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Abstract—The key difference between testing a small and a large group of 
students is typically the impossibility to use an e-assessment interface for a 
large group of students in one room, especially in mathematics courses. 
Traditional exam with written tests causes a burden on the teacher when 
evaluating students´ results, and a delay in releasing the results. Moreover, the 
detailed results and test content are not directly stored in the database for further 
evaluation, which is a condition for optimization of the learning environment. A 
new teaching model and a method of assessment with enhanced software 
support were designed to overcome these problems. Experimental data 
collected over three experimental academic years were compared to traditional 
assessment data to evaluate the efficiency of the proposed solutions. Results 
have proved that the overall productivity was significantly increased – more 
than eleven times without compromising quality. Internal dependencies among 
parameters of the automated assessment procedure were identified, analyzed 
and used to maximize the impact of automation, as well. 

Keywords— assessment, assessment process, automation, mathematics, 
productivity 

1 Introduction 

Education has been increasingly relying on the use of technology. In the past 
decade, educators and administrators have used Student Information Systems (SISs), 
Learning Management Systems (LMSs), and enrollment and admissions management 
systems to optimize and streamline classroom, school, and campus operations. [1] As 
it was stated in Big Data in Education report [1], recently mobile devices, online 
assessments, digital curricula, education applications and digital whiteboards had 
been adopted worldwide by educational institutions to advance teaching as well as 
learning. 

iJET ‒ Vol. 12, No. 4, 2017 175



Short Paper—Software Solution Improving Productivity and Quality for Big Volume Students’ Group… 

Summative assessment, which is one of the objects of technology usage in 
education, has had a special place within digitalization of education [2]. Assessment 
procedures are being adapted to new learning environments by moving from isolated 
summative assessments to more integrated assessment forms, illustrated in some 
studies, for example in [3], [4] [5], [6], [7], [8]. The term e-assessment is often used to 
emphasize novelty and on-line technology utilized in the assessment. E-assessment 
can be defined according to [9] as a process where information and communication 
technology is used for the management of the end-to-end assessment process. In other 
words, e-assessment deals with methods, processes and web-based software tools (or 
systems) which allow systematic inferences and judgments to be made about the 
student’s skills, knowledge, and capabilities.  

E-assessment includes two different settings as stated by authors in [7]: the 
physical classroom (an assessment with the support of technology) and online 
classroom (assessment through technology). Furthermore, there are also two types of 
classrooms in the online environment setting: the asynchronous on-line classroom and 
synchronous on-line classroom. Therefore, it can be concluded that there are three 
different possible settings of the e-assessment in the modern ICT era: assessment in 
the traditional physical classroom, in the asynchronous on-line classroom and 
synchronous on-line classroom [7].  

E-assessment offers several advantages in comparison to the traditional paper-
based exams: the grades and feedback can be provided immediately, and there is 
greater flexibility in choosing the location and time of the exam. Other advantages of 
e-assessment, such as presented by Fuentes in [3], include time and cost effectiveness, 
the fact that interactive activities and multimedia tools can be incorporated into the 
assessment process, and that teacher's interpretations and legibility problems are 
avoided among others. Moreover, as Daly et al. [10] indicate, the use of ICT in 
assessment blurs out the boundaries between formative and summative evaluation. 
Several studies have provided evidence (e.g. [11]) that online assessment methods can 
provide a valid measure of performance, equivalent to that obtained using traditional 
methods. Such evidence is relevant in motivating and justifying the use of e-
assessment in line with [12], especially in summative contexts. Students’ experience 
of summative assessment has been the focus of many important and rightly influential 
studies that confirm the central role played by assessment in students’ academic lives 
[12]. 

