escort mapping study are shown in Table 1. The 
table shows the research question and the motivation behind these research questions in order 
to clarify what was the main reason to include that research question in this research process.

Table 1: Research Question

 RQ # Research Question Motivation
 RQ 1 What Software Engineering methods  To identify the areas which are under
  have been applied on spreadsheets? consideration by the research community 
   in case of spreadsheets.
 RQ 2 What are the datasets and sources from  The main focus of this question is to
  where these datasets are collected? identify the datasets and their sources 
    which will depict the overall trend in 
   selecting the datasets for spreadsheets.
 RQ 3 What is overall research productivity in  The purpose of this question is to give an
  the ϐield of software engineering in the  idea of the overall research that is done and
  context of spreadsheets? currently going on in this ϐield.

B  Search Strategy

An automated search was performed that consists of the following steps. 

Data Sources: In order to answer the research questions, an automated search was 
performed on the previously constructed terms on the four electronic databases. Table 2 
shows the database and the online link to that database. 
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Table 2: Electronic Databases

 Database Name Link
 IEEE Xplore Digital Library http://ieeexplore.ieee.org/
 ACM Digital Library http://dl.acm.org/
 Science Direct http://sciencedirect.com/
 Springer http://link.springer.com/

The studies that were the part of this research activity were from a time span of 2013 to 
2018. The digital libraries that were considered are IEEE, ACM, Science Direct, Springer 
and Google Scholar databases based on title, abstract, and keywords.

Search Process: In order to make sure that we were not leaving any related study, a two-
stage search process was adopted.

Initial search stage: Here, we used the proposed search terms to search for primary 
candidate studies in the four electronic databases. The retrieved papers were grouped 
together to form a set of candidate papers.

Secondary search stage: In this step, we reviewed all the studies retrieved after title-
based search where we read the abstracts of the remaining studies and based on the 
abstract the studies which were not relevant were excluded and the studies that passed 
this search qualiϐied for the full-text reading.

C Study Selection Procedure

This step was designed to get the most relevant studies which were retrieved from four electronic 
databases in order to answer the research questions. The selection procedure consists of the 
following basic steps:

• Initial records
• Title based records
• Abstract based records
• Full article-based records

 As we progressed by following these steps the irrelevant studies kept on excluding in 
each step. Table 3 gives an overview of the number of studies that were selected at different 
stages from different databases.

Table 3: Study Selection Procedure

 Database Name Initial Records Title Based Abstract Based Full Text
 ACM 174 71 29 24
 IEEE Explore 321 73 27 16
 Science Direct 5 5 1 1
 Springer 20 4 3 3
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 The study selection process can be visualized in detail and is represented in Table 3 
that contains all the details of the number of studies at every stage and how much studies were 
excluded. The study selection process can be visualized in detail that is represented in Figure 1 
that contains all the details of the number of studies at every stage and how much studies were 
excluded and the reason for exclusion and other related information can be found in Figure 1 
that is constructed by following the PRISMA guidelines for systematic review.

Figure 1: PRISMA Flow Diagram

Data Extraction: The full text of all the qualifying studies was analyzed and the relevant 
information was extracted to already deϐined data extraction form shown in Figure 2.
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Figure 2: Data Extraction Form

 Inclusion and Exclusion Criteria: In this step, an inclusion and exclusion criteria were 
developed in order to further select the most related studies to carry out the research process. 
The inclusion and exclusion criteria are deϐined in Table 4.
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Table 4: Inclusion and Exclusion Criteria

Inclusion Criteria
 IC1 Studies seeking convergence of software engineering in spreadsheets
 IC2 Studies published in peer-reviewed conferences or journals
 IC3 Studies published in or after 2013
 IC4 Studies in English
  Exclusion Criteria
 EC1 Studies with no validation of the proposed technique
 EC2 Editorials, short papers, posters, technical reports, patents and reviews

 Based on the criteria above, if the study meets the inclusion criteria and none of the 
exclusion criteria is met then such a study is further moved to the next stage that is quality 
assessment criteria.

Quality Assessment Criteria: This step was designed to ensure the quality of the studies that 
were ϐinally going to be the part of the research process. There were total of four questions to 
estimate the quality of a study and each study is assessed against these four questions based 
on a 3-point scale. If the study answers the question it is indicated by Y (1 point) and if the 
study fails to answer the question it is indicated by N (0 points) and if it partially satisϐies the 
answer then P (0.5 points) is given. The overall score required to include the study is 3 out of 4 
to maintain high-quality standards. Table 5 contains the questions that were part of the quality 
assessment criteria.

