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Abstract—The research studied the effectiveness of a three-stage Seam-
less Learning Model with Enhanced Web-Quizzing based on the intensive use 
of sets of quizzes created in different web-based quiz generators. The findings 
revealed that continuous testing using diagnostic, formative, benchmark and 
summative quizzes, administered at the three stages—familiarisation,  formation 
and assessment, applying such features of seamless learning as learning in var-
ious contexts, ubiquitous access to digital learning resources and quizzes, com-
bination of teacher-guided learning, self-directed and collaborative learning, 
and  switching between various learning activities can be an efficient teaching 
technique in higher education having positive effect on academic performance, 
motivation, learners’ approaches to studying and course engagement. The test-
ing effect was investigated on the summative tests taken at the end of the three 
different  academic courses. The results showed that online quizzes applied pri-
marily as learning tools with the emphasis on information retrieval and retention 
resulted in the higher achievements of the experimental group students. The sur-
vey conducted with Biggs’s Revised Two-Factor Study Process Questionnaire 
(R-SPQ-2F) showed the changes in the learners’ motives and approaches to 
studying revealed in students’ active participation in in-class and out-of-class 
activities, mastering of the material through understanding rather than mechani-
cal memorizing, the search for additional information and increased attendance. 
The engagement of the experimental group students in the new quiz-enhanced 
settings was examined focusing on emotional, skills, participation and perfor-
mance engagement aspects.

Keywords—engagement, academic performance, seamless learning,  
testing effect, web quizzing

1 Introduction

The challenges that the world educational community faces in the pandemic time 
make us find an efficient methodology that will help to cope with the arisen difficulties 
and transform progressively the existing learning methods into the sustainable practice 
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of seamless learning. In this vein, the potential of educational web quizzing tools has to 
be investigated and productively exploited. Higher educational institutions nowadays 
are experimenting with the employment of their opportunities, which can be of value 
from psychological, pedagogical and technical views.

 The potential of web quizzing primarily is studied through the prism of general 
features of cloud computing. The importance of new common cloud computing ser-
vices cannot be overestimated nowadays. In education, their value is supposed to grow 
to $25.36 billion by 2021, with an annual growth rate of over 25% [1]. The problem 
of harnessing the power of cloud computing for teaching purposes is widely studied 
nowadays [2]–[5], etc. 

Besides the technical (access at the fingertips, minimal hardware requirements, large 
data-storage capacity, fast processing of information), economic (cost-effectiveness) 
and sustainability (energy efficiency and reduction in computer-related emissions) 
reasons, special attention is paid to the ability of these services to change the nature 
of the learning environment. Firstly, cloud-based computing advancements make 
it innovative and technologically forward. It leads to the fact that students not only 
get acquainted with new interfaces, but they also acquire both real-life and career-im-
portant skills significant in this technological age. Secondly, accessibility to learning 
resources makes the studying process mobile and flexible, which improves students’ 
study-life balance. Thirdly, the learning becomes collaborative as communication and 
sharing of information become simple in new virtual communities. Fourthly, cloud-
based platforms provide abilities to create a personalized learning environment making 
education student-centred.

The purpose of the research was to investigate the academic potential of enhanced 
web quizzing for seamless learning in the higher educational setting. The objectives of 
the study were:

 – to analyse the existing theoretical underpinnings of seamless learning and testing 
effect;

 – to determine the impact of the suggested Seamless Learning Model with Enhanced 
Web-Quizzing on students’ learning of the target content and to check statistically 
students’ progress in the final test performance;

 – to analyse the influence of the new methodology on academic motivation and 
approaches to the studying process;

 – to evaluate students’ engagement in the quiz-enhanced courses.

2 Literature review

2.1 Seminal principles of seamless learning

Seamless learning is understood as a learning approach “when a person experiences 
a continuity of learning, and consciously bridges the multi-faceted learning efforts, 
across a combination of locations, times, technologies or social settings [6].

