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Abstract — Software organizations need to increase their
productivity to stay competitive. Although there is a lot of
research on productivity in software development, software
organizations still do not know what are the most significant
productivity factors in which they should invest. This paper
presents a Tertiary Literature Review (TLR) that aimed to
identify and analyze Systematic Literature Reviews (SLR) on the
influence factors of software productivity reported in the
scientific literature. We extracted and classified the influence
factors into organizational factors (organizational dependent
factors) and human factors (people dependent factors). Using this
information, software organizations can improve the productivity
of their projects by evaluating the influence factors that best fit
their context.

Keywords — Tertiary Literature Review; Productivity Influence
Factors; Software Productivity.

1. INTRODUCTION

The competitive environment in software market today
requires organizations to increase their quality level and reduce
their production costs. The best way to reduce costs in software
development is by increasing productivity [1]. According to
Aquino and Meira [1], to reduce production costs by improving
productivity, the organization needs to select and implement
effective practices towards better productivity. These practices,
in turn, should be based on the most relevant productivity
factors for improving the organization's productivity [2].

Organizations’ managers are more aware of the importance
of factors that influence the productivity of the team involved
in software projects [3]. The problem is that software
productivity is influenced by many factors and organizations
often do not know what these factors are and neither where to
start [4]. Moreover, the impact of these factors on software
productivity may be different according to the context and
characteristics of the team, the developer, the project and the
entire organization [4].

According to Hernandez-Lopez et al. [5], many of the
factors that influence software productivity are known and used
in estimation models. However, it is not clear whether the
importance of the identified factors has changed over time,
given that the processes and tools have evolved considerably
since the initial studies [5]. Another problem is that there are
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many factors that influence productivity so that taking all of
them into consideration in an analysis would not be
economically viable [4]. Therefore, it is best to focus on a
limited number of factors that have a greater impact on the
productivity of organizations.

This has motivated us to review the factors identified in the
literature. As there is already extensive research in the area,
with the existence of some Systematic Reviews on the subject,
we decided to conduct a Tertiary Literature Review (TLR) to
identify and classify the influence factors of software
productivity reported in the scientific literature. TLRs are
Systematic Literature Reviews (SLR) of secondary studies,
which are also SLRs [6]. This paper describes the tertiary
review we carried out, presenting the results obtained,
classifying the factors of influence found in human and
organizational factors.

Section 2 reports our background. Section 3 reports the
planning and execution of our TLR. In Section 4, we present
the data extracted from each SLR and answer our research
questions. We report some discussions of our TLR in Section 5
and our conclusions and future work in Section 6.

II.  BACKGROUND

The first scientific researches involving the concept of
productivity in Software Engineering were published around
the beginning of the 80's [7, 8]. The subjects of these studies
involved the measurement of productivity and the search for
factors that influence productivity in software projects. During
the 90’s, there was a significant increase in the amount of
research on software productivity. Research on productivity
measurement continued, as well as the study of several factors
influencing productivity. These studies include, for instance,
factors influencing the productivity of software maintenance
[9] and the influence of software reuse on productivity [10].

From the year 2000, research involving productivity
explored more influence factors on productivity, such as factors
related to new methods, programming in pairs [11], and
software development techniques and refactoring in agile teams
[12]. Other research investigated productivity factors in
different contexts, such as in Enterprise Resource Planning
(ERP) [13], in open-source project development, and with
teams working continuously in different time zones [14].



In the literature, there are some secondary studies on the
factors studied here [4][15][16]. However, we did not identify
TLRs that add knowledge of secondary studies. This scenario
motivated us to carry out a tertiary study in order to capture the
current results of SLRs in software productivity.

III.  TERTIARY LITERATURE REVIEW

In this section we describe in detail the protocol used to
conduct this tertiary literature review.

A. Goal and research questions

The Evidence-Based Software Engineering aims to apply
an evidence-based approach to both research and practice in
Software Engineering [17]. Evidence means the synthesis of
scientific studies related to a research theme or question. The
most reliable evidence comes from aggregating all empirical
studies on a particular topic [6]. The recommended method for
aggregating evidence is the Systematic Literature Review
(SLR), which is characterized as a secondary study. SLR aims
to establish a formal process for conducting a literature review,
avoiding the introduction of eventual biases. SLRs allow the
identification, evaluation, and interpretation of all available and
relevant research regarding a research question [18].

In order to evaluate the current state of the research based
on software productivity evidence, we conducted a tertiary
study. This study is a systematic review of secondary studies
and uses the same methodology of a SLR [18].

