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Introduction 
The eDia online assessment system has been built and developed by the 

Centre for Research on Learning and Instruction, University of Szeged. The 

principal function for which the system is designed is to provide regular 

diagnostic information in three main domains of education, reading, 

mathematics, and science, from the beginning of schooling to the end of the 

6 years of primary education. In its present form, the eDia system is an 

integrated assessment system that is based on sophisticated frameworks 

and supports assessment processes from item development through test 

administration and data analyses to well-interpretable feedback. It is one 

realization of the “ integrated, learning-centered assessment systems” 

envisioned by Pellegrino and Quellmalz (2010) . 

One of the main challenges of school education stems from the fact that 

students are different. Looking at the problem from a historical perspective, 

two main approaches may be identified as school systems have attempted 

to respond to this challenge: (1) selecting students (ability grouping, 

tracking, etc.) in the hope that homogeneous classrooms can be set up and 

(2) accepting different students for heterogeneous classrooms, then 

differentiating instruction to adjust teaching to the different individual needs 

of the students (personalization, individualization, etc.). The first option has 

failed, mostly for two reasons: (1) students are different not only in one 

dimension but also in a number of different ways, with the differences 

changing dynamically over time; therefore, (2) the intention of selection has 

generally resulted in social selection (segregation) with numerous negative 
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side effects. The second option is more promising, and a number of 

progressive initiatives have emerged in recent decades. However, there 

have also been a great many difficulties that have stood in the way of 

personalizing learning; among these, the most prominent is continuously 

identifying the critical differences between students, differences that 

determine successful learning options. The most crucial issue in teaching a 

heterogeneous classroom is teaching students with temporary or permanent 

difficulties in learning, thus requiring that the difficulties that block their 

progress be identified. 

From a cognitive point of view, the core of the problem was best 

conceptualized by Ausubel in his frequently cited observation: “ The most 

important single factor influencing learning is what the learner already 

knows. Ascertain this and teach him accordingly” ( Ausubel, 1968 , p. vi). As 

simple as this idea is, it is equally as difficult to implement in heterogeneous 

classrooms. To realize this in practice, teachers should know “ what the 

learner already knows.” The problem of “ knowing what students know,” as 

has been formulated by several authors ( Pellegrino et al., 2001 ; Opfer et 

al., 2012 ), has been solved in general, but making this knowledge useable in

practice, teachers should know in “ real time,” or at least should receive 

feedback with sufficient frequency to be able to adjust teaching to the 

knowledge currently possessed by learners. It is clear that due to material 

costs and human resources requirements, systematic large-scale diagnostic 

assessments cannot be conducted with traditional instruments. 
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In this paper, we first outline the theoretical foundations of the eDia system, 

including the role of diagnostic assessment, the content of assessment, and 

the ways to use feedback. Then, we introduce the eDia system, describe its 

structure, and highlight how technology serves its functions. Finally, we 

review research studies that have been carried out using eDia. 

Throughout this paper, we emphasize that there are a number of innovations

that technology brings into numerous aspects of instructional processes, 

including assessment. However, currently, there is still unexploited potential 

in the use of technology, including the possibilities of personalizing learning, 

adjusting teaching and learning processes to the individual needs of 

students. From a cognitive point of view, if students are always taught what 

they are prepared for (as Vygotsky’s theory of the zone of proximal 

development proposes), then they will better comprehend and master the 

teaching material. From an affective perspective, if each student individually 

always faces an optimally challenging learning task (as Csíkszentmihályi’s 

theory of optimal experiences proposes, see Csíkszentmihályi, 2000 ), both 

boredom and anxiety are eliminated from learning processes and maintains 

motivation. The optimal level of challenge supports students’ need for 

competence, which has a positive impact on students’ intrinsic motivation as

well ( Ryan and Deci, 2000a , b ). We notice here that large item banks also 

allow personalization of assessment so that each student receives tests 

adjusted to their actual developmental level (adaptive testing), thus reducing

anxiety in the assessment process as well. Both cognitive and affective 

demands require regular, personalized feedback, which is what eDia is 

designed for. 
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Theoretical Framework 
The eDia system constitutes the core of a complex, novel educational model 

which synthesizes a number of progressive initiatives to improve education. 

It is designed to support learning and development in the first phase of 

schooling and takes into account certain realities that determine the 

possibilities of using technologies. We consider three sets of conditions 

under which problems must be solved. 

1. We assume that the role of teachers remains central in the teaching and 

learning processes. Their personal presence is needed in the classroom, 

especially in the first year of schooling. Therefore, the technology in the 

proposed model is not meant to replace the teacher, but to provide 

diagnostic tools to support their work. With such diagnostic tools, teachers 

will be empowered to improve their own work by experimenting, modifying 

the way they teach and assessing the impact, as research-based teacher 

education ( Westbury et al., 2005 ; Munthe and Rogne, 2015 ) prepares them

for such activities and as required by evidence-based educational practice (

Slavin, 2002 ). 

2. The second reality is the large differences between pupils. We assume, 

based on evidence from numerous analyses that heterogeneous, inclusive 

schools and classrooms are more efficient, with both quality and equity 

potentially ensured simultaneously; however, teaching in heterogeneous 

classes may be more difficult. The major challenge is to adjust instruction to 

the individual needs of every student. Diagnostic assessment may help, as it 

provides information on the actual developmental level of each pupil. 
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3. We assume that regular feedback is essential for learning. A major trend 

to provide students with proper feedback has been promoted through 

formative assessments. We agree with its importance, but at the same time, 

we assume that teachers are not able to observe every major aspect of 

learning without an objective assessment instrument. Furthermore, 

traditional paper-based instruments are not suitable for rapid and frequent 

feedback. Technology-based diagnostic assessments may fill this gap. 