The notion of seamless learning was introduced in 1990s in the research of higher 
education transformation that presupposed the linking of different learning experiences 
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that used to be distinct parts (in-class and out-of-class, curricular and co-curricular, or 
on-campus and off-campus) into one continuous process where students could bene-
fit from learning resources existing both inside and outside of the classroom environ-
ment [7]. Later it was reshaped in the context of technology-enhanced learning [8] and 
studied as mobile-assisted seamless learning with the emphasis on implementation of 
technological innovations with the aim to create personalized learning practices across 
various contexts [9]. Seamless learning sometimes was viewed as synonymic to ubiq-
uitous learning [10] which is based on mobile technology that promotes learning in dif-
ferent environments and anytime. Flexibility and quick access to necessary information 
are its basic features. Meanwhile, some researchers proved that seamless learning could 
be achieved in blended learning without mobile technology, for example, by combining 
live lectures and blogging on PC [11].

The studies of seamless learning from a curriculum design perspective helped to 
define the seams (gaps) in the educational setting that should be removed to support 
learners. For this reason, 10 dimensions of mobile-assisted seamless learning were dis-
tinguished: 1) encompassing formal and informal learning; 2) encompassing person-
alized and social learning; 3) across time; 4) across locations; 5) ubiquitous access 
to learning resources; 6) encompassing physical and digital worlds; 7) combined 
use of multiple device types; 8) seamless switching between multiple learning tasks;  
9) knowledge synthesis; 10) encompassing multiple pedagogical and leaning activity 
models [9].

The following characteristics of seamless learning were also accentuated such as 
learner-centeredness as it allows students to take initiative, monitor progress, solve 
problems, etc.; ability to stimulate ongoing self- and co-construction of knowledge 
due to access to different learning resources and spaces [12]. Integrated and synergis-
tic effects of learning in formal and informal contexts [13] are stressed which helps 
achieve more holistic notions of learning as students gain canonical knowledge about a 
subject or topic from the formal environment while in the informal one they experience 
this subject or topic in different natural contexts [14]. 

Recent research considers seamless learning as a set of meta-cognitive abilities, 
schematized and habitual regulatory strategies [15] that can promote life-long learning 
of a seamless learner. Various approaches to studying this phenomenon nowadays show 
its topicality in the digital age and its constantly developing nature.

2.2 The testing effect phenomenon

The phenomenon of testing effect sometimes called retrieval practice, practice test-
ing, or test-enhanced learning is understood as the finding that taking a test leads to bet-
ter retention than does restudying that material for the same period [16], [17]. Testing 
information presupposes information processing (analysis, synthesis, generalization, 
etc.) and information retrieval that activates different cognitive mechanisms, which 
powerfully impacts learning and long-term retention [18], [19]. 

Information retrieval is considered to be essential for information retention. In case 
a test is seen not only as an assessment tool but if it specially focuses on retrieval 
it broadens its nature. Testing can be a useful mnemonic device because the act of 
retrieving information from memory has a direct effect on the later retrievability of that 
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information [19]. The constructive retrieval is studied that takes into account goals and 
expectations of the participant, test format and the mental model of the studied material 
and means constructive processes that strengthen the memory for the retrieved infor-
mation and additionally initiate retrieval of the information associated with the target 
content [20]. The observation that the initially non-tested information can benefit from 
prior testing of related material [21] can be connected with this phenomenon.

