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Abstract — Software development can be considered a socio-
technical system, and the choice of practices can be viewed as the
design of that system. The choice of agile practices focused on
human factors can change the environment where software is
developed and influence the performance of the members of the
team. To evaluate the impact of the choice of five practices a
questionnaire was applied to 125 developers in Brazil. These
practices were related to guidelines of the Ecological Interface
Design, a framework used in the design of systems with reduction of
human error. The use of the guidelines was related to the increase in
the perception of all the guidelines with p < 0.01. This result goes
against the opinion of many experts and shows that agile practices
like “daily meeting” and “quick design sessions” can be used to
increase the reliability of the software developed by the team, even
without the adoption of a complete agile methodology.

Keywords — agile practices, Ecological Interface Design,
human factors, reliability, software engineering, socio-technical
system.

OFTWARE Engineering has relied on anecdotal evidence
and the opinion of experts in the study of software
development practices [1] [2].

In 2001, the flag carrying the agile values was stuck by its
founders [3] and three quarters of its values lay on better
interpersonal communication and people relationship [4] that
can reduce human communication problems that lead to
knowledge-based errors due to insufficient or incorrect
information [5].

Agile practices are not considered useful in development of
high reliability software [6], but are still largely adopted by
the industry [7]. An agile team can be considered a socio-
technical system [8] and the practices can be viewed as the
interfaces of this system.

The SEMAT initiative was initiated in 2009 with the main
goal of changing the way people work with software
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development methods. One of the first results of this initiative
was the KERNEL a tool that can be used in the research of
software methods [9].

Human behavior is influenced by the environment [10].
Software developer errors can be correlated to changes in the
environment [11]. These errors are the root cause of most of
software failures [12].

There are two approaches to dealing with human error.
One personal approach — more common, that focuses on the
person who committed the mistake, and one systemic
approach that see errors as consequences of human fallibility
[13].

One implementation of this systemic approach is the
Ecological Interface Design (EID) created by Rasmussen and
Vicente [14].

The guidelines of Ecological Interface Design were used to
evaluate if agile practices are a framework for the creation of
an environment where software can be developed with low
probability of human error and trying to show that agile
development brings reliability unlike what is defended by
others. A questionnaire was designed to identify if developers
perceived the guidelines on their workplace.

The ESSENCE-kernel domains of the SEMAT initiative
were used in order to map and evaluate which practices have
influence on the human factors of software development.

Il. AGILE PRACTICES AND RELIABILITY CONCERNS

Increase the reliability of software systems without
increased cost is one of the concerns of software engineering
[15]. Since the major difference between software and other
engineering artifacts is that software is pure design, the
threats to software dependability can be traced to software
faults and human-error on the development phase of the
software lifecycle are responsible for 60% of the faults [12],
[16].

Several aspects of the work environment such as frequency
of interruptions, office space and feedback have influence on
software development performance and number of errors in
the developed software [17].
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This fact is not considered in the most common processes
to addressing the faults in software [18].

Agile practices are based on creating an environment
where the development team can be productive and create
high quality software [3]. These practices are being largely
adopted by the industry [7] but are still heavily criticized in
relation to the development of reliable software [6].

Although the experts agree that agile practices are not
suitable for safety critical systems there is a lack of studies on
software practices [2] and reliance on anecdotal evidence [1].
Therefore, there is a need to establish means to measure the
influence of agile practices in software reliability.

To measure the impact of software practices on the
reliability of software directly, there would be a need to create
identical software with two different sets of practices, which
is highly expensive.

Therefore, the impact of the practices have to be measured
indirectly, and we need a set of measurable parameters that
are related to high reliability systems.

A questionnaire was designed to evaluate the perception of
guidelines related to software reliability.

To build this questionnaire we choose the major agile
approaches based on a large study made by Version One and
described all the practices of this methods. This also enable us
to map each separated practice in its respective SEMAT
domain and EID guidelines.

RESEARCH METHOD

A. Population

In June 2014, 136 software developers were contacted, and
125 took part of the study. No exclusion criteria was applied
on the subjects.

The subjects had different works experience and worked on
companies of distinct sizes as can be seen in Figure 1 and 2.
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Figure 1 — Experience of subjects on software development.
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Figure 2 — size of the companies where the subjects work

On the use of agile methods of Software Development,
43.2% of the subjects did not use any method in his daily
routine.

B. Parameters for the development of systems with increased
reliability

Software development can be viewed as a sociotechnical
system [19]. This system will have a number of different
interfaces, including the ones involving the developer.

The design of the interfaces influences in the reliability
of the system, through the reduction of human errors [14].