One of the e-assessment’s significant advantages is that it allows personalized 
testing where the choice of the learning object or test item is adapted to the needs or 
knowledge of the learner [5]. The adaptive e-assessment can be used to assess specific 
knowledge and competences that the learner has acquired up to the current point of 
the learning process [9]. Because of the rapid development of the formative use of e-
assessment, the adaptability is becoming an essential feature of e-assessment. The 
flexibility of e-assessment increases because students can use the feedback to adapt 
their approach to performing tasks. The key condition for adaptability of the 
assessment is an automated scoring ability of the e-assessment system [9]. 

Mathematics, including basic statistics, is a particularly important subject both in 
primary and higher education. As mathematics forms a fundamental component of all 
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science, technology and engineering disciplines; mathematics courses are often a 
compulsory part of study programs at universities, especially in the engineering 
education. Numerous research studies have shown that the use of instructional 
technologies helps to improve the teaching and learning processes of mathematics 
[13]. Webb [14] showed that assessment in math courses is fundamental to the whole 
educational process. Therefore, there has been an extensive effort in the recent years 
to identify methods and possibilities of the instructional technologies implementation 
to support assessment as an integral part of the learning process (e.g. [6, 10, 15-17]). 

As Sangwin and Jones declared in [18], in mathematics, assessments typically 
attempt to measure one or both the procedural knowledge and the conceptual 
understanding. Haapasalo in [19] defines procedural knowledge in mathematics as 
knowledge that denotes dynamic and successful use of specific rules, algorithms or 
procedures within relevant representational forms. The same author explained 
conceptual knowledge as knowledge that denotes knowledge of particular networks 
and a skillful “drive” along them. One of the reasons for emphasizing procedural 
items when appraising the assessment of mathematics is that they are relatively easy 
to produce and can be scored objectively [20]. Another reason for the emphasis on 
procedural items is that the technical and engineering education that embraces an 
engineering-oriented perspective as an avenue for the development of the meaningful 
and authentic problem-solving capabilities in students lies mainly on procedural 
knowledge of mathematics.  

The extended use of technology results in a frequent usage of tests for assessment 
as well [21]. Two most frequently used common test question formats for procedural 
test items in mathematics are multiple choice questions (students have to choose the 
correct answer from a number of options) and constructed response. Procedural 
multiple choice items typically present a mathematical object, such as an equation, 
and an instruction to transform the object into a specified form [18]. The equivalent 
constructed response item, as Sangwin and Jones stated in [18], would contain the 
same question item, but the answer options would be removed and replaced with 
either a space to write down the answer or with a text box in the case of computer-
based assessment.  

Some early assessment systems relied only on multiple choice and numeric input 
questions. Sangwin and Köcher in [22] pointed out that even these simple forms of e-
assessment have been useful in different aspects of the assessment of mathematics. 
The interface of multiple choice and numeric input assessment systems is quite easy 
to use even for users with only basic computer experience. In constructed response 
items systems, students can enter the answer to a particular question and the system 
will then evaluate it [23]. The constructed response items raise the difficulty of 
students needing to learn specific syntax to enter their answers. The need to learn the 
new syntax could hinder the performance of all or some of the students [18]. 
Moreover, the automatic scoring function of the e-assessment system is much harder 
to implement for constructed response than for multiple-choice or the numeric input 
items. 

The evaluation of assignments and tests scoring is only one part of the whole 
assessment process as other time-consuming tasks should be carried out [24]. 
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Preparation of knowledge base that can be used to assess the students’ outcomes 
properly is a tough and time-consuming task that requires an extensive amount of 
resources [25]. E-assessment with automated scoring, in comparison to traditional 
assessment with written tests, enables to move the teacher’s attention to assessment 
preparation and the evaluation of results. The traditional assessment, on the other 
hand, causes overloading of the teacher when evaluating students´ results and a delay 
in releasement of the results [26]. Furthermore, the absence of data about student 
answers in digital form makes the use of test results and the optimization of tests 
almost impossible. This applies particularly to the assessment of a large group of 
students1 when assessing them several times during the semester. Furthermore, in 
most cases, the final summative e-assessment realized for students´ grading purposes 
is organized for students in groups under the inspection of the teacher to prevent 
cheating. Under the normal conditions, there are not any problems with the exam 
assessment since the number of students is small, probably up to thirty students.  

