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IFIP - The International Federation for Information Processing

IFIP was founded in 1960 under the auspices of UNESCO, following the First
World Computer Congress held in Paris the previous year. An umbrella organi-
zation for societies working in information processing, IFIP’s aim is two-fold:
to support information processing within its member countries and to encourage
technology transfer to developing nations. As its mission statement clearly states,

IFIP’s mission is to be the leading, truly international, apolitical
organization which encourages and assists in the development, ex-
ploitation and application of information technology for the benefit
of all people.

IFIP is a non-profitmaking organization, run almost solely by 2500 volunteers. It
operates through a number of technical committees, which organize events and
publications. IFIP’s events range from an international congress to local seminars,
but the most important are:

e The IFIP World Computer Congress, held every second year;
e Open conferences;
e Working conferences.

The flagship event is the IFIP World Computer Congress, at which both invited
and contributed papers are presented. Contributed papers are rigorously refereed
and the rejection rate is high.

As with the Congress, participation in the open conferences is open to all and
papers may be invited or submitted. Again, submitted papers are stringently ref-
ereed.

The working conferences are structured differently. They are usually run by a
working group and attendance is small and by invitation only. Their purpose is
to create an atmosphere conducive to innovation and development. Refereeing is
also rigorous and papers are subjected to extensive group discussion.

Publications arising from IFIP events vary. The papers presented at the IFIP
World Computer Congress and at open conferences are published as conference
proceedings, while the results of the working conferences are often published as
collections of selected and edited papers.

Any national society whose primary activity is about information processing may
apply to become a full member of IFIP, although full membership is restricted to
one society per country. Full members are entitled to vote at the annual General
Assembly, National societies preferring a less committed involvement may apply
for associate or corresponding membership. Associate members enjoy the same
benefits as full members, but without voting rights. Corresponding members are
not represented in IFIP bodies. Affiliated membership is open to non-national
societies, and individual and honorary membership schemes are also offered.
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Preface

Next Generation of Information Technology in Educational
Management

This book offers a selection of papers presented at the latest international con-
ference of Working Group 3.7 of the International Federation for Information
Processing (IFIP). This conference, the 10'" international conference organized
by the Working Group, focused on an important contemporary issue — the next
generation of information technology in educational management.

The conference sought to achieve a wider understanding of factors related
to and influencing this issue, taking opportunities to consider current practices,
concepts and research directions in this topic area. The conference drew on a
wide range of expertise and research studies, from across Australia, Europe, and
the USA. The conference built on and developed key points and concerns raised
in the two conferences immediately preceding this one:

e Evolution of information technology in educational management, which fo-
cused on ways information technology has been involved in and supported
educational management over a period of 20 years, and the changes seen
over that period of time (considered in depth in the international conference
in Darwin, Australia, in 2008)

e Information technology and managing quality education, which focused on
ways information technology has been used to support enhanced qualities of
educational management and its outcomes in terms of effective and improved
teaching and learning (explored in the international conference in Kasane,
Botswana, in 2010)

Taking these concerns forward, the international conference in Bremen, Ger-
many, focused on the topic of the next generation of information technology.
From this conference, four key questions arose:

e Why do we need new educational management information systems?

e What issues do those developing new educational management information
system face?

e What new educational management information systems are being devel-
oped?

e What educational management systems are already in place?

This book takes these four key questions in turn, and presents papers enhancing
our understanding and appreciation of these issues, as well as details concerned
with implications and factors seen to be emerging at this time. These papers offer
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an outstanding overview of this contemporary field, bringing together comple-
mentary study outcomes and positional perspectives to help frame our research
within wider policy and practice dimensions.

Why do we need new educational management information
systems?

e Staman, Visscher, and Luyten argue that data management can support
school improvement practices, at student, teacher, classroom and school lev-
els, and that it is vital for key stakeholders to be trained and to use data
appropriately from educational management information systems to support
school improvement for the benefit of learners.

e Passey highlights the important roles of discussion in managing educational
improvement, and how data management can support discussions between
teachers, teachers and students, and parents, teachers and students, that
can both support vital decision making and inform monitoring practices to
enhance learning approaches, practices and outcomes.

e Schildkamp, Karbautzki, Breiter, Marciniak, and Ronka report on ways data
can be framed and conceptualized to support users in schools in developing
management practices to enhance teaching and learning, and on this basis
propose training programs to support effective use of data in schools.

What issues do those developing new educational management
information system face?

e Breiter, Grof}; and Stauke present evidence of the key issues facing those
attempting to implement and adopt wide-scale e-assessment processes using
technologically based systems, and potential implications for those wishing
to consider the feasibility or development of these practices further.

e Tanrikulu provides evidence from experts working in the field of e-assessment
in higher education, identifying factors both supporting and hindering pro-
cesses of wider integration and implementation of e-assessment practices,
raising implications for those resourcing developments in this field.

e Celep and Konakli provide evidence from school teachers about current
knowledge management practices, and highlight the importance of adminis-
trative support and background characteristics on levels and forms of knowl-
edge management processes, raising questions about aspects where future de-
velopments could support more effective organizational learning in schools.

e Mohamad, Manning, and Tatnall provide evidence about knowledge manage-
ment practices in another sector of education, in the administration of higher
education in Malaysia, and again highlight factors that could contribute to
enhanced organizational learning and practices, considering particularly the
influences of cultural factors and adoption decisions.

e Thorn provides evidence of how data management systems are currently
being adapted to inform decisions on teacher pay performance through the
teacher incentive scheme in the USA, and highlights key issues and concerns
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to be addressed if this form of program is to be supported more effectively
through data management systems aligned to social systems in the future.
e Schulz and Breiter explore the use of logfiles derived from school information
systems as ways to analyze patterns and uses, to inform at levels of awareness
and outcome, while identifying not only ways these data are currently being
used but also limitations and implications for future uses and development.

What new educational management information systems are being
developed?

e Strickley describes how data links between national data sets enabled wider
transfer between local and national government systems in the United King-
dom, enabling access through an information system that could support
citizens more considerately, effectively and efficiently when seeking and re-
ceiving allocated funding to support their children with free school meals.

e (Castro and Santos describe the processes and procedures used to build from
an existing, and develop a new, information system to support schools with
specified and different forms and levels of data, linked to key performance
indicators.

e Pereira and Castro present a case study that describes the conceptual and
practical approaches used to identify and select technology partners for de-
veloping school information systems, accommodating the needs of all key
stakeholders, and using a systematic approach to the needs to develop ap-
propriate decision making.

e Lammerhirt, Franssen, and Becker describe processes and procedures in-
volved in conceptualizing, developing, and implementing a campus-wide data
management system to support higher educational needs in their university,
initiated through business process modeling, requirements analysis, integrat-
ing organizational processes, and procuring and developing a new informa-
tion management system.

What educational management information systems are already in
place?

e Casey describes the data information systems in place across a county in
Norway, where data are held in a variety of government data bases, and
transferred in order to support all stakeholders across the secondary school
sector.

e Tatnall and Davey describe a learning management system developed and
implemented across the entire school sector in Victoria, Australia, identify-
ing features that are successful and those where further focus is needed to
enhance future practices for students, teachers, and parents.

e Gregor, Wilmes, and Kiock describe the development and implementation of
a data management system to support school planning needs across Berlin,
Germany, highlighting the fundamental roles of those involved, and the vital
need to accommodate personal and ethical regulations laid down in statutes.



VIII Preface

All papers in this book were peer-reviewed, and authors were able to use re-
viewer, presentation audience, and editor feedback in order to finalize the chap-
ters presented here. We, the editors, wish to thank our authors for contributing
to this book, which we believe will help to stimulate wider consideration for those
working in this field, whether they be researchers, policy makers, or practitioners.

March 2013 Don Passey
Andreas Breiter
Adrie Visscher
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Note of Apology

The authors and editors of a paper presented in the previous IFIP AICT 348
volume entitled Information Technology and Managing Quality Education sin-
cerely apologise for the omission of two authors’ names. The paper offered in
Chapter 10 of that volume should read, on both pages IX and 95:

Bridging the Knowledge Gap for African Researchers through Open Access Pub-
lishing: The Case of African Higher Education Research Online (AHERO)
Beatrice Sekabembe, Jude Ssempebwa, Shehaamah Mohamed and
Allison Fullard



Part 1

Why Do We Need New Educational
Management Information Systems?



The Effects of Training School Staff
for Utilizing Student Monitoring System Data

Laura Staman, Adrie J. Visscher, and Hans Luyten

Department of Educational Sciences, University of Twente, The Netherlands
a.j.visscher@utwente.nl

Abstract. The Dutch School Inspectorate defines achievement-oriented work
(AOW) as the maximization of student performance in a systematic and goal-
oriented way. Research by the Inspectorate shows that students in achievement-
oriented schools perform better than students in schools that meet the criteria
for achievement-oriented work less. The University of Twente has developed a
training course in which school teams learn to work in an achievement-oriented
way. Parallel to the training activities, the effects of training schools are studied.
The research findings show that the training course has a positive effect on
attitudes towards AOW, as well as on knowledge and skills relevant for AOW
of school staff.

Keywords: Achievement-oriented work, student monitoring system,
professionalization, data use, evaluation.

1 Introduction

Growing attention for achievement-oriented work (AOW) in Dutch primary education
is caused by the supposed declining performance of Dutch students in the core
subjects: arithmetic, language and reading. Research by the Dutch School
Inspectorate [1] shows that students in AOW-schools perform better. The assumption
is, therefore, that performance in Dutch schools in the core subjects can be improved
if Dutch schools in general adopt the AOW approach. Achievement-oriented schools
are supposed to use the results of evaluations of student performance (by means of
student monitoring systems) for maximizing student performance by working in a
more goal-oriented way and by adapting instruction in such a way that it meets
students’ needs as much as possible [2]. The research by the Inspectorate shows that
the degree of AOW varies between schools. Only 30% of all primary schools operate
in an AOW-way, and the majority of schools can improve its AOW-skills a great
deal. This especially applies to analyzing student performance and diagnosing causes
of underperformance, formulating challenging goals for all students, and adapting
instructional activities to students’ educational needs. Promoting AOW requires
teacher professional development, and the development of an achievement oriented
school organization [3, 4, 5, 6]. Based on the research of the Inspectorate with regard
to the level of AOW, the conclusion can be drawn that in most Dutch primary schools

D. Passey, A. Breiter, and A. Visscher (Eds.): ITEM 2012, IFIP AICT 400, pp. 3, 2013.
© IFIP International Federation for Information Processing 2013



4 L. Staman, A.J. Visscher, and H. Luyten

AOW is not a reality yet. The Ministry of Education supports, however, various
initiatives for promoting AOW. One of these initiatives is the development of a
training course for primary schools in which schools learn to work in a systematic and
achievement-oriented manner. This so-called ‘Focus-project’ aims to improve student
performance in Dutch primary education by means of a two-year training course in
which schools learn to utilize student monitoring system data, formulate challenging
performance goals, and to provide instruction that is adapted to students’ instructional
needs.

2 Theoretical Framework

Achievement-oriented work is equivalent to what in other countries is called ‘data-
driven teaching’ (i.e. [7]). In many countries student performance data for improving
student performance is promoted by the accountability contexts of schools [6].
Schools are held responsible for the performance of their students, and are supposed
to monitor and optimize student performance systematically [8]. Analyzing student
data in depth can point to specific problems of schools, teachers and groups of
students [9]. According to Carlson, Borman and Robinson [10] an achievement-
oriented approach includes collecting, interpreting, and distributing data, which could
support school improvement initiatives. The literature on school improvement and

@
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school effectiveness also points to the central role of using student assessment data
within school improvement processes [11, 12]. In the view of Perie, Marion and Gong
[13] test data can be used in three ways:

e as a tool for teachers in adapting instruction and the curriculum to the needs
of students;

e for evaluating and improving instruction; and

e for predicting students’ test scores on future tests.

