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 This research aims to develop a biology science learning continuum on the 

aspects of structure and function at the elementary school (ES) level based 

on the teachers’ cognitive abilities. This survey research used a reasoned 

multiple-choice test, having the material aspects of structure and function 

with the cognitive levels of C1-C2, was developed by listing the key sub-

aspects, forum group discussion, item development, expert judgement, and 

item revision. The test was administered to 240 ES teachers in the Special 

Region of Yogyakarta, Indonesia, and the results were analyzed through the 

Quest program. The results reveal that the learning continuum is developed 

based on the difficulty level of the questions in which item response theory 

(IRT) shows the respondents’ cognitive ability, the level of cognitive 

processes from the lower level to the higher ones, the complexity level from 

the simple to the most complex in each sub-aspect of the structure and 

function. The sub-aspects with higher cognitive ability scores, lower 

difficulty index, lower level of cognitive processing, and lower complexity 

are recommended to at the lower grades. Sub-aspects with lower cognitive 

ability value, higher difficulty index, higher level of cognitive processing, 

and higher complexity category are recommended to the higher grades. 

Keywords: 

Cognitive abilities test 

Learning continuum 

Structure and function 

This is an open access article under the CC BY-SA license. 

 

Corresponding Author: 

Mualimin 

Graduate School, Yogyakarta State University 

Caturtunggal, Depok, Sleman, Special Region of Yogyakarta 55281, Indonesia 

Email: mualimin.2019@student.uny.ac.id 

 

 

1. INTRODUCTION 

Curriculum is an educational program that contains a series of planned and structured activities that 

refer to the graduate competency standards, content standards, process standards, and assessment standards 

[1]. It is designed to provide as much learning experience for the students as possible to develop their 

attitudes, skills, and knowledge needed to develop their competencies. It provides opportunities for the 

students to integrate their knowledge and ultimately generate enhanced learning experiences [2]. The 

curriculum structure is determined based on the National Education Standards which aim to regulate every 

aspect of competencies, including the learning materials learned at every educational level. This structure 

consists of objectives, contents (teaching materials), strategies, learning resources, time allocation, 

infrastructure, and other components that support the learning activities [3]. The structure of the curriculum 

should adhere to the principles of learning continuum, so that the teaching materials given to the students do 

not overlap and are adjusted to their cognitive and mental development. 

Besides, characteristics, scope, and depth of the teaching materials must be adjusted to the learning 

continuum so that the learning process becomes more effective in achieving the expected competency 

mastery. Therefore, the blueprint for the teaching material’s structure in the form of a learning continuum is 
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very important to be developed as a guideline in curriculum development. In regard to this, it is important to 

prepare the teaching materials based on the students' readiness in terms of their developmental level by 

organizing them in such ways that they become interesting to learn and can be effectively implemented [4]. 

Preparing appropriate teaching materials based on the students’ development can promote their active 

participation in their own learning atmosphere, make them aware of their progress and development, help 

them to manage knowledge, and obtain the necessary competencies to adapt to rapidly and sometimes 

unexpected environmental changes [5]. 

A learning continuum generally shows vertical continuity between the level of competence and the 

characteristics of teaching materials at each educational level [6]. It has many benefits in the learning 

process, some of which include acting as the basis in appropriately choosing the learning materials and 

resources for varied levels of the students, developing individual or group learning, and developing further 

lesson plans, and developing the curriculum [7], [8]. Besides, it is also harnessed to create programs and 

services to build the knowledge and skills needed by the learners, create continuous learning opportunities, 

and improve their organizational dynamics and capacity to continue to adapt to the current rapid 

environmental changes [9]. The basic concept of the learning continuum is established by mapping some of 

the competencies that have correlations at every level, from the simplest to the most complex, from the 

easiest to the most difficult, and from the most concrete to the most abstract [10]. Ideally, the materials 

presented by the teachers in the curriculum should match the level of competence with some sub-aspects or 

learning materials, and pay attention to the students’ development [11]–[14]. The teaching materials, 

therefore, should obey the rules stipulated in the learning continuum conforming to the students’ 

development on both cognitive and mental aspects to make possible a more directed, effective, and efficient 

learning process [15]. 

Cognitive ability is the capacity possessed by a person to reason, think, solve problems, and learn. It 

is considered as one of vital features affecting achievement in education and work [16]. Regarding this, 

Anderson and Krathwohl divide these cognitive abilities into six levels, namely remembering (C1), 

understanding (C2), applying (C3), analyzing (C4), evaluating (C5), and creating (C6) [17]. Besides, 

teachers' cognitive talents have been proven to have a significant impact on the intellectual development of 

their students. In other words, cognitive and pedagogic abilities or competencies of teachers can activate 

learning, and this subsequently impacts on student achievement [18]. At least two studies show that teachers' 

cognitive abilities in mastering content have a strong influence on student achievement [19], [20] Cognitive 

competencies possessed by teachers, therefore, can be used to predict student performance [21]. On the other 

hand, competencies that are not mastered by teachers will be less likely to be mastered by students [22]. 