Every academic year, several hundreds of students attend in the first two semesters 
the core engineering courses such as mathematics and physics at the Faculty of 
Material Science and Technology in Trnava. Because of a vast number of students, 
the examination during the semester as well as the final exam cannot be organized in 
small groups, but only for groups of often more than two hundred examinees. The 
number of students implies that there are unique technological (and other) 
requirements that should be fulfilled when organizing exam since the conditions are 
quite different from the usual settings when working with groups of less than thirty 
students. One of the fundamental differences between an exam with a considerable 
number of students and a small number of students is the impossibility to use an 
online assessment directly for a large group of students. Thus the difficulty with the 
automated tests scoring as well as the evaluation of the results arises. 

The philosophy of the solution that was proposed and implemented by the project 
research team will be described in the next two chapters. Three years of experiences 
of the proposed software assessment together with a discussion of the usefulness of 
proposed solution will be presented in the rest of the paper. 

2 Problem definition 

The teaching of mathematics in engineering studies has been worldwide reported 
as problematic due to the low level of student retention rate, e.g. [27] or [28]. The 
same situation is experienced at the Faculty of Material Science and Technology as 
published in [29] or [30]. Different tools and steps have been implemented at 
universities throughout the world to maximize student retention rate. Some of the 
possibilities can be found in e.g. [31], [32], [33], [6], [34], [35], [36], [37]. Proposed 
solution usually includes merging technology and the results of pedagogical research 
which, in turn, results in intensive student support, formative e-assessment, and 
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1 more than four hundred 
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encouragement to the students’ use of their thinking and thus personalization of the 
learning environment.  

To improve retention rate and to support and enhance students´ math skills 
development at the universities, we have designed a new teaching model. [38] The 
new design puts emphasis on continual learning, activity, independence, and 
creativity [39] and contains education and assessment blocks and a database of tasks 
that require the application of knowledge. Technology has supported the educational 
process to a great extent. The developed teaching model was applied in the 
mathematics courses during the 2012/2013 academic year in the first year of the 
study. Based on the obtained results, the model was adjusted, and the new version was 
implemented from the winter semester of the 2013/2014 academic year. The 
assessment which was a part of the new teaching model was substantially redesigned 
and adapted to the use of technology. However, two design problems have occurred: a 
problem with assuring the automatic scoring in the summative assessment and a 
problem of choosing the interface of the assessment system that would enable 
assessment of several hundreds of examinees during the exam under an inspection of 
the teacher to prevent cheating. 

3 Software solution architecture 

The main idea of the presented solution is based on the digitalization of answer 
sheets that are produced as a result of the offline tests. These offline tests are 
administered, prepared and evaluated by the software. It means that the 
transformation between the digital and non-digital form of the test and vice versa 
occurs two times in one cycle, as it can be seen in Fig.1. 

The philosophy of assessment automation for significant size student groups covers 
several activities and artifacts. Firstly, the lecturer2 prepares a database of questions 
that can be used in exams (Activity A in Fig. 1). The preparation of the database is a 
tough and a time-consuming task. [25] Afterwards, the structure of the test is defined 
and stored in the database (Activity B). The prepared test structure is used for the 
generation of different versions of tests for each student in the next step (Activity C). 
Each copy of the test is stored in the database, waiting for answers from students. All 
these activities should be realized before the exam day. The printing of test sheets 
(Activity D) has to be finished before the exam will start. Signs for digital 
identification of test and student are added to each answer sheet. Students write down 
their name, ID and test code. Afterward, the student´s answer sheet is paired with a 
particular version of the test and student´s record by their ID and test code. Students 
write their answers on the answer sheet (Activity E), and hand the answer sheet to the 
teacher at the end of the exam. Answer sheets are then scanned (Activity F) to 
digitalize the answers and afterward sent in batches to the AIS server. (AIS is the 
abbreviation of the name of student information system – Academic Information 
System.) Scanned batches of answers are analyzed with the purpose of identifying the  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2 Terms lecturer, examiner and assessor are used as synonyms of teacher 
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Fig. 1. Philosophy of off-line assessment for big volume students´ groups 