Using test data can also lead to a more professional school culture and more
cooperation within schools [14]. As a result, communication and knowledge within
schools increase, and data use can improve teachers’ attitudes towards providing
instruction for students [15]. Visscher and Ehren [4] explain the mechanisms through
which AOW at the school level can promote better education and student results. A
good image of the starting situation of the students, formulating challenging goals
based on that information, and choosing a route for accomplishing the goals set at the
school, grade and student level are all required. Achievement-oriented work as such
touches the whole school organization (see Figure 1; note that in this Figure, board
level indicates the school board level).

2.1  Achievement-Oriented Work at the School and Classroom Level

Goertz, Olah and Riggan [5] show that leadership and an achievement-oriented school
culture in combination with support from local government are critical factors in
assisting teachers with AOW. The literature on school improvement stresses the
positive relationship between distributed leadership and school innovation. Hulpia
[16] describes distributed leadership from three different perspectives: as a
distribution of leadership functions; as cooperation between the members of a
management team; and as participative decision-making by teachers. The role of
teachers in decision-making processes and the contribution of strong, collegial
relationships are mentioned as important prerequisites for school improvement [17].
In the view of Earl [18] and Sutherland [19] distributed leadership in addition to
supporting AOW can contribute to school improvement. School leaders can fulfill an
important model function here. They should stimulate and support their school staff
for AOW [19]. In an achievement-oriented school culture, high performance of all
students in the core subject is considered important. Furthermore, achievement-
oriented work is influenced by the degree to which school staff are offered
opportunities to cooperate within the school. Additionally, a school leader is supposed
to promote a shared vision, norms and school goals, as a climate in which data are
used for school improvement (instead of using the data for evaluating teacher
performance). A school leader can also facilitate the work of his/her team members
by providing time for, for example, collecting, analyzing and interpreting data.
Conrad and Eller [20] note that the implementation of AOW requires intensive
professional development interventions for teachers and school leaders. Finally,
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a combination of pressure and support is supposed to promote AOW [6]. Diamond
and Spillane [21] and Slavin [22] stress that external pressure, for example through
the governmental accountability policy in combination with support, provides the best
opportunity for innovating the school organization. In the view of Visscher and Ehren
[4] this also applies to the role of the school leader. Within AOW the school leader
ideally monitors the AOW innovation process and stimulates all team members to do
their best to implement the three components of AOW at the classroom level (see
Figure 1), and by supporting them where necessary.

Component 1: An Accurate Picture of Students’ Starting Situations. According to
Visscher and Ehren [4], the first important activity in an achievement-oriented
approach is obtaining a good image of the actual performance level of students.
Schools for that purpose have to collect test data at the school level on how the school
functions. These test data can be compared with previous test data on the performance
of the school as a whole, about grades, and individual students. Comparisons with
national average performance are also possible. In addition to this, analyses can be
made of which specific components of subject matter are mastered by students or not
[23]. Test data should also lead to further analysis of causes of specific student
results. A student monitoring system can support these activities. Performance
feedback can be an important tool for school improvement. Research by Chen,
Heritage and Lee [24] shows that school information systems can assist school staff in
timely finding of students at risk which can help in adapting instruction to students’
instructional needs, and higher student achievement levels [25, 26]. The positive
effects of performance feedback on performance improvement have been reported
repeatedly [27, 28, 29]. However, Hattie and Timperley [28] point to the fact that
feedback effects are not always positive. The effects depend, for example, on the
context in which the feedback is provided and the way in which it is provided. In
order to have a positive effect, the feedback should be corrective (showing what is
wrong and why) and show how the feedback recipient can improve his/her
performance. About 90% of Dutch primary schools use one or more components of
the CITO student monitoring system [3]. By means of a student monitoring system,
achievement can be monitored on a longitudinal basis across the whole primary
school at the level of individual students, grades and schools. The basis of the system
is provided by high quality standardized tests for primary school students which are
taken twice (in most cases: at the end of a school year, and half way through the
school year) or once a school year. The system supports the analysis of the
performance of individual students, student cohorts (for one test, or across all tests
taken for a cohort), or classes (for one test taken, or across all tests taken for this
class). The system not only supports the analysis of the performance level of students
in comparison with the national benchmark but also the analysis of which components
of the subject matter a student masters and which not (which is very important for
designing instruction). As student performance as measured by means of all the
tests taken can be expressed on one and the same scale, the monitoring system allows
the added value between two or more measurement moments to be determined.
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This is important for analyzing how much a student learns in a specific period of time
(e.g. a school year) as a student may perform at a relatively high level but not have
grown much in that period of time. Similarly, it is also valuable knowing that a
student who performs at a relatively low level has grown a lot since the previous test
taken.

Component 2: Setting Goals for All Students. According to Visscher and Ehren [4]
the second component of AOW includes formulating desired performance levels in
terms of explicit and clear goals for individual students and the school as a whole.
Locke and Latham’s goal setting theory [30] states that explicit, specific and
challenging goals lead to higher performance. Difficult goals require more effort and
dedication than easy goals. Such goals steer behavior, and in general hard goals
motivate people to accomplish those goals. In addition, definitions of success vary
less if goals are formulated explicitly and clearly as the goals in that case indicate
precisely when they are accomplished and when not. Locke and Latham [30],
however, also stress the importance of self-efficacy in the context of goal-setting.
Higher self-efficacy levels are proven to lead to higher goals while more goal-
ownership leads to more searching for goal attainment strategies [31]. The
combination of goal-setting and providing feedback proves to be more effective than
the sum of the effects of each of these two activities. Based on the feedback, the
strategies applied for accomplishing the goals set can be evaluated and improved.

Component 3: Determining the Route for Goal Accomplishment. The third step in
the model of Visscher and Ehren (see Figure 1) includes taking decisions with respect
to the instructional strategies that will be used for accomplishing the goals set.
Research by Heritage et al. [32] shows that teachers are more capable of interpreting
assessment data than they are of taking decisions on the desired nature of instruction
based on assessment data. What is needed at this stage is deliberate practice: ideally
teachers carefully and professionally take decisions on how instruction will look,
based on student progress information (which will vary between students) instead of
working in a routine way regardless of student progress details. Next to deciding on
how instruction should look, teachers should evaluate the effects of instructional
decisions taken. According to Massell [15], using assessment data for taking
instructional decisions is a very complex task and in most cases teachers have not
been prepared for taking such decisions.

2.2  The Practice of Achievement-Oriented Work

Based on the research on AOW, the conclusion can be drawn that AOW has not been
implemented in many schools yet [3] and that the expertise of school leaders, school
internal coaches and teachers regarding AOW is limited. Especially lacking are the
skills and knowledge for analyzing and interpreting assessment data, as are the taking
of decisions based on the assessment data with regard to how to adapt instruction to
students’ educational needs. There is also much room for improvement regarding
formulating specific measurable goals at the school and classroom level.
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Schildkamp and Kuiper [6] and Wayman [33] conclude that AOW can be
promoted by means of training and supporting school staff. School staff themselves
also indicate the need of support in the context of AOW [34].Teachers’ attitudes
regarding the effectiveness of interventions prove to be very important for the
effectiveness of school improvement initiatives [35, 36]. Their attitudes influence
their efforts and enthusiasm. More specifically, various authors stress the importance
of a positive attitude towards school performance feedback [37]. Training school staff
can have a positive effect on the attitudes of school staff towards school performance
feedback, and on the knowledge and skills for using the feedback [38].

3 Research Question

In 2010 a longitudinal study was started, looking at the effects of the Focus training
course for AOW on the basis of school performance feedback in 86 Dutch primary
schools. The effects of the training course on the knowledge and skills and attitudes of
school staff with respect to AOW have been investigated.

The data acquired have been used to answer the following research question: What
effects does the Focus training course have on school staff’s knowledge and skills
with respect to the student monitoring system they have, as well as on their attitudes
towards the use of the student monitoring system and AOW?

4 Research Method

Schools were approached for participation in the Focus-project and all but one school
was located in the Twente/Salland region in the Eastern part of the Netherlands.
Schools participated in the Focus training project in the school years 2010 to 2011
and 2011 to 2012. Data from the pre-test and post-test were available with regard to
knowledge and skills and attitudes concerning AOW for the participants in the school
year 2010 to 2011 (54 school leaders, 55 internal coaches and 578 teachers in grades
1 up to and including grade 5). In the school year 2011-2012, school leaders, internal
coaches and teachers in grades 6, 7 and 8 participated in the training course. A
number of schools had an auxiliary branch which could be considered to be a school
in itself, as a result of which the total number of experimental schools was 48.

4.1 Instruments for Data Collection

Instruments used for measuring knowledge and skills, and attitudes to AOW were:

e atest measuring skills to interpret student monitoring system data;

e atest measuring knowledge about various ways to use the student monitoring
system,;

e an instrument measuring general attitude towards AOW;

e an instrument measuring attitude towards Focus components of AOW; and

e an instrument measuring attitude towards student monitoring system use.
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4.2  The Intervention

As mentioned in previous sections, Visscher and Ehren [4] distinguish between three
AOW components: obtaining an accurate image of the students’ starting situation;
setting goals for all students; and choosing the route for accomplishing the goal set.
The schools were trained to transform analyzed test data into an action plan (a group
plan including learning and performance goals for all students as well as the didactical
approaches for accomplishing the goals set). The Focus cycle for AOW included the
analysis and diagnosis of test data, formulating action plans (group plans), and
monitoring and evaluating the execution of this plan. The various components of the
cycle had been specified in a protocol which included twelve steps. This protocol was
filled out by schools twice a year (after the end-of-school-year test and the test taken
after half a school year). Figure 2 presents the various components of the cycle,
including the various steps in the protocol. In steps 1 - 6 teachers/schools are shown
the various forms of performance feedback the student monitoring system can
provide: data on the performance of students and student groups at one or more
measurement moments. Thereafter, causes for underperformance are diagnosed using
information about learning progression as well diagnostic conversations with
individual students. Based on all the information available, teachers draw up group
plans for their student groups in which they specify how each student in the group
performs, how each student ideally will perform when the next test is taken, and
which didactical approach will be used for each student to transform actual
performance to a desired performance (step 10). Next, the group plans are carried out
(step 11) and after some time the results are evaluated to determine whether the
didactical strategy works. If not, the group plan is adapted to increase the probability
of success.
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4.3 Data Collection Procedure

Knowledge and skills about the student monitoring system, and attitudes towards
AOW were measured during Focus training sessions. In the case of knowledge and
skills about the student monitoring system, respondents were asked to answer
multiple choice questions (developed by the researchers based on their knowledge of
the student monitoring system) about the types of data analysis the monitoring system
allows, and about what the data mean.

Respondent’s attitudes were measured by means of statements about the value of
achievement-oriented work, and the use of a student monitoring system. The
respondents were asked to indicate to what extent(s) they agreed with each of the
statements.

4.4  Data Analysis

Because of their nested structure (students nested in groups and teachers nested in
schools) the data were analyzed by means of multilevel analysis techniques. In the
case of measuring respondents’ knowledge and skills about the student monitoring
system, the number of correct answers on the pre-test and the post test was
computed and compared to analyze the effects of the training activities. Differences
between attitudes towards achievement-oriented work and the student monitoring
system on the pre-test and the post- test were also computed. Only the data for
respondents participating in the pre-test as well as the post-test were included in the
analysis.

4.5 Results

The results point to a remarkable difference within and between schools with
respect to the degree to which staff had acquired required knowledge and skills for
AOW, and attitudes (motivation) towards AOW. Table 1 presents results of multi-
level analyses.

