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In modern eLearning systems, educational measurements are used both to evaluate the students’
achievements and to control the learning process. However, elLearning systems usually have
comparatively trivial embedded features for analyzing measurement results, which are not of
considerable interest for sufficient statistical research of the assessment tools quality. To identify the
characteristics of assessment materials such as reliability, homogeneity, discriminatory power,
validity, and others, researchers are forced to get dump from the database of eLearning system. And
then they use third-party software to perform required data processing operations and calculations.
This makes it difficult to analyze the measurement results during the measuring itself, for example, in
adaptive testing. We propose the approach to organizing and performing measurement results analysis
by using the software-as-a-service (SaaS) model for cloud computing. The SaaS user is provided with
the set of necessary tools for conducting full-fledged statistical analysis in real time. They also get the
access to customizable applications for implementing their own measurement procedures (including
adaptive ones).
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1. Adaptive control in eL.earning

Modern eLearning systems often include a various learning assessment tools designed to
monitor the learning process and take educational measurements. In advanced eLearning systems, the
results of such measurements are used to control the learning process, the control aim of which is to
increase the effectiveness of learning by individualizing educational trajectories. In this case, the
functions of monitoring and control of the learning process are performed by a computer system that
builds the learning trajectory of educational course individually for each student.

A necessary condition for solving the control problem is the use of feedback in the dynamics
of the system. Moreover, the learning process should be organized so that regular measurements of the
students’ characteristics related to the success of their education at the current stage are taken. This
measurement information is transmitted through a feedback channel and is used to make a decision to
form and correct the current setting action, which leads to an increase in the success of learning
objectives.

The learning process control problem can be effectively solved by using methods of adaptive
control. The main feature of adaptive control is the use of information about the current state of the
object to adjust the control device which will form the controlling action to achieve the control aim

[1].

Figure 1 shows the chart of the adaptive control system of the learning process. The measuring
device estimates the students’ characteristics and transmits the results of measurements x(t) through
the feedback loop [2]. This data are used to adjust the adaptive control device, which forms the
controlling action u(t).
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Figure 1. Adaptive control system in eLearning

2. Educational measurement

Educational measurements are a process of interaction with students, as a result of which the
latent parameters of students' models are set the numerical values. At various stages of this process,
the measuring device uses the appropriate measuring tools. The measurement accuracy is determined
by the quality indicators of the measuring materials used by the measuring device.

When creating new measuring instruments, it is necessary to ensure their compliance with the
measurement objectives and the conditions of the measuring process. The quality and accuracy of
measuring instruments are determined based on the analysis of the results of educational
measurements. During the measurement, data on the actions of students, their reaction to the presented
measuring materials are recorded and accumulated in databases. To analyze the collected information,
special statistical methods are used to determine the characteristics of control and measuring materials.

If we consider tests as a means of measurement, then the most important and frequently used
indicators of their effectiveness include difficulty, reliability, homogeneity, and discriminatory
power [3].
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Difficulty is determined by the proportion of students who give the correct answer. The
difficulty of a test containing several items is calculated as the total score mean, taking into account its
variance [4].

Reliability index shows the relationship between true and observed test scores and it is
determined by a correlation coefficient. Reliability also characterizes the internal consistency of the
test. It is calculated on the base of variance-covariance matrices by different methods depending on
conditions and aims of testing.

Discriminatory power is the index of how effectively the item discriminates between students
who are relatively high on the criterion of interest and those who are relatively low [4]. To calculate it
in the general sample, it is necessary to distinguish two corresponding groups of students and perform
a comparative analysis.

Homogeneity shows how closely the items are related to one another and is calculated based
on cross-correlations. Assignments with high homogeneity are aimed at measuring the same
phenomenon.

Homogeneity also determines the interchangeability of different test item variants. In this case,
the homogeneity criterion makes it possible to establish the similarity (or difference) in the parameters
of the test items and to give recommendations for correcting their variants.

To determine all the above indicators of test materials, it is necessary to go through several
stages:
1) preparation of measuring instruments and planning of measurements based on the available
information;
2) collection of measurement process data and organization of their storage;
3) data processing and preparation for analysis;
4) analysis and evaluation of the parameters of test materials.

Modern eLearning systems with varying degrees of success cope with the solution of the tasks
performed in the first three stages. But most of them do not have sufficiently developed tools to
conduct a full-fledged statistical analysis of the test materials quality. To research measuring materials
and evaluate their parameters, third-party tools have to be used.

To do this, you need to get dump from the eLearning database and independently process the
data. And in order to perform the necessary calculations using third-party software, the researcher
must have the necessary professional training. In addition, this method does not enable to analyze the
measurement results in the course of the measurements themselves, which imposes restrictions on the
choice of types of measurement procedures.

3. Saas solution for measurement results analysis

Analysis of measurement results can be organized and conducted by using a software-as-a-
service (SaaS) service model for cloud computing. The eLearning system connects to the SaaS service,
which provides a set of necessary tools for statistical analysis of results, including in real time. In
addition, the SaaS user gains access to custom applications to produce their own measurement
procedures.

The scheme of using the service in an eLearning system is illustrated in Figure 2. To conduct
an analysis using a SaaS service, it is necessary to go through the preparatory stage, at which the
service is prepared and configured. Via the software interfaces, the SaaS application receives the
identification data of students, information about the structure of the course, the description of the
tasks that students will complete. The description of the tasks contains:

o task type;
structure of task and it items;
parameters of items;
conditions of task administrating;
correct responses (or answers) to task items.
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As a result of preparation on a remote server, the structure of the data warehouse about the
actions of students in the measurement process and its results is created, and a place is reserved for
storing the specified data.

Preparatory and tasks setup:
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Figure 2. Using of SaaS for measurement results analysis

The next stage is getting educational data in the learning process, which is stored on the server
in the prepared structure. This data can come both in joined packages after the completion of the
measurement process, and in separate frames in real time. Each of such frames contains at least:

e student ID;

e task (or item) ID;

e response (or answer) ID;
o time.

At the final stage, the SaaS service generates a report on the analysis of the received data in
accordance with the settings that the user made at the first stage. In addition to numerical information,
this report may include tables, graphs, charts that enable to visualize the analysis results. If the
analysis is carried out in real time, then numerical and graphic information is displayed on the monitor
screen, and events are recorded in the log.
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4. Conclusion

The use of applications functioning according to SaaS model makes professional analysis of
educational data available to a wide range of users. The development of SaaS applications and
software and its frequent use to enhance the functionality of eLearning systems can take educational
measurement research to a new advanced level.
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