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Abstract 
In this study, 400 randomly selected mathematics tasks in a widely used LMS in Finland designed to function as 

electronic learning platform for mathematics for primary and secondary school pupils were analysed using 

conceptual and procedural knowledge-based emphases. The analysis showed that approximately 29% of the 

selected 400 math problems emphasized conceptual knowledge. The results of this study suggest that the LMS 

consists of more math tasks emphasizing procedural knowledge than conceptual knowledge at primary and 

secondary school levels. These results are similar to the former findings of studies on Finnish mathematics 

textbooks. It can be concluded that mathematics tasks in the LMS promote the learning of procedural knowledge, 

but the criticisms regarding the materials and their versatility are still relevant. Understanding how conceptual 

and procedural knowledge is emphasized in different LMS helps current and future teachers to select and adapt 

teaching and learning materials and methods to better meet the needs of their students.  

 

1. Introduction  
 

A learning environment is often conceptualized as an environment where learning takes 

place. Typical dimensions of a learning environment include physical, social, technological, and 

pedagogical perspectives (e.g. [1], [2]). As teachers work in these learning environments, they must 

plan how to design environments to support students’ learning as well as how to utilize the learning 

environments that they are provided. From this perspective, a theoretical framework known as The 

Activity-Centred Analysis and Design (ACAD) has been developed, which approaches the learning 

environments from the perspective of affordances (see e.g. [3], [4]). These various affordances are 

classified into three distinct categories: social, physical, and epistemic [4]. The idea in the 

framework is that teachers design the affordances for the learning environments before the teaching 
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sessions, and during the session through active use of these different affordances the emerging 

learning environment is formed. Within this framework, social affordances refer to various social 

formations available in the classroom or online platform. Physical or set affordances include all the 

tools, artifacts, resources, and technologies. Epistemic affordances, for their part, are primarily 

focused on the tasks, sequences, and pace of tasks and content.  

In this study, LMS is defined with reference to the research by Chaubey and Bhattacharya 

[9] as follows: LMS is a software application or web-based technology used to plan, implement, 

and evaluate a specific learning process [9]. The LMS platform of this study provides teachers with 

versatile tools for learning management and teaching [7]. It provides students and teachers 

opportunities for interactive and flexible mathematics learning, but it also helps students to improve 

their calculation skills and induce motivation to study mathematics [8], [10]. The LMS provides 

teachers with ready-made task repositories and learning paths that are already designed to suit, for 

example, a certain grade level. This LMS system is primarily used in the classroom or at home in 

addition to other study material. The LMS examined in this study considers the perspective of 

assessment by providing learning analytics data to both students and teachers about the completion 

of tasks, time use, and the correctness of answers. In this LMS system, teachers can also modify 

existing task repositories, create their own tasks, and choose the tasks they consider suitable for 

their students. For teachers to modify existing task repositories, they should consider what kind of 

epistemic affordances the tasks in the LMS system and repositories generally contain. The LMS of 

this study is widely used in Finland primary and secondary schools.  

A key question that arises in this context is how to ensure the availability of high-quality 

mathematics teaching and learning materials in the digital learning environments and LMS because 

PISA results have suggested that transferring pencil-and-paper mathematical tasks as they are to 

electronic environments may decrease students’ performance [11]. The goal of this study is to shed 

light on how conceptual and procedural knowledge is emphasized in mathematics tasks by primary 

and secondary school levels. Specifically, information is obtained about the type of content 

included in the tasks of the LMS system.  

 

2.  The need to assess conceptual and procedural knowledge of the mathematics 

tasks 

    
The quality of mathematics tasks can be viewed from the perspective of mathematical 

content, which involves using theory to classify mathematical knowledge. A well-known theory in 

this regard separates procedural and conceptual aspects of mathematical knowledge [12], [13]. After 

an analysis of researchers' views, Haapasalo and Kadijevich [14] suggested the following 

characterization that fits viable theories of teaching and learning: Conceptual knowledge can be 

defined as an understanding of how concepts and problems form a network with each other. 

Haapasalo and Kadijevich [14] referred to the concepts in this semantic network as nodes and the 

connections between them as links. According to them, conceptual knowledge also includes the 

ability to navigate this network flexibly and to find concepts and their properties that are suitable for 

each situation or problem. Conceptual knowledge included the concepts, principles and 

relationships underlying the mathematical subject area and their understanding [12], [15]. More 

specifically, this included interpretation and construction of concepts and their attributes, 

procedures, functions, and perspectives [14]. Procedural knowledge can be defined as the ability to 

use and represent rules, algorithms, and procedures [12]. Haapasalo and Kadijevich [14] saw the 

foundation of procedural knowledge as processes formed by sequentially executed operations. 