answers and assigning a particular version of the test to student´s record on the base 
of student’s ID and a test code. If errors occur, they are manually corrected (Activity 
G). Results of the student’s answer identification and student assignment are stored 
for each student in the database, similarly as the digital test, for later evaluation and 
student grading (Activity H). Exam results are available for follow-up analysis as 
well. 

Technically, the software solution is in the form of a client-server application 
named SANCHO that extends the functionality of AIS, the information system 
already used by the university. SANCHO was developed by IS4U Company as an 
add-on module of the Academic Information System to support scanning of the 
written exams. 

Company IS4U was selected because it was necessary to implement new 
functionality in AIS and this company is the vendor of AIS. The new software 
application was developed according to our requirements. The SANCHO application 
includes tools that, combined with the input device (scanner), allow a very easy 
transfer of written tests into the digital form that is required for automated processing. 
Since SANCHO and the university's information system (AIS) are closely related, it 
offers the most efficient and comprehensive tool to users for creating, managing, 
scanning and evaluating all kinds of tests, which are currently used at colleges and 
universities. 

Client-server communication is assured through web services. Those web services 
ensure the creation, transfer, and deletion of batches of scanned tests, authentication 
of users, managing the transfer of batches to AIS as well as other operations with 
batches in AIS such as batch closure, its´ handing over to the teacher or pairing with 
courses. 
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The client application is the MS Windows type of software with the GUI providing 
the acquirement of the digital form of tests, the administration of the tests and transfer 
of the tests to the server. The server then processes and evaluates the scanned tests. It 
is possible to present the results of scanned tests over the unified user interface of AIS 
through the direct integration with AIS, which students and teachers are already 
familiar with. 

The client layer of the application is written in C # on Microsoft .NET 4.0 
framework. MS Windows XP SP3 with the framework of Microsoft .NET version 4.0 
is a minimum requirement. Thanks to the use of .NET framework, SANCHO has a 
similar user interface to what users already know from some Microsoft products. 

The user might not have access to a local network or the Internet when scanning 
the documents and creating batches of scanned tests. The entire scanning process can 
be performed without network access. However, an actual transfer of batches to the 
server requires network connectivity. On the other hand, if the user is connected to the 
network and authenticated in the AIS during scanning, scanned documents are 
automatically synchronized with the server. Further processing then takes place on the 
server. The SANCHO client primarily serves for scanning and managing scanned 
documents and their batches. 

However, scanning is only part of the whole process followed by other operations 
especially knowledge mining, data processing of scanned papers and tests evaluation. 
Thanks to the support of TWAIN and ISIS interface, SANCHO allows any scanner to 
be used for the digitalization of documents. Nevertheless, for greater convenience, the 
recommended devices should be equipped with an automatic feeder. [40] 

The server layer of the application is implemented in Perl as an extension module 
of the Students’ Information System (AIS). Communication with the client takes 
place via web service that provides the takeover of sent batches of scanned documents 
and other minor operations such as creating and removing batches. The advantage of 
the integration of the server into the information system is the ability to store received 
batches directly into the database of the student information system, where the 
batches are ready for further processing and use in SANCHO or the information 
system. 