Statistically significant differences between the post-test and the pre-test were
found for ‘Knowledge student monitoring system’ (the correct interpretation of the
data) (t = 11.46, p < 0.001), and ‘Knowledge student monitoring system’ (the various
analyses that can be made by means of the system)’ (t = 16.28, p < 0.001).
Furthermore, school leaders differed significantly from teachers on the pre-test with
regard to the variable ‘Knowledge student monitoring system’ (interpretation) (t =
2.87, p < 0.010) and ‘Knowledge student monitoring system’ (possibilities) (t = 3.20,
p < 0.010). On the pre-test, school leaders proved to know more about how the
student monitoring system could be and should be (with correct interpretation) used.
On the post-test, school leaders differed significantly from teachers in terms of their
growth in knowledge with regard to how the student monitoring system output should
be interpreted (‘Knowledge student monitoring system) (t = -2.06, p < 0.050).
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School leaders grew less than teachers but already had a higher score on the pre-
test. Internal coaches also proved to differ significantly from teachers on the pre-test.
They seemed to know more already about AOW: ‘Knowledge student monitoring
system (interpretation)’ (t = 3.60, p < 0.001); and ‘Knowledge student monitoring
system (possibilities)’ (t = 2.74, p < 0.010). Internal coaches did not grow
significantly less or more than teachers on these variables.

The scores on the post-test for the variables *General attitude towards AOW’ (t =
284, p < 0.010), ‘Attitude towards the Focus AOW components' (t = -2.48, p < 0.050),
and ‘Attitude towards student monitoring system use’ (t = 2.98, p < 0.010) proved to
differ significantly from the attitudes measured by means of the pre-test. The general
attitude towards AOW and the attitude towards the student monitoring system use
improved significantly whereas the attitude towards the Focus AOW components was
lower on the post-test.

The results differed somewhat between the various types of school staff. School
leaders and internal coaches were more positive towards AOW than teachers on the
pre-test (for school leaders t = 2.45, p < 0.050; for internal coaches t = 2.25, p <
0.050). Moreover, school leader attitudes towards the Focus AOW components were
lower on the post-test than teachers’ attitudes towards the Focus components of AOW
(t=-2.22, p < 0.050).

5 Conclusion and Discussion

The results show that Focus training influences attitudes towards, and knowledge and
skills for AOW in a positive way. This is in line with Branderhorst [38] who also
found a positive effect of training activities on the attitudes of school staff towards
school performance feedback. The fact that school leaders and internal coaches had a
more positive general attitude towards AOW on the pre-test than teachers might have
been caused by the fact that school leaders and internal coaches already knew more
about AOW (which was proven in this study). As a result of this they might already
have been more capable of seeing the importance of and need for AOW. Moreover,
the more positive attitude of school leaders and internal coaches might also have been
caused by the fact that they were involved in the process in which schools were asked
to participate in Focus training, during which they heard more about the Focus
training course and AOW, and its importance.

The growth in knowledge and skills for AOW varied considerably between the
various types of school staff. School leaders and internal coaches scored better on the
pre-test than teachers which might explain that they grew relatively little between the pre-
test and the post-test. In other words, the Focus training activities professionalized
teachers most with regard to how the student monitoring system could be used (the
various types of analyses) and how the results of the analyses should be interpreted. As
teachers were the central actors in the process of producing school results, this finding is
very promising for improving the results of schools. One would expect that schools in
which teachers learned how to use their student monitoring systems, and in which
teachers used the information retrieved from their student monitoring systems for
improving the quality of instructional processes in the long-run will have better results.
However, choosing the most promising instructional strategies based on information
regarding where the students are in the learning process is not easy [32].
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Data Driven Discussion for Decision Making
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Abstract. Handling data in schools has moved from recording data in reposito-
ries, to reporting data to different stakeholders, to decision making using
specific types of data. There are clear arguments that decision making functions
require access to data, but the research literature indicates that discussion about
points and issues is an important pre-requisite. This paper looks at evidence that
highlights discussion as a fundamental need, offers two case study examples of
schools integrating discussion that contributes to curriculum decision making
with data, reviews a new data management system integrating features support-
ing discussion, and in conclusion highlights key points for future development.

Keywords: Data handling, data management, new data management systems,
discussion making, decision making.

1 Introduction

Both data management systems and data handling processes in schools have changed
over the past thirty years — starting with largely static systems allowing data to be
recorded, moving through more widely accessible systems allowing data to be re-
ported to different stakeholders, to access to data handling and analysis facilities
enabling and supporting data driven decision making. A more detailed account of
these shifts over time is discussed by Selwood and Drenoyianni [1] and Passey [2] in
the context of data management systems in schools in England.

The term and concepts of data driven decision making (DDDM) are commonly as-
sociated with uses of data management facilities and applications when considering
school needs. The term and concepts are often used in the context of schools and dis-
tricts in the United States (US), where systems collect together distributed data
through interoperability framework techniques, enabling different stakeholders to
access and use these data through data mining techniques. A useful overview of re-
search conducted across the US in terms of DDDM (Marsh, Pane and Hamilton [3])
states that: “DDDM in education refers to teachers, principals, and administrators
systematically collecting and analyzing various types of data, including input,
process, outcome and satisfaction data, to guide a range of decisions to help improve
the success of students and schools.” This report goes on to discuss ways in which
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different data can identify school strengths and weaknesses, and put interventions in
place to support school improvement. Ways in which different forms of data are used
in school improvement practices in a number of countries across Europe are also dis-
cussed in Visscher and Coe [4]). On a cautionary note, however, a report from the
national inspection agency in England (Ofsted [5]) highlighted the need, when consi-
dering school performance and improvement, to understand the statistical background
and validity when using different forms of primary and processed data.

Whilst uses of different forms of data supporting decision making are often clearly
identified in advice and research literature, the roles of discussion in leading to appro-
priate thinking about and decision taking are explored far less. There is limited refer-
ence in the educational literature that explores this topic. It is not always clear, for
example, how discussion is established when data is used to make decisions, or what
processes are involved to account for influences of the data on critical thinking about
curriculum concerns and issues. The fact that discussions happen is certainly not dis-
puted. For example, Marsh, Pane and Hamilton [3] stated that: “In monthly calls with
supervisors, these staff members rated schools and discussed strategies to address the
problems in schools receiving the lowest ratings,” Kirkup, Sizmur, Sturman and Lew-
is [6] stated that: “Schools reported that effective use of data resulted from meaning-
ful dialogue between staff, and was supported by user-friendly systems,” and the
government department for education in England as a part of their early advice to
schools (Department for Education and Skills [7]) stated that: “teams of teachers can
learn from the good practice of each other, sharing strategies for dealing with individ-
ual students or analysing performance by using diagnostic marking. Discussions at
planning meetings can produce action plans and targets for the team and individual
students.” Some educationalists have highlighted the critical importance of discussion
in decision making; Treadaway [8] found issues arising in some schools where sub-
ject targets were given to students on the basis of data reports alone, without adequate
discussion, and Hirokawa [9] found in a study outside the educational context that, for
groups investigated, fulfilling critical task-achievement functions (or requisites) was a
better predictor of decision-making performance than the discussion procedures em-
ployed in arriving at a decision.

The importance of data for informing discussion processes is not limited to stake-
holders within schools. Advice from the government agency for e-strategy in Eng-
land, Becta [10] stated that: “Research over the last decade has consistently shown
that all children achieve more highly when their parents talk to them about their expe-
rience of school and learning. .... Technology can inform and enrich this engagement
by enabling parents to receive and access information about their children’s work,
progress, attendance and behaviour when and where they want, using, for example,
secure online or even mobile access.” Byron [11], from a survey of 1,000 parents,
confirmed the positive potential role of technologies, stating that: “Time-saving tech-
nology for online reporting, lesson-planning and homework (accessed by school web-
sites and other online resources) make parents feel much more a part of their child’s
learning”. But schools need not only to put in place systems that will provide levels of
information and discussion between teachers, parents and learners, but also need to
think about forms and nature of information to provide bases for useful dialogue, and
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while in-school data systems are common in schools across England, fewer use sys-
tems to report online to parents. A national survey conducted by Infogroup/ORC In-
ternational [12] stated that: “Technology was used for reporting to parents at least
once a term in over three quarters of secondary schools (77 per cent), just over half of
special schools (55 per cent) and less than a quarter of primary schools (23 per cent).”
Basic online reporting to parents by primary schools is not yet common.

2 Methodology and Case Study Approaches

In this paper, issues concerned with relationships between discussion and decision
making, and the ways that data management systems support these, are explored. To
do this, two case studies are used to provide evidence of discussion processes in-
volved when student data is used to inform curriculum and achievement processes.
These case study schools were selected on the basis of being identified by indepen-
dent school reviews and the data system providers as effective users of data manage-
ment systems, and effective in terms of using these systems to support school
improvement. From the case studies, key points where discussion is involved, the
purposes of those discussions and the stakeholders involved are identified. In terms of
potential future development, a new data management system that seeks to integrate
discussion opportunities is reviewed in terms of the facilities it offers. How these
match with the needs of the case study schools is highlighted, and future implications
for development are subsequently considered.

The two schools, a mainstream secondary and a mainstream primary school, both
located in the north of England, use data routinely and integrate its use with processes
that involve discussion with different stakeholders. Evidence was gathered from these
schools, and is reported in the form of case studies, using elements suggested by Yin
[13]. In each case, the field work identified and detailed: the aims and objectives for
using data in the school; the data management systems that were used; some back-
ground context to the school itself; the ways that data were used and how these related
to processes of performance and improvement in the schools; what lessons the
schools learned; and what issues arose. The field procedures involved discussions
with key teachers and senior managers in the schools, and with some classroom
teachers and heads of department. Background documents (national Ofsted inspection
reports, not referenced to retain anonymity) provided an independent perspective on
the overall achievements and performance of the schools. In discussions, key teachers
and managers were asked open-ended questions, about their background contexts,
aims and objectives for using data and data management systems, details of the data
they used, what performance and improvement systems operated in the schools and
how these involved the key stakeholders (managers, teachers, students and parents),
what issues arose, and what they felt they had learned in terms of the outcomes, use-
fulness and future directions for the processes they had in place. The case study find-
ings are presented in the next two sub-sections. Following these, there is an analysis
of results (in terms of relevance and relationship to the issue of uses of discussion
when data is used in performance and improvement processes in schools).
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3 A Secondary School Case Study

This secondary school uses its data management system to track student performance.
Its main intention is to support and maintain high standards of student progress, by
providing timely information to the wide range of interested parties at certain times
throughout the school year. This involves using integrated and appropriate tracking
and monitoring systems from the time students join the school at 11 years of age.
Ofsted (the independent inspection service that reports publicly on standards in
schools) described the school as a place: “where standing still is not considered as an
option. ... Self-evaluation procedures are based on detailed analysis of information
and resulting priorities and areas identified for further improvement are tackled reso-
lutely. ... The tenacious analysis by staff of pupil performance data ensures that work
is well matched to their needs and interests. Senior leaders and middle managers are
successfully held accountable for their pupils’ performance.”

The school, designated by the government department for education as a high per-
forming specialist college in technology and applied learning, has some 1,100 stu-
dents of mixed gender on roll, aged from 11 to 18 years. Teachers have online access
to a school data management system in all classrooms and in all staff areas. A key
member of staff initially ran an evening session for all staff, and a day session for
pastoral staff on how to use the system. Use of the system by teachers is embedded
within the wider school review system; a calendar of meetings is set up to discuss
targets and progress, and to report to students and parents. Teaching staff maintain up-
to-date records; they enter subject attainment assessments, behavioural and attitudinal
grades and written comments on each student. Using the same data platform, they
both view and analyse existing data. The system produces reports that go out to stu-
dents and parents three times a year in paper-based form.

Two main sets of test data provide baseline information when students come into
the school: national subject attainment test (SAT) results in mathematics, English and
science; and commercial cognitive abilities tests (CATs). CATs are used to assess
overall ability, and importantly, to identify significant differences from SAT results.
Exploring reasons for differences often yield important information about an individ-
ual student that subsequently helps teachers to secure progress. A student may have
used well-known test techniques to achieve well in SATs, but underlying cognitive
abilities requiring on-hand non-revised skills may be somewhat weaker. The converse
is also felt to be true; for a variety of reasons a student may not have made sufficient
past progress, but have substantial potential that needs to be harnessed.