Therefore, the cognitive abilities of teachers can be one of the bases for constructing the learning continuum. 

One of the competencies that must be achieved by students in elementary schools in biology 

learning is cognitive competence. C1-C2 cognitive levels are required to be mastered by elementary school 

students according to the age and mental development of students [23]. Concerning this, Piaget's theory of 

cognitive development states that children actively build their understanding of the world through four stages 

of cognitive development, namely the sensorimotor (0-2 years), pre-operational (2-7 years), concrete 

operational (7- 11 years), and formal operational stage (11 years - adults) [24], [25]. ES students aged 7-12 

years old, accordingly, have been able to think logically using their reasoning [3]. In addition to the level of 

knowledge, the learning process should also consider the dimensions of knowledge which consist of four 

categories, namely factual, conceptual, procedural, and metacognitive. The series of learning in the 

curriculum structure, therefore, should be carefully organized from the concrete (factual) to abstract 

(metacognitive) [3]. 

Biology as embedded in the science subject is taught in the ES curriculum. According to the 

Biological Science Curriculum Study (BSCS) [26], biology has a scientific scope that includes biological 

objects, themes and problems, and levels of life organizations. The scope is united into one unit in biology 

learning. One of the themes and issues studied in biological science is the bodily structure and function 

discussing the interrelationship of the body structure of living things and their respective functions. These 

structure and function materials should be appropriately arranged according to the learning continuum so that 

the target of students' cognitive mastery can be achieved according to their cognitive development. 

In fact, the biology science curriculum applied at schools and practiced by the teachers has so far 

contained some overlapping aspects, is likely incompatible with the students’ cognitive development, and 

even some materials are not well arranged from easy to difficult, simple to complex, and concrete to abstract. 

These, therefore, may result in an ineffective teaching-learning process [27]. Therefore, it is necessary to 

develop a curriculum based on the learning continuum whose competencies are developed according to the 

cognitive development of students, or organized from easy to difficult, simple to complex, and concrete to 

abstract. The curriculum developed based on the learning continuum will lead to optimal achievement of all 

students. Therefore, the current study aimed at developing a learning continuum on aspects of structure and 



Int J Eval & Res Educ  ISSN: 2252-8822  

 

Biology science learning continuum at the elementary school level based on teachers’ … (Mualimin) 

1089 

function by administering a cognitive ability test to its respective teachers. The results of teachers’ cognitive 

ability test in each sub-aspect of the material were later used as the basis for developing the learning 

continuum of that biology topic to be taught at the elementary school level. 

 

 

2. RESEARCH METHOD 

This is survey research aimed to determine the cognitive abilities of the elementary school teachers 

which would be used for the preparation of the biology learning continuum on the aspects of structure and 

function. The population was hypothetically selected, consisting of all elementary school teachers in the 

Special Region of Yogyakarta, Indonesia. This selection was made because the province of the Special 

Region of Yogyakarta has the best education index in Indonesia and collecting data from this area is feasible 

in this research context. The sample members were selected through convenience sampling, including 240 

public and private ES teachers in the Special Region of Yogyakarta, Indonesia with the following details: 

Gender (female=180, male=60), employment status (Civil Servant=120, non-Civil Servant=120), latest 

education (undergraduate=229, graduate=11), teaching level (grade 1=41, grade 2=31, grade 3=37, grade 

4=33, grade 5=52, grade 6=46), teaching experience (0-5 years=72, 6-10 years=51, 11-15 years=50, 16-20 

years=31, >20 years=36).  

The instrument used in this research was a cognitive ability test in the form of reasoned multiple-

choice questions. Before the cognitive test questions were developed, the researchers first listed all of the 

sub-material aspects of structure and function, then a forum group discussion (FGD) was conducted with the 

ES teachers from grade 1 to 6. This FGD was carried out prior to the development of the cognitive test. The 

FGD was conducted to determine which sub-aspects of the structure and function that could be delivered to 

the ES students. The main aspects of the considerations were the cognitive level, the depth of the material, 

and the students’ mental development. Based on the results of the FGD, there were 15 sub-aspects of the 

material that could be taught at the elementary school level. Then, from the 15 selected material sub-aspects, 

a questionnaire was made and 30 questions - each sub-aspect consisted of 2 questions with C1 and C2 

cognitive level - were then validated by an expert which was a lecturer of biology education at Yogyakarta 

State University. Based on the results of the validation, further improvements were made to some items in 

terms of language and content, so that they were declared valid. After the cognitive test instrument in the sub-

aspects of structure and function was revised based on the expert’s assessment results, the data collection was 

then carried out by providing an online test for the ES teachers in five regencies in the Special Region of 

Yogyakarta, Indonesia, which was conducted in April 2020. 

