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Analysis and Comparison of the National Diagnostic Paper-Based and Online Tests

ABSTRACT

A National diagnostic test is one of the diagnostics tools used
to ascertain students’ basic skills acquisition on finishing a
certain level of education according to the national education
standards and the subject curriculum requirements. The rapid
development of information technology (IT) contributes to
conducting and assessing national diagnostic tests online at
the same time increasing its role in the modern education
system. The aim to examine whether the traditional paper-
based tests are applicable in a different environment (in an e-
environment Online/Computer-based test), whilst maintaining
its theoretical and technical specific features and is to focus on
the sustainable development of activities in order to improve
the quality of education in STEM (Science, Technology,
Engineering and Mathematics) subjects, which includes using
innovative methods in the Latvian educational context.
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INTRODUCTION

The rapid development of IT contributes to the increasing
use of e-environment in the modern education system. [1] Is
this process worth implementation in an era when computer
and e-environment became a familiar source of information
for many young people and should National diagnostic tests be
conducted only in an e-environment? Are there possible
combined variants? Should ND tests proceed the traditional
way or are there major changes needed? The aim of national
diagnostic and standardized tests is to find out students' basic
skills acquisition on finishing a certain level of education
according to the national education standards and the subject
curriculum requirements, as well as to enable local authorities,
schools, teachers and students to independently and
objectively evaluate learning achievements, obtaining detailed
feedback in order to evaluate the results and to improve the
learning process. [2, 3, 4]

In 2015/2016 and in 2016/2017 Latvian Secondary schools
were offered the opportunity to choose how to organize the
diagnostic test — paper-based or Online/computer-based. [5, 6]
In order to obtain valid and reliable data it was important to
involve educational institutions if possible from all regions of
the country, as well as all types of educational institutions.
Paper-based diagnostic tests in physics were conducted at the
same day and time. This made it possible to research whether
traditional paper-based diagnostic tests can be conducted in a
digital form online, thus promoting the use of innovative IT to
examine students’ knowledge. [7, 8, and 9] At the same time
online computer-based tests modernize and facilitate the
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assessment and analysis process, as well as ensure sustainable
elaboration of diagnostic tests and their customization to the
new STEM model requirements. [3] The analysis of the
results enables the search for new approaches and methods,
for new information systems and technologies in order to
enhance certain skills, abilities and attitudes.

After conducting the diagnostic tests tasks teachers took
part in a survey about the computer-based diagnostic tests.
More than 98% of the surveyed teachers evaluated the online
diagnostic test wvery positively. Teachers and school
administrations gave a positive evaluation of such online tests’
ad-vantages as:

1) Automatic test assessment and data transfer to the
National Centre for Education

2)  Announcement of the results immediately after fulfilling
the test e

3) Saving of time and school resources [6]

Problem — if a diagnostic tool created in a traditional way
for the paper-based environment is applicable in a different
environment (in Online/ Computer-based), whilst maintaining
its theoretical and technical specific features and ensuring
consistent and comparable measurement of results. The
research aims — to justify the adaptation of diagnostic tools
created in a traditional environment in the Latvian educational
context.

Structure of this article: scientific literature analysis
summary, quantitative research using ITEMAN Test Analysis
Program, qualitative and quantitative analysis of the research
findings.

2. THEORETICAL BACKGROUND

ND tests make it possible to obtain valid and reliable data
on acquisition of subject standard requirements, which
facilitates estimating students’ readiness to master a
particular subject. This is one of the essential tools that
contribute to the implementation of national objectives set
out in the development plan documents. It also helps
teachers to under-stand subject standards, to plan teaching
activities and to evaluate its outcomes. In order to achieve
high results it is important to invest in purposeful work.
[10]
ND tests also help teachers understand the meaning of the
standard requirements acquisition on a higher cognitive level
(according to the OECD PISA the level 5 and level 6). ND
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tests contain tasks to examine knowledge and skills, the
acquisition of which is required for the successful
continuation of education. [2, 6, 9, 10, and 11]

The conceptual document "Latvian Growth Model: People
First" (approved by the Latvian Government in October 2005)
contains one of the priority long-term tasks - an increase in the
proportion of STEM subjects learning at all levels of the
education system.