All subject teachers have access to background data sets no matter what their sub-
ject is (this is especially important as national SATs results are not available for sub-
jects beyond mathematics, English, and science). Teachers access this information
alongside their own subject specific data. Information in the data system is presented
in columns, ordered by class groups and year groups. Further general details about
students, those who gain special educational needs support, dates of birth, and gender
are included. Teachers report specific details every term about learning skills, beha-
viour, organisational skills and completion of homework.
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Based on background data, every student has clear targets in levels (up to 14 years
of age) or grades (beyond this age), for each subject area. These are unique to the
individual and derived from assessments of their starting points for learning at the
beginning of each school year. When students are 14 years of age, all baseline data
are reviewed and each subject department enters targets that are challenging, based on
projected upper quartile levels taken from national data on past progression in indi-
vidual subjects, an approach used for some years. Teachers have to offer strong evi-
dence if they wish to set targets that are not recognised as a challenge. It is felt to be
crucial that students are part of the target-setting process if they are to have ownership
of the targets and work towards achieving them. Before finalising them, targets are
discussed with each student and are agreed, rather than students being given the tar-
gets. Chances graphs from CAT tests are used to encourage high aspirations and
teachers discuss with individual students the likelihood of success of achieving differ-
ing grades using agreed targets as measures. Actual attainments recorded by teachers
are compared against targets at least once each term.

Tabular forms of presentation are the main forms used by teachers, and a traffic
light system is used to indicate progress (indicators used by the school are ‘Before’ —
lower than the starting point, ‘Static’ — still at the same level as the starting point,
‘Towards’ — moving towards the target, and ‘Met’ — the target is achieved or ex-
ceeded). Traffic lights allow colours to be selected, and columns can be ordered so
that groups within classes or year groups can be identified. Graphical representations
are also used to display average point scores by class and year group, to look at quar-
tile ranges, and progress each half-term across a period of 3 to 5 years. Changes from
year to year, and trends over time are reviewed every year with the leaders of each
curriculum area and senior management.

The school finds that using baseline data, agreeing targets, and monitoring progress
status (above or below the target) allows a case study approach with individual stu-
dents, maintains tracking, picks up any issues regularly, and allows ways to address
issues to be identified. The school recognises that having a system in place means that
it is necessary to act on what is found; otherwise it is felt it would not be worthwhile.
It is also recognised that ownership at this level can create stress, since clear state-
ments are being made about expectations. Teachers can recognise progress or lack of
it; curriculum leaders can identify whether lack of progress may be due to student,
course, or teacher. They examine progress closely three times a year, looking for dips
and reasons for those dips. They pick up on topics that need to be rechecked or revi-
sited, if performance is low. Teachers can identify variations in progress across spe-
cific groups of students (for example girls or boys, or vulnerable students).

The use of progress grades (‘before’, ‘static’, ‘towards’, ‘met’) is recognised as a
powerful way to identify real issues and ensure that all students are focussed on future
aims. Students and parents understand the level and grade systems, but using progress
grades means that value is placed on effort, hard work and diligence. All are felt to
make progress according to their ability and this is celebrated at every opportunity.

The system in place means that information for teachers is available readily and
quickly, so that teachers can see progress levels and grades across all subjects. Al-
though teachers now find the system easy to use, and find it beneficial overall, they
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also feel it places some quite heavy demands upon them. It was necessary for the
school to invest time and support effort initially to ensure that teachers knew what to
do when things went wrong, and how to appropriately level subject attainment so that
there was parity across a department, consistent with national norms. After some
years it is felt that all staff approach testing, assessment and monitoring similarly,
offering a cohesive approach across the school.

4 A Primary School Case Study

The primary school had used a management information system for over 10 years,
to help manage student attendance, behaviour and performance. The school sought to
ensure highest possible performance for its students, looking for positive ways to
maintain a consistently supportive learning environment. Keeping track of student
data supported staff using systems that aimed to address any ‘student disengagement’
(movement away from positive behaviour, attendance and achievement). The system
informed about current and historic ‘drifts’, but then allowed the impact of behaviour
interventions to be seen through on-going data collection.

The data management system was supported by the local authority. The school be-
nefited also from another local authority system, which collated attainment and other
data, such as behaviour data, entered by teachers through a web interface.

The school had some 420 students of mixed gender on roll, aged from 4 to 11
years. There were a high number of students with special educational needs (in the
order of 170), but many were gifted and talented (in the order of 50). Behavioural
issues did arise; four specialist staff picked up these issues, and used an on-site unit
that provided a supportive environment. It was found that the system was easy to use,
and was used by all staff. Limited training was found to be effective. Time to develop
practice was found to be relatively low; about an hour and a half to develop use of the
attendance elements in the system, for example, while no training was needed on a
new register facility. Staff found it easy to access information, and they could use the
information provided. All teaching and support staff used laptops for entering regis-
tration, behaviour and achievement data (appropriate to different staff roles).

Three main sets of data provided on-going information: student attendance, record-
ed by teachers at the beginning of each day, by 9.05 a.m., to be viewed by the head
teacher; issues with behaviour, recorded by all staff as they arose; and teacher as-
sessments, recorded at intervals across the year. Both the head teacher and deputy
head teacher tracked attendance and behaviour, to pick up on any issues very quickly.
They found that this was particularly important for a highly mobile student popula-
tion. At the same time, they found that the management system provided all teachers
with a very rapid overview, a ‘big picture’ showing a summary of behaviour, atten-
dance and achievement, which supported informed discussion and decision-making.
They found that this could lead to improved teaching, as information at this level
could enhance and empower support staff as well as teaching staff.

Different key teachers acted on different aspects of information provided: all teach-
ing and support staff had access to the three basic data sets, which were presented in
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tabular form; the head teacher acted on attendance information; team leaders acted on
behaviour, attendance and achievement information; and the head teacher used trend
data to consider future strategy and actions. The head teacher accessed trends over a
3-year period, and could see graphically what had happened in terms of behaviour,
attendance and achievement. He used the system to calculate and measure progress on
the basis of combined scores in mathematics and English, and identified target groups
for curriculum support from these results.

In order to use teacher assessments in these subjects, and to know that they could
be used reliably, the school had to do a great deal of in-service discussion and mod-
eration, looking at how to level assessments on students’ work. The head teacher
found that the system was flexible enough to allow the recording and reviewing of
data associated with particular curriculum interventions, such as ‘Big Writing’. Sub-
ject co-ordinators found tracking grids (grids showing a progression of results over
time in tabular form) were very useful, for monitoring what was happening across
their subject areas. Subject targets for specific students in subject areas were entered
into the local authority data system.

The system was used to produce reports that went out to parents in paper-based
form. Reports for parents were generated using the management information system;
teachers put in their comments first, then they had access to comment banks where
they could choose additional comments to include in reports. The head teacher and
deputy head teacher proofread reports before they went out to parents.

The school found that the system and the data allowed team leaders to engage more
readily with parents, class teachers, teaching assistants and behaviour improvement
specialists. The school would have liked to have developed closer use of the system
by students, however; encouraging students to discuss targets would have been an
avenue felt to be worthwhile.

It was found that the management information system provided important avenues
of communication. Bulletins and reminders were used by the special educational
needs co-ordinator, reminders of meetings were sent out, and all staff had access out-
side and inside school for adding data to the system and for writing reports. The head
teacher found that access at home often allowed undisturbed time to be given to re-
viewing data. It was found that having behaviour data on the system allowed discus-
sion about the facts in an objective way; the school had no student exclusions, whilst
previously there were up to 4 each year.

The head teacher felt that the system was flexible enough to support different ap-
proaches to the curriculum. At the time details were gathered, the curriculum in the
school was totally topic-based, and there were five topics run across a year in each
class. A portfolio of student work was collected at the end of each topic, and these
portfolios demonstrated the creative and practical achievements of students, as well as
their subject achievements. The curriculum had a practical, creative and visual focus.
This form of curriculum (not the same as the subject-based approach adopted in many
schools in England) was nevertheless supported by the management information sys-
tem. Assessments of creative, practical, social and emotional outcomes, for example,
could be entered readily within the system.
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5 Key Points Arising

It is clear from both of these case studies that discussion plays crucial parts at
certain points in the curriculum review processes using data to support school and
curriculum needs. The crucial points where discussions were involved are shown

in Table 1.

Table 1. Crucial discussion points arising in the two case studies

Discussion
point

Secondary school case

Primary school case

Knowing about
the data system

Teachers are shown the
and can ask questions about it

system

Teachers are shown the system
and can ask questions about it

Levelling Teachers meet with curriculum Teachers meet  with  senior
subject leaders to discuss and agree leaders to discuss and agree
attainment levelling of subject atainment to levelling of subject atainment
ensure parity to ensure parity
Setting targets Teachers discuss targets with -
for students individual students in meetings
across the year, focusing on
chances of gaining  different
potential grades
Monitoring Teachers  discuss any  issues Teachers discuss any issues
student about progress at least three about behaviour, attendance or
progress times a year with students achievement with students as
these arise
Considering - Teachers and  support  staff
curriculum review  behaviour, attendance
content and achievement results to
consider appropriate
curriculum content
Monitoring Curriculum leaders discuss with Senior leaders discuss
course progress course teachers any issues about attendance and behaviour
progress at least three times a issues with teachers as these
year arise
Reporting to Teachers report to parents and Team leaders, senior leaders
parents  and students in face-to-face meetings and teachers talk to parents
students across the year, referring to about achievement, behaviour
attainment results, learning and attendance
skills,  behaviour, organisational
skills, completion of homework
and regular written comments
Reviewing Teachers discuss changes and -
trends and trends once a year  with
changes over curriculum leaders and senior
time managers
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The discussion points can involve a number of different stakeholders, which might
be: teachers and senior managers in schools; teachers and students; teachers and
parents; and teachers or school managers and inspectors or advisors. The involvement

of stakeholders in different discussion points is shown in Table 2.

Table 2. Stakeholders involved in key discussion points

Discussion point

Secondary school case

Primary school case

Knowing about the
data system
Levelling subject
attainment

Setting  targets for
students

Monitoring  student
progress
Considering
curriculum content
Monitoring course
progress

Reporting to parents
and students
Reviewing trends and
changes over time

Senior managers, subject
leaders and teachers

Senior managers, subject
leaders and teachers

Senior managers, subject
leaders, teachers and
students

Teachers, students, subject
leaders and senior managers

Senior managers, subjects
leaders and teachers

Senior managers, subject
leaders and teachers
Senior  managers
subject leaders

and

Senior  managers, team
leaders, teachers and support
staff

Senior  managers,
leaders and teachers

team

Team leaders, teachers,
support staff, students, and
parents

Team leaders, teachers and
support staff

Senior leaders and teachers

Team leaders, senior leaders,
teachers and parents

Different schools are likely to use curriculum review processes that will occur at
different times across the school year, and also different stakeholders depending on
specific school contexts and needs. The discussions involved, which could be
concerned with making decisions to intervene or set targets, for example, are likely to
be crucially important. So, maintaining records of the discussions themselves, and the
backgrounds to decisions, could be just as vital as maintaining a record of the
background or underlying data themselves. How does a data management system
provide for this type of need, and how does its functionality fit with the overall
process of school monitoring and improvement practices?

6 Features of a New Data Management System

In the past, records of discussions, whether between teachers, or a teacher and senior
teachers, or a parent and a teacher, or a student and a teacher, have been likely to be
kept in a separate register or document store. The facilities now available within
software that create data management systems can provide for levels of such record
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keeping, at times that individuals can choose far more, rather than only needing to
rely on times determined for specified meetings.

The specialist company Different Class has created a new data management
system, called DCPro, which provides features to support both synchronous and
asynchronous communication and discussion between stakeholders. In this system,
when a teacher or school manager either enters a data record or views a record, then
they can include a comment to accompany that record. A box appears when the cursor
is placed over a cell containing data, allowing the user to enter a comment, as well as
enabling supporting documents to be added. The DCPro system further allows the
user to identify those stakeholders who should see or have access to those comments.
When other users access the system, they are alerted to the fact that comments or
attachments are added, and they can then also add their own comments or documents
to continue further discussion, should they feel that that is required.

