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Abstract 
Over the past decade, Enterprise Architecture 

(EA) management emerged to a mature discipline 
commonly applied to realize cost saving potentials 
while increasing effectiveness of IT in organizations. 
Typically, EA management starts by documenting the 
current state in an EA model and deriving future 
planned states heading towards an optimized EA. In 
practice, organizations struggle with the documenta-
tion of their current state due to the complexity of their 
enterprise architecture and its frequent changes. Cur-
rent research activities seek to automate the data col-
lection process by integrating existing EA information 
sources of operative systems. However, a comprehen-
sive analysis of possible information sources and their 
appropriateness for EA is not yet provided. To build an 
empirical basis, this paper presents findings of a sur-
vey conducted on the key problems in EA documenta-
tion as well as the appropriateness of specific EA in-
formation sources for automation with respect to pro-
vided data types and data quality. 

1. Introduction 

Rapidly changing market requirements and global-
ization compel organizations to adapt their information 
technology (IT) management practices [1,20]. EA 
management (EAM) is promoted as an instrument to 
improve the alignment of business and IT, realize cost 
saving potentials, and increase availability and fault-
tolerance [11,14,15]. While classical software engi-
neering approaches focus on details, EAM conveys a 
holistic view of the entire organization including in-
formation about business, IT, and their interrelations. 

In discussions with industry partners we diagnose 
that today’s organizations easily end up with several 
thousand applications. Due to this complexity the doc-
umentation of EA information is often regarded as time 
consuming, cost intensive, and error-prone [6,7,9].
Despite the variety of available EA frameworks [18],
the documentation of EA information, i.e. the collec-
tion and maintenance of data that makes up the model 

of the EA, is not considered detailed enough in current 
EA literature to assist organizations with this chal-
lenge. E.g. in the most-widely applied framework, The 
Open Group Architecture Framework (TOGAF), the 
documentation is only briefly covered [19].

In 2004, ter Doest et al. stated in [5]: “in 7 years 
from now, enterprise architecture will be a real-time 
tool for management and redesign of the enterprise for 
better performance, flexibility and agility.[...]There 
will no longer [be] a boundary between the descriptive 
nature of architecture models and the operational side 
comprising a.o. business process management and IT 
management”. While this is partly fulfilled for systems 
operation management it is clearly not fulfilled in the 
EA context where manual EA documentation is still 
prevailing. Although researchers have identified this 
issue [6,9,12], only recently solution approaches have 
been undertaken to overcome EA-information collec-
tion issues. 

In order to bring this vision of ter Doest et al. clos-
er to reality we envision the use of external information 
sources, i.e. existing operative IT systems, to automate 
updates of EA models or produce events that trigger 
manual changes. Such information sources may deliver 
structured data from already existing data silos to an 
EA model and can thus increase the actuality of EA 
models.  

Initial efforts [3,4] show the usage of  Network 
Scanners or Enterprise Service Buses (ESB), as auto-
matically integrated EA information sources. These 
efforts indicate improvements to the EA model data 
quality attributes such as actuality and completeness. 
However, the relevance of these data silos as EA in-
formation sources as well as the appropriateness of the 
provided data and the generalizability of the approach-
es is not well grounded.  

In order to improve the methods of EA data col-
lection we argue that future research in this direction 
requires profound analysis of possible information 
sources and their applicability for EA documentation in 
enterprises. In order to lay the ground for this research 
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we conducted an online survey among 123 EA profes-
sionals to target the following research questions: 
� What is the status quo of EA documentation pro-

cesses in organizations?  
� Which productive systems contain relevant EA 

information? 
� What data quality, w.r.t. actuality, completeness, 

correctness and correct granularity, can be ex-
pected from these systems? 

� What are typical integration problems for the in-
formation sources found? 
The main contribution of this paper is the discus-

sion of the three latter research questions based on the 
results of our survey. To the best of our knowledge it 
presents the first empirical analysis of information 
sources for automated EA documentation. 

The remainder of this paper is structured as fol-
lows. After revisiting related work, the paper continues 
with describing the details of the questionnaire. We 
continue with discussing our findings of the current 
practices and challenges in EA documentation. Subse-
quently, we present the information sources and their 
suitability for automated EA documentation. A discus-
sion of the key findings is provided and important re-
search directions towards improved methods for EA 
documentation are pointed out. The paper concludes 
with a brief summary and a pointer to our immediate 
future work. 