Procedural knowledge referred to the dynamic and purposeful execution of rules, methods, or 

algorithms using certain presentation methods [14]. Therefore, procedural knowledge meant the 

ability to recognize the steps of a process and understand how the next step is carried out. 
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According to Haapasalo and Kadijevich [14], [16], [17] solving a math task utilization of 

conceptual knowledge typically required conscious thinking and knowledge of why the task is 

being solved, while procedural knowledge may consist of automated and subconscious steps. When 

solving a math task, the utilization of procedural information required the execution of automated 

calculation routines and knowledge of how to solve the task efficiently and accurately [12], [15], 

[16], [17]. In this case, there was a dynamic relationship between the two types of knowledge, and a 

clear boundary between them cannot be defined. Haapasalo [18] suggested that when solving a 

problem relying on procedural knowledge, two related rules can be successfully combined without 

understanding the underlying justifications. In general, conceptual, and procedural knowledge are 

strongly interconnected, and both are needed in solving many problems. 

Research literature helps to group mathematics tasks into procedurally or conceptually 

focused areas [12], [15], [16], [19], [20] [21]. The complexity of tasks can be influenced by the 

number of procedures or concepts required to solve the task [21]. For example, Authors [22] 

presented a four-category classification tool that considers the complexity of tasks when evaluating 

procedural and conceptual knowledge within them. Haapasalo [20] also presented in his work a way 

to classify mathematics tasks utilizing conceptual and procedural knowledge. Additionally, Phuong 

[21] introduced a PCK taxonomy that can be utilized for classifying tasks and used in assessing 

students' mathematics learning.  

Star [23] aimed to challenge the notion that procedural knowledge is shallow while 

conceptual knowledge is deep. For instance, she offered the concept of deep procedural knowledge, 

which included procedural flexibility that allows an individual to choose the most suitable method 

from various options in a problem-solving situation, such as solving an equation. On the other hand, 

knowledge of the relationships between concepts can be quite deficient and superficial, based on 

rote memorization rather than true comprehension. 

When examining mathematics teaching practices, whether teachers should teach 

mathematics for procedural knowledge, conceptual knowledge, or a combination of the two is a 

question that arises [13]. This question can be examined through learning materials and 

mathematical tasks. The procedural–conceptual nature of mathematical tasks is revealed to each 

student individually based on the student’s existing knowledge and skills [24], [25], [26], [27], 

although mathematical task can be designed to be conceptually or procedurally oriented [15], [16], 

[18], [20], [21], [28]. From the point of view of primary school teachers’ professional relevance, 

mathematics textbooks are central because they are one of the most common epistemic affordances 

of mathematics in classroom [4] and the tasks given in textbooks shape learners’ perceptions of 

mathematical knowledge [29], [30].  

The construction of connections between concepts can also be supported by other 

educational means, such as by using functional teaching and learning methods, increasing the use of 

illustration tools [31], or strengthening the role of interactions in learning mathematics [32]. In 

teaching arrangements, technology can create opportunities for dialogue about the emphasis on 

mathematical knowledge [33].  Many LMS systems enable the creation and introduction of 

conceptual tasks as part of the study of mathematics, making it possible to balance the dialogue 

around conceptual and procedural emphases in the mathematics learning process. According to 

Hurrell [34], mathematics teaching and learning materials should emphasize conceptual knowledge 

as this would allow learners to develop mathematical competence. In addition, mastering a 

calculation method without a conceptual understanding behind it does not produce permanent or 

very sustainable knowledge of the matter.   

Research suggests that both conceptual and procedural knowledge are important for learning 

mathematics, and that the balance between the two are crucial for student achievement [7], [36]. A 

balanced approach to mathematics instruction should emphasize the development of both 

conceptual and procedural knowledge. Studies have suggested that students who have a strong 

conceptual knowledge of mathematics tend to perform better on math assessments and are better 
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able to transfer their learning to new situations than students who lack this conceptual knowledge 

[36]. Procedural knowledge is also important for success on math assessments, especially for tasks 

that involve routine calculations or basic algorithms [15].  

The effectiveness of mathematics tasks in promoting a balance between conceptual and 

procedural knowledge depends on several factors, such as the quality of tasks, teacher, and the 

background knowledge and motivation of the students. Well-designed mathematics tasks provide 

students with opportunities to develop both conceptual and procedural knowledge and encourage 

them to make connections between the two [37]. However, it should also be noted that other factors, 

such as how teachers use mathematics curriculum materials, may be more important in influencing 

student achievement than the balance of conceptual and procedural knowledge in mathematics 

learning materials [38], [39]. 