Given these conditions, four major research trends offer results for 

integration and synthesis that serve as a theoretical foundation for a 

complex online diagnostic assessment system. (1) In research and 

development, there is a shift from summative to formative assessment, 

which provides immediate feedback and direct support for learning. (2) 

Technology-based assessment has shown enormous progress in the past 

decade, and ICT infrastructure in schools has improved so that assessment 

can enter into everyday school practice. (3) Progress in cognitive and 

educational psychology has produced results which have not yet been 

exploited in practice and which may contribute to a solution for certain 

crucial problems, especially in the first year of schooling. (4) Finally, a 

number of promising models for personalizing learning has had limited 

influence on practice, mostly because of the lack of easy-to-use assessment 

instruments. Although efforts within this latter (4) trend highlight the need 

for regular diagnostic feedback and the reformed teaching methods provide 

adequate educational context for the assessments, in this section, we only 

deal in detail with the first (1–3) trends as they have determined the 

development of the eDia system more directly. 
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Formative and Diagnostic Assessment 
Large-scale international assessment programs (Trends in International 

Mathematics and Science Studies – TIMSS, Progress in International Reading 

Literacy Study – PIRLS, and Program for International Student Assessment – 

PISA) have had an immense impact on the development of educational 

systems in many different ways and have inspired the introduction or 

expansion of national assessment programs. These programs have also 

advanced testing in a number of areas, including framework development, 

test administration, data analyses, and reporting. This progress has also 

highlighted some deficiencies in educational assessment from the 

perspective of practice as well, for example, the long time between test 

administration and feedback, the limited usefulness of summative test 

results with regard to personalized intervention, and the lack or limitations of

student-level feedback in general. Another source of dissatisfaction with 

testing has been the way summative tests have been used in certain 

countries, especially for high-stakes assessments, e. g., for test-based 

accountability. These types of testing have caused some negative effects, 

such as teaching for testing and test score inflation (see, e. g., Koretz, 2018

), as well as harmful influence on school climate and teacher stress ( Saeki et

al., 2018 ). 

These deficiencies have lent a new impetus for other directions in the 

development of educational assessment and shifted the focus of attention 

from summative to formative assessment ( Clarke, 2001 , 2005 ; Ainsworth 

and Viegut, 2006 ; Bennett and Gitomer, 2009 ; Bennett, 2011 ; Sheard and 

Chambers, 2014 ), or assessment for learning, as it is often called ( Black et 
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al., 2003 ; Hattie and Brown, 2007 ; Heitink et al., 2016 ), or diagnostic 

assessment, to use yet another term ( Leighton and Gierl, 2007 ). There are 

many different ways formative assessment is used in practice, but a 

common feature of these assessments is that they reflect students’ learning 

needs, facilitate understanding in a given context and provide students with 

immediate feedback ( Black and Wiliam, 1998a , b ; Black et al., 2004 ; Good,

2011 ). There is no sharp distinction between formative and diagnostic 

assessment, nor does a universal definition for diagnostic assessment exist. 

However, it is usually described as a kind of assessment which focuses on 

problems, explores possible difficulties, assesses if students are prepared for

a learning task, and thus may measure prerequisite knowledge as well. 

Furthermore, diagnostic assessment is often followed by a kind of “ therapy”:

compensatory instruction to eliminate obstacles and offer various forms of 

supportive activities (e. g., in mathematics: Brendefur et al., 2018 ), which 

facilitates data-based decision making (e. g., in reading: Filderman et al., 

2018 ). 

One typical and most traditional form of formative assessment takes place in

the context of classroom interaction, with evaluation based on teachers’ 

observation and personal judgment. Further forms are evaluations of 

students’ work and learning artifacts (performances, presentations, essays, 

worksheets, projects, documents, lab results, etc.). Although there is a need 

for frequent personal feedback from teachers, the subjective nature has 

prompted the use of objective instruments; thus, formative tests have been 

proposed for this purpose. As these tests have been customized and 

adjusted to contexts and actual needs, they have usually been teacher-made
https://assignbuster.com/online-diagnostic-assessment-in-support-of-
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tests of questionable psychometric quality. Formative tests have been used 

most systematically in personalized models of instruction, but in any case, 

their production, administration, and scoring have required immense 

resources. The use of technology has been proposed to solve these 

problems, to support certain aspects of the assessments ( Feng and 

Heffernan, 2005 ; Brown et al., 2008 ; Feng et al., 2009 ) or to devise 

comprehensive assessment systems ( Perie et al., 2009 ). 

Evolution of Technology-Based Assessment 
Although technology-based assessment (TBA) is almost as old as the 

computer itself, modern TBA has a much shorter history. Its potential in 

assessment has been clear for decades, but it has required several initiatives

and the development of the infrastructure at schools to fulfill its promise. We

review here only a few major projects and programs that have aided in the 

realization of eDia as well. 

The European Union has launched several initiatives to modernize education,

including the expansion of educational assessments to new areas with new 

technologies. The EU’s Joint Research Centre has organized conferences and 

workshops to collect experience with TBA projects ( Scheuermann and 

Guimarães Pereira, 2008 ). One such workshop was held in Reykjavik, 

Iceland, in September–October 2008 with the participation of over 100 

experts presenting several parallel developments ( Scheuermann and 

Björnsson, 2009 ). Among other software, the TAO program (open source 

software developed by the Centre de Recherche Public Henri Tudor and 

EMACS, University of Luxembourg) was introduced in several presentations, 

indicating that it was not only being used in the PISA studies but also in 
https://assignbuster.com/online-diagnostic-assessment-in-support-of-
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national initiatives as well ( Csapó et al., 2009 ; Haldane, 2009 ). The 

MicroDYN approach ( Greiff and Funke, 2009 ), which later became the core 

of the PISA 2012 problem-solving assessment and which is also implemented

in eDia, was also presented at this meeting. In a volume based on the 

workshop presentations, three chapters summarized the results of the PISA 

Computer-Based Assessment of Science by authors from the participating 

countries (Iceland, Korea, and Denmark; see Halldórsson et al., 2009 ; Lee, 

2009 ; Sørensen and Andersen, 2009 ). A chapter in the same volume by 

Kozma (2009) was also published, which was a call for action to assess and 

teach the 21st-century skills, a manifesto of the program started around that

time. 