2. Related work 

Only little in-depth research has been conducted in 
the area of EA documentation and in particular its au-
tomation. However, recent approaches try to automate 
EA documentation seeking to reduce cost and effort 
while at the same time increasing data quality. 

As outlined above, empirical groundings for EA 
documentation automation mechanism are scarce. The 
only empirical work containing information on this 
topic is a survey conducted by Winter et al. [21]. Ac-
cording to their data, the majority (72.6%) of their sur-
vey participants still fully rely on manual maintenance 
of their EA model.  

In [5] ter Doest et al. present the ArchiMate 
Workbench and detail on the importance of a well-
defined meta-model for EAM. The paper describes 
how an EA tool embeds in an application landscape. 
Thereby, the authors give a first impression on respec-
tive EA information sources, e.g. monitoring or report-
ing tools that could be used for automation. However, 
the authors did not intend to detail on automation. 

In line with ter Doest et al. [5], the more recent vi-
sion paper by Brückmann et al. [2] re-iterates the idea 
of the real time aspect EA models. Thereby, they apply 
the “control room” concept employed in power plants 

to EAM and detail the “business software control cen-
ter” as a visionary sketch on how to present the results 
of an automated EA documentation to different stake-
holders. However, Brückmann et al. do not detail how 
to achieve an automated alignment of EA models in
practice. 

The federated data collection approach by Fischer 
et al. [8] presents a more practical approach to EA data 
collection. Fischer et al. discuss the shortcomings of 
existing approaches to EA information maintenance 
and propose a federated approach thereof, i.e. collect-
ing data in organizational units and pushing it to a cen-
tral repository. Further they report on its implementa-
tion at a large financial service provider. Nevertheless, 
the work does not present implementation details for 
the data collection or which external information 
sources could be included for automation. 

The work by Moser et al. [13] goes a step further 
in the direction of automating EA documentation by 
providing data collection processes that explicitly in-
clude automated information sources. Again, Moser et 
al. do not detail which information sources are envi-
sioned and which data types could be provided. 

In [6] we present requirements for an automated 
EA model maintenance method or process. Based on 
these requirements we propose automation processes 
for EA documentation [7] to reduce the amount of 
manual work when documenting the EA. Thereby, they 
propose (semi-) automated processes gathering infor-
mation from both, human input and technical interfac-
es. However, so far we did not detail concrete infor-
mation sources and respective data quality. 

Buschle et al. [4] use a vulnerability scanner to au-
tomate EA documentation. Their approach is limited to 
the infrastructure layer, i.e. information like operating 
systems can be extracted with this approach. In [3] the 
authors show the coverage of the ArchiMate meta-
model when using an ESB as an EA information 
source.  

Summing up our findings in current literature, 
there is strong evidence for scientific relevance for 
automated EA documentation. However, to the best of 
our knowledge, no research exists on the appropriate-
ness of specific information sources for EA with regard 
to their provided data types and the quality of the pro-
vided data. 

3. Questionnaire and dataset

The final version of the questionnaire was pub-
lished as an online survey available for 14 days. Prior 
to the opening of the survey it was filled out by three 
researchers in the field of EA not involved in this re-
search and adapted according to their suggestions. 
Over 1100 survey invitations were sent by e-mail to 
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EA related experts. This list of experts was compiled 
during EA projects we performed with industry part-
ners in recent years. In addition, the survey was an-
nounced in well-known online forums on Xing1,
LinkedIn2 and Ning.com3 that are related to EA or stra-
tegic IT management topics. The survey consisted of 
three parts. The first part included questions for the 
general categorization of the organizations in the sur-
vey, such as industry sector or job title of the partici-
pant. These are presented below. The second part 
aimed at gathering currently applied practices in col-
lecting EA information in organizations and in particu-
lar to find out what type of automation is already ap-
plied for EA documentation. Respective findings of 
this part are summarized in Section 4. Target of the 
main and final part was to gather data on potential in-
formation sources that could be used to automatically 
collect EA-relevant data and integrate it in an EA mod-
el. The results of this part of the dataset are the core of 
this paper and are presented in Section 5 and discussed 
in Section 6.

We received 179 answers containing participants 
from, e.g., Canada, Germany, Great Britain, India, 
New Zealand, South Africa, Switzerland, and USA. 
During the survey 56 participants, i.e. 31%, dropped 
out during the questionnaire resulting in 123 completed 
answers for the evaluation. Table 1 illustrates the dis-
tribution of the industry sectors of the organizations in 
the survey with Finance as the largest sector followed 
by IT, Technology and Government. 