The findings of researchers on the biases in textbooks are causing serious concern in 

Finland. In Joutsenlahti’s and Vainiopää’s [19], [40] analysis studies, more than 80 percent of the 

tasks in Finnish elementary school mathematics textbooks turned out to be procedurally weighted. 

According to these researchers, the examination of mathematical concepts in textbooks was 

superficial and did not support the formation of connections between concepts. According to 

Viholainen et al. [41], Finnish secondary school mathematics textbooks emphasized mathematical 

procedures more than concepts and the connections between them.  

Therefore, teachers should be made aware of contemporary research and literature on 

procedural and conceptual knowledge so that they can make informed decisions when selecting 

appropriate epistemic affordances of mathematics, such as the math tasks and the learning 

environments [45]. In addition, teachers’ understanding about how the conceptual and procedural 

types of knowledge are emphasized in math tasks is essential when an LMS is used in the math 

classroom. This is especially true when the implemented technology offers the opportunities to 

choose whether to focused on the fluency of calculations and the execution of algorithms, which 

further contributed to develop students’ understanding of mathematical concepts, or to focus on 

understanding concepts, which serves to develop calculations and the execution of algorithms [13], 

[18], [34].  

 

3. Research Questions and Methods   
 

This study examined epistemic affordances in a widely used LMS in Finland based on 

procedural and conceptual knowledge. An awareness of the procedural and conceptual knowledge 

involved in mathematical tasks can provide teachers with valuable information for choosing tasks 

when creating teaching and learning environments. As such, two research questions were 

formulated for this study: 

 

Q1. What is the epistemic affordance of the LMS in primary school mathematics task examined 

from the perspective of conceptual and procedural knowledge? 

 

Q2. What is the epistemic affordance of the LMS in secondary school mathematics task examined 

from the perspective of conceptual and procedural knowledge? 

 

In this study, the epistemic affordance was formed from 400 electronic math tasks in the 

LMS which were randomly selected. The tasks were chosen based on a simple random sampling. In 

all, 220 of 881 tasks were selected from Mathematics, Task Bank Primary School 2022–2023 in 

LMS, and 180 of 872 tasks were selected from Mathematics, Task Bank Secondary School 2022–

2023. Both task banks are freely available to all teachers who have credentials to use the LMS and 

teachers can use the tasks as resources to develop their own courses in the LMS. 
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The analysis framework used in this study was built within the research group and has been 

used in two peer-reviewed articles [22], [42].  In this study, the analysis was conducted in three 

stages. In the first stage, the first author performed preliminary analysis by categorizing 400 

mathematics tasks using the analysis framework [22], [42]. In the second stage, 120 of the 400 tasks 

(30%) were randomly selected for analysis by two other authors to enhance the inter-rater reliability 

of the categorization by Krippedorff’s alpha values [43]. These 120 tasks were distributed into 66 

elementary school tasks and 54 middle school tasks. Discrepancies in classification were resolved 

through consensus discussions to strengthen classification principles. Krippendorff’s alpha values 

were calculated for the primary school (𝛼 =  0.83) and secondary school (𝛼 =  0.90) task 

classifications. Both Krippendorff’s alpha values considered acceptable (𝛼 >  0.80) [53].  In the 

third stage, the first author corrected the results of the preliminary analysis according to the 

established classification principles, and the analysis was completed. The results are reported in 

Tables 2 and 3. The tasks were analysed and classified into four categories in following way. Tasks 

requiring only symbolic representations and successive executions of the same algorithm or 

calculation to produce solutions fell into the categories of simple or complex procedural tasks. Task 

that can be solved with a one calculation and only require symbolic representations was classified 

the category of simple procedural tasks (see Table 1 for examples). When task solutions required 

more complex algorithms, or the execution of several algorithms or calculations was necessary, the 

task was classified into the category of the complex procedural task (see Table 1 for examples).  

 Tasks requiring connections between multiple representations, not only the symbolic form, 

fell into the category of simple or complex conceptual tasks. The task was classified into the 

category of simple conceptual tasks if it required identifying and ordering the different stages of the 

calculation. Typically, in the analysis, the solution required connections between multiple 

representations, not only symbolic form. (See Figure 5 and 6 for examples). Tasks were identified 

into the category of complex conceptual tasks when the concepts were presented in an open 

problem-solving format. The emphasis was on making decisions about the concepts or parts needed 

for the solution, as well as on organizing the connections between the parts and different types of 

representations to produce the solution (see Figure 7 and 8 for examples). 

