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ABSTRACT

There is a lack of surveys in large web developreeitérprises to determine: the level of adoptiomelb
engineering practices and capability maturity madedgration (CMMI) in these enterprises. Therefave
need a survey in large enterprises to improve thab development processes and overcome their
problems during the development process. We fatukis research on answering four questions: What
are the characteristics of developers working irgdaenterprises? What are the properties of web
development processes adopted by large enterpriés® are the symptoms that large enterprises face
during web development? And finally, what are levefl usage of CMMI and web engineering practices by
these enterprises. A survey has been conductdikimetsearch based on questionnaires in largepeises

in Jordan to answer the above questions. Accortlingurvey results, we noticed that: two of web
engineering practices such as tools and technolmgy, standards and procedures are partially adopted
whereas organizational issues, web metrics, antraloof development process are barely used byethes
enterprises. We also noticed that the majorityhefrespondents have not previously participate@\iMI
activities. Finally, recommendations are providedirhprove web development processes and overcome
identified problems in these enterprises.

Keywords: Large web applications, web engineering, web eraging practices, Capability Maturity
Model Integration (CMMI), software process improwsn(SPI), Quality Assurance (QA).

1. INTRODUCTION include a large number of interactive functions;
include hundreds to thousands pages of
Web engineering is concerned with the use cfocumentation; require long development time;
software engineering practices, managememequire large resources consumed during
principles, iterative process and development tooevelopment; use multiple programming languages;
to development, evaluation and maintenance @d developed by more than 50 developers.
high quality web applications [1][2][3][4]. Many of
web development methodologies focused on us
interface design but failed to address the over ut it can only be effective if it is used corrgcflo

development process [5]. At the same time, thﬁ‘nprove the software development process in any

traditional software process m_odels face C.ha”eng%%terprise, we should understand why organizations
to accommodate web specific aspects into thegdopt SPI. The Capabilty Maturity Model

techl_nlqtqes. Thu_s, the _devfeloprkr;egt cl)f Wel?ntegration (CMMI)-based SPI approaches are
appiications requires a mix of web developme idely studied in literature. Many papers discussed
techniques together with properties of tradition h

e organizational motivations for adopting these
software process models [6]. approaches [10]. Stables et. al. [11] explored why
Jeff and Richard [7], Douglas [8] and Meir andorganizations did not adopt CMMI by analyzing
Moshe [9] defined a large software project todata collected by an Australian company selling
include hundreds of thousands of lines of codefMMI improvement services. The most frequent

The Software Process Improvement (SPI) is
rolopted to improve software engineering practices
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reasons given by organizations were: th&here is no uniform approach to web applications
organization was small; the services were todevelopment. Therefore, the web developers need
costly; the organization had no time; and theew techniques that capture requirements and
organization was using another SPI approach. integrate them within a systems development

The survey is a popular research tool often userHethOdOIOgy [14]

in empirical software engineering studies. Survey Many researches worked to create high quality
may be administered by researcher, or distributadleb applications that deliver a set of complex
via internet [12]. Currently, there is a lack offunctionality. Bouchaib and Dany [15] summarized
surveys in large web development enterprises tand classified the literature and empirical studies
determine: characteristics of developers andeb engineering based on the six phases of the web
development processes; the level of adoption of SBhgineering process model which was suggested by
CMMI and web engineering best practices; anéressman [2]. As a result, 70% of web engineering
finally, the symptoms during web development irresearches are concerned with engineering part of
these enterprises. The results analysis of sueteb development such as architectural design,
surveys is important to improve web developmemavigation design, and interface design tasks of
process models and web engineering best practicesgineering activity. Many literature researches
used for developing large web applications in thedeighlighted problems affecting the development of
enterprises and overcome their problems. large web applications such as: problems in

This research focuses on answering to fourrequwemen_t analy5|s_; poor: project management;
project estimation [13][16]; flawed

g L oor
guestions: What are the characteristics of ) :
developers currently working in large enterprises evElodanent prgcesls, almd poorb understanf|7ng of
What are the properties of web developmenrtnet odology to develop large web systems [17].
processes adopted by large enterprises? What ar8urveys are an essential tool for software
the symptoms that large enterprises face during wemgineering research and should be promoted to
development? And finally, what are the levels ofjather information about what software engineers
adoption of web engineering best practices by thesk, and to evaluate practices, methods, tools and
large enterprises. Therefore, a survey has bestandards [12]. An example of surveys is the best
conducted in this research based on questionnaingsactice survey conducted by European Software
in large enterprises in Jordan to answer the abowestitute (ESI) [18] on small European firms. The
guestions. We noticed from survey results that, thESI survey instrument has five sections:
state of adoption of web engineering best practicegganizational issues; standards and processes;
is as follows: tools and technology adopted withmetrics; control of the development process; and
62.85% percentage, standards and procedurfasally, tools and technology. Another survey [19]
adopted with 37.07% percentage, organizationa€lated to web engineering practice in small
issues adopted with 31% percentage, web metridsrdanian firms had been conducted to understand
adopted with 24.62% percentage, and the control tie extent of web development practices currently
the development process adopted with 33.83%h use. But the above two surveys were conducted
percentage by these enterprises. We also noticedly in small web development firms.

that the majority of the respondents (81%) have not
previously participated in any SPI activities
(training, implementation and practicing).

Lang and Fitzgerald [20] addressed many

empirical studies of web-based systems design
(WBSD) that were published between 1998 and

2002. These studies focused on issues such as:
profile of development environment (team size,

Successfully developing a large web applicatiorg :,cgear:gtﬁggnﬁi?ﬁirfhggi{]%esgéarﬁ:gs’t'ﬁéerﬁoof
that will execute correctly in a distributed ethcr;ds tools  and tec?mi Les: ,re Lirements
environment where hundreds of requests need to Qe;. .." " . ques, q )
serviced is a difficult task. McDonald and Wellan e.f|n|t|on, method of high speed development; and
[13] suggested that, there is a need to focus sl%qlls and knowledge of developers. At the same
many factors to a{chieve the success of Wé}gme, they addressed few empirical studies related

Do ) 0 development processes (high-level overview of
applications  development such as: mor