2.1 The situation in the Latvian Education
System. Characteristics

A global education survey of the OECD PISAl 2006,
2009, 2012 and 2107 results show that in Latvia there are a
relatively small proportion of students with high
achievements in reading, mathematics and science, and that
number continues to decline. In the information report of the
Minis-try of Education and Science "The planned courses of
action and measures for improvement of learning and
teaching quality in mathematics, sciences and engineering
and for in-creasing the amount of trained specialists” it is
stated that the most important aspect is the improvement of
students” reading literacy, mathematics and science
competencies, ensuring the achievement of the goals
declared in the Latvian National Development Plan 2014 -
020 (lowest level of reading literacy in 2017 - 15%, in 2020 -
13%). [9, 10, 11]

2.2 Education Development Guidelines in the
Latvian Education System

Education Development Guidelines for 2014 - 2020
specify the percentage increase in reading literacy,
mathematics and science from 4.2%, 8% and 4% in 2012 to
7 %, 8% and 8% in 2020 among the students with high
educational achievements (OECD PISA Level 5 and Level
6). According to the OECD PISA scale in science for 2015,
students who have reached the competence level 6 in science
are able to use content, procedural and epistemic knowledge
to consistently provide explanations, evaluate and design
scientific enquiries and interpret data in a variety of complex
life situations that require a high level of cognitive demand.
They can draw appropriate inferences from a range of
different complex data sources, in a variety of contexts and
provide explanations of multi-step causal relationships. [11,
12]

2.3 Classical Test Theory in National diagnostic tests

National diagnostic tests are different from other tests,
because they are developed using special methods by selecting
the tasks that should meet certain criteria and are designed for
measuring students' learning achievements. Education
Development Guidelines also highlight a need for the
monitoring of learning achievements at the national, school
and class levels to obtain objective data about students'
knowledge and skills, and to establish a causal link between
the factors influencing learning process and students’
achievements, and to improve planned measures for better
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learning achievements in the educational content and process.
[13, 14]

For data analysis a classical measurement procedure was
used, which is based on the Classical Test Theory (CTT).
Classical Test (CT) analysis is a tool to measuring individual
differences. CTT introduces three basic measurement
concepts: Test score or observed score, True score and, Error

score.

CT analysis postulates linking the observed test score (X) to
the sum of the true score (latent unobservable score) and error
score: X =T + E. The following assumptions underlie CTT:

1)  True scores and error scores are uncorrelated.

2) The average error score in the population of
examinees is zero.

3) Error scores on parallel tests are uncorrelated.

CT analysis utilizes traditional item and sample dependent
statistics. Classical test analysis also typically includes a
measure for the reliability of scores (i.e., Cronbach Alpha)
and difficulty of the test. [15-21] Several benefits are
obtainable through the application of good instructional
objectives and item writing using CT analysis. [19]

When compared to item response theory models, analyses
can be performed with smaller representative samples of
examinees. This is particularly important when field-testing a
measuring instrument. CT test analysis employs relative
simple mathematical procedures and model parameter
estimations are conceptually straightforward. CT analysis is
often referred to as “weak models” because the assumptions
are easily met by traditional testing procedures. [21]

2.4 Test Analysis Program

Results were obtained analysing the diagnostic tests with
ITEMAN Test Analysis Program ITEMAN™ for Windows.
The ITEMAN software program analyses multiple-choice
questions and can also compute and record test scores. The
offers four statistical measures: 1) Ease Index (called —
Proportion Correct®), 2) Discrimination Index, 3) Biserial.4)
Point Biserial Correlation Coefficients.

ITEMAN requires that the input data file be formatted in
ASCII (text-only) files. The output file contains the statistical
measures, and displays them not only for each question, but
for each alternative as well. ITEMAN is easier and faster to
use. [23, 24]

