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Abstract

Agile methodology is the state-of-the-art methodology forsoftware development projects. Important point for successful
managing of agile software development projeét IS.precise project effort estimation. Productivity of agile team and team
member significantly affect the accuracy of the estimation. In the literature, there are works dealing with even over 200
factors that can affect the productivity. This paper-gives a literature overview of productivity factors. These works are
mostly team productivity oriented and classified team productivity into different areas. Further, the paper suggests 18
factors as personal productivity factors fofteyelopers in agile software development teams. Each of these 18 factors has
one value on a three-level weight scale.
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1. Introduction

To adapt to constantly Changed environment conditions, companies utilized lean management as a systematic
approach for identifying and elintinating waste in their core processes. [1], [2] As a result of successful implementation
of lean management=in, software processes, Agile Software Development (ASD) methodologies were created. Agile
methodologies are’the/state-of-the-art methodologies for software development projects. However, the estimation of
project effort, duratiof, cost, and product quality is a big challenge for ASD. [3] Using traditional estimation techniques
(e.g. functional analysis, planning poker, etc.) can produce imprecise estimates. [4] Some recent studies show that
estimation methiods,can successfully introduce Artificial Intelligence (Al) techniques for improvement of these methods
[51. [6], [7]-

An impprtant elerfient to assess in today's software estimations is productivity — both team productivity and individual
team memberproductivity. It is not easy to identify factors that affect a productivity. And when they are even recognized,
it is difficulato measure them.

Mafos=et al. [8] include ‘team productivity’ on the comprehensive list of 90 factors influencing effort estimation.
Recognising important productivity factors and their interrelationships will enable project team management to identify
areas Where more effort is needed to improve effort estimates and overall project goals. Even when productivity factors
are identified, it is difficult to set measurable criteria for their impact on productivity because such 'measurement’ is
largely subjective.
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The rest of this paper is structured as follows: a literature overview regarding productivity factors (Section 2); a
suggestion of personal productivity factors in agile software development projects (Section 3); and the presentation of
conclusions and the outlines of future work (Section 4).

2. Related work
2.1. Productivity in general

Productivity generally indicates success in carrying out some work in relation to the resources used. [9])Jergensen
[10] emphasizes importance of 'productivity of the individuals or teams completing the work'. Jones [&4] idgntified over
200 factors affecting the productivity of developers and software quality, and lists the primary fagtors*that have the
greatest impact:

o the skill and experience of staff,

the cooperation of users during requirements and design,
schedule or resource constraints,

methods employed on the project,

tools available,

e appropriate choice of programming language(s),
e problem complexity,

e code complexity,

e data complexity,

e project organization structures, and

¢ physical environment.

2.2. Team productivity factors

There is more research in the literature on factors affecting t€am productivity than on individual productivity. Factors
related to developer productivity are rarely highlighted or the‘developgr is seen as part of a team.

The study [12] describes research made in middle (> 30 develggers) and large companies put also ‘agile teamwork
productivity’ into the focus. It also claims that, from the perspective of agile team members, the four most perceived
factors impacting on their productivity are:

e team effectiveness,

e team management,

e motivation, and

e customer satisfaction.

A study [13] identified 101 human factars and 79 influences influencing the individuals, the development team, and
the software project activities. The authors cofgluded that the most investigated human factors in software development
teams are:

e communication,
o collaboration,

e knowledge, and
e motivation.

A systematic mapping study [14] included 616 studies and identified 63 productivity factors that contribute to the
measurement of team progestiviizin ASD. A systematic literature review [15] included 53 primary studies with the aim
to identify and classify the fictors influencing teamwork productivity in ASD. As a result, review identified 77 influential
factors and classifigd them o six groups that affect teamwork productivity in ASD:

e technical,

non-technical,
organizatiopaly
environmental,

project fnahagemént, and
usef requirements.

2.3. Rersemal productivity factors

Some developers in a team can be multiple times more productive than the others with similar background and
experience. The productivity of developer can enhance the productivity of the whole software development team.
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Interesting correlation between needed soft skills (s. Table 1), big-five human traits, and developer’s tasks throught
the whole software life cycle (SLC). These matrices can be good template for managing developers in the teams because
they commonly work in a team. [16]

Big-Five Personality Traits Phases of SLC Skill Description
1. Openness 1. Requirement Analysis 1. Communication Skill
2. Conscientiousness 2. System Design 2. Interpersonal Skills
3. Extraversion 3. Implementation 3. Analytical & Problem-Solving Skills
4. Agreeableness 4. Testing 4. Open and Adaptable to Chandes Skills
5. Neuroticism 5. Deployment 5. Organizational Skills

6. Maintenance 6. Team Player Skills

7. Ability to Work Indepefidently Skills

Table 1. Personality traits, phases of SLC, and developer soft skills [16]

In the study made across three large USA companies researchers surveyed 622 developersabout personal productivity
factors and about self-rated productivity. They identified 48 factors, and the three most statistically significant among
them in all three companies are [17]:

e job enthusiasm,
e peer support for new ideas, and
useful feedback about job performance.