 

4. Results 
This section first presents the basis for classifying tasks into four categories with the help of 

examples. After this, research questions 1 (Table 2) and 2 (Table 3) are examined using tabulation. 

Table 1 shows examples of procedurally weight tasks that emphasize procedural knowledge at 

Primary and Secondary school levels.  

 

Table1: Examples of procedurally weighted tasks at Primary School and Secondary School 

Procedural task types Example 

1. A Simple Procedural Mathematics Task 

at the Primary School Level 

3

3
−

1

3
= 

  

2. A Simple Procedural Mathematics Task 

at the Secondary School Level 
−4 − (2) = 

  

3. A Complex Procedural Mathematics 

Task at the Primary School Level 

    3,9
 −  1,1

⬚
 

  

4. A Complex Procedural Mathematics 

Task at the Secondary School Level 
Calculate, when 𝑥 = 7. 

10 ∙ 𝑥 + 8 
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Table 1 shows that the solution to tasks 1 and 2 is obtained by performing one subtraction 

operation. Therefore, these two tasks are examples of simple procedural tasks. For task 3 and 4, the 

solution is obtained by performing more than one calculation operation. Thus, these two tasks are 

examples of complex procedural tasks. 

In each of the tasks below (Figures 1 and 2), generating a solution requires identifying and 

ordering the stages involved in the calculation. In Figure 1, subtraction calculation skills are not 

necessarily needed due to the pictorial representation provided.  In Figure 2, equations and non-

equations need to be recognized and classified. Thus, these two tasks are examples of simple 

conceptual tasks. 

 

 
Figure 1: A Simple Conceptual Mathematics Task at the Primary School Level 

 

 

3-(x+1)  x+x  x-(1-x)=5  2x+1 

       

5x  x+13  x+5=10  5x=5 

       

Equations  Non-equations 

   

 

Figure 2: A Simple Conceptual Mathematics Task at the Secondary School Level. 

 

The tasks below (Figures 3 and 4) are both presented in a problem-solving format, and 

decisions need to be made about the operations required to produce the solutions. Figure 3 requires 

identifying the rule behind the sequence and producing the solution. In Figure 4, a decision needs to 

be made about the order and kinds of calculations to be used to produce the solution. Thus, these 

two tasks represent complex conceptual tasks. 

  

 

60  57        45  42 

 

Figure 3: Complex conceptual mathematics task (primary school) 
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Figure 4. Solve x. Complex conceptual mathematics task (secondary school) 

 

Based on the content analysis, 400 electronic mathematical tasks were classified into four 

categories. As shown in Table 2, 285 tasks emphasized procedural knowledge, and 115 emphasized 

conceptual knowledge. The greatest percent of tasks were procedurally complex mathematical 

tasks, and the least percentage of tasks were conceptually complex tasks. The number of tasks 

emphasizing procedural knowledge was two and a half times the number of tasks emphasizing 

conceptual knowledge.  Interestingly, there were more complex procedural tasks than simple 

procedural tasks. In contrast, there were almost four times as many simple conceptual tasks 

compared to complex conceptual tasks. 

 

Table 2. 400 Math Tasks Classified Based on Conceptual and Procedural Knowledge and Difficulty 

(Simple or Complex) 

Task type Simple Complex Total 

Procedural 123 (30 %) 162 (41 %) 285 (71 %) 

Conceptual 91 (23 %) 24 (6 %) 115 (29 %) 

 

Table 3 shows how the 400 mathematical tasks were classified into four categories based on 

school level.  In comparison to examining the set as a whole, there are several differences. For 

example, the number of procedural tasks in the primary school is almost triple that of the conceptual 

tasks. However, that same comparison is only double at the secondary school. Additionally, there 

are over 8 times as many simple conceptual tasks at the primary level, while a little over twice as 

many at the secondary level. 

 

Table 3. 400 Math Tasks Classified Based on Conceptual and Procedural Knowledge and Difficulty 

by School Level (Primary and Secondary) 

Task type Primary school Secondary school 

Simple procedural tasks 76 (35 %) 47 (26 %) 

Complex procedural tasks 88 (40 %) 74 (41 %) 

Simple conceptual tasks 50 (22 %) 41 (23 %) 

Complex conceptual tasks 6 (3 %) 18 (10 %) 

 