In terms of the facilities that this system offers, and comparing these to the
discussion needs of the two case study schools, in the context of the secondary school:
initial discussions following a presentation of how the system could be used
(involving senior managers, subject leaders and teachers) could be continued and
followed up, although this would probably require a copy of the data set to be
accessible for this specific purpose, to separate this activity from review process
activities; discussion about reasons why different tests indicate different potential
abilities (involving senior managers, subject leaders and teachers) could certainly be
taken up by teachers commenting on individual student results; discussions across the
year about targets (involving senior managers, subject leaders, teachers and students)
could be taken up, but the facilities in the system do not currently allow the crucial
element of student involvement; discussion across the year about progress (involving
teachers, students, subject leaders and senior managers) could be taken up, but again
the facilities do not enable student engagement in this discussion; discussions about
reporting to students and parents (involving senior managers, subject leaders and
teachers) could be undertaken, but it is not clear that details of agreed elements in
reports would be held separately in the system to allow separate and restricted
dialogue; and discussion annually about trends over time and any changes that are
identified (involving senior managers and subject leaders) could be taken up with the
system as it stands. In the context of the primary school: discussions about behaviour
and attendance (involving senior managers, teachers, support staff, students, and
perhaps parents) could be taken up, but there is no facility currently to enable student
and parent involvement; discussion about trends over time and any changes that are
identified (involving senior managers and team leaders) could be taken up readily;
discussions about achievement (involving team leaders, teachers, teaching assistants,
students, and parents) could be taken up, but facilities do not enable engagement of
students and parents currently; discussions about the levelling of teacher assessments
(involving senior managers, team leaders and teachers) could be taken up using the
facilities; and discussions about subject attainment (involving subject co-ordinators
and teachers) could also be taken up readily.
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7 Conclusions

As Milkman, Chugh and Bazerman [14] said in their review of improving effective
decision-making: “People put great trust in their intuition. The past 50 years of deci-
sion-making research challenges that trust.” These authors argue that there is a need
to move from intuitive decision-making processes to overcome decision biases, “re-
placing intuition with formal analytic processes. For example, when data exists on
past inputs to and outcomes from a particular decision-making process, decision mak-
ers can construct a linear model, or a formula that weights and sums the relevant
predictor variables to reach a quantitative forecast about the outcome.” Research ex-
ploring uses of data management systems in schools indicates that discussion to un-
derstand what data are describing is an important part of the process, and that in some
cases reduced discussion can lead to demotivation of students, which in turn is likely
to lead to reduced rather than improved outcomes (Treadaway [8]).

8 Future Needs for Data Management Systems

Undoubtedly data management systems that provide for forms of discussion are
already able to support fundamental needs for involvement and interactivity required
at certain stages of the monitoring and decision making processes. The fact that
individuals with a variety of roles across a school can now do this remotely, and can
continue a discussion asynchronously to meet their time needs as well as those of
others has been highlighted already as positively supporting school and stakeholder
needs. A key element that has been highlighted, however, is that discussions
involving two crucial groups of stakeholders, parents and students, are not yet integral
to the system explored in this study. The data management system examined in this
study now provides for discussions for school teaching and support personnel. The
development of facilities for discussion by students and parents is perhaps a next step.
Indeed it can be argued that a discussion without students and parents will have
limitations (and that the level of limitation could be determined by and could be
directly related to the level of discussion that happens). However, it could also be
argued that an online discussion medium is not ideal for these purposes.

What is needed next is to assess the discussion needs of school performance and
improvement practices much more widely, to ensure that the different elements of
discussion that are involved, by different stakeholders at different times, are able to
be met through continued technical developments of systems themselves. From the
analyses of the case study schools, additional features identified at this time are: for
profesional development purposes, a copy of the data set to allow discussions
following a presentation of how the system could be used; for discussions across the
year about targets, features to involve students; for discussion across the year about
progress, facilities to enable student engagement; for discussions about reporting to
students and parents, facilities that hold separate report details for parent and student
engagement; and for discussions about behaviour and attendance, facilities to enable
student and parent involvement.
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Technologies now allow audio and video to be readily captured, added as files, and
accessed by others. Although text comments can be useful, audio or video files could
enhance certain practices. This aspect of development has not been taken forward at
this time, but clearly its potential is worthy of further exploration. Digital
technologies now offer the potential to enable discussion to be built into data
management and handling processes. The fundamental positions of discussion within
important performance and improvement practices need to be identified and
accommodated in future systems that serve the needs of all stakeholders.
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1

Schools internationally are held more and more accountable for the education they
provide. This requires them to use data as a basis for their decisions. Promising evi-
dence exists that data-based decision-making can result in improvements in student
achievement [1], but studies [e.g. 3] show that many schools do not use data properly.
Support in the use of data is urgently needed. This paper focuses on the design of a
professional development course in the use of data. The project described here con-
sisted of five phases: case studies; survey administration; course development; course
implementation; and course evaluation. This paper focuses mainly on phases 1 to 3.
Firstly, case studies were conducted to answer the following research questions:
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ducted in five participating countries (England, Germany, The Netherlands,
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The main objective of this phase of the project was to come up with a common data use
framework. Since a generally accepted “data use framework™ is missing, we developed
our own framework based on our literature review, as well as interviews with schools in
five European Union (EU) countries and the analysis of policy documents (for an
overview of the literature used see [4]). Versions of this framework were published
in [3] and [2].

The theoretical framework hypothesizes that several variables with regard to orga-
nizational, data and user characteristics influence the use of data. The policy context
(such as pressure for achievement) also influences data use within schools. Teachers
and school leaders can use data, such as assessment and survey data, for different
purposes: for instructional purposes; for supporting conversations with parents, stu-
dents, fellow teachers, and fellow administrators; for shaping professional develop-
ment; for encouraging self-directed learning by giving the data to students; for policy
development and planning; for meeting accountability demands or complying with
regulations; for legitimizing existing or enacted programs; for motivating students and
staff; and for decisions related to personnel (e.g. evaluating team performance and
determining and refining topics for professional development).

The use of data may lead to an effect on teacher, school leader, and student learn-
ing. Teacher and school leader learning is defined in this study as changes in attitude
(e.g. towards data use), knowledge (e.g. pedagogic knowledge) and behavior (instruc-
tional or leadership strategies) [5]. For example, a teacher who is not satisfied with cer-
tain assessment results may decide to analyze the test results more critically. Based on
these data he may come to the conclusion that he should make changes in his instruc-
tion. As a result, he may start using different instructional strategies (teacher learning:
behavior). Data on the next test results can tell him whether or not his changes were
successful in terms of whether they led to higher student achievement results (student
learning) [6]. However, data use may also have unintended effects, such as stress and
de-motivation among school staff as data may give the (surface) impression that they
are performing poorly in some aspect of their practice.

2 Method

In the five countries participating in this project (England, Germany, The Netherlands,
Poland and Lithuania) case studies were conducted. For the case studies, interviews were
held with teachers and (assistant) school leaders. We interviewed respondents with
regard to which purposes school leaders and teachers use data, and which variables
promote and hinder the use of data. In each country at least two schools were included
in the interviews. In Germany, 6 teachers and 6 assistant school leaders of two
schools were interviewed. In the Netherlands, 11 teachers and 21 assistant school
leaders of six schools were interviewed. In Lithuania, 15 assistant school leaders of
two schools were interviewed. In Poland, 11 teachers and 2 assistant school leaders of
two schools were interviewed. In England, 6 teachers and 8 assistant school leaders
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of four schools were interviewed. Documents (e.g. policy plans, literature, and Organi-
sation for Economic Development (OECD) reports) were collected to describe the educa-
tional policy (related to data use) in each of the countries.

Based on the data use framework that was developed from the case studies, we
conducted a survey study to diagnose data use practices within two schools in each of
the countries (e.g. the partner schools) and their current capacity to use data effective-
ly. Participants were asked to rate 78 data use-related items [4] by their accuracy or
frequency. The survey was administered prior to and after the data use course. In
2011, 398 teachers from 10 schools in 5 countries completed the survey. In 2012, 228
responses from 7 schools in 4 countries were collected.

The collected data were analyzed in two ways. Firstly, school reports with dia-
grams, means and standard deviation values for every survey item were created to
give feedback to the pilot schools. Secondly, the data were analyzed in a cross-
country exploratory factor analysis by specification search [7] to determine which
areas of data use influence one another. The factors derived from the survey items
were: (1) data accessibility, (2) data quality, (3) user attitudes, (4) user skills, (5)
school leadership, (6) school cooperation, (7) school vision and norms, (8) school
training and support, (9) using data for accountability, (10) using data for school de-
velopment, and (11) using data for instructional development.

The results of the case studies and data use survey, combined with an analysis of
existing data use courses [6, 8, 9], informed the development of a data use profession-
al development course which was designed to address the documented lack of capaci-
ty of school leaders and staff to effectively use data to improve student outcomes. The
goals for the course were developed within a 5-stage data inquiry model that served as
an inquiry framework to support participants as they learned how to use data for prob-
lem solving and decision-making in their schools. Eleven professional development
modules were developed to meet the goals within each phase of the data inquiry
model.

3 Results - Case Studies

3.1  Policy Contexts

Five different countries participated in the project with different policy contexts.
Germany has 16 different states, and each state is responsible for providing education.
Within the states, schools are centrally organized, and very limited autonomy exists
for schools [10, 11]. Germany has a standard curriculum or partly standardized curri-
culum that is required, as well as mandatory national examinations and assessments
[11]. Internal evaluations are not compulsory, but school boards and other organiza-
tions offer tools and support. Types of data that are available differ by state: all have
student achievement results; some have inspection and self-evaluation results. Little
to no support exists for schools in the use of data.

England works with published national data sets (League tables). Schools in Eng-
land have a significant amount of autonomy [10, 11]. England does have a standard
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curriculum, mandatory national assessments are required in state schools, but national
examinations are optional but rarely not taken [11]. Schools are inspected by Ofsted,
who provide schools with inspection reports. Internal evaluations, using lesson obser-
vation, perception questionnaires, attainment and achievement data, are highly rec-
ommended. External inspections from external evaluation agencies are optional.
There is an expectation that teachers will undertake continuous professional develop-
ment activities and approximately 5 teaching days (out of 195) are allocated to this
activity. Also, England has a national student database, and achievement and attain-
ment tables, which makes important information available in a systematic and largely
accessible manner.

In Lithuania, schools are evaluated both externally and internally. External evalua-
tions are carried out by the National Agency for School Assessment. Internal evalua-
tions are required as well. Schools can use the internal audit methodology developed
by the National Agency for Internal Evaluation or use their own system. Internal
evaluations are carried out by the school administration in cooperation with teachers.

An important legislative act for Polish education is the Pedagogical Supervision
Act, passed in 2009. The act states that all schools in Poland must be externally eva-
luated by education authorities. The Ministry of National Education provides curricu-
lum standards, districts and municipalities control administration and financing.
School directors have autonomy as far as the decision making around hiring teachers,
approving programs and textbooks, conducting internal evaluations. Poland has man-
datory national examinations and assessments. A lot of data are available; however
these are mostly (value added) achievement data. Schools have electronic data systems
in place.

In the Netherlands, schools have significant autonomy. Similar to England, almost
all decisions are made at the level of the school [10, 11]. The Netherlands does not
have a standard curriculum or partially standard curriculum that is required; it does
have mandatory national examinations, but no national assessments [11]. However,
schools are held accountable for their functioning by the Dutch Inspectorate. As
schools are responsible for the quality of education they provide, they have to conduct
a school self-evaluation to check their quality and improve if necessary. Different
consultancy organizations offer data use trainings, but participation is up to schools.