The main research question of this TLR is "What are the
productivity factors found by existing secondary studies on
productivity factors in software development?" This main
question serves as the basis for the following sub-questions:

SQ1 — What was the classification used to organize the
influence factors we have found?

SQ2 — What were the influence factors found by the
secondary studies?

The SQI sub-question aims to identify the classification
employed in the secondary studies to organize the factors
influencing productivity. The influence factors on productivity
are the focus of sub-question SO2.

B.  Search strategy

The search strategy of this TLR included the items listed
below.

Search sources: the digital libraries ACM Digital Library,
Engineering Village, IEEE Xplore Digital Library, Scopus and
Web of Science. These libraries were chosen due to the
experience reported by Dyba et al. [19].

Document type: for this tertiary review, we considered
only literature reviews published in scientific venues, such as
conference proceedings and journals, since these publications
have their content reviewed by other independent researchers
(peer review).

Search language: only papers in English, due to its
adoption by most of international Software Engineering
conferences and journals.

C. Search string

The search string was based on terms selected from a
reference list composed by four secondary studies on
productivity factors identified in an earlier exploratory
literature review [4][20][15][16] and also on terms used in a
tertiary review carried out by Kitchenham et al. [6]. We
classified these terms into three groups: (i) terms associated
with software development, (ii)terms associated with
productivity factors of software development, and (iii) terms
associated with secondary studies. The first group relates to the
context of this tertiary review, based on the words described in
the title and abstract of the reference list used. The second
bases on the search strings used by the studies of the reference
list. Finally, the third relates to the search for secondary studies
from the tertiary review by Kitchenham et al. [6]. The search
string was defined as shown in TABLE 1.

TABLE 1. SEARCH STRING

Group Search String
Software (“software development” OR “software engineering”)
Development AND
(“factor” OR “indicator” OR “driver”) AND
Productivity (“productivity” OR “development efficiency” OR
Factors “development effectiveness” OR “development
performance”) AND
“review” OR “overview” OR “literature” OR “meta-
Secondary analysis” OR “past studies” OR “in-depth survey” OR
Studies “subject matter expert” OR “analysis of research” OR
“empirical body of knowledge” OR “overview of
existing research” OR “body of published research”)

We carried out the analysis of the data extracted in this
tertiary review by using the content analysis technique, which
is used to categorize and determine the frequency of these
categories, facilitating the analysis of the evidence [21].

D. Criteria for studies selection

The inclusion criterion (IC) for the lst filter is: "the
publication describes a literature review on productivity factors
in software development”. The exclusion criterion (EC) is a
negation of the inclusion criteria. We used the criteria of the 1st
filter to select the publications by reading the title and the
abstract. The criteria adopted in the 2nd filter are presented in
TABLE 2.

TABLE 2. INCLUSION (IC) AND EXCLUSION (EC) CRITERIA FOR THE 2™

FILTER
Criteria Description
The publication is a literature systematic review, with a
IC.1 defined search process on productivity factors in software

development.

EC.1 The publication is not a secondary study or does not have a
defined search process.

EC.2 The publication is not a secondary study on productivity
factors in software development.

EC.3 The publication does not have a list of extracted productivity

factors.
The publication is not a scientific paper, e.g., it is a chapter of
EC.4 a book. Thus, we are not sure that it was reviewed by another
researcher (peer review).
EC.5 The publication is not in English or is not available.




In the 2nd filter, we applied the inclusion and exclusion
criteria based on the complete reading of the selected
publications after the 1st filter. As an example, criterion EC.1
excludes publications that did not present the description of a
defined search process, as they are not characterized as a
systematic literature review, following the same criterion also
adopted by Kitchenham et al. [6].

E. Data extraction strategy

We extracted the data from the selected publications for
analysis and interpretation in order to answer each of the
research sub-questions. We classified the data extracted in this
tertiary review as productivity factor classification data and
productivity factor specific data.

Productivity factor classification data, which includes the
category names and descriptions in the taxonomy used to
classify the factors, is important to answer the SQI1 sub-
question. This data may indicate if there is a common
classification adopted by the researchers. The productivity
factors specific data, their names and descriptions, are
important in order to respond the SQ2 sub-question.

F.  Studies selected after performing the tertiary review

The first two authors of this work carried out the search and
selection strategies defined in this tertiary review, while the
others reviewed all the work. We found 353 publications after
searching in the selected digital libraries. After removing
duplicates, 240 publications were selected for filtering. Among
them, 221 were excluded because they did not meet the
inclusion criteria for the first filter. We read the remaining 19
publications thoroughly and, at the end of the selection, only 4
publications met the criteria of the second filter (TABLE 3).