The Assessment and Teaching of 21st-Century Skills (ATC21S) project was 

located at the intersection of two major trends in research and development:

the need to re-define the purpose of education in the new millennium with a 

greater focus on the skills required in modern societies and to make these 

skills measurable through TBA. In the first phase of the project, four working 

groups were formed to define the targeted skills ( Binkley et al., 2012 ) and 

to explore methodological, psychometric ( Wilson et al., 2012 ), and 

technological ( Csapó et al., 2012 ) issues, as well as contextual and 

environmental issues ( Scardamalia et al., 2012 ). The volume that published

the results contained a further chapter on the policy frameworks for the 

assessments ( Darling-Hammond, 2012 ). In the second phase, the project 

focused on two prominent and closely related 21st-century skills, 

collaborative problem-solving and learning in digital networks ( Griffin and 
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Care, 2015 ), thus also contributing to the theoretical and empirical 

foundations for the 2015 PISA collaborative problem-solving assessment. 

The PISA assessments have had an impact on the development of TBA in two

major ways: (1) they have advanced the technological background and (2) 

they have tested the preparedness of individual countries for the 

assessments, identified deficiencies and exercised some pressure to ensure 

the necessary conditions to make large-scale TBA possible. The application 

of TBA started in 2006, when Computer-Based Assessment of Science was an

optional domain ( OECD, 2010 ). Only three countries completed the 

assessments (Denmark, Iceland, and Korea), but this provided an impetus for

TBA within PISA. In 2009, the assessment of digital reading was an optional 

domain. Altogether countries participated, making the comparison of 

achievement in print and digital reading possible and exploring the new 

information-processing demands of networking and hyperlinking ( OECD, 

2011 ). 

The 2012 PISA cycle brought a breakthrough in two respects. First, although 

paper-based tests remained the main delivery method, the TBA version of 

assessments was offered as an option for reading and mathematics, making 

the two delivery methods comparable and linking paper-based and TBA 

achievement ( OECD, 2013 ). Second, in this cycle, dynamic (creative) 

problem-solving was the fourth, innovative assessment domain; it used 

simulation and interaction for the first time on PISA ( OECD, 2014 ). This 

assessment has had a further impact on the development of TBA. The 

members of the problem-solving expert group continued meeting, invited 
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further researchers in the field, and published an edited volume, which 

reported a number of further applications of and innovation in TBA ( Csapó 

and Funke, 2017 ). The computerized solutions devised for the interaction in 

the assessment of dynamic problem-solving were adapted and further 

developed; they were used in 2015 for interactive science items ( OECD, 

2016 ) and for collaborative problem-solving ( OECD, 2017 ). In 2015, the 

transition of PISA to TBA was complete, with all the assessments 

administered by computer. 

The projects and programs reviewed here have influenced the development 

of the eDia system in several ways. PISA re-defined the content to be 

measured, while ATC21S linked the skills and technology used for 

assessment and highlighted the importance of framework development. The 

technology was developed in interaction with the communities running the 

projects under review; the major forum, beyond several meetings at 

conferences, was the Szeged Workshop on Educational Evaluation, held 

annually at the University of Szeged between 2009 and 2016. The programs 

reviewed here focused on summative testing among older age groups 

(secondary schools), underscoring the lack of formative assessment and 

neglecting the needs of younger students, while recent research in education

has emphasized both aspects. The experiences gained from the 

technological realization of these programs (e. g., the item-builder 

technology) have been transferred to diagnostic assessments, and eDia has 

extended them with a number of novel solutions (e. g., item banking, a 

feedback system, visualization, etc.). 
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Beyond the developments reviewed here, a parallel evolution took place 

related to computer-aided instruction ( Chauhan, 2017 ) and intelligent 

tutoring systems ( Kulik and Fletcher, 2016 ) with significant assessment and

feedback components ( Conejo et al., 2004 ). The rapid development of 

online learning has also advanced TBA, including progress in adaptive testing

(e. g., Conejo et al., 2004 ) and most recently in learning analytics ( Avella et

al., 2016 ), which broadens the possibilities of assessing students’ learning 

and forms of feedback. Strategies based on several forms of computer-aided 

instruction and online learning designed for older students limit the role of 

teachers and teach students in specific domains (see, e. g., Chi et al., 2010 ).

They open a different route for personalization and only partially overlap with

the type of assessment-based differentiation for which the eDia system is 

devised (as for these differences, see also Scandura, 2017 ). 

Determining What to Measure: Three-Dimensional Frameworks for 
Diagnostic Assessments 
Previous assessment projects have stressed the importance of defining the 

content of assessments, and this is even more significant for diagnostic 

assessments in the early phases of schooling. Diagnosis requires not only a 

better understanding of the teaching and learning processes but also the 

cognitive and affective development of pupils as well. Therefore, framework 

development has been a prominent component in establishing the eDia 

system. With a brief description of framework development, we demonstrate

that only the use of technology (large item banks and assessments tailored 

to students’ individual needs) has made it a realistic goal to differentiate the 

special aspects of learning by defining the three dimensions of assessments. 

https://assignbuster.com/online-diagnostic-assessment-in-support-of-
personalized-teaching-and-learning-the-edia-system/



 Online diagnostic assessment in support ... – Paper Example  Page 14

The reading, mathematics, and science frameworks have been based on a 

three-dimensional model of learning outcomes. This model takes into 

account the traditions of defining learning objectives (e. g., creating 

taxonomies, developing curricula and setting standards; see Csapó, 2004 , 

2010 ) and recent research findings in fields ranging from cognitive 

neuroscience (e. g., Ansari and Coch, 2006 ) through early childhood 

education (e. g., McLachlan et al., 2018 ) to research on teaching and 

learning in the domains assessed. 