3.2 Data Available and Data Use

The results of the case studies show that in both German schools a lot of data are
collected, but are not systematically used. School leaders mainly use data for adminis-
trative purposes. Teachers use data to monitor progress of students and to determine
the need for individual student support or instructional changes. Probably partly due
to the English context, a wide range of different types of data are used for different
purposes by the four schools included in this study, ranging from accountability pur-
poses to school improvement purposes. The results of the interviews in the two Lithu-
anian schools show that schools would like to use data more extensively than they
do, currently mostly using different types of data for monitoring purposes. Data are
used for a wide range of purposes in Poland, including monitoring purposes and
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improvement purposes, but this only happened in small pockets. The results of the in-
terviews in six Dutch schools show that, although a wide range of input, process and
output data are available, the use of data is rather limited. Only in two of the schools
were data really being used by teachers and school leaders for school improvement
purposes (for more detailed results see [4]).

3.3 Influencing Factors

Firstly, data and data system characteristics can influence the use of data. In Germa-
ny, Lithuania, and the Netherlands access and availability of data were found to be a
problem sometimes. Especially in Germany, respondents indicated that this was a
problem in their schools. One of the respondents stated “schools have only limited
access to data and no real autonomy”. Often data are not fed back (e.g. availability) to
the schools and the decisions based on these data are not transparent. Moreover, the
data collection for the national learning performance measurements is carried out
within the school and is very error-prone, resulting in low quality data. Some respon-
dents of the UK, Lithuania and the Netherlands also indicated that there were prob-
lems with the quality of the data in terms of, for example, accuracy, but especially
with regard to timeliness. Lithuanian respondents indicated that external and internal
evaluation did result in usable, relevant, reliable and accurate data. Respondents in
Poland all indicated that the data available were perceived as reliable, valid, and accu-
rate. England has the most sophisticated data systems and data tools available. For ex-
ample, English schools have access to a national student database, and achievement
and attainment tables, which makes a lot of needed information available in a syste-
matic and largely accessible manner. Overall schools have access to data systems, a
wide range of data and also have tools available to analyze and use data. In contrast,
in Germany a problem existed with regard to interoperability between the different
data sets. Hence, the relation between different data could not be analyzed. Moreover,
problems existed with regard to the ICT infrastructure. Finally, respondents in the
Netherlands complained that there was too much data out there and that “data are not
always accessible, partly because there are too much data available”.

Secondly, organizational characteristics can influence data use. A lack of time and
money was found to impede data use in schools. Several respondents complained
about a lack of time to use data (Germany, UK, The Netherlands). Collaboration was
found to be an important promoting factor of data use. Collaboration around the use
of data was not common practice in Germany. Teachers in England, Lithuania, Poland
and the Netherlands did collaborate around the use of data (to some extent). For ex-
ample, in Poland, in one of the schools, teachers collaborated usually in subject spe-
cific team meetings, where student outcome data was analyzed, sometimes at the
request of the school leader. The school leader coordinated and supported the work of
the teams in one of the schools. A lack of training can impede effective data use. In
England, different types of training as well as data tools were available. Lithuanian,
Dutch and Polish respondents indicated needing training in the use of data. Also, the
availability of a data expert, as was found in England and the Netherlands, can pro-
mote data use. Lithuanian respondents indicated a need for a data expert. Having a
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clear vision, norms and measurable goals can promote data use. English and Dutch
respondents mentioned that the school had established a clear vision with regard to
data use and clear and measurable goals. Lithuanian respondents also mentioned this,
as well as using data to monitor the implementation of this vision and these goals.

Finally, user characteristics can either promote or hinder data use. In Germany and
Lithuania, respondents indicated a lack of data analyses and data use skills. In Eng-
land, some teachers indicated having the necessary knowledge and skills; others indi-
cated they needed further professional development. Respondents in both Polish
schools believed in the use of data. Moreover, in one school, teachers had the know-
ledge and skills needed to work with data, as these teachers were certified examiners.
In the other school, teachers indicated lacking the skills to use value added data.
Moreover, in the Netherlands, school leader support and a belief in the use of data
were found to be important. An external locus of control present in two of the schools
may have hindered data use as these teachers stated that “assessment results are dif-
ferent each year, depending on whether you have good or not so good students” (for
more detailed results see [4]).

Based on the results described above, we developed the data use framework dis-
played in Figure 1. In this framework, policy influences the enablers and barriers to
data use, data-driven decision making, and stakeholder and student learning. Different
aspects of a country’s policy may be of influence. Firstly, characteristics of the ac-
countability system may play an important role. For example, the presence of an in-
spectorate (such as in England and in the Netherlands) and other forms of external
evaluation (such as in Poland, Lithuania) may influence data use. Schools may perce-
ive these evaluations as a form of pressure. Another form of pressure that is put on
schools is the public presentation of school performance, such as in England (in
League tables), in the Netherlands (online and in rankings that appear in newspapers
and journals) and Lithuania (online). Moreover, schools in some countries, such as
Lithuania, the Netherlands and England, are expected to engage in school self-
evaluations, leading to additional data schools can use. Also, the amount of autonomy
schools have in decision making can affect data use. In England and the Netherlands,
schools have a lot of autonomy, and they can make almost all decisions (with regard
to the curriculum, instruction, personnel and resources) themselves. In Germany,
schools have a lot less autonomy. Furthermore, a policy context influences the types
of data that are available. Some countries work with national standardized assess-
ments (Germany and Poland) and/or national standardized examinations (Germany,
Poland and the Netherlands). Finally, if a country offers training (and sometimes a
reduction in teaching hours as a consequence of taking the training) this can influence
the extent to which school staff are able to engage in effective data use.

As displayed in Figure 1, different enablers and barriers influence data-driven deci-
sion making. Firstly, characteristics of the organization influence data-driven decision
making. The following organization variables were found to influence data-driven
decision making in the different countries (e.g. in some countries the lack of these
variables hindered effective data-driven decision making, while the presence of these
variables promotes effective data-driven decision making):
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Structured time is set aside to use data and structured processes for data use exist
within the school (G, N, L, E, P) (Note: G, N, L, E, P refer respectively to Ger-
man, Netherlands, Lithuanian, English and Polish schools).

The availability of an data expert who can provide the needed data in a timely
matter, as well as assist in analyzing, interpreting, and using data (G, N, L, E).

The availability of training: professional development in accessing, analyzing,
interpreting and using data (G, N, L, E).

Teacher collaboration: teachers collaborate around the analysis, interpretation and
use of data, in for example subject matter teams, grade level teams or data teams
(G,N,L,P,E).

Vision, norms and goals for data use: the school has clear goals and visions, and
data can be used to monitor the extent to which the school is reaching these as
well as to come up with measures to improve, if necessary. Moreover, the school
also expects school staff to use data on a regular basis and specific norms and
goals with regard to data use exists (G, N, L, E).

The school leader actively supports, encourages and facilitates data use (for exam-
ple, by structuring time) (N, P).

Outcomes

Data-Driven School Account- Instructional
Decisions Development ability Development
Enablers and
Barriers Organization

Fig. 1. A data use framework

Secondly, characteristics of the data influence use. Specifically, the following variables
were found to play a role:

Accessibility and availability of data and information logistics, for example
through information management and other data systems. School staff should be
able to find the data they need easily and timely. Data should be aligned, and
school staff should not have to look into three different systems to obtain the types
of data they need (G, N, L, P, E).

The quality of data: schools need timely, accurate, valid, relevant, reliable data,
which coincides with their needs (G, N, L, P, E).
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= Tools, which support data analyses, interpretation and use (e.g. which can aggre-
gate data, can calculate attainment and progress, adjusted to socio-economic status
etc.) (G, N, E).

Thirdly, user characteristics influence data use. The following variables were found to

play a role in the different countries:

» Attitude toward data: It is important that school staff believe in the use of data,
that they think it is necessary to use data to improve their practice, and that they
are motivated to use data (G, N, L, P, E).

= School staff need knowledge and skills to collect, analyze, interpret and use data
(G,N,L,P,E).

The different enablers (if these variables are present) and barriers (absence of these
variables) influence the extent to which data are used to base decisions on. We distin-
guish between three different types of data-driven decision making (although these
sometimes overlap). Firstly, the use of data can be used for school development pur-
poses. In the case studies described above the following school development purposes
were mentioned:

= Policy development and school improvement planning based on areas of need and
strong aspects (N, E, G, L, P).

» Teacher development (G, N, L, P, E).

» Grouping of students and placing students at school level (G, P, E).

* Monitoring the implementation of the school’s goals and, if necessary,
(re)defining aims and objectives/setting new targets (L, E).

= Motivating staff (E).

Data can also be used for accountability purposes. The following accountability pur-
poses were identified in the case studies:

= Public relations, to show the outside world how good the school is doing (G, N).

» Communication with parents (e.g. schools are accountable to parents) (G, L, P, E).

=  Communication with other schools (L).

» To meet accountability demands (for example, self-evaluation results are used as a
basis in external evaluations) (N, E, P).

Thirdly, data can be used for instructional development, such as:

» Monitoring progress of students (G, N, L, P, E).

» Adjusting instruction (e.g. adapting instruction towards the needs of students,
grouping students differently, determining the content of instruction, giving stu-
dents feedback, providing students with additional time etc.) (G, N, P, E).

*  Curriculum development (P, E).

» Motivating and rewarding students (E).

If data are used for these different purposes, this may lead to stakeholder (e.g. teach-
ers, school leaders, parents) learning. For example, a teacher might decide to make
instructional changes based on data (data-driven decision). This leads to improved
instruction by the teacher (outcome: teacher stakeholder learning). Stakeholder learn-
ing in turn may lead to student learning (e.g. inquiry of students into their own learn-
ing and improved student achievement).
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4 Results Survey

Based on the data use framework described above, a data use survey was developed
and administered to ten schools in the five countries. The cross-country survey analy-
sis shows that the intention of the Comenius project is targeting an area that is both
valued as of high importance by the survey respondents and at the same time signifi-
cantly underdeveloped. More than 50 per cent of the respondents (strongly) agreed
that “it is important to use data to diagnose individual student learning needs” and that
“data can offer information about students that was not already known”. Moreover,
more than half of the respondents stated that their “principal or assistant principal(s)
encourage data use as a way to support effective teaching”. And finally, the coopera-
tion level seems also promising: Most “would like to collaborate more with other
educators about using data”, their school “effectively communicates school improve-
ment goals” to them, and the respondents “share and discuss student performance data
with students, parents and other teachers”.

A correlation analysis further showed that all factors derived from the survey items
influence each other. The factor analysis revealed which of them describe the current
status of data use. The structural equation models in Figure 2 visualize these results
for the cross-country sample in 2011 and 2012.

™

nstocionsl o Using Data for Using Data fo
Development Development Instructional School
= Development Development
Data
S Data
A Using Data Actessibiity Using Data for
- ‘Accountabiity
Accountability
- Data
R I Quality
Schoc Training| Scaol Traning
i and Support
User
/ Attitudes
User Skills
School Vision School Vision
and Norms User and Nomms
Skills

School Schoal
Leadership Coopetaton

School School
v Leadership Cooperation

Fig. 2. Cross-country models with correlations between factors 2011 (left) and 2012 (right)

A look at the 2011 model revealed important insights for the further development
of the project. Certain factors are linked to others very often and others are not linked
at all. School Leadership, for example, is linked to five other factors. Also, most of
these five are interlinked. This means that these factors have the highest influence on
each other and thus on aspects of data use in all countries. This reflects the results of
nearly all empirical studies on school improvement in which the role of the school
leader is regarded as a necessary condition for change [12, 13]. The factors that are
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not linked at all in the 2011 model are User Skills, User Attitudes and Using Data for
Instructional Development, which are the key elements in the goals of the Comenius
project. At this stage, the skills and mind-set of EU teachers in this cross-country
sample to use data for instructional development are significantly underdeveloped. In
2012, this changed. Using Data for Instructional Development plays a more active
role and User Attitudes and Skills change together. Also, School Leadership is now
connected to factors outside the school realm and has important correlations with
Data Accessibility and Quality.