The primary task of the server layer is the analysis of scanned documents, the 
identification of individual parts that each answer sheet is consisted of, the 
recognition of questions and replies to these questions, and lastly, the transfer of 
answers from scanned documents into an electronic form that will be stored in the 
information system. Each batch will be assigned to the appropriate exam and analysis 
process will then start. The following sequence of operations are applied to each sheet 
in the batch: 

1. Normalization - automatic optimization of brightness and contrast to facilitate 
subsequent analysis of the document. 

2. Identification of positioning signs - the test sheets are provided with a set of 
positional markers that enable the determination of the basic geometry of the 
document. They serve for performing the correction of skew, rotation, zoom in or 
out and the sheet orientation. 
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3. Identification of the document - once the sheet is positioned, it is possible to start 
the identification process. This process is based on the recognition of barcodes that 
are printed on each sheet. The bar code is used for the detection of the test, type of 
the sheet and detection of a page number.  

4. Recognition of the document parts - a sheet type activates the detection of 
document elements. Identification of individual questions and their corresponding 
answers is done directly for separate answer sheets. For sheets containing an 
answer field directly nearby a question, localization of questions based on barcodes 
is applied first, and then the answers are recognized. Direct analysis of student's 
responses and transfer of the responses into the digital version of the test is done 
for the simple choice type of questions. This kind of question can be evaluated 
automatically. Open-ended questions that require evaluation by the teacher are 
included into the digital form of the test as a picture. 

5. Evaluation – the assessment tool evaluates recognized answers stored in the digital 
version of the tests. For questions for which the answers have failed to be correctly 
assessed, the viewport of answer sheet with the respondent's answers is stored as a 
picture. In case the answer is not recognized, the examiner is notified, and that 
particular area of scanned document is displayed when checking the test results. 
Therefore, the examiner has the possibility to evaluate the answer correctness 
manually using the tool for evaluation of tests. 

The evaluation finishes, once all the questions of the test have been processed. Fur-
ther processing depends on the examiner’s needs. Tests in digital form are possible to 
be viewed and reviewed with the built-in tool. It is possible to create output reports in 
MS Excel format for future processing (widely used in surveys and polls) or to gener-
ate reports in PDF data file type which is particularly suitable for the publication of 
results. One of the advantages of the presented solution is the integration of all soft-
ware apps such as individual modules of SANCHO, AIS, e-learning tool, and student 
assessment instruments. This integration allows the examiner to transfer the test re-
sults directly into interim evaluation or to the overall assessment of students in the 
course. Basic statistical data (such as percentage of successfully passed tests, average, 
median, minimum and maximum points achieved in the test, details of the frequency 
of question usage for each category, number of questions used, answer correctness 
ratio for each question, and answer selection frequency) is available for each test. The 
data can be processed further, can be filtered, sorted by various user defined criteria, 
exported, and visualized into a graph, and so on. 

4 Design of the Experiment 

The regular use of new software started in the academic year 2013/2014 after the 
implementation of SANCHO, and when user tests and user training had finished. The 
experiment was designed to evaluate the usefulness and effectiveness of the newly 
implemented software solution. The research question has been formulated as 
follows: 
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Is the newly implemented procedure of massive off-line student assessment tool in 
the course Mathematics I more efficient than the traditional method of assessment? If 
yes, to what extent? 

The effectiveness of the assessment method here is considered with the focus on 
automation of the procedure itself. The effectiveness and validity of tests for the 
course Mathematics I were examined as well and are published separately, e.g. in 
[29]. 

The effectivity of the chosen assessment method needed to be defined to answer 
the research question. Assessment method effectivity can be easily measured by the 
number of tests completely processed over one-time unit (productivity) in compliance 
with quality at 100%. The criterion of quality for the purpose of research experiment 
was defined that all of the answers of all of the tests should be truly recognized, fairly 
evaluated and correctly stored in AIS for each student tested. Various kind of errors 
have appeared during the recognition of answers from the answer sheets, so the time 
to correct these errors has been taken into consideration when calculating the 
productivity of the assessment method. 

