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1. INTRODUCTION
SURF, a Dutch organization which tries to improve
higher education and research with ICT, has developed
a Green ICT Maturity Model for higher education. They
are interested in the quality of the model and whether
organizations in other sectors are interested in using
the model as well. In this research, we will evaluate
the quality of the model by setting up an online survey
which will be spread in the Netherlands and the United
Kingdom. Quality of the model consists of the rele-
vancy of attributes, a well defined attribute description
and complete domains in terms of attributes. We will
analyze the results of the survey.

2. BACKGROUND
2.1 General definitions
2.1.1 Green ICT
In literature, the terms Green Information Technology
(IT) and Information and Communication Technology
(ICT) are used interchangeably. The definitions of the
two do not differ much. Based on Kern et. al. (Eva Kern,
2013), we define Green ICT as the resource and en-
ergy consumption of ICT during the whole life cycle.
The goal of Green ICT is to reduce the environmental
impacts in different fields through ICT solutions, op-
timization of energy consumption and to promote the
reusability of computing devices and ICT waste.

2.1.2 Maturity Model
The Oxford English Dictionary defines maturity as “the
state of being complete, perfect, or ready; fullness of de-
velopment.” (OED, maturity, n.) and defines model as
“to form (something) after, or in imitation of, a par-
ticular model; to use as an example to follow.” (OED,
model, v.). Paulk et. al. (Paulk, Curtis, Chrissis, &
Weber, 1993) developed the Capability Maturity Model
(CMM) with which they try to guide organizations to
gain control of their processes for developing and main-
taining software and how to evolve to a perfect or ready
state. SURFs Green ICT Maturity Model (SGIMM)
consists of specific attributes, for example ewaste policy
with an example of complete or ready state to guide or-
ganizations in evolving to that complete or ready state
as well.

2.1.3 Organization
The Oxford Dictionary has the following definition for
organization which we will use as well, “an organized
body of people with a particular purpose, as a business,
government department, charity, etc.” (OED, Organi-
zation, n.).

2.2 Related work

2.2.1 ICT related maturity models
There are a number of academic disciplines that use
the term maturity and have developed maturity mod-
els for different ICT related purposes. One of the first
maturity models is the CMM developed by Paulk et.
al. (Paulk et al., 1993). This model represents a frame-
work with five maturity levels for software development,
software quality and process improvements. A maturity
level is a well-defined evolutionary plateau with a set of
process goals that help to achieve mature software pro-
cesses. The five levels of Software Process Maturity are
(1) initial, (2) repeatable, (3) defined, (4) managed and
(5) optimizing. At the lowest level, the initial level,
the organization does not provide a stable environment
for developing and maintaining software. At this level
the process is ad hoc. However, at the highest level,
which is the optimizing level, the entire organization is
focused on continuous process improvement. For the
reason that organization are continuously striving to
improve the process performance of their projects.

According to Galliers et. al. (Galliers & Sutherland,
1991), the term maturity is also known in the informa-
tion systems field. For instance in their revised “Stages
of Growth model”. This model illustrates the organi-
zational stage in a development process where the or-
ganizational usage of ICT is measured. They describe
six different stages with each stage characterizing the
presence of particular attributes of the organization,
the strength of this model is in its focus on ICT and
organization. The growth in IT maturity in an orga-
nization is represented in six stages, which are (1) ‘Ad
Hocracy’, (2) Starting the foundations, (3) Centralized
dictatorship, (4) Democratic dialectic and cooperation,
(5) Entrepreneurial opportunity and (6) Integrated har-
monious relationships. Every stage is described by a set



of seven conditions; strategy, structure, systems, staff,
style, skills and superordinate goals.

2.2.2 Green ICT related maturity models
Curry et. al. (Curry, Conway, Donnellan, Sheridan,
& Ellis, 2013) developed the Data Center Energy Effi-
ciency (DC EE) Maturity Model. They stated that or-
ganizations have problems managing Data Centers due
to the complexity and rapid evolution. This maturity
model could help organizations to systematically assess
and improve capabilities for energy efficiency. Their
model focuses on the execution of four key actions to
improve the management EE in the DC, namely: de-
fine the goals and objectives for the DC EE program,
understand the current DC capability maturity level,
systematically develop and manage the DC capability
building blocks, asses and manage DC progress over
time. This maturity model consists of five maturity
levels, which are (1) initial, (2) basic, (3) intermediate,
(4) advanced and (5) optimizing. These levels describe
how well the behaviors, practices, and processes of an
organization can reliably produce required outcomes. In
their opinion a maturity model could also be used as an
assessment tool and benchmark for the comparative as-
sessments of the capabilities of different organizations.