Modern research distinguishes the backward testing effect that refers to the phe-
nomenon that testing consolidates retention of studied information [8], [22], [23], 
[24], [25], etc. from the forward testing effect that facilitates learning of new infor-
mation [26], [27]. Traditionally the presence of testing effect is examined by compar-
ing the final learning achievements of two groups—in which test-enhanced learning 
was applied and in which other strategies were administered (restudying, no treat-
ment, concept mapping, etc.) [8], [18], [19], [28], etc. Numerous explanations of the 
positive effect of this technique, which are sometimes overlapping, are suggested, 
among them, several most spread theories should be noted. Additional exposure the-
ory suggests that learning and retention are enhanced by often exposure to the target 
material, testing with corrective feedback is more beneficial than without it [29]. The 
immediate feedback feature of quizzes is paid special attention as it shows the result 
immediately, helps to achieve the aim, increases learner engagement, and may pro-
mote student’s autonomy in the educational process [29], [30]. Retrieval effort theory 
states that the more difficult tests, the more demanding retrieval processes that boost 
long-term memory [19], failure in prior tests motivates more efforts to retrieve tar-
get information in further tests [31]. Motivation theory claims that frequent testing 
motivates students to invest more effort to studying [27]. Expectancy of subsequent 
testing changes approaches to learning (better attendance [32], allocating more time 
to learning [27], better preparation before classes [33], etc.). The test achievement can 
lead to self-correction of learning strategies as test failure or success may improve 
students’ metacognition [34], [35], which may eliminate ‘the illusion of knowing’ or 
‘illusions of competence’ [36], [37]. Transfer-appropriate processing theory proposes 
that acquisition tests and final assessment tests require similar mental processes, thus 
testing is more beneficial when the test formats of the two stages are matched [38]. 
Some research shows that taking quizzes frequently can help reduce the anxiety that 
students may face during a test [28]. 

Consideration of these theoretical underpinnings in curricular development may 
become a significant strategy for successful teaching in the pandemic-altered educa-
tional setting.

The researchers hypothesize that the intensive use of web quizzing may be an effica-
cious educational technique for seamless learning. Firstly, the above-mentioned poten-
tial of different innovative cloud-based technologies can promote ubiquitous learning 
with multiple learning tasks in different settings. Secondly, the general testing effect 
may influence exam and final test performance and, thirdly, utilization of instructional 
strategies that can impact the inner motivational potential of learners may change stu-
dents’ learning strategies and boost motivation and engagement. This research appears 
to be a comprehensive study on the direct and indirect benefits of web quizzes and has 
a multi-disciplinary approach.
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3 Methodology

During the study, the researchers utilized analysis and synthesis as general research 
methods to investigate theoretical issues on seamless learning, testing effects, and spe-
cifics of cloud computing quizzes. In the course of our empirical study, the following 
methods have been applied: observation, interpretation, quasi-experiment and survey.

3.1 Participants

The research was carried out at the three educational establishments— Yaroslav 
Mudryi National Law University, H.S. Skovoroda Kharkiv National Pedagogi-
cal  University and Volodymyr Vynnychenko Central Ukrainian State Pedagogical 
 University—during the second semester of the 2019–2020 academic year. The partic-
ipants were students studying for a bachelor’s degree taking three different university 
courses: “English Language”, “Civil Law”, and “Child and Educational Psychology”. 
The duration of each course was two semesters. All the students were informed about 
the nature of the research and participated voluntarily.

3.2 Research material

To carry out the research the authors designed a three-stage Seamless Learning 
Model with Enhanced Web-Quizzing in which cloud-based tests were divided into 3 
main groups according to their purposes and places in the educational process. The 
test generators used to create quizzes were Edpuzzle, GoConqr, Kahoot!, Mentimeter, 
Microsoft forms, Pear Deck, Quizizz, Quizlet, Socrative, TeachVid, Vocabulary, etc. 
This variety helped to employ various test types and multimedia format materials to 
perform different functions and diversify the learning process. The links to the tests and 
the additional materials were provided on the Microsoft Teams platform.

At the first familiarisation stage, diagnostic tests were utilized. They were placed 
before each lesson and contained new information of upcoming lessons to boost stu-
dents’ interest in the target material; to make them find the information they do not 
know in any resources either provided by the teachers on Microsoft Teams (different 
course materials, presentations, lectures or any other videos or audios) or in any other 
available and accessible resources; to test students’ prior knowledge on the topic, their 
understanding of the basic concepts. Students could take them in collaboration with 
peers; out-of-class tests were not time-limited. The value of diagnostic tests was not 
in the quantitative assessment of students’ knowledge, but in providing facilitated and 
at the same time self-regulated seamless learning and tailoring further instructional 
strategies. Administering these tests researchers applied some principles of the flipped 
classroom model. The lower level of learning (according to Bloom’s taxonomy) such as 
understanding and remembering in this way took place before the lesson through auton-
omous self-exploration learning. This approach resulted in the meaningful practice of 
the cognitive levels (applying and analysing) during the lesson when students familiar 
with the target material could more productively participate in discussions, explain 
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notions, solve problems, etc. A typical diagnostic test consisted of 2 to 3 open-ended, 5 
to 6 short-answer, or 6 to 10 multiple-choice or true-false questions. 