. - : "fasks and phases). The authors conducted in the
requirements analysis; better testing and evalnatio e
of web deliverables; and more focus on the issueséime paper, a survey and_ reported their findings of
associated with the evolution of web applicationss. udy of WBSD practices n Ireland based on data

collected over 3-years period (2002-2005). The

s
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objectives of their survey are to identify the keyquestionnaire which was distributed to Jordanian
challenges, constraints, and factors faced by welweb development enterprises to obtain the main
based system designers. Their study did not focubaracteristics of these enterprises and to seldgt
on technologies used by developers (i.e. overalarge enterprises as a research population. The
web development process). Rather, they focusexntents of this questionnaire are determined
more on design processes. according to the definitions related to large pctge

Capability Maturity Model (CMM) and CMMI in I|terature_ [2][7][8][9]. At th_e same time, théze
: f enterprises in Jordan is determined by the
have been studied by many researchers [10] [11],. . C .
The SPI CMMI is a management process and not inistry of Communications and Information
g P o chnology according to many factors such as:
development process. It is used by organizations tQ

improve their development processes. Many papeggmber of employees, enterprise budget, project

have reported the costs and  benefits  t3%¢" time required for development process, and
_ep . . . Bumber of branches belongs to these enterprises.
organizations of using CMM for SPI, including

intangible benefits [10]. Staples and Niazi [10] According to results analysis of this questionnaire
investigated why organizations adopt CMM-basedve identified seven large web development
SPI approaches, and how these motivations relagmterprises as a research population and determined
to organizations’ size. They performed a systematiheir main characteristics such as: developing
review, examining reasons reported in more thamedium to large sizes web applications; involving
forty primary studies. As results, they suggeste80 and more developers; using more than three
that: reasons usually related to product quality anprogramming languages and tools in development;
project performance, and less commonly, taleveloping web applications to provide 50 functions
process. Organizations reported customer reasoos more to users; developing web applications with
infrequently and employee reasons very rarelynore than 100 web pages; developing projects with
They could not show theeasons related to size. more than hundreds of thousands lines of code; thei
They concluded their work as follows: Despite itproject development time ranged from 1 to 3 years;
origins in helping to address customer-relatednd finally, many of these companies have many
issues for the CMM-based SPI has mostly beeoranches in other countries.  The reason of
adopted to help organizations improve projectietermining the number of developers in large
performance and product quality issues. Thidordanian enterprise with more than 50 (and not
reinforces a view that the goal of SPI is not t®00+) is that, Jordan is a small country in
improve process per second but to provide businesemparison with other countries like UK, US,
benefits. Australia, etc., the population of Jordan counsy i

According to literature, there is a lack of surveysVery small (around six millions). Therefore the

in larae web develooment enterorisespecially in humber of developers in large Jordanian enterprises
arg op prisesp y would be less than the number of developers irelarg
Middle East which related to overall web

development process and adopton f SPLCMMITISTYISeS 1 e cprties it e opuatr

and web engineering practices. However, thSnterprises would be not more than 120

current state of SPI and web engineering best '

practices adoption by large enterprises is unknowgz1 Second Questionnaire Design
e

Therefore, there is a need for surveys to determin
the adoption of SPI and web engineering bestrpg gocong part of this survey instrument is

prhact|ces in large v_veb deveLopmerl;t dentelrprlseanother guestionnaire which has been distributed
These survfeyslcan |mp[gove tl.e we ec\j/e Opg‘eahly to the developers working in the selected seve
processes for large web applications adopte terprises. The second questionnaire instrument is

these enterprises or suggest new Web engineerifiermined and classified into four parts according
process models that are more suitable for the§8 the four research questions as follows:
enterprises to help them to overcome the most '

frequently happening web development problems. The first part (RQ1) is related to the first resdar
qguestion and includes six sub questions which
3.RESEARCH METHODOLOGY related to respondent background as follows:
« RQL1.1: The current position of the respondent
The analysis units for this survey are large such as: project or team leader; manager,
Jordanian web development enterprises. The surveytechnical member; and software engineering
instrument has two parts. The first part is a sempl

s
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RQ1.4: Respondent participation

process group member. The respondent can
select one or more of them.

RQ1.2: The current work activities of the

respondent such as: software design; code amnd
unit test; software requirements; software
process improvement; test and integration;
software quality assurance; and configuration
management. The respondent can select one or
more of them.

RQ1.3: Respondent training on CMMI KPA's..

The respondent can answer yes or no.

in software
process assessments (SPA) and software
capability evaluations (SCE). The respondent
can select one or both of them.

RQ1.5: The software experience of respondent

both in his present organization and overall
software experience. The respondent should
write the number of years.

RQ1.6: The respondent’s level of experience with

web applications development such as: know
very little; basic knowledge; advanced

knowledge; and no knowledge. The respondent
can select only one of them.

Test-Driven Development (TDD); and Agile
methodologies (other than XP). The respondent
can select one or more of them.

RQ2.5: Kinds of tests adopted by the large
enterprise such as: unit tests; database tests;
Integration tests; web metrics; code coverage
tests; performance tests; acceptance tests; and
no tests are required. The respondent can select
one or more of them.

RQ2.6: Assurance activities performed by large
enterprise such as: testing of web applications;
functional configuration audit; code review;
physical configuration audit; development
process audit; version description document;
configuration management audit; and no
assurance activities are performed. The
respondent can select one or more of them.
RQ2.7: The persons who performed the
assurance activities in the large enterprise such
as: project team; software assurance group; and
other assurance group (outside). The respondent
can select one or more of them.

The third part (RQ3) is related to the third
research question and includes 25 sub questions
The second part (RQ2) is related to seconcklated to symptoms that large enterprises face

research question. It includes seven sub questiodaring web development. The selection of these sub
which related to development and test methods aglestions is dependent on problems in developing

follows:

RQ2.1: Number of developers in

large web applications mentioned in literature
largeresearches [13][16][17]. The sub questions (Q3.1 to

enterprise. The respondent can select only on@3.25) are listed in details in table (3).

of the following ranges: between 50 and 75
people; between 76 and 100 people; and more
than 100 people. q
RQ2.2: The application domain in the large
enterprise such as: Business informatio
systems; E-banking; E-commerce; E-busines
E-learning; Web engineering tools; and’
Personal web pages. The respondent can sele
one or more of them.

RQ2.3: Type of development such as: in-house;
outsourcing; and reusability. The respondent
can select one or more of them.