The research was conducted over three consecutive academic years 2013/14, 
2014/15 and 2015/16. The studied sample consisted of students in the course 
Mathematics I during all three years of experiment. Stored data from 2012/13 
academic year has served as a control sample for the experiment. 

From the academic year of 2012/13, the assessment of the course Mathematics I 
has consisted of several interim tests and a final exam test. In case that a student does 
not pass their final exam test, they have the possibility to repeat it two times. 
Therefore, the total number of final exam attempts is higher than the number of tested 
students.  

Traditional assessment of the course Mathematics I was in the form of math 
problem solving for the written exam. The exam questions/problems have always 
been newly prepared for every exam, and afterward, the exam sheets were printed out 
for each student. Prepared exam sheets were distributed right before the exam started. 
The duration of all of these activities is presented in Table 1 in the column with the 
preparation time heading. Answer sheets were collected after the exam finished. In 
the next step, the answer sheets were evaluated by seven teachers and the grades of all 
students that haven taken the exam have been manually inserted into the AIS 
database. All post-exam activities are considered here as processing activities. 

The experimental preparation procedure of exam sheets can be seen in Fig. 1 
(Activities A to D). Moreover, the distribution time of both the printed exam sheets 
and the answer sheets was added to the length of activities A to D to calculate the 
preparation time for the corresponding years (as seen in Table 1). The sum of the 
duration times of activities F to G (Fig. 1) is denoted as assessment processing time 
for the particular academic year. 

The content of the course Mathematics I has been unchanged for all academic 
years considered and covers following areas: functions of a real variable, functions of 
several real variables, determinants, systems of linear equations, complex numbers, 
and optimization of functions of a real variable.  
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Tests containing different types of tasks with a merged answer sheet were used in 
the academic year 2013/14. These tests were printed on three pages of two paper 
sheets. Previous experience with this kind of tests showed us the necessity to scan two 
sheets in the scanner duplex mode per student. To lower the scanning time, another 
type of test was used from the academic year 2014/15, where the universal answer 
form is printed on one sheet of the paper (see Table 3). 

Examining large group of students, (more than 200) required careful preparation 
and excellent organizational skills. The preparation of the exam in Mathematics I 
included the development of the seating plan that was sent to students one day before 
testing, the preparation of the content of the exam, and the printing tests and answer 
sheets that were distributed in the examination room according to the seating plan. 

5 Obtained results 

The cumulative duration of times of the pre-test activities, as well as post-test 
activities for all test runs in given academic year, are presented in Table 1. The length 
of all activities was measured in minutes and then converted into hours. 

The data in Table 1 should be considered together with data from other tables to 
understand the nature of the data in Table 1 fully. The proportion of processing time 
(post-test activities) has been dramatically reduced from 93.0% to 45.6% together 
with a significant decrease of the duration of the post-exam activities as a result of the 
assessment automation. Reducing the proportion of processing time means that the 
exam results are ready sooner and that lecturer’s workload is more balanced 
compared to the situation before Sancho utilization (7:93 –> 54,4:45,6). The obtained 
data supports the teacher´s observation from experiments as well. The data indicates 
that the teacher’s workload has been moved from processing of the exams to the exam 
preparation and at the same time both portions of the assessment (preparation and 
processing) have been shortened. 

Unitary assessment productivity (UAP) was defined as the number of completely 
prepared and assessed student exam attempts completed in one hour to measure the 
assessment productivity. UAP is calculated as the total number of student exam 
attempts in one academic year divided by total time of all activities except for the 
exam activity time for all student exam attempts in one academic year. 

Values of productivity for three experimental academic years together with a 
control year data for the traditional assessment method are presented in Table 2. As it 
is evident from the traditional assessment method data, the preparation productivity 
was slightly improved thanks to the software support of test generation. On the other 
hand, the productivity of post-test activities was increased by more than 23 times (see 
tab.2) and overall unitary productivity has improved by more than 11 times (from 4,9 
up to 56,6). The overall assessment productivity of seven teachers in the academic 
year 2012/13 was lower (34,5) than the assessment productivity of only a single 
teacher using the software tool in the academic years of 2013/14 and onwards. 