Table 1. Organizations by industry sector 

Industry sector Count Percentage 

Finance 37 30.08% 

IT, Technology 23 18.70% 

Government 11 8.94% 

Communications 8 6.50% 

Transportation 8 6.50% 

Education 7 5.69% 

Manufacturing 6 4.88% 

Services 5 4.07% 

Retail 5 4.07% 

Health Care 5 4.07% 

Construction 2 1.63% 

Agriculture 1 0.81% 

Other 5 4.07% 

Table 2 illustrates the distribution of the job titles 
of all participants. The largest groups in our survey are 

                                                
1 http://www.xing.com (Enterprise Architecture Management) 
2 http://www.linkedin.com (The Enterprise Architecture Network) 
3 http://enterprisestewards.ning.com 

Enterprise Architects with ~55% and Enterprise Archi-
tecture Consultants with ~17%. The consultants were 
asked to complete the survey with respect to one spe-
cific customer in order to receive coherent answers 
with the other participants. In addition the distribution 
shows ~4% in an upper management position (CxOs). 
The dataset also exposes an average EA experience of 
~5.4 years of the participants, with only three outliers 
who have less than one year experience and 27 partici-
pants with more than 10 years of experience. The or-
ganizations of the participants apply EAM for an aver-
age of ~4.2 years.  

Table 2. Participants by job title 

Job title Count Percentage 

Enterprise Architect 68 55.28% 

Enterprise Architect Consultant 22 17.89% 

Software Architect 8 6.50% 

Project Manager 5 4.07% 

IT Manager 5 4.07% 

CTO 4  3.25% 

CIO Software Developer 3 2.44% 

CIO 1 0.81% 

Software Development Manager 1 0.81% 

Agriculture 1 0.81% 

Other 5 4.07% 

The results of our survey confirm the findings 
identified in literature [21] that most EA endeavors are 
IT-driven (51.22%), or both business and IT-driven 
(39.02%). Only 8.94% describe their EA endeavor as 
business-driven. However, 73.17% of these EA en-
deavors have upper management support whereas only 
26.83% do not. This suggests that the benefits of EAM 
(e.g. [17,20]) are well-known in organizations. 

In the following, we briefly discuss our findings 
on the current state of EA documentation. 

4. Current practices and challenges in en-
terprise architecture documentation 

This section gives a brief summary of the second 
part of the survey with the current practices in EA doc-
umentation and the type of already applied automation. 

When asked about the challenges in EA infor-
mation collection 67.48% of all participants confirmed 
that EA information collection is very time consuming, 
and the EA model is hard to keep up-to-date (45.53%). 
This confirms the findings of [9] that the maintenance 
of EA models is a major problem in the EA field.  

Our dataset also shows that the information collec-
tion for modeling the AS-IS state of the EA is mainly a 
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manual process that is triggered by organizational 
events, such as project completion or releases of new 
application versions. The participants stated that the 
data is, among others, collected by conducting inter-
views (62.60%), workshops (47.97%) and question-
naires (32.52%). However, only a minority (22.76%) 
of the participants reported that this data collection is 
following a dedicated and specified process. Hence, it 
can be stated that the maturity of the quality assurance 
processes for EA models is at a low level in most or-
ganizations. 

To find out the current state in automated EA doc-
umentation mechanisms we asked the participants 
whether they apply automation for their EA documen-
tation. Only 23 participants (18.70%) stated that they 
have implemented some form of automated EA docu-
mentation mechanisms for their EA tool, 79 have no 
automation implemented and 21 do not know or do not 
use an EA tool. In most of the 23 cases the automation 
relies on the manually triggered import from CSV, 
XML, or MS Excel files (65.21%). In significantly less 
cases the data is pushed from an external information 
source to the EA repository (30.43%). In only 6 cases 
(26.08%) full automation is implemented with auto-
mated data pushes from external sources to the EA tool 
or pulls by the EA tool from an external tool. 

We then asked the 79 participants who have no au-
tomation implemented yet, about their preferences on 
automated EA documentation and to describe their 
intentions. 31.24% of these organizations plan to im-
plement automated EA documentation mechanisms in 
the future and 38.75% have not yet considered auto-
mated EA documentation. 30% rule out the usage of 
automation techniques. This leads to 39.02% of all the 
participants who either already use automation or plan 
the implementation in the future. 