The second formation stage used formative tests and benchmark tests. Formative 
tests were given during classes in an ongoing format or after them with the purpose to 
monitor students’ learning progress, their understanding of the material under study, to 
identify weak points and to address them immediately by providing immediate feedback 
indicating which aspect they have to focus on. We considered that carefully arranged 
questions of the tests with obligatory repetitions could promote a deeper understand-
ing of the topic and refining of course knowledge and skills. This encouraged more 
thorough knowledge construction and skills development. The application of different 
multimedia format tests was aimed at changing the modes of target-material practice 
and participation transformation. 

Benchmark tests were placed at the end of a unit/module to gauge test-takers’ knowl-
edge of the studied material, provide tutors with periodic information about student 
progress. Results of the benchmark tests assisted to identify students’ strengths and 
weaknesses and modify instructions and adjust the learning environment. 

The third assessment stage employed summative tests that were taken by students 
at the end of the course as a final test in which they had to demonstrate their overall 
knowledge on the subject and acquired skills at a level prescribed at the programs. 

3.3 Instruments and research procedure

The research was conducted in three main stages—pre-experimental stage, experi-
mental teaching and experimental assessment.

During the pre-experimental stage, the sampling of participants was made. After 
the first semester according to the scores obtained at the final tests of the first semes-
ter, from 18 academic groups enrolled to the courses (8 groups—“English Language”;  
6 groups—“Civil Law”; 4 groups—“Child and Educational Psychology”) 6 academic 
groups (3 experimental and 3 control groups; in each course 1 experimental and 1 con-
trol group) showing approximately similar results were chosen for the research. The 
total number of participants was 129 persons—experimental group students (N=65) 
and control group students (N=64). 

Experimental teaching included the teaching of the same course materials deter-
mined at the syllabi of the three academic disciplines to the students of the experimental 
and control groups. In the control groups, traditional teaching methods were applied 
while in the experimental groups a specially designed Seamless Learning Model with 
Enhanced Web-Quizzing described above created in different web-based quiz genera-
tors was utilized. The treatment with the new methodology was conducted during the 
four months of the second semester of the courses.

The researchers organized seamless learning as a continuous process that integrated 
the following aspects: 1) learning in various contexts—physical (in-class and home 
learning) contexts and virtual classrooms (all additional materials, quizzes or links to 
them where provided on the Microsoft Teams platform); each home task during the 
courses was obligatory accompanied by a quiz for experimental groups; 2) ubiquitous 
access to digital learning resources and quizzes (their cloud-based nature made them 
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permanently available at any suitable time and place through any devices); 3) com-
bination of teacher-guided learning (students received feedback on each quiz; quiz 
results helped alter the instructional strategies), self-directed learning (quizzes as home 
assignments could be taken at any time before the next lesson as soon as students 
felt ready and the ‘open-book’ approach was applied (learners were allowed to use 
any resources)) and collaborative learning (taking some tests students were divided in 
teams; home task tests could be discussed with peers); 4) mixture of formal and infor-
mal learning (additional materials for elective reading, various TV and radio units, pod-
casts were suggested, some of them were provided via the closed Facebook group for 
the English Language course); 5) switching between various learning activities (tests 
taken before lessons helped more productively organize practice of not only knowledge 
acquisition but also cognitive skills development).

Experimental assessment included several steps.