To assess the reliability of applying the defined criteria
[27], the two researchers applied the selection criteria
independently in a random sample of 30 publications using the
Kappa statistical test [22] to assess agreement. The result of
this agreement evaluation, using data from the first filter, was
significant (kappa = 0.783), according to the suggestion
proposed by Landis and Koch [23] for interpreting this value.

At the end of the process, we selected 4 publications
describing secondary studies on factors influencing
productivity, containing a total of 139 different factors. Each
publication presented a classification of factors found in
different groups. The period of these publications is recent
(2008 to 2015) and reflects the increasing interest of
researchers in factors influencing productivity. In this paper,
we will refer to the reviews carried out by Wagner and Ruhe
[16], Trendowicz and Miinch [4], Paiva et al. [15] and Dutra et
al. [20] as R1, R2, R3, and R4, respectively.

IV. RESULTS

In this section, we present the results obtained for the two
research questions proposed for this study. For the first
question, we present and analyze the classification adopted by
each secondary study selected. For the second research
question, we present and classify the factors extracted from
each of the secondary studies selected.

A. SQI. What was the classification used to organize the
factors we have found?

To facilitate analysis, we grouped together the factors,
extracted from primary studies, with similar meaning. In two
reviews, the resulting category groups were grouped again,
yielding a hierarchical classification of influence factors. Only
the review by Paiva et al. [15] (R3) did not adopt any
productivity factor classification. Among the adopted
classifications, the R1 review defined and used its own
classification, while the other two (R2 and R4) based their
classification on other studies. As can be seen in TABLE 3, no
common classification of factors of productivity influence can
be found.

Wagner and Ruhe [16] classified the factors found in two
major groups: (i) technical factors, which are factors related to
the product, the process, and the development environment;
and (ii) non-technical factors, i.e., factors present intangibly in
the development team and in the work environment. The
authors also considered these non-technical factors as human
factors.

TABLE 3. CLASSIFICATIONS OF FACTORS IN THE LITERATURE REVIEWS

Review Classification
Technical Factors:
. Product Factors
. Process Factors
. Development Environment Factors
R1 Non-technical Factors:
Wagner and . Project Factors
Ruhe [16] . Organizational Culture Factors
. Team Culture Factors
. Capability and Experience Factors
. Work Environment Factors
Influence Factors:
R2 . Product Factors
. . Process Factors
Trendowicz and .
Miinch [4] . Project Factors
. Personnel Factors
Context Factors
R3 , .
Paiva et al. [15] No classification defined
Team Emergent States Factors
R4 . L
Dutra et al. [20] Individual Characteristics Factors
Support Tasks Factors

Trendowicz and Miinch [4] (R2 review) first divided the
extracted factors into context and influence factors. According
to the authors, given a productivity model, the factors
considered by the model are the influence factors; while the
factors absent from the model are the context factors, i.e., the
ones present in the context and considered constant for the
defined model. The authors further subdivided the influence
factors into four groups: product, personnel, project and
process factors. This classification was based on the ones by
Fenton and Pfleeger [24], Jones [25] and Ruhe et al. [26].

Dutra et al. [20] (R4 review) categorized the extracted
factors according to the unit of analysis indicated in the
primary study. That resulted in three groups: (i) team emergent
states factors, (ii) individual characteristics factors and (iii)
support tasks factors. This classification was based on the work



by Marks et al. [27], which studied the factors that influence
software development in high-performance teams.

Finally, we answer SQI research question by noting that
there is no single common classification, but there are
similarities among the adopted taxonomies. Factors related to
the product, the process, the project and the people (team) were
common categories found in the classifications.

B.  SQ2. What are the influence factors on productivity found
by the secondary studies?

The description of the factors in primary studies is often
incomplete and limited only to the name of the factor,
according to Trendowicz and Miinch [4] (revision R2). Thus,
for an analysis of the factors found in literature, the authors of
the selected publications used integration strategies to group
factors with the same meaning or names. After that, the factors
were grouped according to the hierarchical -classification
adopted in each systematic review.

