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Abstract. The necessity of finding the connection between the planning, decision making, actions and results create
project management interest to an evaluation of the project team performance. By analyzing the team performance,
determining successful projects and assessing results, members of such project will have the necessary information to
avoid failures, to monitor the progress, to compare similar projects and move to defined goals.

The objective of this paper is to provide guidelines for evaluation of the project team performance in the software
development project. This paper summarizes measures for evaluation of the team performance, an evaluation objectives
and it benefits as well as factors that may have an influence on the team performance. Demonstration example of the
guideline usage has been provided.

Keywords. Software development project management, human resource management, project team performance,
sociometric method.

[. INTRODUCTION Overview of the guideline is described in Section 3
Almost every of us is oriented to archive some Evaluation example of the team performance using
goals (in work or life) or successful outcomes andthe guideline is demonstrated in Section 4.
want to keep track progress of achievements andConclusion and future work is presented at theand
results. Similarly, also software development (SD)the paper.
organizations, project managers, and team members
would like to evaluate a performance of projectd an II.LITERATURE OVERVIEW
project teams [1]. Finding of connections between In this section, we discuss the results of the
planning, decision-making, actions and resultsteea literature review about the team performance and it
interest of organizations and project management tonfluencing factors (Section I1.A.), and evaluatioh
an evaluation of the project team performance [2]. the team performance, its objectives and metrics
The SD project mainly includes cross-functional (Section 11.B) with a focus on the SD projects.
team-intensive work that creates new software A.Team performance
products [3]. The most part activities in thesejgets For the team performance measurement uses
have been based on people so the team developmemthjective and subjective measures [1]. Objective
evaluation, and management activities are impartant measures include team productivity (e.g. function
An objective of this paper is to provide a points, time variance, cost variance, complexity
guideline for evaluation of the project team metrics etc.) [1], [9]. Subjective measures of tiem
performance in the SD projects. The guideline hasperformance include a perceptual rating of the team
been created based on a literature review about thperformance by team members and stakeholders (e.g.
team performance, the project success and ateam effectiveness, system viability, professional
evaluation measures (qualitative, technical anéhjoc growth, user satisfaction, teamwork satisfaction,
and demonstrated with an example. The mainoutput quality etc.)[1], [9].
contribution of this research is the evaluationthaf The team performance and its success are related
qualitative team performance together with technica to the project success. So, before analysing e te
and social influencing factors. The sociometric performance, we review the definition of the projec
methods are used for evaluation some of the sociasuccess. The project success can be defined in
factors. Existing researches focuses on measuremedifferent levels [10]:

of time, cost, and quality [1], [3], [4], [5] and e It delivers all or most of what it said it would,

discusses social factor impact to the team regardless of schedule or budget performance;

performance [6], [7], [8]. e |t delivers what it said it would, on schedule
The rest of the paper is structured as follows: and/or within the agreed budget;

Section 2 presents literature overview of the team
performance and evaluation of the team performance.
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e It delivers what it said it would, on schedule, are alignment and prioritization, evaluation and
within the agreed budget, and to the expectedncentives, operational control, and learning and
quality standards; improvement [3], [13]. And one of the main benefits

It delivers on all agreed project objectives, be of the performance measurement and evaluation is
they scope, schedule, budget, quality orlearning [14]. In its simplest terms, the performan
outcomes based; evaluation is a process of assessing the resuliseof
The product produced by the project createsproject team to determine how effective the
significant net value for the organization after operations are, and make changes to address
the project is completed. performance gaps (adapted from the definition used

The project success and the team performance caifi [4]). Evaluation of the team performance not

be reviewed from two perspectives:

project radically different from other organizational megesu

management success (process view) and produdystems, e.g. Plan-Do-Check-Act [15] etc.

success (product view) [11]. The process success

evaluates time, cost, quality of technical |nﬂuexﬁ]lg ]!actors
specifications,  stakeholder  satisfaction, and FACTORS REF.
development and quality management process [11]. Technical factors
The product success is evaluated based on lessondeam size _ [4], [16]
learned, used innovative technologies, achieveq Eeqd“”‘:m?”t and it priority changes 4[4] =
prganizational objectives, possibilities to usesdpict ngc?f?c z;zgrogramming language [ [];1][’ [1]6]
in the future [11]. Reuse of software artifacts [4]