1. At the end of the semester, to ascertain the hypothesis that the intensive use of quiz-
zes can influence the academic performance of students, final tests in three courses 
were administered. To check the presence of testing effect the questions of the tests 
included only in-class covered (in both control and experimental groups) and previ-
ously tested in experimental groups material (none of these questions were repeated 
as they were provided in previous tests). The achievements (scores obtained) of con-
trol and experimental group students on the final tests (scored max.100) were exam-
ined. The data was collected, analysed and interpreted based on descriptive statistics 
(mean, standard deviation) and inferential statistics (independent samples t-test) by 
means of SPSS. The comparison between the final test results obtained in control 
and experimental groups allowed us to check the productivity of the suggested meth-
odology. The comparative analysis of the students’ academic performance on differ-
ent academic courses was presented graphically.

2. At the end of the courses after the final tests, to check the hypothesis that the 
enhanced use of tests can impact learning strategies and motivation the evaluation of 
the academic motivation and learners’ approaches to their studying was conducted 
in both experimental and control groups. The used instrument was Biggs’s Revised 
Two-Factor Study Process Questionnaire (R-SPQ-2F) [39] which validity and reli-
ability were indicated in various research works [40], [41]. The administered ques-
tionnaire was focused on the study of two main approaches: deep approach (deep 
motivation and deep strategy) and surface approach (surface motivation and surface 
strategy). It contained 20 questions given in the cyclical order checking different 
approaches (1) deep motive, 2) deep strategy, 3) surface motive, 4) surface strategy, 
5) … etc.). Students provided their responses according to a 5-point Likert-type 
scale (from ‘this item is never or only rarely true of me’ to ‘this item is always or 
almost always true of me’). The number of definite answers given by students in the 
online administered questionnaire revealed students’ approaches. The collected data 
was organized, classified, tabulated, analysed and interpreted based on descriptive 
statistics (mean and standard deviation) using SPSS.

3. At the end of the courses, the researchers examined the engagement of the experi-
mental group students (N=65) in the quiz-enhanced courses to ascertain the hypoth-
esis that the experimental methodology can boost course engagement due to the 
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innovative instructional strategies. The applied instrument was a specially designed 
by the authors of this research 5-point Likert scale questionnaire (from ‘strongly 
disagree’ to ‘strongly agree’) containing 9 statements that checked students’ opin-
ions on the four components: emotional engagement (emotional connection to the 
course material (1–3 statements)), skills engagement (general learning strategies 
(4–5)), participation engagement (willingness to participate and interact (6–7)) and 
performance engagement (impact on the achievement results (8–9)). According to 
the research by Handelsman et al. [42], they are reliable self-report indicators of 
student engagement in a course. Each of the four components is characterized by 
definite behaviours, attitudes or motivations related to the course content. They were 
reflected in the statements of the questionnaire. The engagement indicator is very 
important as it helps not only to understand self-reported attitudes, activities and per-
ceptions of students but to assess the effectiveness of instructional activities and the 
overall course structure. The students’ responses to the questionnaire taken online 
were collected, the number of answers given to each statement was converted to 
percentages and presented in the table.

4 Results

The results of the independent-samples t-tests of the achievement scores of both 
experimental and control groups on the final tests on English language course, Child 
and Educational Psychology course and Civil law course are given in Table 1, Table 2 
and Table 3 correspondingly.

Table 1. Independent-samples t-test results of the achievement scores of the experimental  
and control groups on the final test (English language course)

Groups N Mean SD Mean Diff t-value p-value

CG 20 77.63 8.10 10,83 –7.502 <0,001

EG 21 88.46 6.52

The data shown in Table 1 signify that there is a significant (p<0,001) difference 
between the achievement of EG and CG on the final test as the calculated t-value is 
larger than the tabulated t-value at 0.05. Furthermore, the mean values show that the 
experimental group (M=88.46, SD=6.52) demonstrated more excellent performance as 
compared to the control group (M=77.63, SD=8.10). 

Table 2. Independent-samples t-test results of the achievement scores of the experimental  
and control groups on the final test (Child and Educational Psychology course)

Groups N Mean SD Mean Diff t-value p-value

CG 26 71.73 4.18 12.78 –9.747 <0,001

EG 26 84.52 3.21
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Table 2 reveals that there was a significant difference (t=–9.747, p<0,001) between 
the experimental group achievement scores (M=84.52; SD=3.21) and the control group 
achievement scores (M=71.73; SD=4.18).