3. NATIONAL DIAGNOSTIC TESTS RESULTS-
NEEDS AND DESIRES

In accordance with the requirements of the Cabinet of
Ministers Regulations Nr.468 "Regulations on the national
education curriculum, education subject curriculum and
education subject programs" of the 12 August 2014 and
physics subject curriculum "Physics Grades" (Annex. 10) the
diagnostic test aims to obtain detailed feedback, to assess
students’ knowledge and skills in order to improve the
teaching and learning process of physics at a secondary
education level. The technical support of the online diagnostic
tests provided the portal uzdevumi.lv, thereby contributing to
the IT use examining students” knowledge and facilitating the
assessment of tasks and analysis process of the results. [6, 9]
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3.1 Methodology for diagnostic tests’ aspects ing and | activi-
Overall, the diagnostic tests’ results were compared in (know! | skill  ty
various aspects: On the basis of school teaching language, On - edge) >
i I 1 Physical 4 1 0 5 14,3%
the basis of the type of school, on the level of urbanization. terms and
According to the collected data, different types of units of
educational institutions (secondary schools, gymnasiums, state measurement
gymnasiums, technical schools, vocational schools) from 2 | Understanding | 3 2 0 5 14,3%
virtually all regions of the country were represented as shown and usage
in table 1. In the analysis diagnostic tests performances of 10 age of physics
948 students were used. concepts
3 Interconnect- | O 4 1 5 14,3%
3.2 National diagnostic tests results tions of the
physical
quantities
Table 1: The Number of Schools and Students Involved 2 Explaining 0 5 0 5 14.3%
(2015/2016) an experi-
The number ment
The number of schools Of students | Percentage 5 ﬂgds:géaezgés 0 5 0 5 14,3%
i 0,
Computer-based online ° %ﬁ‘é@éﬁ?’a_ 4 ! > 14,3%
30 2 403 46% tion of phys_
tests ical process-
Paper-based es, circuit
tests 62 2743 54% diagrams,
Total 92 5146 vectors
7 Scientific 1 2 2 5 14,3%
In 2016/2017 3059 students’ performances in e- enquiry
environment (Computer-based) which is 656 or 13% more To | The number |8 23 4 35
than in the previous school year [6], as shown in table 2 tal [ of tasks
Task per- 23% 66% | 11% 100%
. centage
Table 2: The Number of Schools and Students Involved

(2016/2017)
The number
The number of schools of students Percentage
Computer-based online 33 3059 5306
tests
Paper-based tests 59 2743 47%
Total 92 5802

3.3 Description of the diagnostic test

The diagnostic test is composed of one variant and consists
of 35 multiple-choice tasks. Students have to choose one
correct answer from four options. Task content is selected
according to a certain level of the mandatory learning content
in physics. In order to assess students’ achievements, the test
contains tasks with different difficulty and cognitive levels,
content of which relatively covers 7 aspects contained in the
education curriculum in physics [6, 11] as shown in table 3.

1
Table 3: The division of tasks according to the skills and cognitive

Level
Nr | Curriculum | Cognitive level Total
aspects Memo- | Us- | Anal- | The [ Task
(topics) riza- age | ysis num | per-
tion of and ber centage
and kno | pro- of
under- | wled | duc- task
stand- ge tive S
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First-level cognitive activity tasks correspond to one step
of the operation or procedure. For example, the student re-
members the concepts, definitions, physical quantities,
physical units, interconnections or principles, recognizes
characteristics, devices or processes.

Second-level cognitive activity tasks focus on physical
phenomena and understanding of processes usage. Whereas
third-level cognitive activity tasks make it possible to examine
students' ability to analyse the application of physics
knowledge in non-standard situations. [6, 11]

Task content is selected according to real-life situations
which they might face in everyday life and would be able to
deal with them successfully.

4. RESEARCH ANALYSES AND FINDINGS

The problem that is discussed in this article- if a diagnostic
tool created in a traditional way for the paper-based environment
is applicable in a different environment (in Online/ Computer-
based), whilst maintaining its theoretical and technical specific
features and ensuring consistent and comparable measurement of
results. The research aims — to justify the adaptation of diagnostic
tools created in a traditional environment. The following factors
that have impact upon the quality of Online/Computer based tests
be grouped into three essential groups (First-level cognitive
activity tasks, Second-level cognitive activity tasks and Third-
level cognitive activity tasks).

This /research analyses the achievements of students on
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the basis of their skills and cognitive level. After compiling
and processing results it was analysed. The average score
(Online/Computer-based) in the country are 18, 09 points
(2015/2016) and 18.67 (2016/2017) from total 35 points. Di-
agnostic test in physics for Grade 10 in 2015/2016 and
2016/2017 school years ( Figure.1 and Figure.2)

