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Abstract 

Computer-based assessment (CBA) is a method of learning and for learning. Nowadays, 

CBA is used in primary math education to develop interactive tests with immediate feedback. 

Multiple choice questions, matching, and other ‘objective’ types of items and its intelligent 

analyzer are the base of CBA. The diversity of the items, the types of answers, the type of 

feedback, and delivery considerations must all be carefully taken into account when developing 

an effective pedagogical design in general and for primary students in particular. However, the 

problem is that pedagogical design may be approached from the perspective of linear, systemic, 

and metasystemic thinking. This article investigates the affordability of Metasystems Learning 

Design (MLD) theory for CBA in diverse learning environments. Our previous research has 

demonstrated that the MLD principles implementation in educational software for primary math 

education has increased students’ motivation to learn for those who received low marks at 

paper-to-pencil evaluation and, therefore, they performed better. This outcome can be used as 

a premise for future investigations of MLD and its applications in pedagogical design. The 

conceptual response to this question depends on how adult learning is incorporated into the in-

service teacher preparation methodology during the twin transition period to learning society. 
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1. Introduction 

A systematic process of gathering information from tests, surveys, exams, and other sources 

is known as assessment. It is used in traditional classroom settings as well as online learning to 

find out more about how well students are doing and how well they are responding to their 

educational institutions' programs of study. Either paper and pencil or computers can be used 

for assessment. The method of using computers for assessment, measurement, testing, and 

evaluation for educational purposes is known as computer-based assessment (CBA). This 

method, which has been in use since the 1950s, has undergone numerous improvements. On 

one hand, there are multiple definitions. Thus, CBA is (a) a ‘method for learning on students’ 

learning outcomes’ (Van der Kleij, et al., 2012), a ‘versatile education tool’ (Thelwall, 2000), 

a tool ‘to provide timely information on their academic progress’ (Helfaya, 2019), etc. and it is 

used as an integral part of Computer Aided Learning (CAL) environments in formal and non-

formal education. On other hand, there are some issues related to the ‘affective-motivational 

effects of performance feedback’ (Kuklick & Lindner, 2023) and the advantages of the 

assessment tool for early literacy skills (Bastianello, Brondino, Persici, & Majorano, 2023). 
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The unique characteristic of CBA is the analysis of item tasks with immediate feedback. 

Research suggests that primary teacher and their students pay more attention to immediate 

feedback than to delayed feedback. As was observed by Miller (2009), immediate feedback on 

CBA is used to support learning rather than measure students’ learning at the end of the module. 

The ‘acceptance’ of CBA by teachers of primary students is crucial for the development of 

a computer-based assessment (CBA). By acceptance, we mean the interest, curiosity, and 

motivation to use CBA in the teaching-learning process. The advantages of CBA versus paper-

and-pencil tests are the affordability to generate items and tests (Nguyen et al., 2017) and the 

intelligent analysis of students’ answers (Yildirim-Erbasli & Bulut, 2023).  However, everyday 

teaching practice in elementary math has put the method of CBA under the lens, especially in 

the case of the twin transition to a global knowledge society (Foster, 2023) – an approach used 

to foster the importance of digitalization and the greenest of technologies.  

The majority of CBAs used in primary education are computer-based tests (CBTs). 

A computer test, a procedure for determining students' performance by delivering scholarly 

tests through a computer network medium, is the fundamental idea behind CBTs. This type of 

assessment can be given in oral, written, or mixed form using any digital device, such as 

a computer, smartphone, etc.  CBTs are used in primary education as a diagnostic, formative, 

and summative assessment. Diagnostic assessment, developed in form of short answers and 

multiple-choice items, has the power to motivate all students. However, many researchers 

contend that formative assessment is the most significant type of evaluation (Bennett, 2011; 

Black & Wiliam, 2009; Bulut, et al., 2023; Yan & Chiu, 2023). Summative evaluation, which 

traditionally "measures" learning outcomes, could, in our opinion, be used as a learning strategy 

as well as a means of evaluating students' performance following a didactic process.   