Table 3. Independent-samples t-test results of the achievement scores of the experimental  
and control groups on the final test (Civil Law course)

Groups N Mean SD Mean Diff t-value p-value

CG 18 74.77 5.966 10 –5.582 <0,001

EG 18 84.77 4.71

As it is seen in Table 3, there was a significant difference (t=–5.582, p<0,001) 
between the experimental group achievement scores (M=84,77; SD=4.71) and the con-
trol group achievement scores (M=74.77; SD=5.966) in favour of the experimental 
group.

The comparative results (mean) of the students’ academic performance in the English 
Language course, Child and Education Psychology course and Civil Law course are 
given in Figure 1. 

CG

EG

English

Language

Course

Child and

Education

Psychology

Civil Law

77.63 71.73 74.77

88.46 84.52

777.77.66333 71.7171.717 77333 74.7474.74 77777

888.88.4646 884.84.5252 84.77

CG EG

Fig. 1. The comparative analysis of the students’ academic performance in English Language 
course, Child and Education Psychology course and Civil Law course (mean)

Depending on the results achieved, it could be concluded that the described above 
Seamless Learning Model with Enhanced Web-Quizzing was more effective concerning 
students’ achievement in each course than the traditional teaching methods applied in 
the control groups. The researchers suggested that the better results of the summa-
tive assessment of the experimental group could be attributed to the applied seamless 
learning approach that presupposed ubiquitous learning, learning in different contexts 
and with various tasks. Multiple format continuous quizzing could cause testing effect 
connected with the improved information retrieval and retention and practising self-as-
sessment could be important for self-regulated learning. In addition, when taking the 
summative test, the students probably experienced a lower level of test anxiety com-
pared with the students of control groups who had not taken regular tests.

The analysis of the answers to Biggs’s Revised Two-Factor Study Process Ques-
tionnaire (R-SPQ-2F) aimed at evaluating the academic motivation and learners’ 
approaches to the studying process revealed the results shown in Table 4.
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Table 4. Average score and standard deviation on deep and surface  
approach of the control groups and experimental groups

Groups N Deep Approach Surface Approach

CGs 64 29.5 (5.58) 25.3 (6.34)

EGs 65 36.04 (5.47) 22.4 (6.17)

It is seen from Table 4 that both control and experimental groups showed a deep 
approach towards learning although in the experimental group students achieved a 
higher deep approach score (M=36.04) than in the control groups (M=29.5) while the 
surface approach score was higher in the control groups (M=25.3) in comparison to the 
experimental groups’ score (M=22.4). The number of answers of experimental group 
students that any topic can be interesting if they once get into it, that they came to most 
classes with questions in mind that they wanted to answer and that they spend their 
free time finding out more about interesting topics discussed in different classes can 
prove the research hypothesis that the intensive use of web quizzing has the potential 
of changing students’ learning strategies and boosting motivation. Students of control 
groups more often chose the answer “this item is always or almost always true of me” 
concerning learning by rote or memorizing without understanding.

The questionnaire checking experimental group students’ engagement in the 
web-quizzing enhanced courses revealed the results given in Table 5.

Table 5. The questionnaire results on experimental group students’  
engagement in the quiz-enhanced courses
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1. The constant use of quizzes in the course made it highly interesting. 3 7 8 15 67

2. The constant use of quizzes made the course material relevant to my life 
because I know why I need this information.

21 16 7 38 18

3. The constant use of quizzes reduced the anxiety I usually experience 
taking a test.

11 23 23 29 14

4. The constant use of quizzes in the course increased the time I spent 
studying the course material.

17 14 11 27 31

5. The constant use of quizzes in the course helped me to understand the 
course material better but not just to memorize it for tests.