oy S
AT PTLe

Figure 1: 2015/2016 Point division. The average score in
points

Sl

Figure 2: 2016/2017 Point division. The average score in
points

Histogram (s. Figure.1 and Figure.2) clearly shows that in
Latvia there is a relatively small amount of students who have
acquired a very high or outstanding achievement level in
physics. Starting secondary school / gymnasium 2016/2017
only 254 (4.38%) students could accomplish more than 77%
of diagnostic test tasks, which means they had responded
correctly Histogram (s. Figure.1 and Figure.2) clearly shows
that in Latvia there is a relatively small amount of students
who have acquired a very high or outstanding achievement
level in physics. Starting secondary school / gymnasium
2016/2017 only 254 (4.38%) students could accomplish more
than 77% of diagnostic test tasks, which means they had
responded correctly to at least 27 test questions. This figure
compared with the previous year decreased by almost 1% (in
the previous year there were 5.27% of students with such
result). 2015/2016 there was 18.09 points). The smallest
number of points was 3 points (1 student) and 4 points (3
students). None of the students could fulfill all the tasks
correctly. The highest result — 33 points — was scored by 3
students and 34 points, scored by 2 students. The average task
performance in the country was about 53.35%. Comparing
students’ results in the physics diagnostic test
(Online/Computer-based) for 2016/2017 within specific
curriculum aspects, it can be concluded that the range differs
by not more than 20%. The summary of acquirement of
physics curriculum aspects at a basic educational level
included in the diagnostic test is in Figure. 3, while Table 4
compares diagnostic test results in physics for grade 10 results
of this and the previous year:
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Table 4: The Results of Acquirement of Different Curriculum
Aspects

No | Curriculum aspects 2016/2017] 2015/2016
1 Physical terms and units of | 52,74% 56,70%
measurement
Understanding and usage of
2 physics concepts 41,30%
Interconnections of the
3 physical 57,20% 48,04%
quantities
4 Explaining an experiment | 49,48% 49,48%
5 Understanding processes 60,33% 43,66%
Graphical representation of]
physical process, circuit]
6 diagrams vectors 55,52% 52,68%
Understanding and use of]
models
7 Scientific enquiry 56,87% 58,10%
Total 53,35% 51,69%

The results of acquirement of different curriculum aspects

v.
B
3
&
1 2 3 4 5 o L&

Total
Figure 3: The results of acquirement of different curriculum
aspects

Analysis of students' achievements based on their
cognitive activity levels (s. Table 4) shows that the students
have managed tasks better in general, which require the ability
to apply knowledge and skills in various familiar situation.
The range of task results in the 2016/2017 diagnostic test is
slightly higher than the previous year: the lowest score is
16.10% (task 16), while the highest - 91.96% (task 33) (s.
Figure 3). In 2015/2016 the lowest score was 18.93% and the
highest - 82, 99%). Diagnostic test results do not show
convincing correlation to speak about the insufficient
acquirement of a particular skill or particular curriculum
aspect.

In each curriculum aspect the average task performance
score is 40-60% which is higher than the average score in the
whole diagnostic test (s. Figure. 4). It means that the
proportion of relatively easy and difficult tasks in the
(Online/Computer-based) National diagnostic test was about
the same.
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Figure 4: Comparison of the data collected assessing paper-
based test and (online/ Computer-based test)

At least 70% of students provided correct answers to the
relatively easy six tasks 4, 12, 19, 23, 30 and 33 which is 17%
of all tasks in the test. Students’” performance in four tasks 2,
7, 16 and 17 or in 11% of all tasks was lower than 20%, while
the three tasks 9, 10 and 35 were successfully managed by 30 -
40% of students. This shows that students cope quite
successfully with standard/typical tasks (in Computer-based
test), but have difficulties with tasks which require high
thinking skills and logical reasoning. 22 tasks or nearly 63%
of all diagnostic test tasks are classified as tasks at medium
difficulty level, because 40 - 70% of students managed them
successfully.

For comparison: in Paper-based test there were 8 tasks
which were answered correctly by more than 70% of students;
there were 2 tasks which were fulfilled correctly by less than
20% of students. At the same time, 18 tasks were classified as
medium difficult tasks, because 40-70% of students answered
them correctly.

This allows us to conclude that the proportion of easy,
medium and difficult tasks in Online /Computer-based and
Paper-based was similar. The result of level 2 (s. Figure. 5)
cognitive activity tasks - 54% - has remained almost the same
as in the diagnostic test of the previous year. Data analysis
showed that 1% of students did not mark any option or marked
more than one option in one of eight level 1 cognitive tasks
and in twelve out of 23 level 2 tasks. This suggests that these
students were not were confident in their responses, and/or
upon completion of the test, forgot to return to the unfinished
tasks (in Computer-based test).

The result of conducting level 1 cognitive activity task
compared to the Paper-based test on average decreased by
10%. Many students were not able to recall and recognize
acquired physics language elements - concepts and units of
measurement, or to recognize their symbols etc., or they had
misconceptions about them.