The most traditional dimension of learning outcomes is mastering the 

learning material, i. e., subject matter knowledge, represented in textbooks 

and defined more generally in the school curricula. This type of knowledge is 

the easiest for teachers to observe. The most frequently assessed and 

graded dimension, it is termed the disciplinary dimension in the diagnostic 

frameworks. It has been the central part of many curriculum- or textbook-

oriented summative assessments as well as of the first international 

assessment programs. The PISA frameworks have re-defined the conception 

of valid knowledge and expanded the interpretation of literacy in a parallel 

form for the three assessment domains (e. g., OECD, 1999 , 2003 ). The 

same type of knowledge is assessed in the eDia diagnostic system, which is 

called the application dimension . The third dimension focuses on students’ 

cognitive development, the processes underlying learning, which is called 

the psychological dimension (for the cognitive foundations, see also the 

CBAL approach, Bennett, 2010 ). Although PISA also assesses disciplinary 

knowledge in mathematics and science, it does so through the applications, 

while the psychological dimension appears in the innovative domain (e. g., 
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complex problem-solving in 2003, creative problem-solving in 2012, and 

collaborative problem-solving in 2015). The predecessors to TIMSS focused 

on knowledge defined in the curricula of the participating countries, so the 

main resource was disciplinary knowledge, while recent frameworks deal 

with content, application, and reasoning as well (see, e. g., Mullis et al., 2001

, 2005 ) somewhat similar to the eDia framework. None of the large-scale 

international assessment programs can measure how well disciplinary 

knowledge defined in the actual curricula is mastered, but it is defined and 

assessed in the disciplinary dimension of the diagnostic system. 

The three-dimensional frameworks for reading ( Csapó and Csépe, 2012 ), 

mathematics ( Csapó and Szendrei, 2011 ), and science ( Csapó and Szabó, 

2012 ) have been developed by experts in the particular domains and 

dimensions. In the three domains, a total of nine dimensions are 

distinguished and defined; the theoretical foundation and previous research 

on each one are presented in a chapter in the framework volumes. There are

similarities between mathematics and science, while reading is somewhat 

different. The theoretical chapters are followed by the detailed frameworks 

developed for primary school Grades 1–6. The descriptions are illustrated by 

sample items showing possible computerized, multimedia-supported item 

formats to assess a particular dimension. These frameworks served as 

training materials for the item writers, who then carefully mapped the 

frameworks into assessment items (over 1, 500 items per dimension). They 

were also used to familiarize the teachers who use eDia with the content of 

the assessment. These items were empirically piloted, and a further set of 

books was published, one volume for each domain with detailed descriptions 
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of the assessment dimensions and illustrated by a larger number of items 

taken from the item banks in the eDia system ( Csapó et al., 2015a , b , c ). 

These books help prepare teachers to use the system, to interpret the 

feedback provided by eDia, and to determine the intervention concluded 

from the assessment results. Sample items presented in these books also 

demonstrate that assessing certain aspects of learning (especially the 

psychological dimension) would be difficult (and almost impossible in school 

practice) without the use of technology. 

The validity of the three-dimensional model has already been empirically 

tested. Based on the data collected via the eDia system, confirmatory factor 

analyses were performed separately in each grade for each domain. The 

results confirmed that, although there are usually significant correlations 

between the dimensions, they assess different psychological constructs 

(Molnár and Csapó, submitted). The psychometric indicators for the 

assessments (e. g., reliability) are constantly monitored, items with poor 

parameters are modified or deleted from the system, and new items are 

added to improve coverage of the content defined in the frameworks. 

(Results from quality improvement processes will be published elsewhere.) 

The eDia System 
The eDia system began being built in April 2007, when researchers at the 

University of Szeged implemented the TAO open source software ( Plichart et

al., 2004 ) on university servers and began to explore possibilities for it in 

close cooperation with and with the continuous support of the developers of 

TAO at the Centre de Recherche Public Henri Tudor, University of 
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Luxembourg. Several pilot studies were completed with TAO, as well as a 

media effect study to compare the paper-and-pencil and online 

administration of an inductive reasoning test ( Csapó et al., 2009 ). Although 

the first results were promising, and by that time several TAO modules had 

been used in the PISA assessments as well, it soon became obvious that TAO

had not been designed for the type of diagnostic assessment system the 

researchers had aimed to build. This led to a decision to develop new 

software from scratch optimized for the complex requirements of the 

diagnostic assessments. 

The eDia online diagnostic assessment system can be divided into two main 

parts. One is the hardware infrastructure (a server farm) and the software 

that operates the system. This has been developed and optimized for 

diagnostic assessment, e. g., being continuously accessible for the entire 

Grade 1–6 student population (up to 600, 000 students), and for the 

management of large item banks (with tens of thousands of items). In 

addition, this infrastructure can also be used for several other assessment 

purposes. The other part is the main content of the system, the item banks 

prepared for the diagnostic assessment of reading, mathematics, and 

science. 

The eDia system is functionally ready for the implementation of systematic 

assessments and has operated in experimental mode since 2015. At present,

there are more than 1, 000 partner schools (approx. one-third of the primary 

schools in Hungary), where it is used on a regular basis. It contains over 25, 

000 items. The software has been continuously developed, with both the 
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number of partner schools and the number of items available in the system 

growing. 

Currently, three different testing procedures are run with eDia. There are 

central assessments initiated by the assessment center three times in a 

school year, at the beginning, in the middle, and at the end of the year. 

These assessments provide data to establish item parameters and normative

reference points. There are teacher-initiated assessments which are used for

frequent diagnostic assessments adjusted to the needs of a class or of 

individual students. The teachers may compile tests out of the items 

available in the item banks for their own assessment activities. Furthermore, 

there is testing for research in numerous projects using either items from the

item banks or specific tests developed for research purposes. 