28 12 9 32 19

6. The constant use of quizzes improved my attendance. 17 15 17 29 22

7. The constant use of quizzes in the course increased my participation in 
in-class activities.

12 25 3 31 29

8. The constant use of quizzes in the course helped me to get better grades 
through the course.

18 17 13 23 29

9. The constant use of quizzes in the course made me perform better at 
module and final tests.

18 19 10 29 24
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The boosted engagement of experimental group students in the courses with the new 
methodology is shown in all four aspects checked in the survey: 1) emotional engage-
ment—the majority of students considered the course with the innovative approach 
interesting, relevant to their personal needs, and reducing their test anxiety (although 
the percentage of positive answers for this question (43%) was higher than negative 
(34%), 23% of students were neutral); 2) skills engagement—students again confirmed 
the change in their learning strategies revealed in the increase of time they spent on 
studying and the wish to understand the target information but not just to learn by rote; 
3) participation engagement is demonstrated by the increased willingness of 60% of 
students to participate in in-class activities and 51% improving their attendance; 4) per-
formance engagement is seen in the recognition that achievements improved through-
out the courses (52%) and in final tests (53%).

5 Discussion and limitation

The adaptation of seamless learning as a productive solution during the pandemic 
time and beyond it to continue through the crisis, which provides students with various 
learning scenarios, resources, media and environments was suggested in various recent 
research [43]–[45], etc. 

The benefits of online testing in educational practice have been researched and ana-
lyzed in numerous publications. In our research we are in alignment with the find-
ings of the recent studies conducted by a number of scholars, in particular, we verified 
the testing effect of enhanced web quizzing leading to improving understanding and 
active learning [46], [47], studied motivational processes and the role of the immedi-
ate feedback in increasing learner engagement and students’ positive attitude towards 
tests [48], [30], [49], [50], estimated a positive effect of online testing on the academic 
performance and increasing students’ achievement [51], [52], witnessed a correlation 
between the scores obtained on formative tests and the final summative examinations 
[51], [53]. 

In the study, the researchers considered contradictory issues connected with online 
testing raised in previous studies, weighed up both benefits and drawbacks of the phe-
nomenon, took into account all relevant aspects of the issue. The opponents of online 
testing claim that testing is time-consuming, tedious for students and decreases stu-
dents’ interest in the materials and learning in general [23], provides no fruitful and 
lifelong learning and focuses only on the information involved in tests [54]. 

There are some limitations in this study that could be addressed in future research. 
First, the scope of quizzes in the students’ workload, quiz compatibility with other 
activities, the problem of combating academic dishonesty and plagiarism are worth 
considering in some depth in prospective studies. Second, the most obvious limitation 
in this research was the paucity of controlled classroom experiments limited by 129 
participants. Taking into account the fact, the results of the study cannot be generalized 
to all educational communities but transferrable to similar contexts, further research 
should be done with a larger number of students from different faculties and educa-
tional establishments to gain more accurate results.
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6 Conclusion

The research shows that the intensive use of web-based quizzes can be an efficient 
teaching technique for seamless learning able to alter the learning environment mak-
ing it more innovative and ubiquitous. Carefully created tests have the potential of 
arising the interest of students in the target material and creating relevance to their per-
sonal needs. The shift to more collaborative and at the same time personalized learning 
observed during the study can help students to develop confidence during the course 
and reduce test anxiety thus increasing satisfaction and motivation. The researchers 
suppose that all these factors contribute to the changes in the learners’ approaches to 
studying revealed in students’ engagement in in-class and out-of-class activities, mas-
tering of the material through understanding rather than mechanical memorizing, the 
search for additional information and increased attendance. Online quizzes applied not 
only as assessing tools but primarily as learning ones focusing on information retrieval 
and retention showed the testing effect which became obvious in the higher achieve-
ments of the experimental group students in the summative tests. Thus, thoroughly 
designed continuous enhanced testing using diagnostic, formative, benchmark and 
summative quizzes and applying such features of seamless learning as learning in var-
ious contexts, ubiquitous access to digital learning resources and quizzes, combina-
tion of teacher-guided learning, self-directed and collaborative learning, and switching 
between various learning activities may be a powerful learning tool having positive 
effect on academic performance, motivation, learners’ approaches to studying and 
course engagement especially in pandemic-altered time.
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