The pedagogical scenario of CBA thus presented itself as a good observatory to focus on 

teachers’ knowledge in instructional / learning design, their’ professional competencies in 

designing inclusive learning environments; and to establish whether and to what extent the core 

competencies of students are affected in one or another way by computer-based learning 

environments. The main aim of this study is to determine if there are psychological and 

pedagogical aspects of CBA that can be improved to make it more effective and, ultimately, to 

widen its adoption in schools. With this purpose in mind, it was conducted a study in the 

Republic of Moldova within a teacher-training module related to CBA in school education. 

 

2. Theoretical background 

Assessment and appreciation are the two methods used in the formal education of primary 

students. Assessment is a measure of performance/competence following certain norms and 

standards; and appreciation – of the decision-making process related to performance, and 

quality of learning outcomes in form of knowledge, skills, and attitude. This distinction can be 

seen in primary math education when teachers "appreciate" some students more than others 

(Gadanidis & Cendros, 2023; DeLegge & Kaur, 2023; Engelbrecht, Borba & Kaiser, 2023). 

Moreover, appreciation is more about appreciative intelligence and less about texting.   

Traditionally, in the pedagogical design of CBA and CBTs is used Bloom's taxonomy is 

(de Bruyn, E., Mostert E. & van Schoor, 2011). The affordability of the immediate feedback, 

however, limits this strategy to only evaluating the lower levels of action verbs in Bloom's 

taxonomy, such as remember, select, solve, and classify (Armstrong, 2010). According to 

Mayer (2002), the taxonomy for CBA of problem-solving should include four categories of 

knowledge (i.e., factual, conceptual, procedural, and metacognitive) based on the Anderson et 

al. 2001 revised taxonomy. In his opinion, problem-solving is a cognitive process. This 

approach contradicts with STEMx paradigm, according to which primary students need 

cognitive, metacognitive, affective, and social learning strategies. 
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For instance, Nimasari, Gestanti, and Nurfitri (2023) highlighted that critical thinking 

skills are demonstrated in tasks that require analyzing, evaluating, and producing new content.  

Let's examine this issue more thoroughly. The basic concept both of CBA and CBTs is 

the test item, which refers to a specific question or problem test takers are asked students to 

perform. Both closed-ended and open-ended questions can be included in the test item, such as 

true/false, multiple choice, completion, matching, and rating scales. Open-ended questions, in 

contrast, can be answered in more or fewer details, are more general, and can therefore integrate 

cognitive and metacognitive tasks and use constructive or/and elective answers. Metacognitive 

tasks are incorporated in an all-inclusive or selective learning portfolio.  

In our opinion, three different paradigms of thought are used in the pedagogical design of 

cognitive and metacognitive tasks. This concept was initially investigated in an analysis of 

usage and development trends for digital textbooks (Railean, 2014). Therefore, in the case of 

CBA and CBTs the linear paradigm uses a step-by-step model of thinking. For instance, the 

instructional design of CBTs is related to ‘linear testing’ (Yildirim-Erbasli & Bulut, 2023), and, 

therefore, students are unable to move backward in changing their prior answers. Nevertheless, 

this approach offers several advantages over paper-and-pencil testing (PPT), such as flexibility 

of design, easy administration, and objective scoring (Brüggemann et al., 2023).  

System thinking emphasizes considering the whole rather than individual parts. The main 

examples are intelligent tutoring and computer-based adaptive testing (CAT), in which the 

process of generation of the test items is intelligent and "adapts" to the knowledge level of those 

being tested. Thus, each test-taker receives a ‚unique test‘ presented at the most appropriate 

level of difficulty. Moreover, each educational system is like a tutor which operates in discrete 

steps. This means that each ‚new problem‘ is broken down into manageable steps, and is 

presented in form of a cycle, and each student must complete one step before moving on to the 

next. As an illustration, if a student completes step I, the current value of his or her input for 

the following step will be Xi, and the student's internal cognitive state will be Si. These values 

could be transformed into the output value Xi+1 with state Si+1, and so on, following the 

corresponding procedure. 