Table 5: Quality Assessment Criteria

 Question # Criteria Score
 QC1 Are study objectives clearly deϐined? Y|N|P
 QC2 Are applied methods well deϐined? Y|N|P
 QC3 Is the accuracy of the applied method measured and reported? Y|N|P
 QC4 Are limitations of study explicitly stated? Y|N|P

3 RESULTS  

This section contains the results and discussion related to the research questions presented in 
Table. 1.

RQ1: Convergence of Software Engineering Methods with Spreadsheets

The graphical representation of the techniques and their usage in percentage is shown in Figure 
3.
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Figure 3: Graph of methods applied to Spreadsheets

 It can be clearly seen in Figure 3 the highest percentage 34% is from smell detection 
which shows that the research community focused more on this area. The second place is 
acquired by Analysis/Clustering techniques which are 25%. It represents that this area is also 
the center of attention. Testing/Faults cover 14% of the overall studies. The area that is neglected 
by researchers is clone detection in spreadsheets that only occupies 7% of the overall research. 
Year wise distribution of studies with respect to areas on which they focused is shown in Figure 
4. The studies are analyzed based on four areas. First is the Web, which means studies that are 
somehow related to the Web are covered in this area. Second is Automate Process, the studies 
that are involved in any kind of process that is automated using spreadsheets are included 
in this area. Third, is Testing/Debugging/Faults, the studies that are related to maintenance 
of spreadsheets are added in this area. The ϐinal and fourth area is Analysis/Comparison, in 
this area the studies in which any kind of analysis or comparison is done in the context of 
spreadsheets are included.

Figure 4: Year Wise Distribution of Studies
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In case of year 2013, we can see that Web and Automate Process contains 25% of studies each 
and 50 % of studies in this year are focused on the research that is related to maintenance. 
In the year 2014, 30% of research is dedicated to the area of Web and a small portion of 10% 
is covered by Analysis/Comparison but the signiϐicant portion of this year is grabbed by the 
maintenance. The trend shows that Automate Process contains the highest number of studies 
in 2015 that is 50% and 37% of studies are included in the area of maintenance and around 
12% of studies focused on Analysis/Comparison. It can be visualized from the chart that in the 
year 2016, all the four areas are covered by studies. Web and Automate Process covers 15% 
each. Maintenance got the highest percentage of 65% and Analysis/Comparison contributed by 
7%. The year 2017 also represents the same trend that was observed in the year 2013. In 2018 
85% of studies focused on maintenance and 15% of studies are for Analysis/Comparison. We 
can conclude from the above distribution of studies that the most focused area in the context 
of spreadsheets is maintenance from 2013 to 2018. However, it is also advocated that in every 
single year the highest inclination of research is towards the maintenance of spreadsheets.

RQ2: Data Sources and Datasets

The overall trend of the datasets that are currently preferred for spreadsheets can be visualized 
in Table 6.

Table 6: Data Sources

 Data Source No. of Studies
 MS corpus 1
 Enron 5
 EUSES 11
 Venron 1
 DBpedia 1
 Wiki Tables 1
 ClueWeb09 Web crawl 1
 F1F9 1
 INFO1 1
 Online Sources 29
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Figure 5: Data Sources

 Figure 5 gives an overview in terms of the number of studies against the data sources. 
The highest number of studies suggests that most studies acquire data from online sources but 
it do not mean that such datasets do not belong to any of the data sources mentioned above, 
it means that the data is acquired from online and not from the ofϐicial source. EUSES is also 
easily visible and is placed at the second position. Third position is for Enron corps. It can be 
concluded that the data sets that are mostly used to apply different methods on spreadsheets 
are from EUSES corps and Enron corps.

RQ3: Overall Research Productivity

Figure 6 shows the overall trend of the publications from the year 2013 to 2018. It can be 
observed that most studies are published in 2016. From the year 2013 to 2016, there is an 
increase in the number of studies and in 2017 and 2018, shows identical results.

Figure 6: Studies Published over the Years
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Table 7: Quality Levels of Selected Studies

 Quality Level Number of Studies Percentage (%)
 Very High (score = 4) 11 25 %
 High (score = 3.5) 13 29.54 %
 Medium (score = 3) 20 45.45 %
 Total 44 100.00 %

 Table 7 reveals that 25% of the studies lies in the highest quality span. While more than 
29% of studies managed to qualify for the high score and the most number of studies are from 
medium quality which is around 45% according to our predeϐined quality assessment criteria. 
The research approaches that are considered when it comes to spreadsheets are of three types, 
solution, validation, evaluation.