5 Characteristics of the Data Use Course

The results of case studies and survey, combined with the analysis of existing data use
courses, informed the development of the curriculum and the content of the data use
course described in this paper. It consists of 11 obligatory modules which are orga-
nized according to the 5 stages of a data inquiry model: preparation; discovery; diag-
nosis; doing, and evaluation (see Figure 3). The course was designed to guide teams
of teachers and school leaders (professional learning communities (PLCs)) through a
structured and iterative application of the 5-stage inquiry model, relying heavily on
data analysis and collaboration protocols, templates and tools, and authentic learning
activities to build the necessary technical, analytical, and collaboration skills.

Modules 1 and 2 (Getting Started and Data Literacy) are Preparation modules that
build the capacity of the PLC to work collaboratively with data. Modules 3 to 11
guide the PLC through each stage of the data-driven inquiry model: Discovery (Iden-
tifying a Problem, Evaluating and Analyzing Data); Diagnosis (Hypothesizing and
Analyzing Root Causes); Doing (Brainstorming Initiatives, Developing Action Plans
and Monitoring Implementation); and Evaluation in which they reflect upon the initia-
tives they implemented throughout the course. The course helps build the capacity of
the school-based teams to not only engage in their own inquiry, but to serve as cata-
lysts for whole-school data-driven decision making (for more information on the data
use course see: www.datauseproject.eu).

Diagnosis

* Why did our students...?
* Why are our teachers...?
* Why are our parents...?

Preparation Dicoven Data Inquiry LI
* How do we organize...? + How did our students...? * How do we fix...?
= What should we prepare...? * In which specific areas...? M Odel + Whatdo we do about...?
* Whatdo we need...? * Which students...? * How do we build upon...?

Evaluation
* How successful were we?
* What can we do differently ?
* Whatcan we domore of?

Fig. 3. The Data-Driven Inquiry Model
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6 Conclusion and Discussion

Before coming to conclusions, we have to discuss the limitations of this study. First of
all, the schools that participated are no means a representative sample. We want to
emphasize here that the goal of this part of the project was not to make firm generali-
zations, but to gain more insights into the use of data in different schools. The data
were collected by interviewing teachers and school leaders and by administering sur-
veys in only a few schools per country. Teachers’ and school leaders’ self-perceptions
were used to study their use of data. We used triangulation (e.g. interviews, docu-
ments and surveys) and we checked the comments made by the respondents by asking
for more details and by asking for examples. Still, the data may produce a slightly
colored or biased picture of the actual use of data within schools. Lastly, we con-
ducted some of our analyses across countries and based on combined school leader
and teacher data. This might have led to the loss of certain nuances, and of course we
do acknowledge that there are differences between the use of data by school leaders
and teachers [see 3] and between the use of data between but also within countries
and within schools. However, as the results are in line with the results of several other
data use studies, we do feel confident that the results of this study present an accurate
picture of the current use of data in schools in different countries.

Based on the case studies, a data use framework was developed, which informed
the development of the data use survey. The survey analysis was an important first
step in the process of establishing a school-wide culture of data use. It captured the
schools’ areas of strengths as well as areas for improvement under key data use cate-
gories. According to the survey results, schools in Poland, Lithuania and England
took the lead in the practice of data use while the schools from The Netherlands and
Germany show lower levels of activities in many areas. However, respondents in all
countries indicted a need for (further) provision of training and support in the use of
data, which the data use course we developed tried to provide.

All ten schools in the five participating countries implemented the data use course
and followed it for a period of one school year. Although it is not within the scope of
this paper to discuss the exact evaluation results, we do want to highlight some of the
findings. The evaluations showed that among the major challenges in using data in
schools are: the tendency of teachers to take action quickly (and not always based on
data) and to think that the action will have an immediate impact; the length of the
inquiry process; the need for whole-faculty involvement; the amount of time and ef-
fort required for the inquiry process; and resistance from teachers who do not fully
understand how data can help them improve teaching and learning.

PLC members also stated that those who engage in a structured data-driven inquiry
process should be aware that “data use” requires not only the analysis of qualitative
and quantitative data, but also a commitment to an improvement process that requires
time and effort. Collaboration requires a large level of involvement from all of the
team members. Engaging successfully in the process of data-driven improvement also
requires that all faculty members are willing to reflect upon and share their instruc-
tional practice and productively discuss the challenges in the school. These are not
cultural norms in many schools, but they are absolutely critical to the process of
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continuous improvement. Finally, the PLC members pointed out that using data in
their school allowed them to see things that were not immediately evident, and that it
has been worthwhile to collect data, analyze it, and collectively plan for concrete
school improvements that will ultimately help prepare their students for academic
success.
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Abstract. In nearly all countries, technological changes in the field of digital
media have raised great interest in procedures for testing students' performance
by means of computer-based assessment. For extensive international tests
(large-scale assessments) such as the Programme for International Student
Assessment (PISA) or Trends in International Mathematics and Science Study
(TIMSS), pilot studies with computer-based assessment were first carried out.
In the context of national education systems, the question of feasibility plays a
crucial role. Considering the framework conditions in Germany, scenarios for a
potential nation-wide roll-out have been developed. Based on this, we evaluated
the feasibility of technical and organizational factors.

Keywords: Computer-based assessment, large-scale assessment, feasibility
study.

1 Introduction

With the emergence of international school performance studies (e.g. PISA, Progress
in International Reading Literacy Study (PIRLS)), large-scale assessments (LSA) are
frequently used as instruments for monitoring school quality and accountability. The
tests can be used for different purposes, e.g. for generating data for educational
policy-making, system monitoring, quality management for schools and indicators for
measuring the performance of students. Thus they are strategic assets of empirical
educational research and policy.

Referring to LSA, computer-based assessments are computer-based procedures
that can be used for large-scale school performance studies, learning level surveys or
the examination of educational standards [1 - 3]. They include software solutions as
well as solutions with corresponding hardware platforms (e.g. mobile terminals such
as a personal digital assistant (PDA), smart phones, or digital pens).

According to Hartig, Krohne and Jurecka [4], computer-based assessments (CBA)
run on a computer, but can also be performed on a local area network or based on
Internet protocols. Many empirical studies have been conducted to analyse the
difference between paper-and-pencil and computer-based testing — with varying
results (e.g. [5 - 10]). From Hartig, Krohne and Jurecka [4] we can conclude that
computer-based and paper-and-pencil tests are comparable if the same conditions
concerning the items and the test parameters are given. What is missing are empirical
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studies on the technical and organizational feasibility of transferring computer-based
assessments to large-scale studies.

Economical advantages of testing have to be contrasted with the development of a
suitable infrastructure. If adequate equipment already exists in the schools, the costs
of test distribution and implementation, evaluation and feedback of results will be
kept within reasonable limits. The question of testing fairness is brought up as another
disadvantage of CBA. Discrimination, due to cultural, ethnical or gender reasons
connected with the level of computer skills, is feared, which would question the
validity of the test.

However, many advantages speak in favor of computer-based testing.
Standardization of tests (using identical parameters, instruction and evaluation
routines) improves quality criteria (objectivity, reliability and validity). Due to the
information technology base, quick evaluation processes and an adaptive test
procedure become possible.

Since the last PISA study, several experiments for representing the existing
assessment process with computer systems have been carried out. Hence, any
feasibility study has to be designed as a multiple cost-benefit analysis including
suitability for the task, requirements of the information technology (IT) infrastructure
concerning information security and data protection as well as operations, user
support, usability and accessibility of software. For our study design, the leading
question was to identify socio-technical scenarios, which are suitable for analysing
the feasibility of computer-based tests in large-scale studies.

2 Scenarios for Computer-Based Testing in Large-Scale
Assessments

For assessing the implementation potential of different international approaches in
Germany, five scenarios were developed. The timeline was defined as the next ten
years. The evaluation of the scenarios focussed on organizational implementation as a
part of the social subsystem.

As a conceptual frame, we restricted the possible scenarios to the current activities
in Germany for large-scale assessments. We considered VERA 3 and VERA 8§, which
are comparative assessments of student performance in all public schools in Germany
in grades 3 and 8 in the main subjects of mathematics and reading. The tests are taken
at the same time [11, 12]. Additionally, we took into account the assessment of
educational standards identified by the Standing Conference of the Ministers of
Education and Cultural Affairs of Germany (Kultusministerkonferenz). This is an
assessment of a representative sample of students in grade 10 in the main subjects [13,
14]. Due to the sample size, the amount of simultaneous tests can be limited to 10,000
whereas the test formats VERA 3 and VERA 8§ involve all students in these grade
levels. The test setup always requires test administrators. The responsibility is divided
between the organization of the test process and the management of the technological
infrastructure, which can both be provided internally or externally.
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In order to compare the demand for the IT network infrastructure such as
bandwidth and server architecture, the potential number of participants (in parallel)
needs to be calculated. As an assumption, we took the average number of classes per
grade level and students per class. For VERA 3 in German primary schools, the
average is three classes per grade level, with pupils evenly distributed across the
grades and years. Per year, three or four classes of a grade are taught in parallel. The
average class size is 22. As there is no central registry for IT infrastructure, we had to
base the calculations on available numbers from 2008. Sixty-two percent of German
primary schools (grades 1 to 4) were equipped with computer laboratories, and 82
percent with a stationary computer in each classroom. This can be summed up as nine
students per computer on average [15].

For VERA 8, the assumptions are extended to secondary schools. In 2008, 98
percent of these schools were equipped with computer laboratories. There was one
computer available for ten students on average [15]. Based on the assumption of four
classes per grade level with an average size of 25 students, schools with a total
number of students of 1,000 have the technical equipment for the implementation of
the tests. The calculated numbers for the national tests on grade level 10 are identical
(although it should be noted that values for all school types has been simplified; there
certainly are smaller schools, which provide the required infrastructure to carry out
computer-based tests, whereas some bigger schools do not).

The more students participating in the test, the higher is the bandwidth of the local
area network needed as well as a faster connection to the Internet. On average it can
be assumed that a download bandwidth of 100kb/s has to be provided per test person.
The upload bandwidth can be disregarded inasmuch as a low amount of data has to be
transferred back. Thus, in the case of 100 simultaneous tests per school, a connection
of 16Mb/s should be provided at the location.

The scenarios developed were based on extensive literature reviews of existing
approaches in other countries. We conducted expert interviews with representatives of
the test administration and included questions on transferability to Germany.
Additionally, several German experts were consulted.

2.1 Evaluation Criteria

For the evaluation of the scenarios, we developed a range of criteria, which were
selected on the basis of an extensive literature study of international cases. We
investigated the computer-based assessment methods of 16 different countries
including the USA, Canada, the Netherlands and Denmark (e.g. [16 - 25]).

The first criterion was control over the process. This included the need for test
centres to have an overview of the procedure from production to implementation to
the return of the results (end-to-end) and the effect of this on security precautions and
the assignment of responsibility in the case of problems. The second criterion was
capacity and availability. This related to the amount of tests that could be taken
simultaneously at one place and limitations, which arose concerning terminals, rooms,
bandwidth, etc. The next aspect was standardization versus heterogeneity. How great
is the reliance on hardware (memory, processor, graphic card)? Which are the
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(uniform) configurations at the location? For the analysis of the fourth criterion it was
important to consider all legal requirements concerning information security (e.g.
integrity, authenticity, availability, non-repudiation) and data privacy (e.g. active
acceptance by users, control of access, admittance, availability and the principle of
separation).

Furthermore, logistical aspects concerning preparation and implementation had to
be taken into account. Questions like how are the devices (“virtual test booklets”)
transported to the test place and how are the devices securely placed, who ensures
availability, who provides technical and administrative support at the location, who
collects the devices and how are they transferred; these all arose in connection with
this criterion.

One distinctive aspect between the organisational and technological scenarios
addressed the qualification requirements for test takers as well as administrators and
technical staff. This included programs for teachers and the test administrators as well
as the provision of training materials for students. The last criterion was the cost
aspect, including different cost categories of the scenarios, like direct costs
(procurement, infrastructure, etc.) and indirect costs (support, insurance, etc.).