The team performance is part of the project| Development method [16]
performance and also noticeable impacts the projegtSocial factors _
performance as the project team is the main tCéc;nn”;mun|cat|on and coordination processes n%”g} {g%
|mple_mef\nter of project [2]. Two terms are used for—rocison goal [é]‘ [%], (81,
description of project performance - effectivenasd [17]
efficiency [3]. Effectiveness refers to the exteat Team cohesion, internal relationships, and teaid], [5], [6],
which customer requirements are being met, whilg _climate _ (7], (8] [9]
efficiency is a measure of how economically a fgm’ | Organizational and mutual leaming [1756]' 71, 18},
resources are being used, providing a given letel o yanagement support 7]
customer satisfaction [3], [12]. Efficiency is edsy Rewards 7]

measure as it also focuses on time and costs [3].
There is a wide variety of researches relatededsth

Evaluation of the project team performance can be

project performance, e.g., earned value method [2]performed in three levels (based on principlesnaefi
performance evaluation practices used in SD prejectin [17]):

[3], measures of the SD project performance [4] etc
The team performance also is defined as the degree
which team completes the project efficiently and
effectively [6], [7].

So, the SD project team performance can be
interpreted as a set of criteria that charactegselts
of activities performed by all project team members
during an SD lifecycle. The team performance more
focuses on the one project team (in a case of the
multi-team project), its performance from project
phase to phase and from one project to other.

Level 1: Measurement and evaluation of

specific numerical measure;

Level 2: Measurement and evaluation process
as defined algorithm that includes both

numerical and qualitative measures;

Level 3: Comprehensive strategic planning

process of setting the appropriate team
performance targets and evaluating their
achievement in order to validate or revise the
organization’s/project goals.

Organizations can perform the evaluation of the

During evaluation of the team performance, it is project team performance with different purposes.
also important to analyze factors that may have anggme examples:

influence on the performance. These factors are
technical and social (including psychological and
organizational). Summary of influencing factors and
related researches is given in Table I.
B.Evaluation of team performance
Measurement of the project team performance can
be defined as the process of quantifying actiorerah

measurement means the process of quantification and

the performance of the operation is assumed toeleri
from the actions by its management and the project
team interaction (adapted from the definition used
[3]). Main functions of the performance measurement

119

e Increase productivity [17];

Evaluation of organizational capability to
archive defined business or project goals [3],
[41;

Benchmarking [3], [4];

Increase motivation and client satisfaction [3],
[17]

Identify resource underload/overload [3], [9];
Evaluate performance of individual team
member [9];

Performance prediction [4];
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Qualitative performance measures evaluate results

of the team performance and other factors in the Sbf activities performed by all project team members
projects are summarized in Table Il.

Table Il
Measures

MEASURE |

DESCRIPTION

Qualitative performance measurgg

Project effort

Total project team time
(Team_Member_Hours;) that is spent or]
project-related activities during the life cyc|
of the project

n

0]

= Z Team_Member_Hours;

i=1

Productivity

[

Expressed as size per hours. Projént
defined in logical lines of code, functio
points, story points etc.
_ Size

" ProjectEffort

=]

Project
duration

Measure of the length of a project in work
days @um_days), excluding times when the
project is not active due to work stoppage
(stoppage_days)

= num_days — stoppage_days

Schedule
predictability

Measure of how much the original project
duration estimate EstimProjDuration )
differs from the actual project duratign
(ProjDuration) that was achieved
ProjDuration — EstProjDuration

EstProjDuration
* 100

Requirements

completion functional requirements PRlannedReqs )
ratio were satisfied SatisfiedReqs) in the final
product implementation
SatisfiedReqs 100%
= %
PlannedReqs 0

Measures the extent to which planned

Post-release
defect density

Number of unique defects per unit size
discovered during the first six months after
initial deployment of the software

_ Defects
___Size
Team velocity| How many story points team have dope
[18] during an iteration. Used in Agile SD
projects.

Social indexe$§19], [20]

relation index

Sociometric Calculated depending on the number |of
status of team| positive choices (B, negative choices (B
member and count of respondents (N).