A framework which applies the same maturity levels
as DC EE Maturity Model is the ICTCapability Matu-
rity Framework (ICTCMF) that is developed by Don-
nellan et. al. (Donnellan, Sheridan, & Curry, 2011).
This model is a highlevel process framework for man-
aging ICT within an organization. The goal is to de-
liver greater value from ICT by assessing and improv-
ing a broad range of management practices. Within
the framework, 33 critical ICT processes are identified
and the framework describes an approach to design ma-
turity frameworks for each process. A core function of
the ICTCMF is to act as an assessment tool and a man-
agement system with associated improvement roadmaps
that guide senior ICT and business management in se-
lecting strategies to continuously improve, develop, and
manage the ICT capability in support of optimized busi-
ness value delivery.

Babin and Nicholson (Babin & Nicholson, 2009) devel-
oped an approach to indicate how green an outsourcer
is. To indicate this, they measure sustainability in global
ICT outsourcing (GITO). They defined a three-stage
model to measure a providers’ stage of sustainability
maturity. Those three stages are (1) early stage sustain-
ability, (2) aspirant and (3) mature global IT outsource
providers. They offer for outsourcing practitioners a
model for improving sustainability capabilities, hence
they can measure and improve their sustainability per-
formance. However, buyers are able to compare and
evaluate the sustainability maturity of their providers.
Thereby those buyers could encourage aspiring or early
stage GITO providers to improve their sustainability

performance.

SustainaBits (deMonsabert, Odeh, & Meszaros, 2012) is
a framework with rating system to rate the sustainabil-
ity of an organization and allows comparing different
organizations. A key challenge for organizations focus-
ing on sustainable ICT is to measure their performance
due to lack of reliable and consistent rating systems.
The difference with other models is the distinction Sus-
tainaBits makes between environmental, economic and
social sustainability criteria. An industry leader func-
tioned as collaboration partner during development of
the rating system.

3. RESEARCH PLAN
3.1 Problem statement
SURF is a Dutch organization and focuses on ICT-
driven innovation. Their goal is to improve higher edu-
cation and research by promoting, developing, and op-
erating a trusted, connected ICT infrastructure that fa-
cilitates optimum use of the possibilities offered by ICT.
One of SURFs central themes is working on Green ICT
& Sustainability. Part of this work is the development
of a Green ICT Maturity Model.

SURF, in collaboration with experts, developed SGIMM
(Hankel & Harryvan, 2014) which enables organizations
to do a selfassessment on a range of Green ICT topics.
Its goal is to help organizations do a selfscan on Green
ICT to see how they can improve their sustainability
efforts with ICT. The model indicates how ICT can be
deployed to eventually minimize CO2 emissions. The
emphasis is on efficiency in energy and material use.

The SGIMM consists of 21 attributes on which a ma-
turity score can be given. Each attribute consists of an
explanation and description of the ‘ideal’ or most ma-
ture situation, which deserves a level 5 maturity score.
These attributes are divided into three domains: (1)
Green IT in the organization, (2) Greening ICT and
(3) Green of ICT by business. The fourth domain is
not specified yet, but covers (4) Greening of the pri-
mary process by ICT.

At the beginning, SURF asked higher education insti-
tutions (HEI) if they were interested in such a matu-
rity model. Nine institutions showed their interest after
which SURF started development. Although SGIMM is
developed for HEI, SURF indicates it can also be used
by other organizations. The first three domains of the
model are generic and can be applied in any organiza-
tion. The fourth domain is also applicable to any orga-
nization, but should be extended specifically per sector.
Hence SURF would like to know if organizations, in
different sectors, are interested in the model and how
they evaluate the model. The English variant of SURF
is Jisc. Jisc is, as claimed, the UK’s expert on digital
technologies for education and research. They are also



interested in SURFs Green ICT Maturity Model and
will spread our survey in the United Kingdom.

3.2 Plan
We will evaluate the model through an online survey.
Our research consists of two parts. The first part is the
pilot session where our first version the survey will be
evaluated by experts. SURFs model has been developed
and evaluated in feedback sessions with these experts.
In the last of these feedback session on January 22, 2014,
we will have time for our pilot session.

