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Abstract: Over recent years, much research has been
undertaken on big data in many fields. Meanwhile,
addressing the challenges of globalization, the Chinese
government has emphasized the improvement of education
quality as a major priority. In this context, education
assessment and evaluation reform have been accelerated.
One of the functions of big data is to drive the
improvement of education quality through continuous
collection and various data mining approaches. In line with
the existing theoretical and empirical researches in
developed and developing countries, this paper provides a
demonstration of how big data can be applied in school
effectiveness evaluation. Thus, in this paper, a value-added
approach used for school effectiveness evaluation will be
introduced and the multilevel modelling for measuring and
analyzing value-added data will be discussed.
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1. Introduction

The past few decades have witnessed the rapid
development of information technology, the essential role
of big data is being gradually recognized and widely used
in many fields. As for the conception of big data, it is a
contested term defined by different groups. From the lens
of technology, big data is defined in terms of volume,
velocity, and variety. In other words, it consists of a huge
volume of information with diverse variety and is collected
at extreme velocity [1]. Williamson (2017) notes that big
data is simultaneously technical and social. It can be
understood as an emerging social phenomenon. There are
people behind big data who work in specific organizational
settings and seek to utilize big data systems for their
variety purpose. Therefore, as a source of knowledge, big
data has the power to change how and what people know
about society and the people and institutions that occupy it
[2]. In the educational landscape, big data has attained
critical importance. Application of big data can drive the
scientization of national education policy, development of
education equity, improvement of education quality,
optimization of curriculum system and teaching, and
personalization of students [3].

As mentioned above, one of the functions of big data is
to drive the improvement of education quality. In terms of
the increasing attention of education quality worldwide,

Chinese researchers claimed that high education quality is
essential to narrow the education quality gap between
China and other developed countries [4]. In this sense, the
Chinese government has been emphasizing school
evaluation and pupil assessment as a key aspect of
improving education quality [5]. Therefore, regarding the
big data in gearing up education quality, how it can be
applicated to explore education institutions' effectiveness,
teachers’ performance, and students’ achievement is a
focus point in the research.

The purpose of this study is to demonstrate how big data
can be applicated in school effectiveness evaluation
through a value-added approach. It will begin with a
description of the category and characteristics of big data
from the lens of education effectiveness evaluation. This
followed by the demonstration of the value-added model
in school effectiveness evaluation. After that, how
multilevel modelling can be employed to measure and
analyze value-added data will be discussed. Finally, some
limitations and challenges associated with the research and
practice of the value-added data application for
policymakers and school leaders will be discussed as well.

2. Categories and Characteristics of Big Data in
Education

2.1 Hierarchically Structured Data Sets

According to the dynamic theory of education
effectiveness of Creemers and Kyriakides (2008), the data
will be looked simultaneously at the different levels of the
education system, for example, the student, the classroom,
the school, and the context [6]. Factors at each level are
considered having both direct and indirect effects on
student outcomes. The data sets associated with those
levels are often hierarchically structured. In this sense, two
or more levels can be distinguished and the units at the
lower levels nested within the higher-level units. For
example, a data set of students is nested within the
classroom within schools. This hierarchical structure can
be extended to the contextual levels such as local
communities, regions or nations [7].

Data set at the student level involves students’
characteristics such as gender, age, minority status;
policymakers’ status; intelligence and prior attainment;
family background such as parental education, parental
occupation, and family wealth; students’ cognitive and
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non-cognitive achievement and so on. As for the classroom
level, data is related to curriculum time and content as well
as curriculum teaching and learning [8]. For example, the
amount of instructional time, the number of classroom
textbooks, teacher diaries, student-centered approaches,
problem-solving approaches, the amount of teacher-
supervised study, and the classroom climate. Data at
school level include school demographics, school
infrastructure and services, school culture, and school
climate and so on [9]. Contextual data is often associated
with the socio-economic status of the student body, grade
phase of schooling, school residential community type,
school governance structure, and country context.

2.2 A time sequence determined data sets

From the lens of the economics concepts of educational
effectiveness, the data is related to the production process
of an organization. There are inputs to the school, through
the transformation process, and outputs will be attained at
the end of schooling. In this sense, data can be classified
with the time sequence into intake, process, and outcome.