Structure of the System: Functions to Serve the Needs of Educational Practice

Item Writing 

The system contains an item builder module that makes the task of item 

writing as easy as writing multimedia documents. Item developers receive 

extensive training in the content of the assessment and in test theory and 

psychometrics, enabling them to master the use of the item builder module 

easily ( Molnár et al., 2015a , b , 2018 ). Items are written online, with the 

draft versions of items undergoing several phases of review (content, 

language, technical fitness, and format) before they are entered into the 

item pool for empirical testing. A number of tools are available to support 

item writing, including templates and scoring schemes. Several items can be 

created for one stimulus or a set of closely related stimuli; these items 
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together form the tasks. The items in a task can be moved (e. g., added to a 

test) together. 

Test Editing 

In the present mode of operating the system, tests consisting of a number of

tasks form the units of the assessment. Tests may be constructed out of the 

tasks in several ways. Typically, booklets are formed out of the tasks, and 

then they can be combined variously into tests, for example, to eliminate the

position effect or to optimize linking/anchoring options. Tests can be 

constructed with adaptive testing techniques, i. e., based on the answers 

given to all previous items or to items present in the last cluster, to minimize

the difference between the students’ ability level and the test difficulty level.

Online Test Delivery 

Students complete the diagnostic tests as part of their school activity using 

the available school infrastructure. The tests can be done practically from 

any device equipped with an internet browser, but the items are optimized 

for keyboard, mouse, and a large screen. For central assessments, there is 

an approx. two-week window when eDia is open for the actual assessment. 

Teacher-initiated testing can take place any time teachers find it useful (at 

this phase, they are not influenced on how frequently they use it). Students 

have a specific secret assessment identification code to log into the system. 

Automated Scoring 

The eDia system is designed for both automated and human scoring. 

However, the items in the item banks that are prepared for the regular 

https://assignbuster.com/online-diagnostic-assessment-in-support-of-
personalized-teaching-and-learning-the-edia-system/



 Online diagnostic assessment in support ... – Paper Example  Page 20

diagnostic assessments are scored automatically, with human scoring 

reserved for research and specific applications. Automatic scoring makes it 

possible to provide immediate feedback, and it is necessary for the rapid 

scoring of a large number of assessments. The system offers a variety of 

scoring options, adjusted to item type and form of response capture. 

Built-In Data Processing and Statistical Analyses 

The eDia system contains a statistical analytics module, which can perform 

every computation required by the assessment from descriptive statistics 

through classical test theory to IRT modeling. The computations are 

programmed using the open source “ R” programming language and are 

continuously adapted to the developing system. The data can be exported 

from the system for further analyses. 

Teacher-Assembled Tests 

Teachers have been encouraged to use objective assessment instruments 

since the very beginning of educational testing; however, most tests 

available for classroom assessment are summative tests. Such tests are 

difficult to adapt to the actual needs of a class, not to mention individual 

students. Another option is teacher-made tests, but the time and resources 

needed to prepare and score them hinder practical use. The teacher-

assembled tests in eDia fill this gap. Participating teachers are granted 

access to the item banks, so they can assemble tests out of available tasks. 

These tests can then be administered to individual students, a group of 

students or an entire class, with the results made available immediately after

testing. Models for the co-existence of centrally initiated tests and teachers’ 
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assessment are under development. The current model is that central 

assessments serve a screening function, while teacher-initiated tests are 

mostly used for formative and diagnostic purposes if needed. Further options

are being explored, e. g., automated recommendations for testing based on 

previous assessment results. 

Feedback 

At present, there are two basic forms of feedback. One is the immediate 

feedback students receive right after the test has been completed in the 

form of percentage of total score of a particular test. Another form is 

contextualized information based on normative reference data, available 

only after the central assessments. After the general assessments, both 

students and teachers receive detailed information about the results for each

assessment dimension. Students may download a PDF file with a detailed 

description of the content of the assessment and their own achievement 

compared to the national norm and class mean. Teachers receive similar 

information on their students individually in each dimension as well as a 

comprehensive, contextualized picture of their class, comparing it to other 

members of the same age group in the entire school, school district, region, 

and country. This feedback is provided in graphic form as well to help 

teachers comprehend and use the data. 

Scaling and Setting Norms 

An IRT model is used to establish assessment scales. There are nine distinct 

scales in the eDia system as they are defined in the assessment framework; 

each one is developed separately. Establishing normative scales is a long 
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process, one which requires several steps in the case of the eDia system. 

The results of the end-of-year assessments are used to establish the scales. 

In the first step, separate norms are defined for the different grades, with the

mean for a grade set for 500 with a SD of 100. This phase has already been 

completed, and the 54 (6 grades × 3 domains × 3 dimensions) reference 

scales have been established. 

The next step is to devise developmental scales with vertical scaling of the 

data, linking the achievement of the different grades. This can be done easily

with a psychological dimension, where a more or less continuous 

development can be assumed. As cognitive development is stimulated by 

out-of-school experiences as well, there may be large differences within a 

given cohort; some students’ achievement may be closer to the mean for a 

different cohort. Thus, linking the grades causes no difficulties. These 

considerations are only partially appropriate for the application dimensions, 

while the disciplinary dimensions are based on the material taught. 

Therefore, students in a particular grade may only be offered tasks from 

earlier grades, but not from later ones. Due to these complications, the first 

vertical scales for the psychological dimensions have already been prepared 

(see Molnár and Csapó, submitted), but vertical scaling in the other two 

dimensions requires more sophisticated statistical procedures (e. g., 

multidimensional IRT). 

Finally, longitudinal scales will also be devised, making it possible to monitor 

student progress and to observe how they progress within a given period, 

compared to his/her previous and others’ mean change. Developing such 
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scales requires even more care and time and is especially difficult because 

collecting longitudinal data from the period covered by eDia takes at least 5 

years, while the social and contextual conditions are also rapidly changing in 

the meantime. On the other hand, eDia does not provide high-stakes testing,

nor is producing trend data a requirement. Thus, it can be flexible in 

establishing normative scales. Whatever the means used for scaling, scale 

development should also serve the formative, diagnostic function of the 

system. 