_ Bt B~

“N-1 N-1
Team mutual | Calculated depending on the number |of

mutually positive choices (R) and count [of
respondents (N).
R

" N-1

Team Calculated in accordance with the number| of
cohesion mutual positive choice pairs (P) and count|of
degree respondents (N).
P
—(N-1)/2)

Team Calculated in accordance with the number| of
integration respondents who do not receive any chqgice
index

(S).
1

S

Subjective measures

Client, team
member and
teamwork
satisfaction

Different surveys. E.g. team motivatiq
based on based on a Maslow hierarchy| of
needs [21], customer satisfaction surveys,
retrospectives [18] etc.

=]

Social measures help to understand social factors i
the project team that is expressed as differentakoc
indexes [19], [20]. Social measures are measured
with surveys that fix employees given advantages to
one of the other team member in given situations
(formal and/or informal) [22]. The social indexa® a
used together with sociomatrices and sociograms
[20]. The client, team member, and teamwork
satisfaction is analyzed with different surveys.

For team performance prediction, Stochastic
Automation Network model has been used as
modeling method for evaluation of different sceoari
[23].

Ill. GUIDELINE FOREVALUATION OF
TEAM PERFORMANCE

The gquideline for evaluation of the team
performance has been designed based on the best
practices identified during literature review. The
guideline needs to include following requirements:

R1. Evaluation needs to be done in the
comprehensive strategic planning level (Level B).
accordance with the best practices from the
enterprise-wide formal performance measurement
systems, evaluation of the team performance need to
take following steps (adapted from an idea used in
[4]):

1. Set clear and achievable evaluation objective
of the team performance;

2. Define measures and measurement indicators
to characterize performance relative to the
objectives;

3. Establish measurement targets that reflect the
desired condition or expectation for each
performance measure;

4. Collect the measurement data;

5. Evaluate data and use results to adjust team
related processes that will improve the
probability of reaching the targets.

R2. The guideline needs to promote learning
activities as it is one of the main benefits of the
performance evaluation process.

R3. The qualitative performance measures of
team activity results need to be measured.

R4. The subjective performance measures of the
team can be collected if needed based on the
evaluation objectives.

R5. The technical and social factors need to be
measured and evaluated together with the
qualitative/subjective performance measures.

The proposed guideline process for evaluation of
the team performance is given in Figure 1. The
proposed guideline focuses on the overall evaloatio
process, data collection, and its evaluation besdt
propose how to use results for the team problems
solving or performance improvement because data
interpretation based on the context situation afrte
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project and organization, and evaluation objectives  Additional aspects of the evaluation process:

All metrics/factors can be evaluated in different e Not all qualitative metrics can be collected at

combinations. any time, e.g., the schedule predictability and

the requirements completion ratio are available
at the end of project or project phase and the
post-release defect density is available after
the release of the SD product. Social indexes
are easy to measure and evaluate during the

l project. So, based on the evaluation objectives

possible different metric collection frequency.

e Between metric collection or evaluation
iterations (e.g. after corrective actions)
possible that team members or project/SD
product have been changed. So basically, need
carefully evaluate possibilities to compare
results between iterations.

{ Define evaluation objectives ]

Choose measures/indicators and collect data

[ Qualitative measures} l—

Subijective measures]

Social indexes,

[TeCh”‘C"’" impact fac“’% IV. EXAMPLE OF PERFORMANCE
E sociomatrice, sociogra

EVALUATION
% For demonstration purposes of the proposed
guideline private IT company team has been chosen
l and already finished team project has been used for
qualitative measurement and technical factor aigalys

The objectives and expected results of evaluation
of the team performance:

e Understand team technical performance in the
previous project. Also, two measurement
target has been defined: 1) the schedule
predictability is less than 10%; 2) the post-
release defect density is less than 20 defects
per 100 LLOC;

e Identify less integrated team member and
possible reasons as this team continue work on
other projects.

Values of measures and indicators have been
summarized in Table Ill. This example doesn’t
include subjective measures of the team performance

Evaluation summary about example team:

{ Analyze and evaluate data }

[ Store lessons Iearnecﬂ [ Make corrective action%

Fig.1. Process for evaluation of team performance

Some very general examples of the evaluation

results analyze and usage: e The team technical performance is positive —
e Social environment in the project and project duration and effort is close to
individual  productivity/post-release  defect estimated, all requirements are completed,
density/team velocity — communication values of productivity and defect density are
processes and atmosphere, and individual satisfactory.

integrity  can individual/team
performance.

Team size and communication network in the
team — if the team is large then possible exists
subgroups in the team that can be identified by
analyzing sociogram.