5. Conclusions and Discussion  
 

The focus of this study was on analyzing freely available mathematics tasks in the LMS as 

epistemic affordance of primary and secondary school mathematics based on whether the task 

emphasized conceptual or procedural knowledge and the difficulty of the tasks. The results of this 

study showed that the tasks as an epistemic affordance consist of more math tasks emphasizing 

procedural knowledge than conceptual knowledge at both school levels. The most tasks were 

categorized to the category of complex procedural tasks at both school levels. It can be noted that 

when comparing primary school tasks to secondary school tasks, the number of simple procedural 

tasks decreased, and the number of complex conceptual tasks increased. However, the percentage of 

complex procedural and simple conceptual tasks were comparable between the two school levels. 
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 This study has some factors related to its reliability and generalizability, which should be 

considered when interpreting the results and conclusions. First, the research is repeatable using the 

analysis framework and task banks since the tasks are easily accessible. Second, the randomly 

selected task sample was large enough (approx. 25% of all tasks), but this must be considered when 

generalizing the research results. The findings of this study cannot be generalized to all materials 

obtained from the LMS. It is possible that some other materials in the LMS, such as grade-specific 

mathematics study paths, contain tasks that emphasize conceptual knowledge more than the 

materials selected for this study do. Third, the analysis framework used in this study is scientifically 

reported. In addition, the reliability of this study and classification was confirmed by calculating 

Krippendorff's alpha values, but it was only done for 120 tasks. In addition, the discriminating 

ability of the analysis framework and the classification model can be considered good, but placing 

the task in one of the four categories requires the researcher's own interpretations and decision-

making, which requires good theoretical knowledge. Thus, caution should be exercised when 

generalizing the results of this study. 

 The results that there are more procedurally weighted tasks than conceptually weighted 

tasks are nearly similar to the findings results of Finnish mathematics textbooks [19], [40], [41]. 

Based on the results (Table2), 71 percent of tasks still seemed to focus on procedural knowledge, 

and complex procedural tasks were the most common tasks at both school levels. It can be 

concluded that mathematics tasks in the LMS emphasized the learning of procedural knowledge [7], 

[8], [10]. For this reason, criticisms regarding the materials and their versatility, which emerged 

based on earlier research, are still relevant. When mathematics tasks from textbooks are transferred 

to the LMS without adaptation, their conceptual–procedural emphasis does not change, only the 

format changes. In such a case, the possibilities of the LMS as an epistemic affordance to promote 

the exploration and manipulation of mathematical concepts to achieve conceptual knowledge will 

be forgotten [5], [7]. 

Results reveal that mathematics tasks in LMS also promote the learning of conceptual 

knowledge at both school levels and this trend can be considered good. Based on the distribution of 

tasks, the situation compared to the mathematics textbooks seems to have improved in that the 

primary school LMS and the secondary school LMS appear to integrate slightly more conceptual 

tasks, but the primary school LMS more closely aligns with the previous textbook studies [19], [40], 

[41]. The lower number of conceptual tasks in the sample may explain that not all tasks are suitable 

for automatic checking, and it is easier and faster to perform repetitive tasks aimed at fluency in 

counting.  

From the perspective of teachers and teacher education, this research provides information 

about each LMS and its potential in the planning, implementation, and evaluation of mathematical 

tasks. Recommendations for the use of various electronic learning environments and the LMS come 

from the Finnish National Core Curriculum for Basic Education 2014, which underlines the 

significant role of ICT in mathematics across all grade levels [44]. For this reason, a variety of 

technologies are increasingly being used in mathematics classrooms. It is possible to balance 

epistemic affordance in the LMS by analysing and reviewing the conceptual and procedural 

emphases of mathematical tasks with the framework used in this study [22], [42]. 

Differentiating conceptual and procedural knowledge from each other is both a theoretically 

and methodologically demanding task [14]. The teacher’s knowledge, skills, and abilities in 

selecting and assigning mathematics tasks in the LMS, utilizing both conceptual and procedural 

knowledge, become necessary [34]. For teachers to effectively select tasks based on knowledge 

emphasis, it is crucial for them to recognize how conceptual and procedural knowledge are 

emphasized in various mathematics tasks [33], [34]. Understanding how conceptual and procedural 

knowledge is emphasized in different LMS tasks will help current and future teachers select and 

adapt teaching materials and methods to meet the needs of their students. 
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 It is notable that there are not any components in the two LMS and task repositories to help 

teachers meet their classroom needs of procedural and conceptual knowledge, but the LMS is 

flexible and facilitates quick material updates. For this reason, its potential to promote learning of 

conceptual knowledge can be viewed from two perspectives of epistemic affordance. Firstly, the 

epistemic affordance of tasks emphasizing conceptual knowledge in the LMS can be increased. 

Secondly, the existing epistemic affordance of the LMS can be improved by adding information 

about the classification of the conceptual and procedural knowledge of the tasks.  