3. Productivity in small agile software development projects

Individual developer productivity is especially important in smaller teams and micro/small software companies
because it has a greater impact on the project than in larger teams and laiffessoOmpanies. An important node in the models
for task effort estimation in ASD is ‘Developer skills.” [18], [19] This node represents productivity of each team member
involved in the project and whose productivity the project manages must evaluate when planning and managing the
project. Even when such models are reliable, this node can Ue,a source of instability, i.e. unreliability because it is a
'human’ factor in the model.

Parameters used for calculation of an individual team member personal capability (s. Table 2) can be candidate for
factors influencing above mentioned node. [9] They are, ¥ fact,*personal productivity factors. These factors are focused
either on the experience or the personality of a developér, THey can be used both as personal productivity factors and as
team productivity factors.

Factor Factor description
F1 — Work experience Number of years of experience_ in similar jobs. _ . _
F2 — Knowledge of technology (;_eei/\;eiggggnowledge and handling of technology in which the software will be
F3 — The level of learning and Adeption of new working procedures as part of the work being performed. It
work habits is reflgcted in self-acceptance and performance of the procedures.

EXtent to which tasks are performed in accordance with the general or

F4 — Ability to work autonomously. | specific guidelines and instructions of his superiors and the scope of control
superiors required in performing a particular job.

Level of complexity of the tasks performed in the workplace and the

F5 — Work complexity complexity of the procedures that apply in their resolution, the required level
of personal contribution of employees and the scope of the workplace

Extent to which the employee identifies with the project in which it

F6 — Attitude towards \Work participates, how relaxed or seriously certain situations, and how it relates to
the daily work in terms of their engagement.

Degree of person's presence in the work that is done. Manifested by jumping

F7 — Concentratich from one job (or other content) to another or the commitment to carrying out
the task.

F8 — Skill of pesforming of work For each task defines the kind of work it belongs, and each person has

types evaluated the performance of skill for any type of work.

Knowledge of the project plan and involves participation in the planning of
the project from the very beginning.
Knowledge of the entire system, not just the knowledge of the individual

F9 — Knowiedge ef the project

F10 + Knewiedge of the product

segments.
F1I% Responsibility and influence | Extent to which the tasks performed in the workplace have an impact on the
on decision making implementation of the project objectives.

It reflects the type and frequency of contacts that are achieved when

F1§ = Communication performing tasks, and their importance to the project.
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Factor Factor description

Agility reflects the degree of dexterity and diligence in the performance of
individual tasks.

It manifests itself as a number of bugs produced during development but also
in the time spent on the removal of bugs produced.

F15 — Knowledge of the area Extent to which person needs consulting about business area.

Degree of effort required to test components developed by person, ixofder to
reduce the number of bugs produced.

F17 — Experience in similar tasks A measure that shows how person is experienced in performinggiiilar tasks.
Extent to which person needs daily mentoring by the project mahagelr and / or
head of software product development.

F13 — Agility

F14 — Producing bugs

F16 — Testing during development

F18 — Need for supervision

Table 2. Personal productivity factors, adapted from [9]

A general difficulty in working with productivity factors is the difficulty in measuripgstherni™=fhese factors do not
contribute equally to productivity. A three-levels scale proved to be sufficient for thequafitifying the capabilities of
developers [9]:

o f=10- very important factor with the greatest impact on productivity,
o f=8-medium important factor that has a pretty big impact, but not decisive,
o f=5—factor that is not crucial but it would be good to have it.

Three-levels scale of weight factors and their numerical values (in this case:8, &, 19) are based on the author’s practical
experience in 13 years capability and productivity monitoring in small agile teams. [9], [20], [21] The number of levels
and values of weighting factors should be adjusted by the company to its'spegifie-needs and environment.

4. Conclusion

An important step in the management of agile software devel@pimentprojects is the estimation of project efforts, costs,
and quality. An important component of the estimation is the4quroductivity of the team and project team members. When
the factors affecting productivity are recognized, management camtry/to quantify them and then effectively manage them
and the entire project.

This paper gives an overview of literature of productitity factors. These works describe more team productivity factors
then personal productivity factors. In this paper 18 fagtor&influencing personal productivity in small agile software
development projects are described and suggested fdruse Ifsuch projects. A three-level weight scale based on experience
for these 18 factors is also described and suggested.

In their future work, the authors will engageyin ‘deeper research into the connection between factors of personal
productivity and estimation models in agile software development projects.
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