RQ2.4: Software methodologies used by large
enterprise such as: Flowcharting; Waterfall;
Structured programming; Structured Systems
Analysis & Design (SSADM); Information °
Engineering (IE); Top-down programming;
Jackson Structured Programming; Personal
web pages; Dynamic Systems Development;
Object-Oriented Programming (OOP); Rational
Unified Process (RUP); Enterprise Unified"
Process (EUP); Virtual finite state machine
(VFSM); Praxis; Rapid Application
Development; Spiral RAD; Agile Unified
Process (AUP); Extreme Programming (XP);

153

uestion and
adoption of web engineering best practices by large

The fourth part (RQ4) is related to fourth research

includes five sections related to

Ig]anterprise. These sections are obtained from
g_oftware best practice questionnaire (SBPQ) [18].

" RQ4.1: Organizational issues: There are eight sub
C(ﬂuestions (1.1 to gl1.8) to address project
management, change control, training programs
for managers as shown in table (4).
RQ4.2: Standards and procedures:
thirteen sub questions (g2.1 to g2.13) as shown in
table (5) to cover formal assessment of benefits

includes

and risks, management reviews, control of
subcontractors, coding and test planning.
RQ4.3: Web metrics: includes eight sub

questions (g3.1 to g3.8) such as records of actual
and estimated
efficiency, computer performance and project
tracking. These questions are listed in table (6).
RQ4.4: Control of the development process:
includes six sub questions (g4.1 to g4.6) which
shown in table (7) for accountability for estimates
and schedules, requirements management, control
of code and specification changes, and testing.

resources, error sources, test
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« RQA4.5: Tools and technology: includes seven suteduction can be achieved when these dimensions
questions (g5.1 to g5.7) as shown in table (8) faare determined. The former use refers to the psoces
instance use of design notations, testing tool®f describing data in much smaller number of
prototyping, data dictionary and projectvariables and the later describes the process of
management tools. calculating the score for each underlying dimension

We should note that both of the twoand substituting them for the original data [21].

guestionnaires (first and second) were written irI]Eproratory factor analysis was used to define the

English language. Both of them were reviewed anglmensmns of variables in each specified construct

validated many times by four professors currently this study and all variable's loadings were
; . Y y rp . - Ynspected carefully. Factor analysis is used in
working in different Jordanian Universities for

raduate  studies and specialized i softwarseCtion 4.3 to describe possible symptoms and in
grac . . P Section 4.4 to describe web engineering practices.
engineering, web engineering and management.

3.2 Research Samples Table 1: Research Samples

org | no. of no. of no. of no. of
The research _sarr_\ple consisted of two hund_r g;esv elop gfégzﬁtnendair retrieved ;ﬁ!?,ve
developers working in these seven large enterpris ~ re
in Jordan. The determination of: the number “200[7 1 105 40 24 19
the distribution of different number off 2 100 40 27 23
guestionnaires; and the selection of invitees areed | 3 85 30 18 16
according to discussion with the Human Resourge 4 78 30 20 15
Department and Manager in each one of these5 70 30 23 14
enterprises. Table (1) describes the number |of6 55 15 8 6
distributed and retrieved questionnaire in each 7 53 15 10 7
enterprise. The number of retrieved questionnagres_total 200 130 100

one hundred and thirty, the reason of why the other

70 developers did not answer is that; many of the#nSTATISTICAL ANALYSIS
haven't enough time to fill the questionnaire; loeyt
were outside Jordan (working or training) at surve‘g/

time. _The n_umber of retrieved questionnaires WhIChThis section includes the statistical analysis of
contain valid answers are only one hundred Afswers of sub questiorgQ1.1.. RQ1prelated to

shown in table (1). Valid answers mean that trff’rt research question (RQ1). Question (RQL.1)

developers answered all questions in the secofied to respondents’ current position in large

questionnaire with real values without any conflici, qapian enterprises. The results of this question
between her/his other answers and without letting . " that the highest percentage (41%) is for

quest!ons WithOUt answering. .Theset one hundrg ftware engineering process group member.
guestionnaires were used later in statistical @maly Whereas technical members’ percentage is 28%,

manager percentage is 17% and project or team
leader percentage is 14%.

1 Respondents’ Background

3.3 Statistical Techniques

In order to fulfill the objectives of this studyyd Question (RQ1.2) related to respondents’ current
statistical techniques (descriptive statistics andiork activities. The highest percentage 24% is for
exploratory factor analysis) were used in datgoftware design. Software requirements percentage
analysis. Descriptive statistics such as frequencieis 21%, code and unit test percentage is 16%, test
percentage, mean and standard deviation were usmad integration percentage is 15%, the software QA
to identify the: characteristics of respondents anpercentage is 10%, SPI percentage is 8%, and
development methods; symptoms at largeonfiguration management percentage is 6%. These
enterprises; and web engineering practices. results indicate that there is a shortage of
respondents who work as software QA and SPI in

Factor analysis is a class of multivariate statti .
éhese large enterprises.

technique whose main objective is to define th
underlying structure in data matrix. It addres$es t Question (RQ1.3) related to developers’ receiving
interrelationships between variables by defining any CMMlI-related training. The group of “No”

set of common underlying dimensions. Two mairanswers got the highest percentage (88%). The
uses for factor analysis: summarization and datecond group “Yes” got 12%. This means that there

s
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are very few respondents who received CMMIthe waterfall model got the highest percentage 62%,
related training. OOP percentage is 51%, structured programming
f80%, flowcharting 43%, rapid application
Pevelopment (RAD) 29%, rational unified process
RUP) 6%, enterprise unified process (EUP) 3%,
P 10%, and finally, other agile methodologies got
ercentage 9%.

Question (RQ1.4) related to participation o
respondents in SPI activities, the majority o
respondents 81% have not previously participat
in any SPI activities, while the percentage of #os
who participated is 19%. Software capabilityp
evaluation (SCE) percentage is 9% and softwareThe answers of question (RQ2.5) “test types used
process assessment (SPA) percentage is 6%. by enterprises” are as follows: the integratiort tes
Igot highest percentage (64%), web metrics got

e)?lé?g;g; cfer(giEo)n dreer:?stei(rj] troesetrr:f ory?a\?lri:atig ercentage 30%. Each of unit tests and acceptance
P P P 9 sts got percentage 27%. Code coverage tests