The following three types of errors were recognized during the academic year of 
2013/14 (the first year of the new system operation): 
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1. Erroneously recognized student identification number (ID), i.e. the software was 
not able to assign a student name to a given test according to prescribed ID. This 
type of error has been manually corrected by assigning the student name to an 
answer sheet by selecting the student from a student list. Since the manual 
selection was a time-consuming activity, a SANCHO modification was proposed 
which led to a significantly accelerated correction of this error type. The proposal 
was accepted and implemented into SANCHO immediately. 

2. Incorrectly recognized data, i.e. some answers were not identified in the answer 
sheets. A red question mark indicated missing data in the list of results. Fields with 
unrecognized answers are color-coded. A correction was made manually by the 
lecturer who would check and make corrections of missing answers in the scanned 
document that has been attached to the digital version of the test. Subsequently, the 
test is designated as reviewed. 

3. Scanning errors, i.e. the content of a scanned sheet was missing. A red letter x has 
indicated the missing content in the list of results. This type of errors has only 
occurred in the first period of testing, ergo in the academic year of 2013/14, and 
afterward, a software update removed the errors. 

The frequency of different types of errors in cumulative and relative forms are 
presented in Table 3. It can be seen from the Table 3 that the cumulative frequency of 
errors was lowered nearly by half (from 30.69 to 17.08 per hundred of student exam 
attempts) due to the increase in quality of scanning. The number of errors directly 
influences the manual part of a teacher´s work during the assessment, and therefore, 
the workload of the assessor will be influenced as well. The reduction of all error 
types belongs to tasks with the highest priority in the automation of assessment. 

Table 1.  Time structure and characteristics of assessment in different academic years 

Ac. 
Year 

Number of 
test runs 

Number of 
student 

attempts 

Preparation 
time [h] 

Processing 
time [h] 

Total 
time [h] 

Proportion of 
processing time [%] 

12/13 6 543 7,7 102,4 110,0 93,0% 
13/14 5 404 4,6 5,7 10,3 55,3% 
14/15 9 1271 12,2 10,8 23,0 46,9% 
15/16 9 1259 12,1 10,1 22,2 45,6% 

Table 2.  Assessment productivity in different academic years 

Ac. Year 

Unitary 
productivity of 

preparation 
[test/h] 

Unitary 
productivity of 

processing [test/h] 

Unitary 
assessment 

productivity 
[test/h] 

Number 
of 

teachers 

Overall 
productivity of 

processing 
[test/h] 

Overall 
assessment 

productivity  
[test/h] 

2012/13 70,8 5,3 4,9 7 37,1 34,5 
2013/14 88,1 71,2 39,4 1 71,2 39,4 
2014/15 104,4 117,9 55,4 1 117,9 55,4 
2015/16 104,1 124,1 56,6 1 124,1 56,6 
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The initial recommendation for scanning resolution was 200x200 dpi, and this res-
olution was used in the academic year of 2013/2014. However, due to the high fre-
quency of all three types of errors, the resolution has been improved in subsequent 
years to 300x300 dpi and then to 400x400 dpi. The corresponding data is shown in 
Table 4. 