Product size and schedule predictability can be
analyzed together as is possible correlations.
Defect density, programming language, and
individual productivity can be analyzed
together as is possible programming language
specifics.

The schedule predictability can be impacted
by estimated and actual reuse of artifact.

impact

121

Programming language impact to individual
productivity / defect density has been seen in
the results. Ruby is more productive language
that shows also results with better productivity
for Team member 3 and less defect after the
release (after 2 months).

Team cohesion degree is below 0.5 both
formal and informal relation that means
communication environment is not healthy.
The best sociometric status is for Team
member 6 (performs project manage role) but
the worst for Team member 2 (programmer).
By analyzing sociogram of formal relations
can be concluded that Team members 1, 2, 3,
6 and 7 are good relation, no relation between
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3 and 4 and mutually negative relations similar as suggesting the best practices from the
between 1 and 3, and 2 and 4. enterprise-wide formal performance measurement
A little different situation is in informal systems. Evaluation of the team performance ingude
relations. There are two subgroups — 4, 5, 6measuring of subjective and objective measures.
and 1, 2, 6, 7 that have been connectedObjectives measures are easy to evaluated as it is

through Team member 6. Team member 1 isrelated to time, cost and quality and has beenlwide

mutually negative relations with 3, 4, 5 that evaluated during existing

means N0 commo

n interest.

researches about the

performance evaluation of team and project.

The main recommendation for this team is to try Subjective measures are no so easy to evaluate and
to increase the team cohesion and more integratéhe most used approaches are surveys or interviews.
Team member 2. Possible corrective actions — team For correct analyze and evaluation of the collected
buildings, pair programming, and knowledge shareperformance metric also context situation or the

events. performance influencing factors are important for
understanding of the team success criteria and
Table Il compare with other teams. These factors can be
Results of evalution of Example team performance divided in technical and social. The impact of abci
Tech'r\:liEaAlS éif:rzACTORS VALUE factors has been widely discussed in differenttings
Team size 7 researches.
Requirement and it priority | 15% of total project effort The proposed guideline for evaluation of the SD
changes estimation project team performance includes the collection of

Product size

DB — 796 LLOC; Oracle Forn
—1511 LLOC; Ruby — 1125
LLOC

Programming language

Oracle Forms, PL/SQL, Rub

Reuse of software artifacts

6.1 %

Development method

More waterfall

Social factors

Formal relation sociogram

Formal sociometrical status of
team member

1.-0.67,2.--0.17; 3. - 0.33;
4.--0.33;5.-0.5;6.-0.5; 7.
0.33;

Formal team cohesion degree

0.33

Formal team integration index

Informal relation sociogram

Informal sociometrical status g
team member

f1.—0.00;2.--0.17; 3. - 0.17;
4.-0.00;5.-0.00; 6. -0.67,
—0.50;

Informal team cohesion degre

¢ 0.38

Informal team integration inde:

0

Qualitative performance measures

Project effort

718h (Estimated 700h)

7]

measures (qualitative and subjective) and influggci
factors (technical and some of social). The
sociometric method has been proposed for social
factors evaluation that can help to understand
communication and coordination processes in the
team, the team cohesion, internal relationships and
the team climate.

Demonstration example of the guideline has been
given in the paper with a target to show how to use
the guideline. But as previous already has been
mentioned, data collection and analyze depends on
context situation of team, project and organization
and evaluation objectives.

Possible directions of the future research on this
topic are the analysis of including more subjective
measures (currently qualitative measures are
evaluated); the analysis of other social factors
(currently only the sociometric method is used)l an
the guideline evaluation with other industry case
studies.

REFERENCES
G. P. Sudhakar, “Understanding Software Development
Team Performance,” irScientific Annals of the’Alexandru
loan Cuza'University of lasi: Economic Sciences i&er
2010, pp. 505-513.
PMI, A Guide to the Project Management Body of Knogéed
( PMBOK® Guide )—Fifth EditionPMI, 2014.

(1]

(2]

> [3] S. Cedergren and S. Larsson, “Evaluating perfor@amc¢he

Productivity 4.78 o development of software-intensive productstif. Softw.
Separate productivity is Technol, vol. 56, no. 5, pp. 516-526, May 2014.
evaluated for programmers: [4] M. Kasunic, A Data Specification for Software Project
1.(PL/SQL) - 6.03; 2 (Forms). Performance Measures: Results of a Collaboration on
—8.48; 3 (Ruby) — 10.41 Performance MeasuremenSoftware Engineering Institute,

Project duration 32 days (Estimated 30 days) 2008.