Our findings from this part of the survey are: 
� Documentation of EA information is a major chal-

lenge for organizations.  
� EA documentation is regarded as very time con-

suming and the data quality is not sufficient.  
� The majority of organizations have no dedicated 

process for EA documentation defined.  
� Some organizations have already implemented a 

form of automated EA documentation. However, 
this documentation is mostly limited to simple file 
import mechanisms that are manually triggered. 

� The direct data integration between other infor-
mation systems and the EA tool is only considered 
by few organizations. 
These findings further motivate the analysis of au-

tomated EA documentation from external information 
sources. 

5. Information sources for enterprise ar-
chitecture documentation 

As stated in Section 2 several research groups re-
cently started to investigate methods for automated EA
documentation from existing data silos. Research ef-
forts in this direction so far presented approaches for 
integrating a Network Scanner [4] and an ESB [3].

In the main part of the survey, participants were 
asked to answer whether their organization uses specif-
ic information sources and their judgments on data 
quality attributes of these sources. In particular, we 
asked for the usage of Network Scanners, Configura-
tion Management Databases (CMDBs), Project Portfo-
lio Management tools, Change Management tools and 
License Management tools. This list has been compiled 
from a literature review and our practical experience in 
the field. Additionally, participants were asked to add 
details of potential sources that they find missing in 
order to elicit more potential sources in an explorative 
manner. 

Figure 1 shows the number of organizations using 
a specific tool (dark grey bar) and those who deem the 
tool as a relevant source for EA information (light grey 
bar). 
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72 68

63 59
5154

58
55

33 33
39

15
7 7

12 11

25

62% 59%
55%

51%
48%

41%44% 47% 45%

27% 27%
32%
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6% 6%

10% 9%

20%
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40
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80

Network
Scanners and

Monitors

CMDB PPM ESB Change
Mangement

Tool

License
Management

Tool

Usage of tool Relevant Info for EA? I don't know

Figure 1. Usage and relevance as EA infor-
mation sources (n=123).

The white bars represent participants that do not 
know whether the respective tool is used in their organ-
ization. Except Change Management and License 
Management tools, all others are being widely used by 
the participating organizations, i.e. by more than 50%.
The small discrepancy between the two bars shows that 
in the majority of all cases the usage of a tool implies 
the existence of a data silo containing relevant EA da-
ta. Researchers can use this data to prioritize their ef-
forts to devise mechanisms for the integration, whereas 
practitioners may be able to use this information to 
evaluate their respective information sources (applica-
tion landscape) for automating their EA documenta-
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tion. In the following we further elaborate the findings 
of each information source in detail. 

5.1 Information sources 

For each information source we asked the partici-
pants which tool they use and which types of EA rele-
vant data the specific tool could potentially deliver. In 
addition, we questioned on the data quality attributes 
actuality, completeness, correctness and appropriate 
granularity in the EA context. With granularity we 
refer to how difficult the mapping between the infor-
mation source data format and the EA-model is, as 
well as how large the semantic gap is. 

The participants were asked to judge the quality 
attributes on a Likert scale from 1 (very bad) to 5 (very 
good). For each information source we visualize the 
dataset with box-whisker plots. In descriptive statistics 
this type of chart is used to show 5 data characteristics, 
namely the minimum and maximum (the whiskers), the 
2nd quartile (light grey box) and 3rd quartile (dark grey 
box), the median and the arithmetic average. Note that 
the sum of all answers in the second and third quartile 
contains 50% of the answers. Figures also show raw 
data where ‘-’ stands for the answer ‘I don’t know’.

5.1.1. Network Monitors and Scanners. First, we 
discuss the results for the potential use of Network 
Scanners as automated information sources for an EA 
model such as described in [4]. Operations teams often 
use these tools to monitor the infrastructure and its 
performance. As shown above in Figure 1, 62% of all 
organizations use Network Scanners. The most com-
monly mentioned tools are IBM Tivoli Network Man-
ager (22.37%), Compuware dynaTrace (6.58%), and 
Wireshark (5.26%).

For each source we first asked which types of rele-
vant EA data could be gathered from this source. As 
expected the most frequent answers for Network Scan-
ners were servers, applications and databases. Howev-
er, some participants raised the question whether this 
type of instance data is actually relevant in an EA con-
text. This can be exemplified by this quote of one of 
the participants: “I would clearly distinguish between - 
Enterprise Architecture modeling - Solution or System 
Architecture and CMDB based data architecture mod-
eling”. Others, while considering the data relevant, 
raised the concern that the granularity of the collected 
data is not in-line with the granularity of their EA 
model, as this answer exemplifies: “The scope of the
infrastructure monitoring tools is too granular and 
focused on the operations team”.  