Table 3.  Statistics of post-test processing errors 

Ac. 
Year 

Number 
of student 

exam 
attempts 

Num
ber of 
sheet

s 

ID errors Data errors Scanning 
errors All errors 

total per 100 
attempts total per 100 

attempts total per 100 
attempts total per 100 

attempts 
2013/14 404 808 75 18,56 25 6,19 24 5,94 124 30,69 
2014/15 1271 1271 184 14,48 152 11,96 0 0,0 336 26,44 
2015/16 1259 1259 170 13,50 45 3,57 0 0,0 215 17,08 

Table 4.  Dependence of processing errors on the scanning quality 

Academic 
Year 

Scanning 
quality (dpi) 

Scanner speed 
(sheets/min) 

Processing 
time total [h] 

Manual 
corrections [h] 

Manual 
corrections (%) 

013/14 200 27 5,67 3,48 61,29% 
2014/15 300 12 10,78 5,09 47,20% 
2015/16 400 7 10,14 2,95 29,08% 

6 Discussion 

Both the analysis of the assessment activities as well as the obtained experience 
from three years of SANCHO usage have resulted in the conclusion that the 
parameter that can influence the productivity the most is the quality of scanning, 
expressed in dpi (see the tab. 4). The quality of scanning will directly influence the 
scanning speed (tab. 4), and also will affect the activity of recognition indirectly 
through the frequency of errors (see tab.3) depending on the scanning quality. The 
quality of scanning and recognition will influence assessment productivity. Further 
increase of quality of scanning (500x500 dpi) has resulted in a considerably lower 
speed (only three sheets per minute) therefore, this resolution was excluded from the 
experiment. To further reduce the number of ID errors, a new method of exam 
preparation should be adopted. Such method should consist of generation, printing, 
and delivery of personal answer sheets before the examination. This type of 
arrangement would remove the ID errors because bar codes would make the sheet 
identification. On the other hand, the proposed method would probably consume more 
teacher time before the examination to ensure that each student has been assigned 
their personal answer sheet. 

Further elimination of data errors could be done by a more consistent filling of the 
answer sheets. Despite being instructed not to, the students have written some letters 
or numbers by writing the line several times when marking the answers, which 
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resulted in data errors during the recognition activity. Since further reduction of data 
errors is probably not possible to reach by improving the student’s writing, the only 
possibility that is left is to rewrite the recognition algorithm which is a tough task. As 
Suzuki et. al. [41] pointed out, although many OCR technologies for math content 
have been studied for a long time, only the InftyReader (the OCR system for math 
documents) has been put to practical use. InftyReader could properly recognize only 
documents in print or PDF, including math expressions, tables, graphs and other 
technical notations if their layout is not very complicated. The real complication with 
recognition of math expressions means that it is better to keep the test format when 
assessing a significant group of students. 

The decrease in the time of human intervention into recognition activity has a 
higher value for a teacher than the reduction of total time of processing. When 
comparing the 2014/15 and 2015/16 academic years, it is evident that the total 
processing time is approximately the same but the time of manual corrections has 
dropped by more than two hours (tab. 4). This behavior is desirable because the 
teacher can do something else during the activity of automatic scanning and 
processing of the answer sheets. 

7 Conclusion 

The main benefit of assessment automation lies not only in the time reduction 
during the test scoring but also in a significant decrease of the likelihood of errors 
committed by the student due to an incorrect writing of numbers and letters. 
Currently, a large number of students have illegible handwriting as a result of 
excessive usage of IT devices. 

Finally, it can be stated that the proposed, tested and used system of assessment for 
the continuous and final exam testing in the course Mathematics I is suitable in this 
form. Based on the obtained experience, the assessment system can be recommended 
for use and evaluation of tests as well as for verification of knowledge in other 
courses attended by a big number of students. At the same time, it should be noted 
that the usage of automated test assessment enables teachers to concentrate on the 
exam preparation more precisely and thus lowers their post exam stress. 

Currently, the answers to assignments and exams are the only measurements of 
student performance. Nevertheless, every student will generate a unique data trail 
during their student life. This data track can be analyzed in real-time to deliver an 
optimal learning environment for the student as well as to gain a better understanding 
of the individual behavior of students. The first step of analysis has already been done 
by the implementation of the proposed solution as described in this paper. We believe 
that by delivering an optimal learning environment to the students, it will also result 
in an increase of the retention ratio of first-year students.  
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