On formal evaluation it is clear that there was an
improvement in the results of level 3 cognitive tasks when
students had to deal with an unfamiliar situation, analyse it
and provide an answer to the question formulated in the task.
We need to admit that using multiple-choice tasks makes it
impossible to objectively evaluate students’ creative action
skills. According to many experts’ opinions not all tasks
correspond with cognitive activity level. The performance
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percentage of complex physical content tasks 13, 32 and 35 is
52%, 53% and 34%. In addition, responding to 3 from 4 tasks
of cognitive level 3 tasks, 1% of students had not marked any
option or in contrast marked several options (in Paper-based

test)
:IIH:InI“II::IlII EIh“IhIIm

Figure 5. Content of diagnostic test and detailed analysis of each
task

A large proportion of students relied on their own every-

day-life experience when conducting some tasks, which led
them to wrong conclusions. It is also possible that many stu-
dents did not read the task instructions attentively enough and
did not properly analyse every option in the multiple-choice
tasks. It should be emphasized that a number of researchers
[11] admit that the main difficulties in teaching natural
science, and particularly physics, lies in a conceptual change
of students’ perception and understanding of the world,
meaning, to promote a scientific vision of the world, which is
often different from students’ daily-life experience or naive
perceptions. For example, physics education researcher
Brown [11] recommends using examples that are closer to
students’ perception and understanding in the learning
process, so that by analysing such examples students will
come to new and more general conclusions, which will
replace their misconceptions.
[6] The researcher points to the need, when analysing a new
situation, to encourage students to find similarities with the
known and familiar "transfer" this knowledge to the new
situation and to create visual models.

Slightly more than 55% of students have the ability to use

physical models (vectors, schemes) and to analyse the
information contained in the graphs.
Slightly more than 55% of students have the ability to use
physical models (vectors, schemes) and to analyse the
information contained in the graphs. Slightly more than 55%
of students have the ability to use physical models (vectors,
schemes) and to analyse the information contained in the
graphs.

Only 44% of students could extract the required
information from the heating graph [6], and on description of
the situation 58% of students were able to recognize the time-
distance graph. 44% of students could comprehend the
conductor parallel connection and electrical fuse models. [9] It
was already mentioned that test task 30 to a great extent
examined students' attentiveness and their skill to compare
numerical values of planetary diameters and its representation
in the model; the performance of this task showed a high score
- 80%.

Students’ scientific enquiry skills acquisition level is 57%.
Compared to the previous year, it has slightly decreased. Each
of the tasks (which was supposed to examine these skills)
contained both textual and visual information, which students
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had to read carefully, analyse and evaluate given options. It is
possible that the students were already tired, and like in task
31 which examined students’ skills to choose necessary
measuring instruments, the correct answer was given by 44%
of students, while 42% of students made an inadvertent error,
choosing the option D, which along with the necessary
measuring instruments contained one redundant measuring
instrument. In task 32, 53% of students were able to choose
the right hypothesis, which was proved by data obtained in the
experiment and presented in the graph. This confirms that
more than half of students demonstrated in this task the skill
to not only collect the information from the graph, but also
come to conclusions.

It is clearly discernible in 22 task, or 80% of incorrect
option choices and it shows that a large proportion of students,
mostly with low achievements level, conducted the tasks
without having read them properly and did not analyse all the
options offered in the tasks.

5. CONCLUSION

Research and analysis carried out for the purposes justify
the claim is topical for the general public and useful for
knowledge sharing and promotion of trilateral cooperation
(NC for Education, Latvian Secondary Schools, and
Teachers). Since the schools volunteered to conduct the ND
tests, the results only partially reflect 10th grade students’
achievements in physics. However, the amount of participants
in total was large enough (N = 10 948) to draw objective
conclusions about students’ knowledge and skills, as well as
about their weak and strong sides on standard requirements
acquisition in physics at a basic education level. Comparing
the statistical data of the results of this and the previous school
year and some tasks examining certain curric-ulum aspects,
come to a conclusion about the improvement of students’
learning achievements. That also shows:

1)That there is no significant difference between the results
gained from Online/Computer-based test and paper-based
National diagnostic tests.

2) Although the tasks® performances in an
Online/Computer-based and the traditional way differed
(Online test: the lowest result is 18.93%, and the highest -
85.27%; paper based test: the lowest result is 16.71%, and the
highest - 94.31%) no compelling correlations were observed
which would prove that examining a particular skill or
curriculum aspect would have had essentially different results.
Assessing students’ achievements on their cognitive activity
level or any other criteria there is no statistically significant
difference.
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