Schedule predictability 6.67 [6] N. C. Jones and A. W. Harrison, “IS Project Team

Requirements completion ratig

100%

Post-release defect density

After two months: PIL/SQ

0.04; Forms —0.01; Ruby - 0

V. CONCLUSIONS

Evaluation of the team performance needs to bem
systematic and comprehensive strategic planned

Performance: An Empirical Assessmenitif. Manag, vol.
31, pp. 57-65, 1996.

E. Weimar, A. Nugroho, J. Visser, A. Plaat, M. Gbeek,
and A. P. SchouterThe Influence of Teamwork Quality on
Software Team Performanc2014.

W.-H. Liu and J. A. Cross, “A comprehensive modél o
project team technical performancérit. J. Proj. Manag
vol. 34, no. 7, pp. 1150-1166, Oct. 2016.

ISSN 1691-5402
© Rezekne Academy of Technologies, Rezekne 2017
http://dx.doi.org/ 10.17770/etr2017vol2.2543

(6]



(8]

(9
(10]

(11]

(12]

(23]

(14]

(18]

Inga Podjavo, et al./ Environment. Technology. Reses, (2017), Volume I, 118-123

T. Dingsgyr and Y. Lindsjgrn, “Team PerformanceAwile
Development Teams: Findings from 18 Focus Groups,”
LNBIP, vol. 149, pp. 46-60, 2013.

G. P. SudhakarSoftware development teamgerformance,
productivity and innovatianPHI Learning Pvt. Ltd, 2015.

R. Goatham, “What is Project Success? — Why Doektsj
Fail?” [Online]. Available:
http://calleam.com/WTPF/?p=3501. [Accessed: 12-Mar-

2017].

R. de Oliveira Moraes and F. J. Barbin Laurindo,
“Performance Evaluation of IT Projects - The Shendwad
Dvir Model,” J. Technol. Manag. Inngvvol. 8, pp. 3-4,
2013.

A. Neely, M. Gregory, and K. Platts, “Performance
measurement system desigrrit. J. Oper. Prod. Manag
vol. 15, no. 4, pp. 80-116, Apr. 1995.

C. Loch and U. A. Staffan Tapper, “Implementingrategy-
driven performance measurement system for an applie
research group,J. Prod. Innov. Manag vol. 19, no. 3, pp.
185-198, May 2002.

A. Neely and M. Al Najjar, “Management Learning Not
Management Control: The True Role of Performance
Measurement?,Calif. Manage. Reyvol. 48, no. 3, pp. 101-
114, Apr. 2006.

W. E. Deming, “THE PLAN, DO, STUDY, ACT (PDSA)
CYCLE.” [Online]. Available:

123

[16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

https://www.deming.org/theman/theories/pdsacycle.
[Accessed: 01-Mar-2017].

Z. Jiang and P. Naudé, “An Examination of the Racto
Influencing Software Development Effortjht. J. Comput.
Information, Syst. Sci. Engvol. 1, no. 3, pp. 182-191, 2001.
M. V Tatikonda, “Product Development Performance
Measurement,” in The Handbook of New Product
DevelopmentElsevier , 2007, pp. 1-22.

K. Schwaber, Agile Project Management with Scrum
Microsoft Press, 2004.

W. A. Scott and R. D. Cohen, “Sociometric indicégymup
structure,”Aust. J. Psychal vol. 30, no. 1, pp. 41-57, Apr.
1978.

M. 1O. Opnosa, “CtpykTypHBIil aHanmu3 Maibelx rpymm,” 1998.
[Online]. Available:
http://www.msun.ru/dir/ins_mgi/Metod/psi%5C01.doc.

A. H. Maslow, “A theory of human motivation.Psychol.
Rev, vol. 50, no. 4, pp. 370-396, 1943.

N. L. Kerr and Tindale R.Scott, “Methods of smatbgp
research,”in Handbook of Research Methods in Social and
Personality Psychology014, pp. 188-219.

P. Fernandes, A. Sales, A. R. Santos, and T. Webber
“Performance Evaluation of Software Developmentrigaa
Practical Case StudyElectron. Notes Theor. Comput. Sci
vol. 275, pp. 73-92, Sep. 2011.