The problem is that in real life, tasks are ideally adapted to each solver. Metasystems 

learning design theory is concerned to answer by following questions: (a) Who is the actual 

learner?; (b) What are his/her ability and level of motivation?; (c) What environments does he 

or she live and learn in?; (d) What are the specific features of educational system/learning 

environments in times of openness?; (e) How do digital screens impact learning? The 

metasystems approach pieces of evidence the impact of a student's (meta)cognitive drive to 

learn in a diversity of learning environments, both physical and virtual; the role of digital 

screens on learning capacity; and the importance of ecosystems of learning and communication 

in an affordable pedagogical design. The learning environment in which CBA and CBTs are 

used should be more "inclusive" and should not rely only on the teachers' ability to gauge 

student progress. According to Klir (1990, p. 325), metaX is used as the name of things or 

systems, which are more than X in the sense that it is more organized, has a higher logical type 

of organization, and is analyzed in a more general case. Therefore, the metasystems approach 

requires more intelligent analysis of students‘ answers. This viewpoint examines both the direct 

and indirect effects of learning on changes in thought and behavior. The direct effect refers to 

using CBTs both in formative and summative assessment and indirect – development of the all-

inclusive digital portfolio.  

In an attempt to understand what the current knowledge, skills, and attitudes of 

schoolteachers are concerning the pedagogical design and application of CBA and CBTs it was 

conducted an online survey targeted schoolteachers in science. 
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Particularly, it analyzed the data of students who participated in the pedagogical experiment 

in which CBA for studying math was used.  Our research questions are, as follows:  

• What approaches do teachers in science, math, and technology use to evaluate CBA, 

in general, and CBTs, in particular?  

• What is the importance of CBA and CBTs in the development of core competencies 

from the perspective of students?  

These research questions were formulated starting from the CBA and CBTs specific 

features that, according to research literature, should characterize the affordability of 

pedagogical design and focus on core competence development of students interested in 

science, math, and technology. In our understanding, building on a solid numeracy foundation, 

the focus of mathematical, science, and technology competence is not only on knowledge but 

also on processes and activity, which could be applied in solving real problems. Therefore, by 

examining these research questions, we think to understand whether and to what extent the 

state-of-the-art in CBA and CBTs could be recommended for courses on teacher preparation. 

The final aim of this article is to highlight the psychological and pedagogical aspects of CBA 

and CBTs that could be improved from the perspective of teachers' and students' experiences 

to make this approach more effective and ultimately to widen the adoption of metasystems 

learning design in every practice.  

 

3. Methods  

3.1. Data collection, research context, and participants  

In the endeavor to find answers to the above-mentioned research questions, it was adopted 

a mixed qualitative-quantitative approach of design a pedagogical experiment. First, data were 

collected through an online survey tool consisting of questions purposedly build to investigate 

the primary research question. The questionary for the survey was developed by the author. 

Online surveys aimed to elicit from respondents their habits in the didactical design of learning 

environment and teaching behavior.  The survey was implemented using Google Forms and 

comprised a total of 14 questions. It was structured in two sections, as follows:  

• General information about the respondents 

• The evidence offered by teachers regarding their habits and teaching behavior  

The second amount of data was collected from students, who took the CBTs after classes. 

Both procedures were presented before the module “Computer-based assessment” of the course 

in pedagogy for the training of teachers in science, math, and technology. Formal approval by 

the ethics committee was not required due to the type of data collected.   

Overall, 64 teachers and 24 primary students participated in the pedagogical experiment. 