Novel Item Formats for Improving the Quality of Testing 
Quality of testing can be defined in terms of validity (including predictive and

diagnostic validity), reliability, and objectivity. In this section, we show how 

new item formats made possible by technology can improve the quality of 

testing. A number of media effect studies have been carried out in past 

decades to explore most aspects of assessments. The quality of TBA is 

usually compared to paper-and-pencil or face-to-face testing, so we also 

compare the eDia items to these traditional testing modes. Technology offers

numerous new options both in presenting stimuli and in capturing students’ 

responses that are not possible through traditional testing modes; in 

addition, technology improves objectivity and validity significantly (for a 

detailed discussion of technological issues, see Csapó et al., 2012 ). 

New Forms of Stimuli 

Use of technology expands the possibilities of creating more life-like 

situations and using more authentic stimuli. There are three ways to develop

computer-based tests, tasks, and items. First, tests/tasks/items can be 
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prepared according to traditional approaches with designs based on paper-

and-pencil techniques. Texts, static images, schematic figures, and graphs 

are also available on paper, but their richness and variety represent an 

added value of TBA. We call these kinds of computer-based tasks first-

generation tasks ( Molnár et al., 2017 ). Second-generation tests contain 

tasks with new formats, including multimedia (e. g., animation, video and 

audio), constructed response, automatic item generation, and automatic 

scoring tests ( Pachler et al., 2010 ), thus increasing the level of authenticity 

and the power of assessment. These types of tasks cannot be administered 

in paper-and-pencil format. Finally, third-generation tests dramatically 

increase the level of reality and the number of ways students can 

demonstrate their skills as they allow students to interact with complex 

scenarios (e. g., complex problem-solving items in the MicroDYN approach), 

simulations (html documents to imitate a closed internet environment), 

situations (e. g., GeoGebra elements), and dynamically changing items 

and/or to collaborate online with other students to solve dynamically 

changing, interactive problem-solving items. All of these options are 

implemented and available for item development in the eDia system. 

Any kind of multimedia, animation, video, voice, etc. provides authentic 

content, improves validity, and serves specific functions. Special 

accommodations can be embedded into technology-based tests; for 

example, validity of test results can be enhanced by providing instructions 

both in an on-screen written form and with a pre-recorded voice, thereby 

preventing failures caused by students’ reading difficulties. Thus, in the eDia 

system, students in Grades 1–3 can listen to instructions on headphones 
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while the tests are being administered. It is also possible to standardize the 

test environment by controlling the presentation of information in different 

ways (e. g., timing and a given number of repetitions). 

New Forms for Response Capture 

Use of technology changes not only the forms of stimuli but also those of 

response capture. In the traditional test environment, response capture 

happened basically by circling, ticking, X-ing, underlining or writing letters, 

numbers, words or sentences. The TBA environment expands these options, 

but this expansion strongly depends on the technology used. There are 

different possibilities for response capture in the case of a tablet or a 

desktop computer. The eDia system is prepared for both. However, as the 

keyboard and mouse are used for input in most Hungarian schools, the eDia 

task responses are optimized for them. 

The TBA environment makes it possible to expand the possibilities of 

manipulation with task elements and to realize the following forms of 

response capture with a mouse: (1) clicking on form elements (radio button 

and checkbox), (2) using a drop-down menu, (3) clicking on pictures or parts 

of pictures, (4) clicking on texts or parts of texts, (5) coloring shapes or 

pictures or parts of them by clicking, (6) sequencing by ordering mouse 

clicks, (7) connecting two task elements with lines or arrows, (8) constructing

answers with on-screen manipulations with drag-and-drop letters, words, 

sentences, numbers, shapes, pictures, voices, sounds, animations, 

simulations, etc., that is, all kinds of task elements, and (9) using sliders and 

functions or other changeable and interactive task elements. Other 
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possibilities are available with the keyboard, such as typing letters, numbers,

and words. Logging and analyzing log data by measuring response time, 

mouse movement, and navigation sequence to describe the activity of the 

students during testing can also contribute to more elaborated feedback; 

however, further studies are required to explore how to use these methods 

more effectively. All these possibilities for logging students’ activities while 

they respond to items are available in the eDia system. 

Complex Item Formats: Interactivity and Simulation 

The eDia system was prepared to administer third-generation tests. The 

MicroDYN-based assessment of problem-solving ( Greiff and Funke, 2009 ; 

Greiff et al., 2013 ; Molnár and Csapó, 2018 ) is available with a large 

number of items. One of the benefits of MicroDYN is that it allows various 

independent and dependent variables, and different connections may be 

defined between them for the simulated systems. The difficulty level of the 

task may thus easily be changed. A further expansion of this conception is 

the assessment of collaborative problem-solving. It makes it possible to use 

a real human-human scenario during data collection ( Pásztor-Kovács et al., 

2018 ). This allows more social interaction, compared to the PISA 2015 

collaborative problem-solving assessment, which used human-agent 

interaction ( OECD, 2017 ). Further simulation-based items were used on an 

ICT literacy test ( Tongori, 2018 ). These complex item formats have been 

used for assessments beyond the diagnostic system and for experimentation

and research, and these experiences will also be applied to the diagnostic 

assessments. 
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Beyond Diagnostic Assessment: eDia As A Research 
Instrument 
Beyond its main purpose of providing diagnostic assessments, the eDia 

platform has been used in a number of other domains and in research 

projects as well. In this section, we review the research in which data were 

collected by eDia. 

Further Assessment Domains Implemented in eDia 
At present, there are over 20 further domains (called minor domains) for 

which tests or test batteries are implemented on the eDia platform. The 

principle in general is that different tests are prepared for the different age 

groups linked with anchor items. 