The second part is the analysis of results of the actual
survey. Version 1.0 of the maturity model will be pre-
sented at the symposium Green ICT & sustainability
on January 30, 2014 where we will launch our survey.
The survey will be available till February 27, 2014. In
the United Kingdom, Jisc is a company like SURF and
the two communicate with each other. See 3.1.3 con-
text as well. Therefore, the Netherlands and the United
Kingdom are the two countries in which the survey will
be

Evaluation of the model consists of checking the rele-
vance of all attributes, how well all attribute descrip-
tions are defined and if the domains are complete. Goal
of the evaluation is to improve the quality of the model.
Attributes which are marked not relevant could be re-
moved or modified. Descriptions which are not well de-
fined have to be improved. Missing relevant attributes
should be added to the model.

3.3 Research question
As stated in the problem statement, SURF would like
to evaluate the quality of their maturity model and the
interests of organizations.

In order to evaluate the model, we need to define how
to evaluate quality. Wand and Wang (Wand & Wang,
1996), cited much by other literature, identified four
generic dimensions to evaluate Intrinsic Data Quality
based on the most cited quality dimensions in their lit-
erature study. Complete, does a set of data include all
necessary values. Unambiguous (accuracy and preci-
sion) is about representing the correct data. Meaning-
ful, being able to use data in a useable way. Correct is
defined as containing the right information.

During development of SURFs Green ICT Maturity Model,
SURF came up with a couple quality requirements as
well. Relevancy and importance, useful for organiza-
tions. Complete, availability of necessary data. Correct
and well formulated, containing right information for-
mulated in an unambiguous way.

If we compare the dimensions of Wand and Wang and
SURF, relevancy and importance could be linked to
meaningful. Correct and complete are present in both

and do refer to the same aspects. Well formulated
which refers to the unambiguous dimension of Wand
and Wang. SURF prefers the term well defined for cor-
rect and well formulated. This results in three quality
dimensions: relevancy and importance or just relevancy,
well defined and complete.

There is no literature about the differences between
sectors and functions assessing the quality of maturity
models. However, there might be differences as sectors
probably have different ways of working and need or
use different aspects of maturity models. Therefore we
would like to analyze the differences in assessed quality
between sectors and functions. Our resulting research
questions is:

How is the quality of SURFs Green ICT Ma-
turity Model assessed by different sectors and
functions?

SURF proposed the possibility to spread our survey in
the United Kingdom as well which is an opportunity to
compare the two countries.

3.3.1 Subquestions
1. What is the quality of SURFs Green ICT Matu-

rity Model attributes and their descriptions, with
regard to:

(a) The relevancy of an attribute.

Goal: the relevancy of an attribute is a qual-
ity dimension with which we assess the
quality of the model. Evaluate whether
an attribute is relevant.

(b) A well defined attribute description.

Goal: a well defined description is a quality
dimensions with which we assess the qual-
ity of the model. Evaluate whether the
attribute description is well defined. The
description is part of the quality of the
model. Which participants consider the
attribute as well defined and which par-
ticipant do not.

(c) The completeness of a domain.

Goal: completeness is a quality dimensions
with which we assess the quality of the
model. Do participants think the domain
contains all attributes.

2. How is the quality of SURFs Green ICT Maturity
Model domains assessed by different sectors?

Goal: analyze whether different sectors differ in
answers, for example the relevance of attributes,
and therefore in assessing the quality of the
model. As well as the applicability of the
model in different sectors.



3. How is the quality of SURFs Green ICT Maturity
Model domains assessed by different functions?

Goal: analyze whether different functions differ
in answers, for example the relevance of at-
tributes, and therefore in assessing the quality
of the model.

4. How is the quality of SURFs Green ICT Maturity
Model domains assessed by the Netherlands and
the United Kingdom?

Goal: compare results of completed surveys and
analyze differences between these two coun-
tries.

5. Why did participants choose for a particular do-
main, and not for another?

To limit the number of questions and therefore the
required amount of time to fill in the survey, we
add a domain choice where participants have free-
dom to choose which domains they would like to
evaluate.

Goal: analyze the reasoning why participants pre-
ferred one particular domain over another. An-
alyze patterns in decisions.