The group of “5 years and less” got the highes .
percentage (76%). The second group was “6—1%(73562?(?% ;fozrﬁ?fﬁ Czatgtigsittgi/ts got percentage
years” with 18%, and the “11 years and above o 9 o

group got percentage equal 6%. The questionThe answers of question (RQ2.6) “assurance
related to overall software experience years ddctivities performed by enterprises” are as follows
developers showed that the group of “five years anthe highest percentage 65% is for testing of web
less” got the highest percentage (49%). Gheup applications, the second highest percentage 43% is
of “6-10 years” of experience got 36%, and thdor code review development process audit
group “11 years and above” scored 15%. percentage is 20%, functional configuration audit

Question (RQ1.6) related to respondents’ level Crgercentage is 16%, physical configuration audit
u

experience with web development. The gro
“basic knowledge” got a percentage of 53%, but tkﬁ
group “advanced knowledge” percentage was 31%
Whereas the group “Know very little” percentage At the end, the answers of the question (RQ2.7)
was 13%, and finally, the group “no knowledge™who performs assurance activities” are as follows:

ercentage is 12%, configuration management audit
ercentage is 12%, and finally, no assurance
ctivities are performed got percentage 2%.

percentage was 3%. the highest percentage 52% is for software
assurance group. The second highest percentage
4.2 Development Methods 37% is for project team. Other assurance group

) o %)utside) got percentage equals 8%.
This section includes the results of answers of su

guestiongRQ2.1..RQ2.7]related to second researchs.3 ORGANIZATIONS' SYMPTOMS

question (RQ2). The answers of question (RQ2.1)

which related to different sizes of large Jordanian This section includes the results of answers of sub
enterprises are as follows: about 50% of largquestions[Q3.1..Q3.25] related to third research
enterprises have size between 76 and 1G0fuestion (RQ3). It includes descriptive statistfs
developers, about 30% of these enterprises haseverity score description and occurrence
size between 50 and 75 developers, and about 2G%6quency score description for symptoms that
of these enterprises have size more than 108ced large Jordanian enterprises when developing
developers. The answers of the question (RQ2.B9rge web applications. This study includes 25
which related to application domain in enterprisesymptoms (RQ3) ranging from Q3.1 to Q3.25. This
are as follows: the highest percentage 66% is fqrart of the questionnaire uses a five-point Likert
business information systems, whereas thecale as 1, 2, 3, 4 and 5 (5 means the highest valu
percentage of e-business is 50%, e-banking got almost always occurs) as shown in table (2) for
40%, e-commerce got 32%, e-learning got 31% arfabth severity and occurrence frequency.

personal web pages got 23%.

Table 2:.Description of the five-point Likert scale

The answers of question (RQ2.3) “if the wek

. - - Occurrence
develop_mer:t mvolyed in-house, outsourcing 0 Severity Score Frequency
reusability?”. The highest percentage 99% is fer ir] Score Description Seoie
house. The outsourcing percentage is 42% al Description
finally, reusability percentage is 23%. Huge negative effect on

) 5 i Always occurs
The answers of question (RQ2.4) “development success OfO_UfPfOJeCtS
methodologies used by enterprises” are as follows: 4 | Large negative effect Usually occurs

s
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Significant negative

3 9 g Often occurs
effect

2 Small negative effect Sometimes

1 No negative effect .on Rarely ocecurs
success of our projects

occurrence frequency score description. This table
explicates that the respondents’ perceptions lefvel
the “severity score description” of symptoms that
face the enterprise during web development has
been of a medium level with average 3.355.

Based on results of table (3) which represent the

relative significance of
Isymptoms variable, it showed a one factor solution
of symptoms.

Table (3) shows the factor analysis of al
symptoms. It also shows the mean and standard
deviation of both the severity score descriptiod an

responses

Table 3: Developers’ Perceptions toward Sympton@rganization

related

. Occurrence
Factor Seventy Spore Frequency Score
No. Symptoms Analysis Description Description
Mean | Std. Mean Std.
Q3.1 | Promised delivery dates are not met. 0.771 4.20.61 3.83 0.75
Q3.2 | Design, coding and timing change during prtojec  0.505 3.16 1.10 3.53 1.07
Q3.3 | Info and drawings are not available when néede 0.717 3.08 1.30 3.28 1.19
Q3.4 | Disagreements about priority of different pads. 0.660 3.15 1.20 3.33 1.09
Q3.5 | Large variations between quoted vs. as-badtz | 0.783 4 0.91 3.54 1.20
03.6 Quality problems gnd there is too much re.-work,o_654 335 113 3.92 113
weak communication, and customer complaints.
Q3.7 | Some tasks only are done by few individuals. | 0.587 3.32 1.33 3.26 1.22
03.8 Sor_ne resources are cr_iti(_:al bottlengcks that 1ur6.824 257 1.20 256 1.10
entire operation due to limited capacity.
Q3.9 | Work expanding to fill time available of worke 0.625 3.05 1.25 3.46 1.04
Q3.10| Project resources are moved to another. 0.568 34 .031 352 1.09
Q3.11| Shortage of skilled people and resources. 0.781 1 41091 3.45 1.22
Q3.12| Realization of issues and problems is too late. 80.7] 2.75 1.43 2.50 1.30
Q3.13]| Big holes in skills needed for project. 0.782 3.07 1.38 3.14 1.14
Q3.14| Too many tasks get assigned to too few people 80.713 2.86 1.49 2.73 1.47
Q3.15| Poor prioritization of various projects and tasks| 0.735 3.25 1.12 3.14 1.14
Q3.16| The use of available resources is not effective. 746. 3.36 1.04 3.28 1.20
Q3.17| Current project methods are so historical. 0.7%4 633] 1.15 3.25 1.33
Q3.18] Significant resources spent with no benefit. 0.770 3.08 1.26 2.49 0.92
Q3.19| Projects suffer from delays and schedule conflicts. 0.739 3.83 0.87 3.54 1.09
Q3.20| Costs for projects are estimated so pessimistically 0.773 3.23 1.06 3.04 1.14
Q3.21| Suppliers don't live up to their commitments. 0.668 3.34 1.27 3.37 1.07
Q3.22| Lack of teamwork within project teams. 0.75% 295 431 2.62 1.28
Q3.23| The project plan is different from reality. 0.786 .18 1.32 3.22 1.17
Q3.24| Same problems happening again without fixing 0.792 4.13 0.94 3.57 1.28
Q3.25| Time and resources wasting. 0.682 3.85 0.99 3.52 29 1.
The factor analysis showed clear discriminate .
-~ K R Severity Score Mean

validity since all items are loaded on one factor.