Supporting the kindergarten-school transition with assessment instruments 

is one of the current extensions of the eDia. First, the DIFER test battery, a 

broadly used face-to-face instrument, was digitized, and then the traditional 

and online delivery methods were compared. Results from the media effect 

study indicated that the two versions (face-to-face vs. online) were 

equivalent and that the digitized version was not only more convenient to 

use, but the objectivity and reliability had also improved on some subtests (

Csapó et al., 2014 ). Based on these experiences, a new school readiness 

test battery has been developed and optimized for online assessment, which 

can be used in kindergarten with tablets ( Csapó et al., 2017 , 2018 ). 

Several instruments were devised for assessments of curricular areas 

beyond the three major domains. The media effect on composing skills was 

studied with primary school students ( Nagy, 2015 ). A test of musical 

https://assignbuster.com/online-diagnostic-assessment-in-support-of-
personalized-teaching-and-learning-the-edia-system/



 Online diagnostic assessment in support ... – Paper Example  Page 28

abilities used pre-recorded sound stimuli for melody and rhythm ( Asztalos 

and Csapó, 2017 ). Several tests were prepared for English and German as a 

Second Language (reading, listening, and vocabulary), while the TBA made it

possible to use authentic voice recordings to assess listening skills ( Vígh et 

al., 2015 ; Nikolov and Csapó, 2017 , 2018 ; Habók and Magyar, 2018a , 

2019 ). Assessments of visual skills benefitted especially from the 

possibilities of rich illustrations ( Kárpáti et al., 2015 ). Online tests have also 

been prepared for cross-curricular competencies, such as learning to learn (

Habók, 2015 ; Vainikainen et al., 2015 ), health literacy ( Nagy et al., 2015 ), 

financial literacy ( Tóth, 2015 ), ICT literacy ( Molnár et al., 2015b ), and civic 

competencies ( Kinyó, 2015 ). 

Assessment of a variety of reasoning skills is embedded in the mathematics 

and science psychology dimension, mostly operational reasoning skills. 

However, there are some skills that play a distinct role in learning and 

cognitive development; therefore, comprehensive instruments have been 

prepared to assess them. Inductive reasoning is one of the most frequently 

assessed higher-order thinking skills, and several inductive reasoning tests 

have been developed for the eDia as well. First, a widely used paper-and-

pencil inductive reasoning test (verbal and numerical analogies, and number 

series, see Csapó, 1997 ) was migrated to the digital platform ( Csapó et al., 

2009 ). Later, other tests based on Klauer’s model (see, e. g., Klauer and 

Phye, 2008 ) were prepared ( Molnár et al., 2013 ) and used in a number of 

national and international projects. Specific item formats were developed to 

assess dynamic problem-solving (the MicryDYN base, see Molnár and 

Pásztor-Kovács, 2015 ; Csapó and Molnár, 2017a ), collaborative problem-
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solving (e. g., interactivity and communicating with pre-defined messages, 

see Pásztor-Kovács et al., 2018 ), creativity (divergent thinking and a 

program for counting rare solutions, see Pásztor et al., 2015 ), and 

combinatorial reasoning (drag-and-drop to combine elements and an 

algorithm to distinguish valid and invalid combinations, see Pásztor et al., 

2015 ). 

Tests, test batteries, and questionnaires beyond the cognitive domain are 

also implemented through eDia. Some of them are essential for successful 

learning, but because of the lack of easy-to-use instruments, they are rarely 

assessed. Motivation is one such affective attribute, and a related mastery 

motivation questionnaire is available on eDia ( Józsa et al., 2015 ; Zsolnai 

and Kasik, 2015 ), as well as a self-regulated foreign language learning 

strategy questionnaire ( Habók and Magyar, 2018b ). The PISA 2020 learning 

strategy questionnaire ( Artelt et al., 2003 ) has also been implemented and 

used in several projects (e. g., Csapó and Molnár, 2017a ). Experimenting 

with the assessment of further affective and social skills is also in progress 

(e. g., Zsolnai and Kasik, 2015 ). 

The eDia platform has been used in higher education. For example, in 2015, 

the University of Szeged introduced an assessment system to explore how 

well incoming students are prepared for university studies. In the first year, 

six tests were administered through eDia: Hungarian language and literature

(with a strong reading comprehension component), mathematics, history, 

science and English as a foreign language as well as a dynamic problem-
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solving test ( Csapó and Molnár, 2017a ). Since then, the system has evolved

further ( Molnár and Csapó, 2019b ). 

Applications of eDia in International Assessments; Comparative Studies 
The eDia system has been used for research within international 

collaborative projects carried out by the University of Szeged Centre for 

Research on Learning and Instruction and supports investigations by PhD 

students at the Doctoral School of Education at the same university. In this 

section, we review some results of these efforts, highlighting new 

opportunities for educational research offered by the online assessment. 

In Finland, the Centre for Educational Assessment, University of Helsinki, 

cooperates with Vantaa city schools in using tablets in everyday teaching 

and learning processes. Within the framework of this project, Hungarian tests

were translated into Finnish and assessments were carried out in both 

countries using the same instruments, with the tests delivered from the 

University of Szeged servers ( Hotulainen et al., 2018 ; Pásztor et al., 2018 ). 

The first results may indicate the impact of frequent testing, but further 

studies would be required to uncover the mechanisms. 

The tests for assessing thinking skills implemented in the eDia have been 

used in several international studies. The knowledge acquisition phase of 

dynamic problem-solving involves two further skills, combinatorial reasoning 

(systematically combining possible values of independent variables) and 

inductive reasoning (rule induction and generalizing the experience of 

interactions). The relationships of these skills were explored; the dynamic 

problem-solving tests, together with combinatorial and inductive reasoning 
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tests were translated into Chinese and were administered to Chinese 

students. The results indicated a stronger impact of combinatorial reasoning 

than that of inductive reasoning ( Wu and Molnár, 2018a ). The relationship 

between problem-solving, creativity, inductive reasoning, and working 

memory was explored in a similar study ( Wu and Molnár, 2018b ). In 

Namibia, the relationship between scientific reasoning and motivation to 

learn science was examined ( Kambeyo et al., 2017 ) as well as the 

possibilities of online assessment of scientific inquiry skills. These studies 

indicated that online assessment is feasible even with a modest school 

infrastructure. 