 

8. References 
 

[1] Manninen, J., Burman, A., Koivunen, A., Kuittinen, E., Luukannel, S., Passi, S., et al. 

(2007). Environments supporting learning: Introduction to learning-environment-

thinking. Helsinki: Finnish National Board of Education. 1 

[2]  Radcliffe, D. (2008). A pedagogy-space-technology (PST) framework for designing and 

evaluating learning places. In D. Radcliffe, W. Wilson, D. Powell, & B. Tibbetts (Ed.), 

Learning spaces in higher education: Positive outcomes by design (Proceeding of the 

next generation learning spaces 2008 colloquium; p. 11–16). St Lucia, Queensland: The 

University of Queensland.  

[3]  Goodyear, P., Carvalho, L., & Yeoman, P. (2021). Activity-Centred Analysis and 

Design (ACAD): Core purposes, distinctive qualities and current developments. 

Educational Technology Research & Development, 69, 445–464. 

https://doi.org/10.1007/s11423-020-09926-7  

[4]  Carvalho, L., Castaneda, L., & Yeoman, P. (2023). The “Birth of Doubt” and “The 

Existence of Other Possibilities”: Exploring How the ACAD Toolkit Supports Design for 

Learning. Journal of New Approaches in Educational Research, 12(2), 340-. 

https://doi.org/10.7821/naer.2023J.1494  

[5] Akçay, A. O. ., Karahan, E., & Bozan, M. A. (2021). The Effect of Using Technology in 

Primary School Math Teaching on Students’ Academic Achievement: A Meta-Analysis 

Study. FIRE: Forum for International Research in Education, 7(2), 1–21.  

[6] Wiest, L. R. (2001). The role of computers in mathematics teaching and learning. 

Computers in the Schools, 17(1-2), 41-55. 10.1300/J025v17n01_05  

[7] Kurvinen, E., Dagienė, V. & Laakso, M. (2018). The Impact and Effectiveness of 

Technology Enhanced Mathematics Learning. Constructionism, Computational 

Thinking and Educational Innovation: Conference Proceedings. Constructionism 2018. 

Vilna.  

[8] Mononen, R., Aunio, P. Väisänen, E., Korhonen, J. & Tapola, A. (2017).  Matemaattiset 

oppimisvaikeudet. PS-kustannus. 

[9] Chaubey, A., & Bhattacharya, B. (2015). Learning management system in higher 

education. International Journal of Science Technology & Engineering, 2(3), 158-162 

[10] Laakso, M., Kaila, E.  & Rajala, T. (2018). ViLLE – collaborative education tool: 

Designing and utilizing an exercise-based learning environment. Education and 

Information Technologies, 23. 10.1007/s10639-017-9659-1. 

[11] Julin, S., & Rautopuro, J. (2016). Läksyt tekijäänsä neuvovat: perusopetuksen 

matematiikan oppimistulosten arviointi 9. vuosiluokalla 2015. Kansallinen koulutuksen 

arviointikeskus. Julkaisut / Kansallinen koulutuksen arviointikeskus, 2016, 20. 

https://karvi.fi/app/uploads/2016/04/KARVI_2016.pdf  

[12] Hiebert, J., & Lefevre, P. (1986). Conceptual and procedural knowledge In 

mathematics: An introductory analysis. In J. Hiebert (Ed.), Conceptual and procedural 

knowledge: The case   of mathematics (p.   1-27). Lawrence Erlbaum. 

https://doi.org/10.1007/s11423-020-09926-7
https://doi.org/10.7821/naer.2023J.1494
https://karvi.fi/app/uploads/2016/04/KARVI_2016.pdf


The Electronic Journal of Mathematics and Technology, Volume 18, Number 3, ISSN 1933-2823 

  

 

220 

 

[13] Rittle-Johnson, B. & Schneider, M. (2015). Developing Conceptual and Procedural 

Knowledge of Mathematics. In R.  Cohen Kadosh & A. Dowker (Ed.), Oxford library of 

psychology. Oxford handbook of numerical cognition (p. 1118-1134). Oxford University 

Press. DOI: 10.1093/ox-fordhb/9780199642342.013.014. 

[14] Haapasalo, L. & Kadijevich, D. (2000). Two types of mathematical knowledge and 

their relation. Journal Für Mathematikdidaktik 21 (2), 139-157. 10.1007/BF03338914. 