Question Q3.8 is in first level because it got the 457

highest significance®.824 whereas question Q3.24 3.‘;):

is in second leved.792 Question Q3.12 is in third 3] |

level of significance and so on. é 2?: |

According to mean results of severity score
description, symptom (Q3.1) was in the first order
because it got highest value. Symptom (Q3.24)
came in the second order, Symptom (Q3.11) came
in the third order, and so on until finally, sympto
(Q3.8) with lowest average value. Figure (1)

15

0.5+

L e s s s s e e B s S s
1 3 5 7 9 11 13 15 17 19 21 23 25

Questions

shows the mean of severity score description of all Figure 1: Mean of Severity Score Description of

symptoms.
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Table (3) explicates also that the respondentd.4 Web Engineering Practices
perceptions level of occurrence frequency score

description of symptoms that face the enterpriseThis_ section includes the statistical analysisulf s
during web development has been of a mediufiuestionsiRQ4.1..RQ4.5]related to fourth research

level with average 3.22. According to the meafiuéstion (RQ4). This part of questionnaire uses a
results of occurrence frequency score descriptiofPur-point scale as “Yes”, “No”, “Does Not apply”
the symptom (Q3.1) was of a first order because @d “Don’t know” for each one of RQ4.1, RQ4.2,
got the highest value. Symptom (Q3.24) came iRQ4-3, RQ4.4 and RQ4.5.

the second order and so on. Finally symptom L

(Q3.18) came with lowest average. Figure (2f4-1Organizationalissues (RQ4.1)

shows means of occurrence frequency score

description of all symptoms This section contains descriptive statistics and

factor analysis of results related to organizationa
i Occurrence Frequency Mean issues as shown in table (4). This table also ptsse

3 the relative significance to the sample responges o
33 organizational issues variable. It showed a one
factor solution of organizational issues. The facto

analysis showed clear discriminate validity sintte a

items are loaded on one factor. The first level
regarding its significance is related to question
(91.5). Question (g1.1) is in the second level and
question (g1.8) is in the third level.

O)\lean

E
[}
[}

Figure 2: Means of Occurrence Frequency Score
Description of Symptoms

Table 4: The Frequency Distribution of Organizagibissues in Web Engineering Practices

Factor Does Don’t
No. Question .| Yes | No Not
Analysis know
apply
gl.1 | There is a nominated project manager for ptoje 0.804 34%| 42% 14% 10%

Does a web project manager report to a businesgagbrio

manager responsible for benefit of project?

ql.3 Does a \_/veb QA function exist with_in an independentO.700 34%| 36%  13% 17%
reporting line from web development project manageth

gl.4 | Is a change control function established felp wroject? 0.646 30% 39% 18% 13%

Is there a required training program for newly weanagers

g1.5 | which are designed to familiarize them with in-heysoject| 0.887 32%| 33% 25% 10%

management procedures?

Is there a procedure for maintaining awarenessabé-®f-art

in CASE of web engineering technology?

Is there a procedure for ensuring that appropfiexels of

customer input is made during project?

Where other non-web resources are critical to theeess of

g1.8 | project and is there a procedure for ensuring tnilability | 0.732 30%| 31% 17% 22%

according to plan?

ql.2 0.51 28%| 36%| 20% 16%

gql.6 0.680 29%| 37% 20% 14%

ql.7 0.52 31%| 35% 23% 11%

Average 31 36.1 18.75 14.12
Standard Deviation 220| 3.4 4,131 4.120

Figure (3) shows the frequencies of results relateghterprises were not applying organizational issues
to organizational issues. Most of respondentgractice.
answers to most questions are “No”. The questions
with the highest “No” percentages are as followss.4.2 Standards And Procedures (RQ4.2)
gl.1, gq1.4, 1.6, q1.2 and gq1.3. At the same time,
there is a small gap between values of “No” and Table (5) contains descriptive statistics of result
“Yes” answers. This means that many of largeelated to standards and procedures. Table (5) also

s
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presents the relative significance to the s_ample Ovganizatiomal Issues
responses of standards and procedures variable, 50
showed a one factor solution of standards and a0 le
procedures. The factor analysis showed clear 5 .\m
discriminate validity since all items are loaded on E 30 R || Yes
one factor. The first level regarding its significa R = No
is related to question (g2.7). Question (g2.6)nis i | # 101 Does not apply
second level, question (g2.4) is in third level. 0 +H— ' Don't Know
123 45678
Questions (1-8)

Figure 3: Organizational Issues

Table 5: Frequency Distribution of Standards aratBdures in Web Engineering Practices

Does ]
No. Question AEZ?;Z{S Yes No not Er?gmt/
apply

2.1 qus management assess benefits/risks of eachcp oj%_703 39% | 279%  20% 14%
prior to make contract?

42.2 SDt(;lteussfgnanagement conduct periodic reviews of proje06.598 2% | 319  16% 11%
Are there procedures to ensure that external weblde.

g2.3 | subcontracting organizations, if any, follow a ditoed | 0.700 40% | 22% 21% 17%
software development process?
For each project, are independent audits such as

g2.4 | inspections conducted for each major stage in wel®.763 33% | 31% 20% 16%
development process?

g2.5 | Are common coding standards applied to eanjef? 0.516 35%| 28% 20% 17%
Is there a documented procedure for estimating web

g2.6 | applications code size and thus for using proditgtiv 0.777 41% | 29% 17% 13%
measures?

42.7 Is a formal procedure used _to produce web develnpnnea806 349% | 28%  21% 17%
effort, schedule and cost estimates?
Is a formal procedure such as a review used wherseye

2.8 | deliverable is passed from one discrete group tihan| 0.568 32% | 28% 23% 17%
to ensure it is properly understood?
Is there a mechanism to ensure that the systenjiscpsg

g2.9 | selected for development qualitatively or quantigly | 0.577 33% | 26% 23% 18%
support the organization’s business objectives?
Are there procedures to ensure that the functitndli

g2.10 | strengths and weaknesses of “system” which the web.568 40% | 27% 22% 11%
application is replacing are formally reviewed?
Does test planning commence prior to programniing

g2.11 | beginning based on user reqgs. and high-level desigh.562 44% | 23% 20% 13%
documents?