3.3.2 Definitions of research question
3.3.2.1 Quality
Parasuraman et. al. see quality as a difficult concept
which is mistaken for similar, tough imprecise, alterna-
tives like goodness (Parasuraman, Zeithaml, & Berry,
1985). The Oxford English Dictionary defines quality
as “to assess the quality of (something), to rate at a
certain value.” (OED “quality”, v.). In our research, we
assess the quality of the model by evaluating the rel-
evancy of attributes, how well descriptions are defined
and completeness of domains in terms of attributes.

3.3.2.2 Revelancy
According to the Oxford English Dictionary relevancy
is “the quality or fact of being relevant.” (OED, “rele-
vancy”, n.). If an attribute is relevant, an organization
uses the topic that attribute describes. Wand and Wang
(Wand & Wang, 1996) used timeliness and currency to
describe meaningful, the possibility to interpret data in
a meaningful way.

3.3.2.3 Well-defined description
Well defined, according to the Oxford English Dictio-
nary, is “clearly indicated, marked, or determined.” (OED,
“well-defined”, ajd.). In addition, description is defined
by it as “a statement which describes, sets forth, or por-
trays; a graphic or detailed account of a person, thing,
scene, etc.” (OED, “description”, n.). Hence in our re-
search, a well defined description is a statement which
gives a detailed description of an attribute that is clearly
formulated or determined.

3.3.2.4 Complete
Completeness is defined by the Oxford English Dictio-
nary as “the state or quality of being complete.” (OED,
“Completeness”, n.). Hence the state of the domain of
being complete in terms of attributes.

3.3.2.5 Sector
There are some standards for sector divisions like the
United Nations Statistics division International Stan-
dard Industrial Classification of All Economic Activi-
ties. These, usually detailed divisions, provide a lot of
sectors which probably makes it difficult to analyze re-
sults as participants will be distributed across many sec-
tors. In our survey, we will use four sectors conceived by
SURF: education and research, profit , non-profit and
governmental.

Education is defined by the Oxford English Dictionary
as “the systematic instruction, teaching, or training in
various academic and nonacademic subjects” (OED, “ed-
ucation”, n.) and research as “to engage in research
upon (a subject); to investigate or study closely.” (OED,
“education”, n.) Knight (Knight, 2004) put organiza-
tions who deliver educational programs in the educa-
tional sector. The two are combined into one sector
because education could involve research and research
could involve education. Professors at universities for
example which investigate subjects and use their expe-
riences in their instructions.

The profit sector covers all activities of organizations
and other entities with the objective of realizing profit
(Hunt, 1976). On the other hand, nonprofit sector cov-
ers all activities of organizations and other entities with-
out the objective of realizing profit.

In the Oxford English Dictionary, governmental is de-
fined as “a disposition to enlarge or render general the
legitimate sphere of government activity.” (OED “gov-
ern mentalisn”, n). A governmental organization fulfills
governmental activities. A non governmental organiza-
tion is a non profit organization (Willetts, n.d.) which
we therefore see as nonprofit organization.

3.3.2.6 Function
The Oxford English Dictionary defines a function as
“the kind of action proper to a person as belonging
to a particular class, esp. to the holder of any office;
hence, the office itself, an employment, profession, call-
ing, trade.” (OED, “function”, n.). Every employee has
a job description of its employment.

3.4 Survey design
The questions for the survey are designed to answer our
research and sub questions. All questions about the
maturity model have a Likert scale for a quantitative
analysis. The answers of participants are divided over
a Likert scale with which we are able to show statistics



and percentages and see whether there are significant
differences between certain sectors or functions.

In the survey, all open questions and additional rea-
soning are compulsory. There is only one exception,
the name of the company the participant is working
for, where participants are able to protect some of their
personal information. The explanation is compulsory so
we are able to do a qualitative analysis of results with
a clarification of differences found in the quantitative
analysis.

3.4.1 General information participant

3.4.1.1 Country
In order to answer sub question 4, we need information
about the country the participant is currently working
in. Since the survey will be spread in the Netherlands
and the United Kingdom, these are the default options.
In addition, there is still an open option for participants
which do work outside these countries.