The EID (Ecological Interface Design) is an interface
design based on ten guidelines. The application of these
guidelines in the design of complex system’s interfaces have
shown positive effects on reliability [20] [21].

The guidelines are:

1. Make the limits of acceptable performance visible
to the operators, while the effects are still
observable and reversible;

. Provide the actors with feedback on the effects of
actions;

The interface should be designed so that there is a
consistent and unique mapping from the signs that
defines cues for action and the symbols that
describe how the process functions;

Supply the actors with tools to make experiments
and test hypothesis without having to do this on a
high risk situation;

. Make available overview displays by which “free-
running” routines can be monitored by fringe
CONSCIiousSNess;

. Make the cues for action integrated patterns based
on defining attributes and serving, at the same
time, as symbolic representation necessary for
functional monitoring of performance;
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7. Support memory with externalization of the
effective mental models;

8. Use the available data to develop consistent
information transformation concepts for data
integration. This will enable the interface to
present information at the level which is most
appropriate for decision-making;

9. Present information embedded in a structure that
can serve as an externalized mental model,
effective for the kind of reasoning required by the
task;

10.Support of memory of items, acts, and data that are
not part of an integrated gestalt can be useful.

These guidelines are not for a specific system and can be
applied to any interface design. The choices of practices made
by the software team are a form of design of the interfaces of
the software development system that they are an integral
part.

Therefore, the perception of the guidelines from the
Ecological Interface Design can be used as parameters to
predict the reliability of the system. We will analyze the
impact of several different practices on those guidelines.

C. Practices selection

This work analyzed only practices increase reliability
through the environment, to determine what are the most
common practices that do not influence directly the reliability
of the developed software a classification of the practices were
classified in three different frameworks:

1. Using the works on Software Engineering Reliability
we determined which practices relate to Reliability
directly [22];

2. Using the Alphas of the ESSENCE kernel we
determined which practices relate to humans factors
of the software development [23];

3. And using the guidelines of the EID we determined
which practices relate to the creation of an
environment that produces software with better
reliability [14].

All the classifications used references from the literature
plus the knowledge of the author of each practice.

The practices selected to the classification were all of the
practices mentioned in the documentation of the Agile
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Alliance [24], together with the practices mentioned in the
State of Agile Development Survey [25].

Agile methods adoption
Scrum 54%
Scrum/XP Hybrid 11%
Custom Hybrid 9%
Scumban 7%
Kanban 4%
Don't know 4%
XP 2%
Feature-Driven... 2%
Lean 2%
Other 5%

Figure 3 — Agile adoption as seen on the State of Agile Survey.

D. Questionnaire design

We applied an online questionnaire to 136 software
developers to determine the relation of five agile practices
with the increased perception of the guidelines of the EID.

The questionnaire had the following structure:

e The first section had questions that would determine
the population of the study;

e The second section, evaluated the use of each of the
practices selected;

e The third question looked on the perception of the
guidelines;

e The fourth and fifth section, we asked for the opinions
of the developers about the relation of agile practices
and software reliability.

The questionnaire was developed using the tool from
Google Drive® and the data was analyzed using the software
SigmaPlot 13.0®.

The questionnaire used Likert scales (where one means low
and seven high) to access the use of each of the practices and
the perception of the guidelines.
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E. Statistical Analysis

For each practice, two groups were created, one with the
highest scores on the Likert scale for that practice, and a
second group with the lowest score on the same scale. Each
group had 31 subjects.

The results of the answers for the perception of the
guidelines from the EID that were related to each practice
were compared using the Mann-Whitney U test, using 0.01 as
the threshold for the null hypothesis.

On a secondary comparison, the sum of the answers from
practice use was used to create two groups using the same
rules, high usage group and low usage group. The answers
from these groups on perceptions of the guidelines were
compared using the same test.

IV. RESULTS

A. Practices selection

To select the practices that would collaborate with software
reliability indirectly through human factors, we using the
literature selected the practices that were:

1. Not directly related to Software Engineering
Reliability;

2. Related to the following alphas of the Essence: work,
way of working and team;

3. Directly related to one of the guidelines of the EID.

Five practices met that criteria: daily meetings,
retrospectives, task boards, quick design sessions and niko-

niko calendar. This practices are defined briefly on Table 1.

Table 1 — Definition of the practices analyzed

Practice Definition

Daily Meeting A daily meeting with of
around fifteen minutes to share
project updates [26]

Retrospectives Informal meetings made by
the team with the objective of
changing or adding practices to
the development process [27]

Taskboards Place where the team keeps
the situation of the project [28]
Quick Design Two or more developers meet
Sessions for a brief discussion to decide
on architectural questions [29]
Niko-niko Each member of the team
Calendar draws a smile representing his
humor for that day [30]
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This practices relate directly to several guidelines from the
Ecological Interface Design as can be seen on Table 2.