Intake data involves enrolment, school resources,
students’ expectations, students’ attitudes, prior skills and
behaviors, and prior attainment. Process data is associated
with students’ attendance, resource allocation, students’
experiences, teaching and learning processes aimed at the
behavior outcomes or academic outcomes. As for outputs,
data is related to the completion rates, school costs and
benefits, students’ satisfaction, skills, and raw
achievement.

3. The value-added approach in an educational context

Value-added originally is an economic concept

referring to the difference between inputs and final outputs.

It has come to be used in education with the political
preoccupation of standards and quality in education in
many countries. The concept rests on the assumption that
schools add ‘value’ to the achievement of students, and
students' progress is measured in either cognitive
outcomes or non-cognitive outcomes. Scheerens et al.
(2003) defined that the term value-added refers to the extra
value that is added by schools to student achievement over
and above the progress that might be expected in a
normative sense [10].

The value-added approach seeks to relative
effectiveness among schools. It attempts to adjust factors
that are associated with student performance but are not or
little controlled by schools. By collecting data describing
inputs, process, outputs, and context about individual
schools, a contextual value-added model will control for
various intake achievement and indicates the relative
effectiveness that a school effects on a student’s prior
attainment in comparison to a similar student in other
schools over a specific period of time. By calculating the
value-added component, a positive value-added score
(residual) reflects that a school may be performing above
expectations [11,12].

Although there are the limitations of the value-added
model, it is still be considered as an outstanding approach
in school effectiveness research. It offers a fairer way of
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presenting school examination results; it provides detailed
and summary data that a school can apply to its self-
evaluation; the results can be contrasted against other types
of data available in schools such as views and affective
outcomes.

4. Multilevel Modelling for measuring value-added

Goldstein (1997) noted that the most important issue
related to useful measurement is its acceptable validity and
replicability. Applying an appropriate statistical
methodology for measuring value-added as an indicator of
school effectiveness is important, otherwise, the
conclusion will be suspect [13].

4.1 Single level models

In the 1970s, major researches were about relationships
among student-level variables [14,15,16]. Multiple
regression was used to calculating the residual difference
between an observed and expected score. The observed
score is a student’s actual prior attainment and the
expected score is the predicted achievement based on his
or her previous attainment. As a result, the residual score
can be interpreted in terms of whether a student performs
above or below expectations. In this sense, the residual
score provides the statistical measure of value-added or a
student’s relative progress. In short, this analysis employs
several factors, such as baseline, students’ characteristics
that provide an estimate of value-added. However, as
mentioned above, students level data set nested within the
school-level units. Using a single-level model means that
very little can be said about the influence of schools on
students. On top of that, the resulting statistical inferences
may bias and over-optimistic [13]. Therefore, the main
challenge is to develop models that allow the statistical
analysis to separate the effect of the school on individual
pupil outcomes and the extent to which pupil intake factors,
such as prior attainment, their socio-economic background
affect pupil outcomes.

4.2 Multilevel models

In the 1980s, Murray Aitkin and Harvey Goldstein have
developed more statistical techniques, in particular, the
multilevel analysis that enables the data to be treated in an
appropriate manner [17,18,19]. Thus, instead of
aggregating all levels data together arbitrarily, differences
between classes, year groups and schools can be analyzed
separately. It employs the same principle of calculating a
residual value-added score as of multiple regression and is
now widely recognized as a sophisticated approach to
analyzing data that derive from multistage sampling.

Taking a two-units (student and school) multilevel
modeling as an example, first, multistage sampling is
applied. A random school sampling is drawn in the first
stage and a sample of students within the schools will be
selected in the second stage. In this case, the issue of the
interdependence of observation within sampling units will
be taken into account, as a result, the overestimation of the
statistical significance of the findings under a simple
random sampling design can be avoided to a large extent
[20].
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Starting with the multilevel modelling, if Yjj is an
individual score on the ith student in the jth school the
simple model can be presented as follows

Yij = fj + 1ij o))

= ﬁo + U+ 1j

This means that the individual score (Yj;) can be broken
down into a school contribution (B;) and a deviation (r;;)
from school average for student i in school j. in the
second line the school contribution is decomposed into
average score across schools and students (Bo) and
deviation from that mean for school j (school ‘residuals’).
In this sense, Yij = Po + Uj + rij can be expressed as a ‘zero
model’, which includes no explanatory variables and
involves the partitioning of variance in the outcome
measure into the student and the school level. This model
indicates that an individual score can be seen as the sum
of the average score and the school and student-specific
deviations.