42.12 Is _independent testing conducted by users under th&501 350 | 3200 20% 13%
guidance of software QA before any system goe®live
Is there a procedure to check that the system

42.13 cor.1figu.rati.on passing user a(;ceptance Fest is santleat 0.527 34% | 30%  21% 150
which is implemented for live operation and that [no
changes are made directly to a "live" version atemn?
Average 37.07 | 27.8| 20.30] 14.74
Standard Deviation 4.030 | 2.96| 2.015 2.42(

g2.11, g2.2, g2.6, g2.3, q2.10 and g2.1. From the
Figure (4) shows the results related to standardssults in table (5), we noted that most of large
and proceduresMost of the respondents haveenterprises were adopting the standards and

answered “Yes” to most questions. The questionzrocedures practice.
with the highest “Yes” percentages are as follows:
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Standards and Proce dures

10 Loty * ./’\

L e

—— Yes

N1 e

Respondents

—a—HNo
DoesNot Apply
Don't Know

4.4.3 Web Metrics (RQ4.3)

Table (6) contains descriptive statistics and facto
analysis of results related to web metrics. Tabe (
also presents the relative significance to the $amp
responses of web metrics’ variable. It showed a one
factor solution of web metrics. The factor analysis
showed clear discriminate validity since all items
are loaded on one factor. The first level regarding

g 11 13
Questions (1-13)

—_
[

Figure 4: Standards and Procedures in Web  (33.6) is in the third level.

Engineering Practices

its significance is related to question (q3.7), kehe
guestion (g3.3) is in the second level and question

Table 6: The Frequency Distribution of Web MetiitdVeb Engineering Practices

Does
. Factor Don't
No. QUESIE analysis VS N aNpg:y know
Are records of actual project resourcing and tiraesc
g3.1 | vs. estimates analyzed into estimating and scheglllli 0.698 24% 24% 17% 35%
procedures?
Are records of web application size maintainedeach
g3.2 | web application configuration item and fed-backoipt 0.501 26% 27% 11% 36%
estimating process?
Are statistics on sources of errors in web appbeal
g3.3 | code gathered and analyzed for their cause, detefti 0.753 25% 29% 12% 34%
and avoidance measures?
q3.4 Are sta_ltistics on test efficiency analyzed for itegpt 0.665 220 26% 17% 350
stages in development process?
3.5 Ls "earned value" _project_tracking used throughoutO.547 26% 24% 21% 290,
evelopment to monitor project progress?
43.6 Are estimates made and compared with actual fgetar 0.699 2506 29% 16% 30%
computer performance?
3.7 Are po_st-impler_nentation SW problem reports logg edo_766 26% 2504 210 2804,
and their resolution analyzed?
Do records exist from which all current versionsaefb
g3.8 | systems can be quickly and accurately reconstruated 0.564 23% 26% 20% 31%
development environment?
Average 24.62 26.2 16.87 32.25
Standard Deviation 1.505 1.98 3.833 1.105
Figure (5) shows frequencies of results related to
web metrics. Almost of respondents (32.25%) have Web M etrics
answered the questions with “Don't Know”, 0 i
whereas 24.62% of respondents answer “Yes”. The| |-
qguestions with highest “Don’t Know” percentages - |
were as follows: 3.2, 3.1, 93.4, 3.3, 93.8.sThi YA)@W‘ —
means that the majority of respondents in these |-
enterprises have no knowledge about web metrics Does notapply
practice. At the same time few enterprises adopting| Lot
web metric practice. 5
o T T T
2z 3 4 & =] T 3
Questions (1)
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4.4.4 CONTROL DEVELOPMENT PROCESS (RQ4.4) of development process. The factor analysis
showed clear discriminate validity since all items
re loaded on one factor. The first level regarding

significance is related to question (q4.4), whe
uestion (g4.1) is in the second level, question
g4.3) is in the third level and so on.

Table (7) contains descriptive statistics of result
related to control of development process. Tabje (f1
also presents the relative significance to samp'
responses of control of development proces
variable. It showed a one factor solution of contro

Table 7: Frequency distribution of control of demhent process in web engineering practices

Does
. Factor Don'’t
No. Question analysis Yes No not Know
: i apply
4.1 Are estimates and chang.es produced only by prcle%_648 33% 15% 38% 149%
managers who control project resources?
Does the business project manager gain agreemdnt an
4.2 S|gn-off from all parties who have produced_ d_ethle 0.532 35 11% 46% 8%
estimates and schedules before publishing| a
consolidated project plan?
4.3 Is therg a procgdure for controll[ng changes to wekb_ml 350 10% 47% 8%
applications requirements and designs?
q4.4 Is there a prO(_:edure for controlling changes tocthde 0.710 3206 16% 0% 1204
and specifications?
Is there a mechanism for assuring that regresgion
g4.5 | testing is routinely performed during and aftettiadi| 0.50 31% 19% 43% 7%
implementation?
4.6 Do proc.edures EXISF.IO ensure that every requwe%_524 37% 14% 39% 10%
function is tested/ verified?
Average 33.83 | 14.16| 42.16 9.83
Standard Deviation 2228 | 3.311| 3.763 2.714

Figure (6) shows frequencies of the results related
to control of development process. Most 01.‘4_4_5 Tools And Technology (RQ4.5)
respondents have answered the questions with
“Does Not Apply”. The questions with the highest Table (8) shows the descriptive statistics of
“Does Not Apply” percentages were as followsresults related to tools and technology. Table (8)
g4.3, q4.2, g4.5 and g4.4. This means that thRlso presents the relative significance to the samp
respondents have knowledge about control of tH@&sponses of tools and technology variable. It
development process practice but this practice wghowed a one factor solution of tools and
not applied in their enterprises. At the same timéechnology. The factor analysis showed clear
many large enterprises were adopting the control gliscriminate validity since all items are loaded on
development process practice. one factor. The first level regarding its significa
is related to question (g5.4), where question (g5.6
is in the second level, question (g5.7) in thecthir
level, question (g5.1) in the fourth level of
40 *— significance. While other questions: 5.5, 5.2 and

% | 5.3 came in the'; 6" level respectively.

20
I _/"‘\. Don't know to tools and technology. Most of respondents have
answered the questions with “Yes”. The questions
0 —— with the highest “Yes” percentages are as follows:
1 2 3 4 5 6 g5.7, 5.4, g5.5, 5.2, and g5.6. We noted from the
Questions (1-6) table (8) that the majority of large enterprise aver
adopting the tools and technology practice.