This is also reflected by the questions regarding re-
spective EA data quality attributes of the Network 
Scanner summarized in Figure 2.

1

2

3

4

5

Actuality Completeness Correctness Granularity

3rd quartile 2nd quartile median avg.

5 19 5 11 2

4 11 9 15 4
3 6 16 7 13
2 3 4 4 16
1 2 5 3 5
- 13 15 14 14

Figure 2. Information source quality attributes 
of Network Scanners (n=54) 

With today’s sophisticated tools, the quality attrib-
utes actuality and correctness are considered positive 
with a median of 4. Since these tools cannot cover all 
technologies, it is reasonable that the median of the 
completeness attributes is 3. In contrast, the granularity 
attribute only has a median of 2 that is the worst result 
for all information sources covered in this survey. This 
shows that although 44% of all participants consider 
the data of this source as EA-relevant, there need to be 
mechanisms in place in order to raise the level of ab-
straction of collected data to an appropriate level. It is, 
however, a difficult task to automate this step, and it is 
likely that human judgment is indispensable in most 
cases. 

5.1.2. Configuration Management Databases. Con-
figuration Management Databases (CMDBs) according 
to ITIL [10] are used in organizations to collect opera-
tions data such as hardware instances and related inci-
dents. As such, CMDBs can potentially suffer similar 
data quality challenges as EA repositories, since the 
data often needs to be manually collected and cleansed.

Similar to the EA-relevant data that can be provid-
ed by a Network Scanner the participants answered 
that CMDBs could provide data about server, database
and application instances. The answers were also simi-
lar concerning the free text answers where concerns on 
the data granularity were raised: “Again, too fine-
grained for use in an architecture context; lack of ab-
straction”. Here again the different usages of the EA 
function became apparent. Some organizations also 
collect operations data, whereas others focus on the 
strategic planning aspect of EA as described in [16].
The latter one can be exemplified by this free text an-
swer of a survey participant: “CMDBs contain all in-
stances, EA should be interested in type of devices. 
CMDB does not reveal the function of a device, only its 
existence”  
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In Figure 1 one can see that of the 72 participants 
that make use of a CMDB in their organization, 58 
think that the CMDB can deliver EA-relevant infor-
mation. The most common CMDB tools used in these 
organizations are HP Universal (18.06%), BMC Atri-
um (15.28%), and IBM Tivoli CMDB (9.72%). Figure 
3 shows the results for the EA-relevant data quality 
attributes of CMDB of those 58 participants. 

1

2

3

4

5

Actuality Completeness Correctness Granularity

3rd quartile 2nd quartile median avg.

5 12 7 6 2

4 15 9 16 12
3 13 15 19 13
2 6 14 5 14
1 2 3 3 6
- 10 10 9 11

Figure 3. CMDB information quality (n=58) 

It is interesting to notice that although CMDBs 
have similar data collection issues as EA repositories, 
the actuality attribute still has a median of 4. A reason 
might be that CMDBs can better rely on infrastructure 
scanning mechanisms since the contained data types 
are more hardware related and at a lower level of ab-
straction. The other quality attributes of completeness, 
correctness and granularity all have a median of 3.

5.1.3. Project Portfolio Management tools. The con-
cept of change as part of projects is a central aspect of 
EAM. Hence, EA relevant projects are often modeled 
as part of the EA model. As pointed out by one of the 
survey participants, Project Portfolio Management 
(PPM) can be an “important [...] trigger point in [the] 
EA maintenance process”. A different participant 
pointed out the strong relationship between the two 
disciplines by arguing that “PM and EA should be in-
tegrated at process level”. The participants identified 
the general concept of architecture change project 
including its start and end date, budget information, as 
well as the artifacts affected by the projects as data that 
could be automatically collected from this tool. How-
ever, some participants added that it is often not possi-
ble to automatically decide if a project is architecture 
relevant. The participants also mentioned that changes 
in the PPM tool could be used as triggers for events in 
an EAM tool. 

As illustrated in Figure 1, 68 (55%) of the survey 
participants make use of a PPM tool in their organiza-
tion. 55 of those believe that the PPM tool could auto-
matically provide EA-relevant data. The most common 
tools are Microsoft Enterprise Project Management 
Solution (13.24%), CA Clarity PPM (10.29%), Pri-
mavera Enterprise PPM, and MindJet MindManager 
(both 5.88%). Figure 4 details results for data quality 
attributes of PPM tools.  