3.4.1.2 Organization/sector, function
In order to answer sub question 2, we need information
about the type of organization or sector the partici-
pant is currently working in. In addition, to answer sub
question 3, we need information about the function the
participant fulfils in the organization. Thereby, we ask
for the name of organizations as well because partici-
pants from the same organization might give conflict-
ing answers. Which could lead to interesting results as
well. Different interpretations of the sector of an orga-
nization are possible. This question is optional because
we do not want to force participants in giving personal
information they do not want to share.

3.4.1.3 Maturity level
If answers are very scattered, we are able to rate answers
from participants with higher maturity level rating as
more important or credible. Therefore we ask the par-
ticipant to rate his or her personal level of maturity on
Green ICT. But also to rate the maturity level on Green
ICT of the participant’s organization.

3.4.1.4 Experience Maturity Models
To check prior knowledge of participants and possible
bias towards maturity models, we ask them about their
experience with other maturity models. Participants
might also provide requirements for maturity models or
pitfalls to avoid from which SURFs Green ICT Maturity
Model could benefit. Hence we ask them to describe
their experience.

3.4.2 Domain

3.4.2.1 Domain choice
In order to answer sub question 5, we ask the partic-
ipant to choose domains they would like to evaluate.

In addition, we ask them to motivate this choice in or-
der to clarify the domain choice, which is necessary to
answer sub question 5.

3.4.2.2 Domain completeness
After evaluating the attributes of a domain, we ask par-
ticipants if they think the domain misses any attributes.
We ask this in order to answer sub question 1c. In ad-
dition to answer this sub question, we ask for an expla-
nation to clarify what is missing which could be used to
improve the model.

3.4.2.3 Suggestion attribute fourth domain
Another contribution to sub question 1c are suggestions
for attributes for the fourth domain of SURFs Green
ICT Maturity Model. These suggestions could be used
to specify this domain. We ask participants to explain
an attribute name and description. But also an moti-
vation is required to evaluate suggestions. Every par-
ticipant is able to give three suggestions, but it is not
compulsory to give a suggestion.

3.4.3 Attribute

3.4.3.1 Attribute relevancy
In order to answer sub question 1a, we need to evaluate
the relevance of each attribute for the participant’s or-
ganization. An explanation is required to see whether
participants give a proper reasoning about the attribute
and its relevance.

3.4.3.2 Well-defined attribute description
In order to answer sub question 1b, we need to evalu-
ate how well defined the attribute description is. An
explanation is required when the participant evaluate
the description as not well defined. In that case, we
are interested in the explanation which we could use to
improve the model.

3.5 Method

3.5.1 Participants
All participants will be recruited between January 30,
2014 and 27 February, 2014. The survey will be spread
in the Netherlands and the United Kingdom. We make
no distinction between age and gender as we will not
use this information in the analysis. Participants will
be asked about their prior experience with maturity
models to check for any bias and to possibly discover
requirements for maturity models. It is difficult to esti-
mate the number of participants. On the Green ICT
& Sustainability event, we distributed our poster to
150 persons. The survey will be spread via email as
well. Since SURFs Green ICT Maturity Model was
pre-written in Dutch, the attributes are translated into
English to make sure all participants are able to under-
stand the model.



3.5.2 Survey pilot
We organized a pilot session with the aim to evaluate
our survey on January 22, 2014. During this session, a
group of experts acted as participants and filled in our
survey. The goal was to ensure validity and check for
missing and unnecessary questions or attributes. In a
discussion session after the survey, which we recorded on
video, we evaluated the survey and gathered feedback.
The first thing we were interested in was the general
impression; such as appearance, layout and spelling er-
rors which we want to avoid. In addition, what was the
amount of time required to fill in the survey and if the
domain choice is a good division. Also if the compul-
sory questions are clearly marked and possible errors
during the survey. We have watched the video to list
all feedback from the experts.

3.5.3 Experiment design
Every participant is able to choose one or more do-
mains from the three specified domains. In this way,
a participant could evaluate the domain(s) he knows or
likes. Evaluating all three domains takes quite some
time. Every domain consists of a set of attributes. Ev-
ery attribute will be displayed on a separate page so
participants are not flooded with information and do
not have to scroll much. An attribute page consists of
the attribute name, description and its domain.

The dependent variables of the experiment are:

• Relevancy of an attribute

• How well the description of an attribute is defined

• Completeness of an domain

The independent variables of the experiment are:

Domains, attributes and description of SURFs Green
ICT Maturity Model.

3.6 Planning
The planning is depicted in Table 1.
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