In the next stage, explanatory variables are added to the
model and a multilevel model is presented as follows

Yij = fo + Uj + Tjj (2)

It should be noted that just one explanatory variable (X) is
measured at the student level. However, with the more
complex data in practice, more complex models with
multiple variables will be applied with both levels. The
intercept reflects the expected score on the dependent
variable for individuals with an average score on all
explanatory variables. Therefore, this model can be fitted
by taking a data set with students identified by the school
they belong to and be used to estimate the required
parameter values [13].

One of the main features of multilevel analysis is the
identification of a distinct level of variance. Student level
variables are the lower-level variables that may explain
variance at a higher level (school level). For example,
student’s social-economic status may account for variation
between schools in relating to student achievement, but
school-level variables can only account for variation
between schools. Sometimes, adding new explanatory
variables at the student level to the model will result in
more variance at a higher level. This means the difference
between schools is larger than the difference without
considering student background variables. Saunders (1998)
stated that multilevel modelling is the appropriated
statistical technique that deals with data sets that are
hierarchically structured [21]. This means a student
belongs to a certain class and he or she also attends a
certain school. In some situations, this nesting may not be
perfectly hierarchical. For example, if the nesting of
schools within geographical units is included in the
analysis, it should be noticed that some schools receive
students from various districts and the students from the
same district may attend different schools. However, these
cross-classifications still can be analyzed through cross-
classified multilevel models [22].

5. Limitations of value-added measurement

So far, we have outlined the value-added method and
multilevel model analysis, it is essential to emphasize the
statistical uncertainty and limitations of numerical data.
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Statistical uncertainty refers to the uncertainty in
estimating any average numerical score from the sample
of students in the school. This uncertainty may prevent any
fine distinction to be made between the performance of
schools [23]. On top of that, the issue of measurement error
should be considered when interpreting data. Another
issue associated with the data is accuracy and
appropriateness. This remains that when we consider how
to apply the big data into practice, it is crucial to notice
whether the data is an appropriate indicator and is it
difficult and cost to collect. All those limitations point to
the importance of considering the statistical significance of
each school's results and the stability of results over time.

6. Application of value-added data

One of the application areas of big data in education is
the school effectiveness evaluation. Employing a value-
added model, it is helpful to study the questions about the
consistency of school effectiveness across schools over
time, highlight differences within a school, and allow
schools to compare themselves with other schools. To be
more specific, value-added data at the individual student
level can help students learn more and learn better by
providing feedback on their measured progress. At the
classroom level, teachers can track students’ engagement
and achievement by reviewing value-added data. At the
school level, a value-added measurement can be employed
to reflect the aim of schooling through using student
attitudes and  academic  outcomes  value-added
measurement. Differential effectiveness for different
groups of students, such as boys or girls, ethnic minority
students, can be examined and implicate for equal
opportunities. It can also help policymakers and school
leaders evaluate institutional effectiveness and generate
insights for future improvement [24].

7. Conclusion

Surrounding by digital data and new information
technologies, it is required in the field of education to gain
insight from these large volumes and variety of big data.
With the increasing mobilization of new digital data
technologies, education institutions are generating big data
from cognitive to non-cognitive during the teaching and
learning process. One of the application areas of big data
in education is to increase education quality through the
way of education effectiveness evaluation with the support
of data mining and data analysis approaches. Thus, in this
study value-added evaluation approach derived from
economic perspectives is proposed and the multilevel
modelling specifically employed for hierarchically
structured data is demonstrated. Although the contribution
of the value-added evaluation approach has been
demonstrated, it should be emphasized that this approach
is not the only criterion to judge school effectiveness.
Moreover, the challenges such as the methodological
limitations, the difficulties of data collection, how to
involve teachers in action research so that teaching and
learning processes in the classroom become the center of
this area of research, and so on should also be noticed.
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