The most of teachers (78.1%) were between 21-30 ages. This unbalanced age ratio is 

a reflection of the current interest of in-service teachers in science, math, and technology for 

creative learning strategies that may enhance teaching competencies and, as a result, the cost-

effective pedagogical approach of learning design. In terms of teaching experience, they work 

in a town/city (95.3 %) and most of them have a diploma in higher education (48.4%).   

 

3.2. Data analysis  

Two ways for data analyses were used in our pedagogical experiment. First, data from the 

survey was analyzed using the graphical representations provided by Google Forms. Second, 

data from students’ answers in various CBTs were compared with data obtained on paper-and-

pencil tests.   
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4. Results 

4.1. The pieces of evidence offered by teachers in science, math, and technology 

To understand the current state-of-art in teachers’ knowledge regarding CBA and CBTs was 

developed a questionary delivered through an online survey. The results were obtained from 64 

teachers. These results allow us to conclude that teachers use audio-visual aids to convey the 

teacher’s message to students, as follows (a) video/audio files (35.9%); (b) simulations with 

educational software (31.3%); (c) personal photos/videos – 15.6% and (d) images from the 

Internet – 12.5%. However, to evaluate the student's learning outcomes the majority of teachers 

use oral communication (43.8%); 31.3% of them use tests on paper photographed and 

transmitted and only 20.3% apply computer interactive tests.  

But, for those questions related to theoretical knowledge related to CBA and CBTs teachers 

answered in another way. Comparing responses related to CBTs and tests administered using 

paper and pencil we can conclude that CBA and CBTs are more (a) correct (46.9%); (b) accurate 

(28.1%) and (c) valid (25%). These results are based on the following arguments: 

• digital assessment is sensible to the psychopedagogical characteristics of students 

• in digital assessment the measure errors are minimal  

• digital assessment allows us to obtain and provide the same results for all students.    

The validity of these questions could be provided from the following data. Digital 

assessment in form of assessment, measurement, and testing tools are balanced if (a) state and 

schoolwork together for the most successful learning strategies (42.2% of responses); (b) CBTs 

are developed according to the principle of coherence, comprehensiveness, and continuity 

(40.2%), and (c) include diagnostic, formative and summative tasks (17.2%).  

 

4.2. CBA elementary mathematics program  

Early math instruction is focused on arithmetic, number relations, and conceptual 

understanding of numbers (collectively referred to as ‚math numeracy‘ here). According to 

Foster (2023) counting, number knowledge, quantity comparison, solving problems, and 

making connections between numbers and words are crucial to children's development in math 

achievement throughout elementary school. Starting from this position was developed 

a computer-based program that aims to enforce the competencies of students, who study 

calculus (i.e., addition, subtraction, multiplication, and division of real numbers) and 

mathematical operations with fractions (i.e., addition, subtraction, multiplication, and division 

of fractions).  

The computer program was divided into three modules, as follows: „Natural numbers“, 

„Ordinary fractions“ and „Decimal fractions“. Each module is defined into two three chapters 

and themes, each of them consisting of a theoretical and a practical part. The theoretical section 

includes core concepts of the chapter with interactive comprehensive explanations. Practical 

parts include CBTs.  In the pedagogical design of CBTs were applied the following norms:  

• Metasystems learning design principles (i.e., self-regulation, personalization, clarity, 

immediate feedback, dynamicity and flexibility, and cognitive ergonomics) 

• Psychopedagogical norms: 

• no more than 20 minutes for one CBT  

• 30 -100 test operations for one computerized test  

• Test items should be written using the rational mode of mind 

• The students’ answer is evaluated as correct, partially correct, or incorrect.  
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From this perspective, one test operation is equal to one task performed by the mind to solve 

a complex issue and the test item will have the form 745+123 = instead of What is the sum of 

the following mathematical operation 745+123 =. Number 1/25 shows that this CBTs includes 

25 tasks in form of exercises or problems, which is equivalent (in this situation!) to 60 

operations of the test. A copy of the digital screen is presented in Figure 1.   