[15] Gilmore, C.  K., Keeble, S.,Richardson,  S.  & Cragg, L. (2019). The Interaction of 

Procedural Skill, Conceptual Understanding and Working Memory in Early 

Mathematics Achievement. Journal of Numerical Cognition, 3, 400-416. 

https://doi.org/10.5964/jnc.v3i2.51 

[16] Kadijevich, D. M. (2018). Relating Procedural and Conceptual Knowledge. Journal 

Teaching of Mathematics, 21(1), 15–28 

[17] Baroody, A. J. (2003). The development of adaptive expertise and flexibility: The 

integration of conceptual and procedural knowledge. In A. J. Baroody & A.  Dowker, 

The Development of Arithmetic Concepts and Skills:  Constructive Adaptive Expertise 

(p. 1-33). Lawrence Erlbaum Associates. 

[18] Haapasalo, L.  (2004). Pitäisikö ymmärtää voidakseen tehdä vai pitäisikö tehdä 

voidakseen ymmärtää? In P. Räsänen, P. Kupari, T. Ahonen & P. Malinen (Ed.) 

Matematiikka –näkökulmia opettamiseen ja oppimiseen (p.  50–83). Niilo Mäki 

Instituutti. 

[19] Joutsenlahti, J. & Vainionpää, J. (2008). Oppikirja vai harjoituskirja? 

Perusopetuksen luokkien 1–6 matematiikan oppimateriaalin tarkastelua MOT-

projektissa. In A.  Kallioniemi (Ed.) Uudistuva ja kehittyvä ainedidaktiikka. 

Ainedidaktinen symposiumi 8.2.2008 Helsingissä. Tutkimuksia. (p. 547–558).    

Helsingin yliopisto. 

[20] Haapasalo, L. 2011. Oppiminen, tieto & ongelmanratkaisu. Medusa-Software. 

[21] Phuong, M. T. H. (2019). On the Procedural-Conceptual Based Taxonomy and Its 

Adaptation to the Multi-Dimensional Approach SPUR to Assess Students’ 

Understanding Mathematic. American Journal of Educational Research, 7(3), 212-218. 

DOI:10.12691/education-7-3-4   

[22] Heiskanen, H., Eronen, L., Eskelinen, P., & Väisänen, P. (2021). Eri 

tiedonalapainotteiset tehtävätyypit luokanopettajaopiskelijoiden omaehtoisessa 

matematiikan opiskelussa. FMSERA Journal, 4(1), 16–30. Retrieved from 

https://journal.fi/fmsera/article/view/95438  

[23] Star, J. R. (2005). Reconceptualizing procedural knowledge. Journal for Research in 

Mathematics Education, 36, 404-411. 

[24] Frade, C.  & Borges, O. (2006).  The tacit-explicit dimension of the learning of 

mathematics: an investigation report. International Journal of Science and Mathematics 

Education, 4, 293–317. https://doi.org/10.1007/s10763-005-9008-5  

[25] Nogueira de Lima, R. & Tall, D. (2008). Procedural embodiment and magic in 

linear equations. Educational Studies in Mathematics, 67.  DOI: 10.1007/s10649-007-

9086-0. 

[26] Tall, D. (2004a). Introducing three worlds of mathematics. For the Learning of 

Mathematics, 23(3), 29-33. 

[27] Tall, D. (2004b). Thinking through three worlds of mathematics. Proceedings of the 

28th Conference of the International Group for the Psychology of Mathematics 

Education, 4, 281–288. 

[28] Lauritzen, P. (2012). Conceptual and Procedural Knowledge of Mathematical 

Functions. Publications of the University of Eastern Finland Dissertations in Education, 

Humanities, and Theology, 34.  University of Eastern Finland. 

https://doi.org/10.5964/jnc.v3i2.51
https://journal.fi/fmsera/article/view/95438
https://doi.org/10.1007/s10763-005-9008-5


The Electronic Journal of Mathematics and Technology, Volume 18, Number 3, ISSN 1933-2823 

  

 

221 

 

[29] Niemi, E. K. (2004). Perusopetuksen oppimistulosten kansallinen arviointi ja 

tulosten hyödyntäminen koulutuspoliittisessa kontekstissa. Perusopetuksen matematiikan 

oppimistulosten kansallinen arviointi 6. vuosiluokalla vuonna 2000. Turun yliopiston 

julkaisuja C 216.  Turun yliopisto. 

[30] Lehtonen, D. 2022. Now I get it: Developing a Real-World Design Solution for 

Understanding Equation-Solving Concepts. Kasvatustieteiden ja kulttuurin tiedekunta. 