Table 2 — Relation of practice to guidelines from the
Ecological Interface Design

Practice Guidelines
Daily meeting 2
Retrospectives 2,9
Quick Design Sessions 3
Taskboards 3,56
Niko-niko Calendar 5

B. Usage of practices

The usage of each practice is shown in the Error!
Reference source not found., and the developers that
answered with scores under the lower quartile were compared
to those who answered higher than the upper quartile in order
to compare the effect of each practice on the guidelines.

Table 3 — Scores for each practice in the Likert scale of the
guestionnaire

Practice Lower Median Upper
quartile guartile
Daily meeting 0 3 6.5
Retrospectives 0 2 5
Quick Design 0 3 5
Sessions
Taskboards 1 5 7
Niko-niko 0 0 0
Calendar

The Error! Reference source not found. shows the result
for the comparison of medians using the Mann-Whitney U
test for the pair practice/guideline presented in the first
column. The p-value is representing the confidence in which
we assert that the medians are different.

Table 4 — Median from the high usage group and low usage
group of each practice for the perception of each guideline

Practice / Guideline Median Median p
number (High (Low
usage usage
group) group)

Daily meeting / 2 6 3 <0.01
Retrospectives / 2 6 3 <0.01
Retrospectives / 9 5 2 <0.01

Quick Design Sessions / 3 6 3 <0.01
Taskboards / 3 6 3 <0.01
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Taskboards / 5 10 2 <0.01
Taskboards / 6 6 3 <0.01
Niko-niko Calendar /5 9 3 <0.01

In a secondary analysis the Likert scale score for each of
the practices was added, this allowed for the evaluation of the
impact of the set of practices instead of each practice
independently. The result was a lower quartile of 5.5, a
median of 14 and an upper quartile of 21.

Two groups of 31 developers were compared, the group
with scores above the upper quartile and the ones with scores
lower than the lower quartile.

The Mann-Whitney U test was applied to verify differences
on the groups for every practice analyzed. The results are
shown in Error! Reference source not found..

Table 5 — Median from high usage group and low usage
group of all practices for the perception of each guideline

Guideline Median Median (Low p
number (High usage group)

usage
group)

2 6 3 <0.01

3 6 3 <0.01

5 10 6 <0.01

6 6 3 <0.01

9 5 3 <0.01

V. DISCUSSION

The studied practices show to play a role in increasing
environment factors related to them. In all analysis, the group
with higher use of agile practices showed a better result in the
perception of guidelines from the EID.

This positive result goes against the opinion of specialists
that state that agile practices are not capable of developing
software systems with high dependability and reduce software
quality [6].

Some authors point out that the mechanisms used by agile
methods to control quality are not adequate to the
development of critic systems. These practices are not
considered on this present study, but the impact of agile
practices on the environment show that the adoption of these
practices have positive effects on software quality [1].

Considering the set of practices studied there was a positive
result for all the guidelines considered, showing that the use
of agile practices can: increase the feedback, clear the
perception of the state of the project and other characteristics.
Environmental factors are historically related with developer
performance. These agile practices solve an existent fault on
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traditional methods to increase reliability — the lack of human
factors consideration [17], [18].

This study shows that there is no loss of quality with the
use of agile practices, instead there is an increase of the
adherence of guidelines that reduce errors on systems, this
loss of quality is one of the major concerns in the adoption of
agile methods [25], [31].

VI. CONCLUSIONS

The individual practices in this study show a positive effect
on the perception of different guidelines from the Ecological
Interface Design. The Ecological Interface Design has shown
positive results in the reduction of human error in several
different systems [32].

This shows that agile practices can foster an environment
where the development of high reliability software, that goes
against the belief of many experts [6].

The study shows that the practices — even individually —
are effective in bringing benefits on each of the guidelines
considered in the study, and that the use of agile practices can
help increase the reliability of the developed software.

This shows that the adoption of agile practices can have a
positive effect on the software developed even if there is no
adoption of the agile methodology that fosters the practice.
There can be bundle of practices that can be applied to any
company independently of the methods chosen.

Furthermore, it shows that changes in workspace culture
have an impact on the quality of the software developed by
that team, strengthening the notion that software development
should be viewed as a sociotechnical endeavor.

VII. FUTURE WORK

Although it was shown to work on other environments, the
guidelines of the Ecological Interface Design to reduce
human errors were never applied in a software development
endeavor and further empirical studies are needed to evaluate
that hypothesis.

Studies with a different set of practices can help identifying
which have the most impact on creating high quality software
and reinforce the hypothesis that agile practices increase
software quality.
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