 

 

Figure 1. CBT on digital screen 

    

4.3. Observation of changes in students‘ motivation to learn  

Researchers look into test-taking behavior using data from interactive assessments, such 

as how long students spend on each item, how often they change their answers, and how they 

move around the items (Yildirim-Erbasli & Bulut, 2023).  

Case study. After piloting the computer program, it was observed that students who 

performed better at paper-and-pencil examinations received lower results compared with 

students who received lower marks within paper-and-pencil examinations. This case requires 

future examination taking into account the diversity of learning environments and the intrinsic 

motivation of students to learn mathematics.  

 

5. Conclusions 

This study aims to investigate the method of CBA and CBTs, their specific feature in form 

of immediate feedback, and practical application in the math education of primary students. 

Our assumption, based on Miller’s research, is that CBA with immediate feedback needs to be 

used to support the learning process/progress and not to measure learning outcomes.  

Traditionally, there are two forms of evaluation of students’ progress, known as assessment 

and appreciation. Assessment, either in form of paper-and-pencil or computerized assessment, 

is used to measure knowledge, skills, and attitude in form of data. Appreciation is the result of 

appreciative intelligence. This form of intelligence is common in humans ‘minds because of 

subjective perception of values and attitudes toward something or/and someone.  

There are three main models of human thought: linear, system, and metasystems. Linear 

models use a step-by-step approach and system thinking follows the system paradigm, 

according to which the whole is composed of individual parts and, therefore, each student 

should complete one step before will move to the next. The learner's abilities and motivation to 

learn are at the center of the learning process according to the metasystems learning design 

theory. This theory also examines the influence of a student's (meta)cognitive drive to learn in 

a variety of physical and virtual learning environments, the impact of screens on learning, and 

the significance of learning and communication ecosystems in pedagogical design. 
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Starting with two research questions it was developed an online survey and a computer 

program for the math education of elementary students. Data shows that (a)teachers are 

interested in CBA and CBTs even though they use paper-and-pencil tests distributed within 

a digital environment; (b) students with lower marks who used computerized test perform 

improve their results and perform better than their colleagues with better results at traditional 

tests. This idea needs to be future investigated to understand if this is an effect or only 

a particular observation.    

  

  

Acknowledgments 

Thanks to the CEEPUS project at the Palacký University Olomouc, Faculty of Education, 

which supported teaching, research, and participation at the International Conference 

‘Challenges of primary mathematics education as a part of teaching for the 21st century’ 

(EME2023 Conference).  

 

 

References 

Armstrong, P. (2010). Bloom’s Taxonomy. Vanderbilt University Center for Teaching. Retrieved 

from https://cft.vanderbilt.edu/guides-sub-pages/blooms-taxonomy/. 

Bastianello, T., Brondino, M., Persici, V., & Majorano, M. (2023). A Novel Computer-Based 

Assessment Tool for Evaluating Early Literacy Skills in Italian Preschoolers. Journal of 

Research in Childhood Education, 37(2), 177–196. 

Bennett, R. E. (2011). Formative assessment: A critical review. Assessment in education: 

principles, policy & practice, 18(1), 5–25. 

Black, P., & Wiliam, D. (2009). Developing the theory of formative assessment. Educational 

Assessment, Evaluation and Accountability, 21, 5–31. 

Brüggemann, T., Ludewig, U., Lorenz, R., & McElvany, N. (2023). Effects of mode and 

medium in reading comprehension tests on cognitive load. Computers & Education, 192, 

104649. Retrieved from https://www.sciencedirect.com/science/article/pii/S0360131522002202.   

Bulut, O., Gorgun, G., Yildirim‐Erbasli, S. N., Wongvorachan, T., Daniels, L. M., Gao, Y., ... & 

Shin, J. (2023). Standing on the shoulders of giants: Online formative assessments as the 

foundation for predictive learning analytics models. British Journal of Educational 

Technology, 54(1), 19–39. 

de Bruyn, E., Mostert E. & van Schoor, A. (2011). Computer-based testing - the ideal tool to assess 

on the different levels of Bloom's taxonomy. 14th International Conference on Interactive 

Collaborative Learning, Piešťany, Slovakia, 444–449, doi:10.1109/ICL.2011.6059623.  