Another set of studies was completed on learning foreign languages in three 

countries, Mongolia ( Ragchaa, 2017 ), Kazakhstan ( Akhmetova and Csapó, 

2018 ), and Azerbaijan ( Karimova and Csapó, 2018 ), where the two most 

frequently studied foreign languages are English and Russian. Thus, these 

countries offer different contexts and sets of conditions than those of 

Hungary, where the main foreign languages are English and German (see, e. 

g., Nikolov and Csapó, 2018 ). Another difference is that these countries use 

the Cyrillic alphabet. Several research questions were explored in these 

studies on learning foreign languages with eDia-based instruments, including

the development of receptive skills, self-concept and learning strategies. 

Assessment Platform for the Hungarian Educational Longitudinal Program 
The Hungarian Educational Longitudinal Program (HELP) was launched in 

2003 and is maintained by the SZTE-MTA Research Group on the 

Development of Competencies ( Csapó, 2007 ). A new cohort (a nationally 

representative sample of approx. 6, 000 students) is added to the program 
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every 4 years, with students being monitored from the beginning of 

schooling to the end of compulsory education. Data collection has focused on

three main domains, reading, mathematics, and science, and data are 

systematically collected on a number of cognitive, affective, and contextual 

variables. The online assessment has been gradually introduced to the data 

collection effort (e. g., languages have been tested online, see Nikolov and 

Csapó, 2018 ), with the cohort that entered school in 2015 having been 

exclusively assessed with the eDia instruments. The benefit of longitudinal 

research from the perspective of developing the diagnostic system is that it 

offers a nationally representative sample for scale development and for 

determining the predictive power of certain instruments (e. g., school 

readiness tests, see Csapó et al., 2018 ). 

Discussion And Conclusions 
Practical Relevance and Limitations of the Online Assessment 
Systematic feedback is a basic condition for the operation and development 

of any complex system and providing students and teachers with an 

inexpensive, easy-to-use, valid, and reliable assessment system may 

significantly contribute to solving certain crucial problems of education 

today. Making it possible to measure the different dimensions of learning 

separately, especially the mostly hidden psychological dimension, i. e., 

thinking and cognitive development may support meaningful learning and a 

deeper conceptual understanding. (Empirical studies concerning these 

assumptions are in progress; see also Molnár and Csapó, 2019a ). 
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Teachers see the differences between their students and realize if some of 

their students fail, but without proper instruments teachers cannot 

determine the nature and magnitude of the differences with precision. 

Diagnostic assessments support the personalization of learning, adjusting 

teaching to students’ personal needs. Teachers routinely use certain types of

formative assessment (mostly based on their subjective observation), and 

we may assume that with better instruments they will teach better. 

However, we may not assume that they will be able to fully exploit the 

potential of online diagnostic assessments; they need training to empower 

them. Several training programs (from one-day introductory workshops to 

two-year training of assessment experts) are available within the framework 

of the project. Ideally, the teacher-training component is an in-service 

adaptation of research-based teacher education (see, e. g., Munthe and 

Rogne, 2015 ). 

As there is a growing concern among teachers about high-stakes testing and 

the use of its results for accountability ( Tóth, 2011 ), monitoring their views 

on diagnostic assessment will be an important task. An indicator of 

acceptance of eDia is that teachers and schools have been participating in 

the assessments voluntarily, with informal communication confirming its 

acceptance as well. Formal surveys will be needed to gain a better 

understanding of teachers’ opinions. 

Finally, we have to emphasize that an assessment instrument alone does not

improve the quality of learning; its practical impact depends on how the 

information it provides is used to change teaching and learning processes. 
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To better use the power of feedback, the conception of classroom teaching 

should basically be changed; there is a need for new models of teaching and 

learning, where students’ individual needs are better served. Such models 

have existed for decades, but the lack of appropriate tools has hindered 

large-scale use. In the most general terms, Mastery Learning is one such 

model, which, supported with online pre-tests and post-tests, may gain a 

new impetus ( Csapó and Molnár, 2017b ). There are also several promising 

new models which stress the role of regular feedback and use of assessment

data made possible by TBA, e. g., data-based teaching ( Datnow and 

Hubbard, 2016 ) and assessment-powered teaching ( Sindelar, 2010 ). 

Experience in the areas of computer aided-instruction and tutoring systems (

Kulik and Fletcher, 2016 ; Chauhan, 2017 ) may be used, especially in 

stimulating students’ development in the psychological dimensions when 

diagnostic assessments indicate the need for such intervention. 

Further Research Prospects 
Regular diagnostic assessments generate large databases and render it 

possible to make further sophisticated use of those that have already been 

started in other areas (see research on the “ data revolution” and “ big 

data”). Educational data mining and process mining have already produced 

results applicable in practice as well ( Tóth et al., 2017 ). Certain methods 

developed within the paradigm of learning analytics may also be used to 

process databases produced by diagnostic assessments as well. 

Log file analysis is the easiest and most appropriate new method for using 

new types of assessment data (metadata and log data). An easily recordable 

and already routinely used piece of information is the time students spend 
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on certain activities when completing online tasks; time-on-task analyses, 

among other methods, may indicate students’ attention and motivation. 

Some item types (combinatorial reasoning task enumerations, MicroDYN 

items and collaborative problem-solving activities) allow the recording of 

more detailed information on students’ reasoning. Some analyses (e. g., 

latent class analyses) using data collected with eDia have already been 

conducted ( Greiff et al., 2018 ; Molnár and Csapó, 2018 ), but further 

research is needed to find ways to make practical use of these results, 

adding new analytical modules to the eDia platform, creating new, log data-

based indicators and supporting students’ cognitive development in the long 

run. 
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