1

2

3

4

5

Actuality Completeness Correctness Granularity

3rd quartile 2nd quartile median avg.

5 11 9 9 7

4 19 16 14 15
3 9 10 15 13
2 7 11 8 8
1 0 0 0 2
- 9 9 9 10

Figure 4. Project Portfolio Management tool 
information quality attributes (n=55) 

One can see that both, actuality and completeness 
have a median of 4 and correctness has a median of 
3.5. This implies that in most cases the content of PPM 
tools is maintained regularly as part of project man-
agement. Also notice that actuality, completeness, and 
correctness received a minimum rating of 2, indicated 
by the whiskers. However, the granularity only has a 
median of 3. This can be attributed to the difficulty of 
deciding which project actually is architecture relevant, 
and hence is important to include in the EA model. 

5.1.4. Enterprise Service Bus. The analysis and opti-
mization of dependencies between applications is an-
other central aspect of the EAM discipline. With the 
recent restructuring of the application landscape of 
many organizations towards a Service Oriented Archi-
tecture (SOA), ESBs are often used as the central me-
diating entity for inter-application communication. 
Since ESBs are configured to allow the communication 
between applications these configurations can be po-
tentially collected as input for the EA repository [3].
This is also reflected by the corresponding question 
regarding the EA-relevant data that can potentially be 
collected from an ESB. The typically mentioned data 
types were services, interfaces and applications. How-
ever, again some participants remark that their “ESB is 
too technical […] for EA”. 
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In Figure 1 one can see that of the 123 participants 
63 (51%) run an ESB in their organization. Among the 
most popular tools are IBM WebSphere (28.57%), 
Oracle ESB (22.22%), and SAP PI (20.63%). Of these 
63, 52 (42% of all participants) believe that their ESB 
potentially contains EA-relevant data. Figure 5 shows 
the respective data quality evaluation. 

1

2

3

4

5

Actuality Completeness Correctness Granularity

3rd quartile 2nd quartile median avg.

5 13 9 10 4

4 4 1 7 4
3 6 10 8 11
2 2 4 0 6
1 0 1 0 0
- 8 8 8 8

Figure 5. ESB information quality (n=58) 

As an ESB is a runtime artifact that needs to be 
properly configured in order to function, it is obvious 
that the actuality and correctness data quality attributes 
of an ESB receive very positive evaluations, with a 
median of 5 for actuality and 4 for correctness; com-
pleteness receives a median of 3. The reason is very 
likely that many organizations are still in the transition 
phase between traditional point-to-point communica-
tion and a Service Oriented Architecture (SOA) based 
on an ESB. However, it is remarkable that 9 partici-
pants gave their ESB the best rating for completeness, 
which indicates that their inter-application communica-
tion almost fully relies on their ESB. For these organi-
zations it could be a major benefit to integrate their 
ESB with their EA tooling in order to keep their model 
up-to-date. As mentioned before, the mapping between 
the data types provided by the ESB and the EA data 
types is a difficult task. This is also reflected by the 
answers regarding the difference between EA and ESB 
data granularity. Here the median of the answers is 3. 

5.1.5. Change Management tools. Change Manage-
ment tools are used in the context of ITIL in order to 
optimize the processes of implementing changes in the 
IT-landscape. The concept of this kind of change is at 
the heart of EAM so it is reasonable that integrating 
such a tool in the EA documentation process can be of 
value. The participants mentioned change projects, and 
the statistics of tickets for applications as the data types 
that could be collected. However, the granularity and 

the mapping were again of concern. An interesting 
comment was given by one of the participants regard-
ing the provided data: “Change Management does not 
really deliver EA data, but it can deliver events to up-
date EA data”. Hence, such a tool could be used to 
automatically trigger manual update tasks to the EA 
tool, which would increase the timeliness of the EA 
data. 

In Figure 1 one can see that of the 123 participants 
59 (48%) use a Change Management tool in their or-
ganization. The most popular tool is IBM Rational 
ClearCase (23.73%). Of these 59, 33 participants be-
lieve that their tool can potentially provide EA-relevant 
data. Figure 6 shows the evaluation of the EA-relevant 
data quality attributes. 

1

2

3

4

5

Actuality Completeness Correctness Granularity

3rd quartile 2nd quartile median avg.