Table 8: Research Approaches

 Research Approach Number of Studies Percentage (%)
 Solution 34 77.27 %
 Validation 6 13.63 %
 Evaluation 4 9.09 %
 Total 44 100.00 %

 Table 8 presents the trend of the approaches followed by studies to perform different 
methods on spreadsheets. Solution approach is most adopted by the researchers and covers 
about 77% of the overall studies.

 Table 9 gives a detailed overview of the venues in which the research papers about 
spreadsheets are published. International Conference on Software Engineering is the most 
visible venue as most number of studies are published in it.

Table 9: Publication Venues

Venue Number of   
  Studies
International Conference on Software Engineering 6
Symposium on User interface software and technology 2
International Conference on Knowledge Discovery and Data Mining 2
International Conference on Software Analysis, Evolution and Re-engineering 2
Symposium on Visual Languages and Human-Centric Computing 2
International Conference on Software Maintenance and Evolution 2
IEEE TRANSACTIONS ON SOFTWARE ENGINEERING 3
International Conference on Inventive Computation Technologies 2
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Automated Software Engineering 2
International Conference on Knowledge Capture 1
Software Engineering Conference and Symposium on the  1
Foundations of Software Engineering 
Proceedings of the ACM on Programming Languages 1
SIGPLAN Notices 1
International Symposium on Software Testing and Analysis 1
Brazilian Symposium on Systematic and Automated Software Testing 1
International Workshop on Semantic Search over the Web 1
Conference on Information and Knowledge Management 1
International Database Engineering & Applications Symposium 1
International Symposium on Foundations of Software Engineering 1
International Conference on Software Engineering Companion 1
Conference on Human Factors in Computing Systems 1
International Symposium on New Ideas, New Paradigms, and  1
Reϐlections on Programming and Software 
Conference of the Center for Advanced Studies on Collaborative Research 1
Conference on Programming Language Design and Implementation 1
International Conference on Mining Software Repositories 1
International Symposium on Software Reliability Engineering Workshops 1
IEEE Transactions on Reliability 1
International Workshop on Document Analysis Systems 1
Science of Computer Programming 1
Empirical Software Engineering 1

 The contribution of studies that is published by the researchers depends on the nature 
of the research and the intention of the publisher. There are several types of contribution that is 
made to the research community. Some researchers do a comparison among different studies, 
some prefer to propose a new model, framework, tool or some kind of method/technique. In 
case of spreadsheets the detailed overview of the contribution can be found in Figure 7.
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Figure 7: Contribution Facets

 As the Figure 7 depicts the trend that 20 of the total studies published focuses on the 
presentation of some new technique/method. After that, 15 studies proposed a tool. Then 6 
studies give a comparison of already existing techniques or tools. New framework was given in 
3 publications. And only one study proposed a model.

 Another interesting ϐinding is that which countries are actively participating in the 
spreadsheet research and this can be found out by having a look at the Figure 8, which brieϐly 
shows the country name and the number of studies published in that country.

Figure 8: Contribution Facets

 There are 12 studies that were published in USA, so USA has the biggest contribution 
towards spreadsheet research. After that second place is claimed by India, Canada and Austria 
containing 3 studies each. At third place there are two countries Netherlands and Japan with 2 
studies published in each country.

4 CONCLUSIONS

This systematic mapping study summarizes the existing studies with their focus on the 
spreadsheets and the methods or processes that are applied on spreadsheets. The paper 



Spreadsheet based So  ware Engineering

KIET Journal of Compu  ng & Informa  on Sciences [KJCIS] | Volume 2 | Issue 231

presents a range of papers on spreadsheets and classiϐies them according to different criteria 
like techniques, approaches, datasets and quality. The primary search fetched 520 studies. 
Then title-based search was performed to get the most relevant papers and 153 papers were 
extracted. After that, abstract reading was performed to further extend the ϐiltration process 
and 60 papers managed that ϐilter. Then these papers were passed through the predeϐined 
research questions and quality assessment criteria test and ϐinally 44 studies were selected to 
carry out this systematic mapping study. The main ϐindings of this research are as follows:

• Clone detection is the most neglected area in the context of spreadsheets.

• In most of the studies, researchers gave new techniques or they were able to improve 
already existing techniques which show solution research is the approach that gained 
more importance.

• The most used dataset for spreadsheets is from EUSES and Enron.

 Software engineering methods application on spreadsheets is gaining importance with 
time because it is becoming more and more important for the research community because there 
is a high potential in this area for researchers. The main objective of research in spreadsheets 
is to get the most out of it because almost every institution, company or business is utilizing 
spreadsheets in one way or the other.
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