Väitöskirja. Tampereen yliopisto. https://trepo.tuni.fi/handle/10024/136918  

[31] Heinonen, J.-P. (2005). Opetussuunnitelmat vai oppimateriaalit – peruskoulun 

opettajien käsityksiä opetussuunnitelmien ja oppimateriaalien merkityksestä 

opetuksessa. Tutkimuksia 257. Helsingin yliopisto. 

[32] Hannula-Sormunen, M., Mattinen, A., Räsänen, P. & Ruusuvirta, T. 2018. 

Varhaisten matemaattisten taitojen perusta: synnynnäiset valmiudet, tietoinen toiminta 

ja vuorovaikutus. In J. Joutsenlahti, H. Silfverberg & P. Räsänen (toim.) Matematiikan 

opetus ja oppiminen (p. 294–305). Niilomäki instituutti. 

[33] Eronen, L. (2019). Quasi-systematic minimalism within socio-constructivist learning 

of mathematics. The Electronic Journal of Mathematics and Technology, 13(1), 25–60.  

[34] Hurrell, D. P. (2021). Conceptual knowledge OR Procedural knowledge OR 

Conceptual knowledge AND Procedural knowledge:Why the conjunction is important 

for teachers. Australian Journal of Teacher Education, 46(2). 

http://dx.doi.org/10.14221/ajte.2021v46n2.4  

[35] National Council of Teachers of Mathematics. (2014). Principles to actions: ensuring 

mathematical success for all. Reston, VA. 

[36] National Research Council. (2001). Adding it up: Helping children learn 

mathematics. Washington, DC: National Academy Press. 

[37] Boaler, J., & Staples, M. (2008). Creating mathematical futures through an 

equitable teaching approach: The case of Railside School. Teachers College Record, 

110(3), 608-645. https://ed.stanford.edu/sites/default/files/boaler__staples_2008_tcr.pdf  

[38] Baumert, J., Kunter, M., Blum, W., Brunner, M., Voss, T., Jordan, A., … & Tsai, Y. 

M. (2010). Teach’rs' mathematical knowledge, cognitive activation in the classroom, 

and student progress. American educational research journal, 47(1), 133-180. 

https://doi.org/10.4324/9781410607218 

[39] Remillard, J. T. (2005). Examining key concepts in research on teach’rs' use of 

mathematics curricula. Review of educational research, 75(2), 211-246. 

https://doi.org/10.3102/00346543075002211   

[40] Joutsenlahti, J. & Vainionpää, J. (2007). Minkälaiseen matemaattiseen osaamiseen 

peruskoulussa käytetty oppimateriaali ohjaa? In K. Merenluoto, A. Virta, P. Carpelan 

(toim.) Opettajankoulutuksen muuttuvat rakenteet: Ainedidaktinen symposium 9.2.2007. 

(p. 184–191). Turun yliopiston kasvatustieteiden tiedekunnan julkaisuja B 77. 

[41] Viholainen, A., Partanen, M., Piiroinen, J., Asikainen, M. & Hirvonen, P. E. (2015). 

The role of textbooks in Finnish upper secondary school mathematics: theory, examples, 

and exercises. Nordic Studies in Mathematics Education, 20(3–4), 157–178.  

[42] Eronen, L., Eskelinen, P., Heiskanen, H., Juvonen, A., & Väisänen, P. (2022). 

Luokanopettajaopiskelijoiden motivaation yhteys matematiikan tehtävien suorittamiseen 

ViLLE-oppimisympäristössä. LUMAT: International Journal on Math, Science and 

Technology Education, 10(1), 319–342. https://doi.org/10.31129/LUMAT.10.1.1731 

[43] Krippendorff, K. (2019). Content Analysis: An Introduction to Its Methodology (4th 

Ed.). SAGE Publications. https://doi.org/10.4135/9781071878781Perusopetuksen 

opetussuunnitelman perusteet 2014. Opetushallitus. Helsinki. 

https://www.oph.fi/sites/default/files/documents/perusopetuksen_opetussuunnitelman_p

erusteet_2014.pdf  

https://trepo.tuni.fi/handle/10024/136918
http://dx.doi.org/10.14221/ajte.2021v46n2.4
https://ed.stanford.edu/sites/default/files/boaler__staples_2008_tcr.pdf
https://doi.org/10.4324/9781410607218
https://doi.org/10.3102/00346543075002211
https://doi.org/10.31129/LUMAT.10.1.1731
https://doi.org/10.4135/9781071878781
https://www.oph.fi/sites/default/files/documents/perusopetuksen_opetussuunnitelman_perusteet_2014.pdf
https://www.oph.fi/sites/default/files/documents/perusopetuksen_opetussuunnitelman_perusteet_2014.pdf