Wagner and Ruhe [16] extracted 51 factors, integrating
them through the use of similar terms. Trendowicz and Miinch
[4] extracted 246 factors, integrating them according to the
name and description used by the primary studies. Paiva et al.
[15] performed the extraction of 32 factors, but without
explaining the process used. Dutra et al. [20] obtained 15
factors and integrated them according to their semantic
similarity. As in the selected reviews, it was also necessary to
integrate the factors extracted from these secondary studies.
The strategy used was to integrate factors with a similar name
and/or description. Then, factors not integrated with any other
were grouped under the generic name "other characteristics".
The results obtained after this process are presented in
TABLE 4 and TABLE 5.

TABLE 4. HUMAN FACTORS EXTRACTED FROM THE SLRS

Factor Extracted Factor
Experience (R3), Programming language experience
(R2), Teamwork capabilities (R2), Project manager
experience & skills (R2), Application Experience &
Capability and | Familiarity (R2), Overall personnel experience (R2),
Experience Tool experience (R2), Applications Experience (R1),
Language and Tool Experience (R1), Manager
Application Experience (R1), Platform Experience
(R1), Analyst Capability (R1), Manager Capability
(R1), Programmer Capability (R1)
Knowledge Knowledge (R4), Domain of the Application (R3),
Task-specific expertise (R2)
Clear Goal Clear Goals (R1), Goal Setting (R4)
Diversity Diversity (R4), Developer Temperaments (R1)
Motivation Motivation (R3), Motivation (R4)

Cohesion and Communication (R4), Cohesion (R4), Communication

Team (R3), Interpersonal Relationship (R3), Team
Communication | Cohesion/communication (R2), Communication (R1),
Team Cohesion (R1)
Other Attitudes (R4), Intelligence (R4), Learning ability
Individual (R4), Personality (R4), Emotional Intelligence (R4),
Characteristics | Empathy (R4), Leadership Style (R4), Work
satisfaction (R4), Commitment (R3)
Other Team Mutual respect (R4), Self-efficacy (R4), Trust (R4),
Characteristics | Autonomy (R4), Sense of Eliteness (R1), Team

Identity (R1), Fairness (R1)

TABLE 5. ORGANIZATIONAL FACTORS EXTRACTED FROM THE SLRS

Factor Extracted Factor
. Architecture (R3), Architecture Complexity (R2),
Architecture Architecture glislz Resolution (R1) plexity (1)
Code complexity (R2), Complexity of interface to
Complexity other systems (R2), Product Complexity (R1), User
Interface (R1), Required Software Reliability (R1)
Consistent Consistent Requirements (R3), Requirements
Requirements Management (R2), Requirements Stability (R1)
Complexity and

Database Size

Database Size & Complexity (R2), Database Size
(R1)

Decentralized Decentralized development (R2), Physical Separation

Development (R1)

Development Development Flexibility (R1), Execution Time
Constraints Constraints (R1), Main Storage Constraint (R1)

Development Tools

Development Tool (R3), CASE tools (R2), Testing
tools (R2), Use of Software Tools (R1)

Agile Methodology (R3), Type of Project (R3),

Development Type | Methodology (R3), Development Type (R2), Life
cycle model (R2), Domain (R2)
. Documentation (R3), Documentation match to life-
Documentation
cycle needs (R1)
Knowledge Shared Information (R4), Knowledge Management
Management (R3)
Modernity Modernity (R3), Technological Gap (R3), Use of

Modern Development Practices (R3)

Process Maturity

Maturity Level (R4), Process maturity & stability
(R2), Process Maturity (R1)

Programming Programming Language (R3), Programming
Language Language (R2), Programming Language (R1)
Project Managerial Involvement (R4), Project Management
Management (R3)

Project Size

Project Size (R3), Project Duration (R1), Software
Size (R1)

Prototyping

Prototyping (R3), Early Prototyping (R1)

Code Reuse

Code Reuse (R3), Quality of reused assets (R2),
Reuse level (R2), Developed for Reusability (R1),
Reuse (R1)

Schedule Pressure

Schedule pressure (R2), Schedule (R1)

Team Size (R4), Team Size (R3), Team Size (R2),

Team Size Average Team Size (R1)
Telecommunication | Home Office (R3), Telecommunication Facilities
Facilities R1)
Testing Test (R3), Testing (R2), Effective and Efficient V&V
(R1)
Time . .
Fragmentation E-Factor (R1), Time Fragmentation (R1)
Training Training (R3), Training level (R2)
Staff Turnover Turnover (R4), Staff turnover (R2), Turnover (R1)

Work Environment

Work Environment (R4), Workstation (R4), Proper
Workplace (R1), Camaraderie (R1)