DeLegge, A., & Kaur, M. (2023). Mathematics in the Humanities: A Survey of Two Courses to 

Address Math Appreciation in Students. PRIMUS, 33(1), 30–41. 

Engelbrecht, J., Borba, M. C., & Kaiser, G. (2023). Will we ever teach mathematics again in the 

way we used to before the pandemic? ZDM–Mathematics Education, 1–16. 

Foster, M. E. (2023). Evaluating the Impact of Supplemental Computer-Assisted Math Instruction 

in Elementary School: A Conceptual Replication. Journal of Research on Educational 

Effectiveness, 1–25. 

 

63



Elementary Mathematics Education Journal                                                 2023, Vol. 5, No. 1 

ISSN 2694-8133 
 

 

Gadanidis, G., & Cendros, R. (2023). Surprise and Story in Thinking and Learning and Their 

Absence from Mathematics Education. Integrated Education and Learning. Springer 

International Publishing: Cham. 221–236. 

Helfaya, A. (2019). Assessing the use of computer-based assessment-feedback in teaching digital 

accountants. Accounting Education, 28(1), 69–99. 

Klir, G. (1990). Architecture of Systems Problem Solving. Plenum Press: New York and London.  

Kuklick, L., & Lindner, M. A. (2023). Affective-motivational effects of performance feedback in 

computer-based assessment: Does error message complexity matter? Contemporary 

Educational Psychology, 73, 102146. 

Mayer, R. E. (2002). A taxonomy for computer-based assessment of problem solving. Computers 

in Human Behavior, 18(6), 623–632.  

Miller, T. (2009). Formative computer‐based assessment in higher education: The effectiveness 

of feedback in supporting student learning. Assessment & Evaluation in Higher 

Education, 34(2), 181–192. 

Nguyen, Q., Rienties, B., Toetenel, L., Ferguson, R., & Whitelock, D. (2017). Examining the 

designs of computer-based assessment and its impact on student engagement, satisfaction, 

and pass rates. Computers in Human Behavior, 76, 703–714. 

Nimasari, E. P., Gestanti, R. A., & Nurfitri, K. (2023). “I can’t search on Google for answers”: 

validity evidence of a developed computer-based assessment application. Journal on English 

as a Foreign Language, 13(1), 25–55. 

Railean, E. (2014). Toward User Interfaces and Data Visualization Criteria for Learning Design 

of Digital Textbooks. Informatics in Education, 13(2), 255–264.  

Thelwall, M. (2000). Computer-based assessment: a versatile educational tool. Computers & 

Education, 34(1), 37–49. 

Van der Kleij, F. M., Eggen, T. J., Timmers, C. F., & Veldkamp, B. P. (2012). Effects of feedback 

in a computer-based assessment for learning. Computers & Education, 58(1), 263–272. 

Whitaker, B., Thatchenkery, T., & Godwin, L. N. (2020). The development and validation of the 

Appreciative Intelligence® Scale. Human Performance, 33(2-3), 191–213. 

Yan, Z., & Chiu, M. M. (2023). The relationship between formative assessment and reading 

achievement: A multilevel analysis of students in 19 countries/regions. British Educational 

Research Journal, 49(1), 186–208. 

Yildirim-Erbasli, S. N., & Bulut, O. (2023). Conversation-based assessment: A novel approach 

to boosting test-taking effort in digital formative assessment. Computers and Education: 

Artificial Intelligence, 100135. Retrieved from https://www.sciencedirect.com/science/ 

article/pii/S2666920X23000140. 

64