Caontrol of the Development Process
30

—a—Np

Doss ot apply Figure (7) shows frequencies of the results related

Responidents

Figure 6:Control of the Development Process in
Web Engineering Practices
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Table 8: Frequency Distribution of Tools and Tedbgyg in Web Engineering Practices

No. Question eI Yes No Rluclia Sb il
analysis Apply Know

Are software tools used to assist in forwards ang/o

g5.1 | backwards tracing of web application requiremegnt0.671 51% 19% 17% 13%
to web designs through to code?

g5.2 | Are design notations used in application desig 0.565 64% 15% 11% 109

g5.3 | Are automated testing tools used 0.527 57% % 19 13% 11%

45.4 Are software tools used for tracking and report n95 706 70% 1206 10% 8%

the status of the web applications?
Are prototyping methods used in ensuring th

€0.657 | 66% | 15% 7% 12%

g5.5 . S
requirements elements of web applications?
45.6 Is a data d!ctlonary available for controlling distg 0.705 60% 16% 15% 9%
of all data files?
45.7 Are_ sof_tware tools usec_:l for web project plannng,O.696 7206 13% 8% 7%
estimating, and scheduling.
Average 62.85 | 15.57 11.57 10
Standard Deviation 7.40 2.699 3.644 2.16(
Tools and Technology
20 5.1.1 RECOMMENDATIONS (1)
£ e . /"‘*\;/' It is ilmportant for any large v.veb. developmgnt
s AT e Ve enterprise to: address organizational policies,
40 ) human resources, cultural and social aspects; web
& —=—No engineering process model suggested by Pressman
z20 e T Does not apply [2] and software QA activities; and finally divide
I Dorr't Know the large numbers of developers into many
193 45 § 7 multidisciplinary small sub teams to include
Questions (1-7) developers with multiple skills and capabilities.
Figure 7: Tools and Technology Web Many organizations can not adopt CMMI in their
Engineering Practices development process. The most frequent reasons:
the organization was small; the services were too
costly, and the organization had no time [11]. At
5.DISCUSSION

the same time, the large enterprises try to adupt t

This section discusses the results of researd&P! CMMI to improve project performance and
questions [RQ1 to RQ4] each followed by itsproduct QA and to provide business benefits [10].

recommendations. According to our survey, there is a weakness in
adoption of SPI CMMI in large enterprises and they
5.1 Respondents’ Background (RQ1) depend on high skills developers. Therefore we

uggest that it is important for any large enteepri

The statistical analysis related to researc|).
. ) . adopt SPI CMMI key process areas and goals
question (RQ1) [RQ1.1 to RQ1.6], showed that: th vels (KPAs); and train the developers on SPI

majority of respondents occupied the position o MMI KPAs and software QA capabilities
software engineering process group member; there '

is a shortage of respondents working as software
QA and SPI in these enterprises; the majority ef thb.2 Development Methods (RQ2)
respondents were never involved in SPI activities The statistical analysis related to research

nor received CM"‘V“ training; th"e majorit_y of uestion (RQ2) [RQ2.1 to RQ2.7], showed that: all
respondents have *5 years or Ies_s of experience [} g0 enterprises have “50 or more developers”;
their present enterprises; and finally half of they . highest percentage of web applications’
respondents - have basic knowledge of WeQ,maing is for “business information systems”; all

development but there are few respondents wi hterprises adopt “in-house” web development
advanced knowledge of web development.

s
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whereas many of them adopt “outsourcing” - Poor and insufficient project planning.

together with “in-house” and few enterprises adopt « There are problems in project scheduling.
reusability; many of development methods are « Most of these enterprises use old methods, and
adopted (waterfall, OOP, structured programming find it difficult to change to new methods.

and flowcharting) whereas only one enterprise «+ Communication problems between team and
adopted agile XP method; most of these enterprises stakeholders.

adopt “integration test” as a test type, whereas fe « Poor project management of development.
enterprises adopt web metrics; most of thesee. Problems in requirements changing and
enterprises perform “testing of web applications” a misunderstanding

QA activities whereas about half of them perform

also “code review” as a QA activityrhis means 5.3.1 Recommendations (3)

that there is a limitatiomf using QA activities in To develop large web applications in these

these enterprises; a":‘d finally, half of ,,theseenterprises with minimum likelihood of failure, and
enterprises myque software QA group” to according to success factors mentioned earlier in
perform Q_A activities whereas others depend on ﬂleectionz which suggested by McDonald and
same project team. Welland [13] to achieve the success of web
development, it is important to: understand and
analyze all system functions, environment and
It is important for any large web developmentbjectives during requirements gathering; classify
enterprise to: Expand their application domain teequirements into classes; classify stakeholdeos in
include e-banking, e-learning, personal web pageslasses and get feedback from them during the
and web engineering together with businesdevelopment process; adopt suitable project
information systems and e-business; benefit froormanagement method to improve organizational
the advantage properties of different developmerngsues; conduct risk analysis of overall appliaatio
methods such as Spiral, Prototyping, rationalivide large web application into many sub
unified process (RUP), XP, and web engineeringpplications according to its size and complexity;
process model together with their normally usedest, evaluate, update and integrate all sub sgstem
methods such as waterfall, OOP and structureafter verifying them with overall system
programming; use many properties of XP agile
methodology such as pair programming, refactorin
and customer communication; adopt multiple tes
types such as the web metrics, unit tests, acoeptan The statistical analysis related to research
tests, code coverage tests, database tests apestion (RQ4) [RQ4.1 TO RQ4.5], showed that:
performance tests together with integration testd;here are weaknesses in levels of adoption of web
focus on the quality management and standardengineering practices by large enterprises especial
perform multiple assurance activities such a# web metrics because web metrics questions got
development process audit, functional configuratiothe lowest percentage (24.62%). The organizational
audit, physical configuration audit, configurationissues have the second smallest percentage (31%)
management together with testing of webn adoption, which implies that the majority of
applications and code review; and finally assigmiespondents are not familiar with this practice. At

5.2.1 Recommendations (2)

.4 Web Engineering Practices (RQ4)

software QA group to perform QA activities. the same time, many of these enterprises adopt
organizational issues practices. The control of
5.3 Symptoms At Organizations (RQ3) development process has a small percentage

: : {133.83). Other respondents answered with “Does

According to the highest values related to mea N T )

results of severity score description related tnOt apply”, which implies that the respondents are
Familiar with this practice, but they didn't appity

questions [Q3.1 to Q.3'25] In table (3), there AT he adoption percentage (37.07%) of standards and
many problems which face large Jordanian

enterprises during the web development such as: procedures guestions is not too small. Th_is impl_ies
" that some of respondents are familiar with