Other Project
Factors

Guard Activities (R4), Work breakdown (R4), Target
platform (R2), Reviews & inspections (R2), Team
structure (R2), Precedentedness (R1), Completeness
of Design (R1), Platform Volatility (R1), Hardware
Concurrent Development (R1), Product Quality (R1)

Other Factors of
the Organization

Organizational Commitment (R4), Benefits (R3),
Internet Access (R3), Physical Location (R3), Salary
(R3), Credibility (R1), Respect (R1), Support for
Innovation (R1)

As we did not find a common classification (SQ1), we
adopted one based on factor similarities, organizing them into
human factors (TABLE 4) and organizational factors (TABLE
5). The former is directly controlled by the software



organization (product, process, project, work environment, and
development environment). The latter depends on the people
involved in the organization's projects (culture, capabilities,
and experience).

We now answer the sub-question SQ2 by stating that there
are at least 35 influence factors in software productivity,
extracted from four secondary studies existing in the scientific
literature.

V. DISCUSSION

In this study, we identified 35 influence factors on
productivity from four secondary studies on the same subject in
recent years. These factors possibly represent the most
significant to be considered by software organizations. We did
not find any common classification. However, we found some
similarities between the categories. We used these similarities
to create the classification we adopted in this work: human and
organizational factors.

Wagner and Ruhe [16] (R1) reinforced the importance of
the existence of a list of productivity factors to assist software
organizations, in which we agree. Having a list of factors, it
helps software organizations where to begin their control and
analysis of productivity factors in their context. In this way,
they find out what factors have the most significant impact on
their software projects, what work and what do not work.
Trendowicz and Miinch [4] (R2) concluded that their biggest
result is to observe that the success of the software project still
depends on the people involved. Paiva et al. [15] (R3) observed
that only experience and consistent requirements were
considered as important by both researchers and developers.
Dutra et al. [20] (R4) observed that team communication and
individual motivation were the most researched factors within
the context of high-performance teams.

It is clear, from the conclusions of these secondary studies,
the importance of human factors for software development. An
evidence of the importance of people in software development
is noted in the number of factors related to the capability and
experience of individuals in the various roles existing in
software projects. Nevertheless, this TLR clearly indicates the
large interest in studying organizational factors. There are far
more studies on organizational factors than on human factors.
This contradiction has already been noted by Meyer et al. [28]
and explored by Lenberg et al. [29] in their work advocating
for Behavioral Software Engineering (BSE).

For software organizations to improve the productivity of
their software projects, they need to intervene in factors that
can actually influence productivity in their projects. The
classification adopted in this TLR indicates the point at which
the intervention should occur: in people or in the organization
itself. Intervening in the organization itself, through methods,
processes, and tools, is much simpler than intervening with
people [30]. This may explain a large number of organizational
factors researched. However, it is the people who perform the
software development process and, therefore, ignore the human
factors may explain the dissatisfaction with some development
methodologies: they do not consider real organizations [30].
Therefore, it is important for organizations to balance their
productivity —improvement actions by considering a

combination of human and organizational factors that are
compatible with their organizational context.

VI. CONCLUSIONS AND FUTURE WORK

This Tertiary Literature Review aimed to identify factors
influencing productivity. We identified and extracted 35 factors
from four systematic reviews on factors influencing
productivity. We did not observe any common classification
adopted in these studies. This is due to the fact that the
classifications adopted depend a lot on the focus that one
wishes to investigate. In this study, we classified the extracted
factors in organizational and human factors. We also note that
organizational factors were more investigated than human
factors.

Every study has threats that may affect the validity of its
results [31]. The main threat to the validity of the conclusion of
this tertiary review is how general are the observed results,
since the search strategy may not have collected some relevant
papers. To mitigate this threat, we used five different digital
libraries, based on the experience reported by Dyba et al. [19].
Other threat to validity is the classification adopted for the
factors we have found. This threat was mitigated by the
participation of other researchers who also have reviewed our
classification. Another threat to validity is the extra layer of
abstraction added to integrate factors. This threat was mitigated
by adopting similar integration strategies of the selected
studies, reducing the side effects caused by this extra layer.
Finally, another threat to the validity of the results is the
possibility that the author of this study has introduced his bias
during the execution of the review protocol. To mitigate this
threat, another more experienced researcher reviewed the
process of implementing this systematic review.

The next step of this research is to investigate in vivo, in
software organizations, what are the influence factors observed
in their developers. Comparing the results of this TLR with in
vivo observations may clarify the importance of influencing
factors within the context of productivity within organizations.
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