2.2 Scenario 1: Local IT-Infrastructure

In this scenario, the existing technical infrastructure of the respective schools was
used, i.e. devices in computer laboratories or libraries. The tests were carried out in
these rooms or in larger rooms such as the assembly hall or the gym. The software
was provided either as a web-based application via the Internet or via a local mobile
server using the existing local area network. Test administrators were needed for
organization as well as IT experts for the provision, maintenance, setting up and
restructuring of the infrastructure. The effort for the teachers stayed the same as in the
case of paper-based tests. The identity check on students who took the test was carried
out by local staff (teachers). Normally special measures (e.g. a check of an identity
card) were not required.

Existing IT infrastructure was assumed to be heterogeneous. Schools worked with
different client-server systems, the software differed and the quality of the existing
hardware varied from school site to school site. Ninety-nine per cent of schools had
some sort of Internet access. However, the availability of local area networks was
significantly lower: in primary schools approximately 60 per cent, in secondary
schools about 84 per cent. Currently, there were no reliable data about the bandwidth
of the internal or the external connections. The majority of schools in rural regions
were connected to the Internet via a sponsorship program of Deutsche Telekom AG
with DSL quality (1-10 Mbit/s). However, many larger cities served as network
providers to their schools and offered higher bandwidth (10-100 Mbit/s per school).

Concerning the organisation, the main focus (analogous to the paper-based test
procedure) was on the training of the test participants with decreasing effort in the
higher-grade levels. The qualification of teachers concerning the handling of digital
media differed very much depending on school type. Technical administration by
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teachers could be found in most secondary schools; in primary schools there was no
such support. Depending on the local school authority, additional technical support
was offered. Hence, this scenario needed to rely on high-skilled technicians at the

local level.

Another challenge was the preparation and qualification of the test administrators.
The existing paper-based procedures for the three selected tests in Germany were not
administered centrally. Hence, support structures had to be provided, which implied
additional resources. Furthermore there was a need for qualified IT administrators in
the schools or at the school district to ensure the availability of the IT infrastructure
during the test phase.

Table 1. Evaluation of Scenario 1

Criteria Strength (+) or Weakness (-)

Control of the - Control of implementation remains the responsibility of the
Complete school

Process - Depending on the local school authority, there are fixed

infrastructure standards which have to be considered

Capacities and

- Limited capacities, depending on school equipment

Availability - Not all rooms sufficiently equipped (especially in primary
schools)
- Bandwidth varying (local city networks/sponsoring)
Standardization - Very heterogeneous infrastructure (operating systems,
VS. software, hardware)
Heterogeneity - Technical standardization not enforceable
- Different configuration at every location
Information - Realization requires much effort

Security and
Data Protection

- Strongly dependant on local conditions
- Know-how can hardly be expected on site (perhaps even opposes
the security policy of the school authority)

Logistics — + Easy organization if existing rooms can be used
Preparation and - Technical support has to be ensured (different situations in the
Implementation  schools)
- Lacking technical know-how when devices are combined to an
internal test-centre (e.g. assembly hall)
Qualification - Comprehensive qualification required: Test administrators
Requirements (technically) and teachers
Qualification + Familiar environment, devices
Requirements + Small exercise efforts

for Students

Costs

+ No procurement costs, no hire charges for the devices

- Additional equipment for badly equipped schools required

- Technician required when devices are combined to an internal
test-centre (e.g. assembly hall)
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2.3  Scenario 2: Test Centre

Universities provide test management for computer-based assessments in test centres.
For example, the Brigham Young University in Utah, USA, provides its test center for
any interested party. Forty computers are available for online testing.

This scenario deals with the use of adequately equipped rooms located in public or
commercial institutions. Generally this scenario is conceivable in four different forms,
involving computer laboratories:

Of educational institutions (schools, universities).

Of public institutions (centres for adult education, libraries).
Of commercial service providers.

Under school management.

The provision of the test environment can also take place in different ways. This
includes the use of a web-based application on a central server via the Internet and the
provision of this application on a mobile server using the local area network.
Concerning staff, this scenario requires test administrators to secure the organizational
process at the premises. Technical support can be provided by local IT administrators.
Admission control is checked by mechanisms of authentication such as identity card
control or knowledge control (username and password).

The implementation of the technical part of the scenario is the same for all test
examples. The provision of sufficient workplaces in computer laboratories is a
prerequisite for the simultaneous test of all participants. Based on the assumed
average values, this means that a sufficient infrastructure has to be provided for 75
students in primary schools and 120 students in secondary schools. In metropolitan
areas such as Berlin, 25,000 pupils would have to be brought to appointed locations to
be examined at the same time. This appears to be an enormous expenditure. Thus the
necessity of simultaneity is decisive. If time-shifted test formats are possible, this
scenario would appear to be more realistic. Therefore we have to differentiate
between the ways of testing; for a sample-based survey (such as the survey of national
educational standards) it would be possible to find adequate test centres due to the
limited number of test participants. As the tests are not taken simultaneously, a time-
shift would be possible. Thus, not only the number of test administrators could be
reduced, but also the search for test centres would be easier.

In the context of this scenario (except the provision of special rooms in a school)
an internal network and broadband Internet can be expected as well as the protection
against failure and the adequate provision of spare devices. More expenditure is
generated by the organisation of the tests. Logistics especially (acquirement of
capacities, allocation of resources, transport and supervision of the students) should
be considered. Central training of test administrators in test centres could reduce the
workload for teachers.

In summary, the logistic expenditure in primary schools (VERA 3) is highest with
regard to transport and supervision of the participants. It decreases with increasing
age and grade level of students (VERA 8).
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Table 2. Evaluation of Scenario 2

Criteria Strength (+) or Weakness (-)

Control of the Complete Process + High degree of control of test production,
implementation and return of results

Capacities and Availability + High availability

+ Reliable IT- and network infrastructure

- Limited capacity (urban-rural divide)
Standardization vs. Heterogeneity =+ Homogeneous systems

+ Standardized infrastructure

- Differences between locations

Information Security and Data + Easy control (e.g. authentication)
Protection + Use of existing know-how
+ Established procedures
Logistics — Preparation and - A lot of organizational effort: Reservation and
Implementation allocation; transport of students (long distance)
- Urban-rural divide
Qualification Requirements: for + Technical administrators on location
test administrators and teachers + Probably organizational qualification
requirements for teachers (only attendance)
Qualification Requirements for - Unfamiliar environment and devices
Students - No opportunity for exercise
Costs - Rent

- Transport of students
- Staff costs on location

2.4  Scenario 3: Mobile Test Devices

The use of mobile test devices by test participants is logistically a digital version of
paper-based test booklets. Test administrators have to transport the necessary
infrastructure to the test locations and these are distributed to the test participants and
collected after completion. Laptops, netbooks or other mobile devices with touch
screen technology like tablets could be used as client systems. The test application is
provided either by proprietary installation on the devices or by provision via the
Internet or the use of mobile servers. When provision via the Internet is chosen, the
local network has to be accessible. This requires corresponding network bandwidths.
For this scenario it is necessary that test administrators provide technical and
organisational assistance. The identity check of participants can be carried out by
local staff.

From a technical point of view, the provision and acquisition of the required
infrastructure is the critical success factor. If we refer to the numbers of 2008, on
average 75 devices per primary school and 120 devices per secondary school have
to be provided. Logistical issues especially concerning the delivery and collection
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as well as the subsequent use of the devices have to be considered. Additionally, the
procedures for organizing the return of the test results have to be considered. When
the mobile devices are used within the school, the test data have to be collected,
saved and analysed centrally. This produces high technical and organisational
expenditure.

The local technicians are responsible for the provision of the basic infrastructure.
This includes the availability of enough electrical connections for recharging the
client systems and the possible use of the existing network infrastructure including
Internet access. In this case, Internet access and the local area network (LAN) in the
schools have to be regarded as a second critical success factor. A wireless LAN
especially has to be provided for the mobile devices. Currently, there are no data
available on the diffusion of wireless LAN in German schools, but it can be assumed
that wireless LAN is not available in all locations — in primary schools even less. To
use this scenario for comparative studies, the local infrastructure and the Internet
connections in primary schools have to be expanded.

Table 3. Evaluation of Scenario 3

Criteria Strength (+) or Weakness (-)
Control of the Complete + High degree of control of test production,
Process implementation and return of results

- For network access, coordination with IT officer in
charge required

- Capacity depends on number of terminals

+ High degree of availability of proprietary software
- Availability depends on local infrastructure in case
of web-based software

Capacities and Availability

Standardization vs.
Heterogeneity

+ Homogeneous systems
+ Standardization largely possible

Information Security and
Data Protection

+ Easy control (e.g. authentication)
+ Established procedure (closed systems)

Logistics — Preparation and
Implementation

- High efforts for delivery and collection of the
devices (especially with simultaneous tests)
- Installation of devices requires technical know-how

Qualification Requirements:
for test administrators and
teachers

- Technical qualification of test administrators
mandatorily required
- Qualification of teachers required as regards content

Qualification Requirements
for Students

- Unfamiliar handling and devices
- Lacking opportunity for exercise

Costs

- Procurement (incl. spare devices)

- Insurance

- Transport

- Technician and qualified test administrators on
location
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From an organizational point of view, sufficient training of test administrators has
to be ensured. Due to the variety of the client systems, training on the use of the
software, the basic handling of the device and trouble-shooting has to take place. The
training of test participants is similar to that in previous scenarios.

2.5 Scenario 4: Use-Your-Own-Device

The concept “use-your-own-device” addresses the fact that more and more students
have access to individual mobile computers. According to Medienpddagogischer
Forschungsverbund Stidwest [26], 80 per cent of young people in Germany aged 12 to
16 years have a computer or laptop of their own. Hence, test participants could use
their own hardware. It would be essential to ensure that hardware is operational, i.e. a
definition of minimal requirements is needed. This has to be done before tests are
conducted, e.g., by a previous certification of the hardware by test administrators at
the location. Apart from these requirements, this scenario is similar to Scenario 1,
except that the school computers are replaced by private hardware.

As a second, more visionary sub-scenario, private computers could be used for
testing in a familiar environment at home. In this case the test environment is
provided with a web-based application via the Internet. In order to ensure equal
access and use, test administrators are needed to train the participants. Technical
support can be provided through a central point of contact (hotline, or service desk).
The key success factor in this sub-scenario is authentication: it could be effected by
knowledge control (password) and, if applicable, by biometrical features (fingerprints,
or iris scan). Even using the new German electronic identity card could be considered.
Furthermore, it is necessary to ensure that the participants work on the test
individually and without help, according to the test instructions. This is possible by
visual control via the network infrastructure and reliable applications (e.g. camera),
though this will directly influence minimum requirements for the hardware.
Additionally, the intrusion into private homes may have implications for privacy.

From a technical point of view, the question is if and how far the test participants
have a suitable infrastructure available in their private environment. Although in
2010, 81 per cent of German households had a stationary or a mobile computer, this
does not show whether this equipment meets the requirements for electronic testing.
Furthermore, it was recorded that 73 per cent of the households had Internet access.
The bandwidth varies between German regions (Statistisches Bundesamt Deutschland
2010) [27]. Additionally, access to computers and the Internet varies in relation to the
income of the households. In a survey in 2008, only half of low-income families had a
computer with Internet access (Statistisches Bundesamt Deutschland 2009) [28].
Given this, it is a legal question as to whether a test can be mandatory when privately
owned devices are a prerequisite.

Another challenge is the standardization of the test conditions in terms of
hardware and software in order to provide a fair test. It is hardly possible to
standardize the types of privately owned devices as well as the bandwidth of the
Internet connection.
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Table 4. Evaluation of scenario 4

Criteria Strength (+) or Weakness (-)
Control of the Complete - The school and the test participants are responsible
Process for implementation

- In case of network access, cooperation with the IT
officer is necessary
Capacities and Availability + All students can be tested simultaneously
- Not all of the students own a device (spare devices
are required)
- Dependent on the infrastructure of the school (such
as in the case of local infrastructure)
Standardization vs. - Very heterogeneous infrastructure (operating
Heterogeneity systems,