5 6 0 4 1

4 7 7 6 2
3 10 11 11 14
2 2 5 2 4
1 2 4 3 3
- 6 6 7 9

Figure 6. Change Management tool infor-
mation quality attributes (n=33) 

The data regarding the actuality of Change Man-
agement tools has a median of 3, implying that in most 
cases the manual maintenance of the tools is not opti-
mal. Also the completeness of the data in the Change 
Management tools received a median of 3 with no se-
lection of the most positive value. This implies that not 
all changes and change projects are covered by Change 
Management tools. Correctness and granularity also 
have a median of 3 with the former having a positive 
and the latter having negative tendency. The negative 
result for the granularity also indicates that the poten-
tially provided data is not easy to map to EA-model 
elements. Hence, we argue that in the context of EA 
documentation automation, Change Management tools 
are more likely to be useful for producing events that 
trigger manual action, rather than actually directly 
providing data to an EA model. 

5.1.6. License Management tools. License Manage-
ment tools are used to keep track of the diverse ac-
quired software licenses. They contain information 
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about the number of running installations, age as well 
as the type of license. As shown in Figure 1, 51 organi-
zations currently have a License Management tool in 
use. The EA-relevant data types reported by the partic-
ipants can mostly be summarized as calculated figures, 
such as the number of installations, number of allowed 
users, costs, application age as well as type and dura-
tion of licenses. In addition, the participants reported 
that application types could be gathered from such a 
tool. This seems to be the only data type that could 
potentially directly be mapped to an EA model from 
the License Management tool. 

As depicted in Figure 1, 51 of the 123 participants 
use a License Management tool in their organization. 
Of those 51, 39 believe that their License Management 
tool could deliver EA-relevant data. Figure 7 shows the 
evaluation of the responses regarding the data quality 
of the EA-relevant data items of the License Manage-
ment tools.  

1

2

3

4

5

Actuality Completeness Correctness Granularity

3rd quartile 2nd quartile median avg.

5 4 1 3 1

4 8 12 9 8
3 9 10 12 10
2 5 3 2 8
1 2 2 2 1
- 11 11 11 11

Figure 7. License Management tool infor-
mation quality attributes (n=39) 

Actuality, completeness, and correctness all re-
ceive a median of 3 with a positive tendency, whereas 
the results for the granularity are centered at the medi-
an of 3. The tool could also be used to produce events 
that trigger manual changes based on license expiry 
events. Notice that a relatively large percentage of the 
participants (28%) state that they cannot make a state-
ment regarding the data quality attributes of the tool. 
This might be an indicator that the stakeholders with 
EA roles, do not access the License Management tool 
on a regular basis. For this information source it is ob-
vious that the effectiveness of its usage for collecting 
EA-data depends on the percentage of licensed soft-
ware in an organization. 

5.1.7. Additionally mentioned information sources. 
As already mentioned we also asked the participants to 

point out the potential information sources they found 
missing in the survey. As many organizations still 
heavily rely on keeping data in Microsoft Excel sheets, 
it is obvious that it was mentioned several times as a 
potential information source. Importing Excel sheets is 
already possible in many EA tools. 
With the recent trends towards the usage of virtualiza-
tion techniques, the usage of cloud services was men-
tioned frequently for collecting infrastructure data. 
Additionally mentioned tools were also directory ser-
vices to collect organizational structure, business pro-
cess engines to collect process information, and release 
management tools to trigger release events.  

Finally, the participants mentioned business analy-
sis tools as another potential information source. Sev-
eral participants also argue for standard data exchange 
formats in the EA domain.  

5.2 Integration problems 

As a final question regarding the data sources we 
asked the participants to select the main problems they 
see with using external data sources for automating EA 
documentation. The results can be seen in Table 3. As 
may be expected from the previous discussions the 
data granularity mismatch between data source and the 
EA information model is seen as the biggest problem.  

Table 3. Problems in EA information source 
integration (n=123) 

Problem Count Percentage 

Granularity 91 73.98% 

Cost 74 60.16% 

Data quality 55 44.72% 

Low ROI 35 28.46% 

Security 17 13.82% 

Other 20 16.26% 

Nothing 5 4.07% 

The cost of implementing the integration is the second 
most mentioned problem. Low data quality at the 
source is regarded as a problem by almost half of the 
organizations and 35 generally see a low return on in-
vestment (ROI) for integrating external information 
sources. Surprisingly, only a small percentage sees 
security as an issue when integrating various infor-
mation sources. Additionally mentioned problems are 
lack of management support, lack of standardization 
and problems assigning responsibility to stakeholders 
that should be responsible for automatically collected 
data. 
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6. Discussion and future research direc-
tions  

Our survey showed that maintaining the EA model 
is one of the biggest problems in EA practice. Howev-
er, only few organizations make use of automation to 
reduce the amount of manual data collection. A main 
finding of this survey is that all discussed information 
sources potentially contain EA-relevant information, or 
at least can be used as sources for change events. 