» Problems in delivery dates. standards and procedures practice and some of
« The developers are unable to examin¢hese enterprises adopt this practice. At the #ved,

recurring project problems and fix them. large Jordanian enterprises show a high adoption
» There is a shortage of skilled developers. percentage (62.85) for using web tools and
« There are insufficient resources. technology, which implies that this practice is the

» Poor project cost, time and effort estimation. most applied web engineering practice in these

s
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enterprises. The overall average adoption level @mall enterprises [18][19]. Therefore, it is

38% implies that these enterprises have adoptémiportant also for large enterprises to adopt the
38% of all the best practices. Figure (8) shows theeeb engineering best practices to improve their
overall best practices adoption in these enterprise web development processes. It is important for the

Web Enginering Best Practices

[P'n T T T T
Owanizmtional Standards and  WebMetncs  Controlofths  Took and
Bsues Procedutss development  Technology
PIOCESS
WebEnginering Best Practices
Figure 8: Overall Best practices Adoption in large
Jordanian enterprises

large enterprise to improve:

- The web metrics practice by: gathering
statistics on test efficiency for all test stages i
development; analyzing records of actual
project timescales versus estimates and
scheduling procedures; and gathering statistics
on the sources of errors in project code and
analyze their cause, detection and avoidance.

« The organizational issues practice by:
assigning project manager for each project;
having a separate quality assurance function;
establishing a training program for all newly
appointed web managers; and ensuring
availability of web resources.

« The control of development process practice

5.4.1 COMPARISON WITH OTHER SURVEYS

Currently, there is a lack of surveys to determine
the adoption of web engineering best practices and
CMMI in large development enterprises. Therefore,
the results of this study were compared with the
results of both: the best practice survey conducted
by European Software Institute [18] on small
European firms and survey [19] related to web
engineering practices in small Jordanian firms.
Table (9) shows the results related to web
engineering practices of the three surveys. As
shown in figure (9), there is a small gap between
our survey results and results of [18]. At the same
time, the level of adoption of web engineering

by: allowing only project managers to control
project resources and produce estimates,
schedule and control changes; adopting
procedures tocontrol changes to code,
requirements and design; and adopting testing
procedures for each function.

- The standards and procedures practice by:

assessing the benefits and risks of project prior
to making contractual commitments; having
formal methods of estimating project size;
using formal methods to produce development
effort, schedule and cost estimates; and having
a formal review of deliverables that is passed
from one project group to another.

practices in large Jordanian enterprises is better. The tools and technology practice by: using

than the level of adoption of web engineering
practices in small Jordanian firms.

5.4.2 Recommendations (4)

Two literature researches addressed the benefits
of adopting the web engineering best practices in

software tools for project planning, estimating,
scheduling, designing, coding, testing and
reporting the status of web applications; using
prototyping methods for ensuring requirements
of web applications; and using data dictionary
to store details of all data files and system
development.

Table 9: Results vs. Results of other Surveys §g] [19]

curepean Small Jordani b L Jordani b
. Software mall Jordanian we arge Jordanian we
Web Eng. Practices Institute [18] | development Firms [19] development Enterprises
1| Organizational Issues 58% 19% 31%
2 | Standards and Procedures 51% 18% 37.07%
3 | Web Metrics 45% 9% 24.62%
4 | Control of the Development Procesg 58% 18% 33.83%
5| Tools and Technology 45% 63% 62.85%
Average 51% 25% 37.07%
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W eb Engineering B est Practices

B European Software
Institu t= [16]

B Small Fordanian web
development Firms

[15]

O Large Jordanian
web development
Enterprises

Figure 9: Comparisons of Results of Adoption of Vilgineering Practices with [18] and [19] Results

used. The majority of these enterprises perform

6. CONCLUSION
. integration test as a QA activity and this means
An empirical survey has been conducted based Or}hathA activities areQnot Widgly performed in

questionnaire in large Jordanian enterprises Wh'Chthese enterprises. About half of these enterprises

undertake large Web developmgnt. This Sur\./ey_involve QA group to perform QA activities.
focused on answering four questions to determine:

characteristics of developers working in large These enterprises face many problems such as:
enterprises; properties of development processegproblems in delivery dates; shortage of skilled
adopted by these enterprises; symptoms that thesdevelopers; insufficient resources; poor project
enterprises face during web development; andcost, time and effort estimation; insufficient
finally, levels of adoption of CMMI SPI and web project planning; conflicts in project scheduling;
engineering best practices by these enterprises. Thdifficulty to change to newer and more suitable
main findings of this survey are: methods; communication problems between team
and stakeholders; poor project management; and
finally, problems in requirements changing during
the development process.

« The majority of respondents occupied the position
of software engineering process group member
and there is a shortage of skills in software QA
and SPI in these enterprises. There are very fewLevels of adoption of web engineering practices
respondents who received CMMI training and by large Jordanian enterprises are weak;
majority of respondents were never involved in especially in web metrics, organizational issues,
CMMI SPI activities. Majority of respondents and then in control of development process.
have five years or less of experience in their Enterprises show a high adoption percentage for
present enterprises. About half of respondentsusing web tools and technology and then for using
have basic knowledge of web development. standards and procedures in web applications

development process. The average adoption level

« All of these enterprises have fifty or more of all web engineering practices is 38%.

developers. The highest percentage of web
applications’ domain in these enterprises is for The comparison of results related to web
business systems. All of these enterprises adopengineering practices in this survey with the
in-house development, many of them adoptsurvey on small European firms [18] and the
outsourcing and few of them adopt reusability. survey [19] in small Jordanian firms shows that:
Many software development methods are adoptedthere is a small gap between our survey results
by these enterprises such as Waterfall and OOPand results of the survey in small European firms.
Most of these enterprises adopt integration test asAt the same time, the level of adoption of web
a test type and there is a shortage of web metricengineering practices in large Jordanian
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enterprises is better than the level of weljg] D. Bell, “Software Engineering: A
engineering practices adoption in small firms. Programming Approach”, "3 edition. Addison

In a future research, according to the findings of Wesley, 2000.
this research and recommendations related to thef@] M. Burstin and M. Ben-Bassat, “A User's
a new web engineering process model that satisfies Approach to Requirements Analysis of a Large
these recommendations will be suggested. This new Software System”, ACM Annual
process model will be distributed and evaluated Conference/Annual Meeting, Proceedings of the
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