To improve the process and method of EA docu-
mentation we see several directions of future research. 
These are:  

(1) Research of methods to (automatically) raise 
the level of abstraction of collected structured 
information to be useful in an EA model. 

(2) Research of methods to utilize events from in-
formation systems to trigger and drive EA da-
ta collection processes. 

(3) Research of information demands based on 
the type of EA endeavor. 

(4) Research towards a cost-benefit analysis 
model for the implementation of automated 
EA information collection. 

In the following we discuss these potential areas of 
future research in more detail. 

Referring to research direction (1), the results of 
this survey show that the largest problem for automat-
ed EA documentation is the abstraction gap between 
the source model and the EA model. However, the 
actuality appears to be better for more technical aspects 
such as can be seen in the results for the CMDB, ESB, 
and the Network Scanner tools. Nevertheless, for some 
of these tools, especially the Network Monitors and 
Scanners, a much larger abstraction gap can be ex-
pected. Hence, research approaches need to identify 
ways to bridge this abstraction gap, possibly with the 
help of manual tasks in the integration step as present-
ed in [7]. Another approach that is worth mentioning is 
the adaption/extension of the EA meta-model to match 
the information source models. However, research has 
to find out in which cases this is appropriate.  

With regard to research direction (2), the infor-
mation sources that cover the upper EA-layers, such as 
the project or process layers, suffer a similar problem 
as the EA tools. Their data is mostly manually main-
tained. Hence, actuality, correctness and completeness 
heavily depend on the maintenance process in a given 
organization. However, these sources, such as project 
Portfolio Management tools, may be used as providers 
for events that trigger manual data collection processes 
and can thus also participate in the automation. The 
usage of events for documentation is an under re-
searched topic in the EA field. 

Generally speaking, organizations whose EA en-
deavor is more IT-centric, i.e. also used to supported 
systems operations, may benefit more from automa-
tion; since more information sources exist that provide 
relevant technical data, than sources providing business 
data. More business centric EA endeavors can, howev-
er, still benefit of collecting events from business ori-
ented information sources. In line with findings of Aier 
et al. [1], the free text answers of the survey confirm 
that there is no general consensus on which technical 
level data needs to be collected in an EA tool. Based 
on the EA endeavor classification of Aier et al., the 
information demands of each type should be re-
searched. This constitutes research direction (3). 

As a result of different information demands and 
differences in available sources to fulfill these de-
mands, we argue that each organization needs to weigh 
the cost of implementing automation against the cost of 
manual data collection. Since the tool support and 
standards for automation are limited, as our survey 
shows, the cost of implementing automation is still 
high. With regard to research direction (4) cost-benefit 
analysis methods have to be researched to be able to 
predict in which cases automation provides enough 
benefits to justify the cost of implementation. 

7. Conclusion 

The documentation of the EA is a challenging task 
for today’s organizations since it is very time consum-
ing. In this paper we detailed these challenges in prac-
tice with a survey and summarized related findings 
from literature. While initial efforts in research on au-
tomated EA documentation were identified, we provide 
a concrete list of possible EA information sources 
found in organizations. The appropriateness of these 
information sources is discussed with respect to their 
provided data types and data quality.  

Our survey reveals that in current organizations 
automation of the EA documentation is hindered by the 
abstraction gap between the collected data and the EA 
model. The information is often too technical and can-
not be directly used in the EA model.  

In addition, we found that the percentage of the 
EA model that can be automatically collected mostly 
depends on whether the model is focused on technical 
or more on abstract business related information. The 
analysis of the provided data types and their quality 
showed that data that can be automatically collected is 
mainly located on lower technical layers in EA models. 
However, project and process related information 
sources might be used as providers for events that trig-
ger manual data collection processes and can thus also 
participate in the automation. 
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EA practitioners can use our results to analyze 
their application landscape for automation opportuni-
ties. For researchers the results highlight the main 
problem in the domain that needs to be tackled: bridg-
ing the abstraction gap between existing information 
silos and EA tools. 

As the next step in our future work we will further 
analyze the data set to research if the identified chal-
lenges mentioned by the organizations correlate with 
solution approaches by the participating organizations 
in order to measure their effectiveness. 
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