The analysis of the test items for the teachers’ cognitive abilities was done by using the Quest 

program. After the items were declared fit to the model, a learning continuum of structure and functions was 

carried out orderly based on the difficulty level of the questions (in IRT, it showed the ability). It was then 

proceeded with the sorting of cognitive process levels starting from C1 to C2 which was also based on the 

complexity of the materials, from simple to complex ones. 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Results 

The results of this research are in the form of the results of the cognitive abilities test item analysis 

on the aspects of structure and function developed by the researchers and the learning continuum on the 

aspects of structure and function based on the ES teachers’ cognitive abilities. Firstly, the analysis results on 

the cognitive ability test using the Quest program are presented in Figure 1 and Figure 2. Figure 1 shows the 

distribution of test items based on their compatibility with the model. The parameter used is INFIT MNSQ. 

The two vertical dots indicate the range of the MNSQ INFIT values obtained, which is between 0.77 and 

1.30 [28]. Based on the data, it is clear that the 30 questions of the cognitive ability test in the aspects of 

structure and function developed by the researchers are valid/fit according to the Rasch model, because they 

have an INFIT MNSQ value between 0.77 and 1.30. 

Figure 2 shows a map of the items and the subjects of ES teacher cognitive ability tests. The right 

side contains the item number, while the left one is the subject distribution, where each cross represents 50 

subjects. The distribution of the items and subjects is arranged on the same scale so that in general, the 

existing items with lower difficulty index than the subject's ability can be identified. Item number 14 is the 

most difficult, while question number 1 is the easiest one. The difficulty level of each question can be seen 

from the Threshold value (b value) as presented in Table 1. The structured learning continuum construct is 

presented in Table 2. 
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Figure 1. Distribution of cognitive ability test items based on the compatibility with the model 

 

 

 
 

Figure 2. Map of items and elementary school teachers’ cognitive ability test 

 

 

Table 1. Thresholds’ value criteria (b value) items of the cognitive ability tests for elementary school teachers 
Threshold value Criteria Total item 

b > 2 Very difficult 2 

1 < b ≤ 2 Difficult 5 
-1 < b ≤ 1 Medium 18 

-1 < b ≥ -2 Easy 3 

b < -2 Very easy 2 
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Table 2. Learning continuum of the aspects of structure and function at the elementary school level 

Item 

No. 
Sub-aspects of structure and function Complexity 

Cognitive 
process 

level 

Item 
difficulty 

index 

Teachers’ 
cognitive 

abilities (%) 

1 Morphological structure of the human body and its functions Simple C1 -2.59 99.17 

21 Factors affecting the morphological structure of the flowering 
plants and its functions 

Simple C1 -2.19 98.75 

30 Factors affecting the anatomical structure of flowering plant 

organs (roots, stems, leaves, flowers, fruit and seeds) and its 
functions 

Simple C1 -1.90 98.33 

11 Factors affecting the anatomical structure of human and animal 

organ systems and its functions 

Simple C1 -1.34 97.08 

28 Factors affecting the anatomical structure of the organs 

composing human and animal organ systems and functions 

Simple C1 -1.34 97.08 

5 Morphological structure of the flowering plants and its functions Rather 
complex 

C1 -0.97 96.25 

7 Morphological structure of the flowering plant organs (roots, 

stems, leaves, flowers, fruit, and seeds) and its functions 

Rather 

complex 

C1 -0.87 94.58 

6 Factors affecting the morphological structure of the flowering 

plants and its functions 

Rather 

complex 

C2 -0.78 95.42 

20 Morphological structure of flowering plants and its functions Rather 
complex 

C2 -0.69 94.17 

17 Morphological structure of animals and its functions Rather 
complex 

C1 -0.69 93.75 

4 Morphological structure of human and animal organs (head, 

neck, body, locomotion) and its functions 

Rather 

complex 

C1 -0.62 93.33 

18 Morphological structure of human and animal organ systems and 

its functions 

Rather 

complex 

C1 -0.54 93.75 

2 Morphological structure of animals and its functions Rather 
complex 

C2 -0.47 93.33 

25 Anatomical structure of organ systems (nerve, motion, blood 

circulation, digestion, respiration, excretion, reproduction, 
endocrine, and immunology) in humans and animals and its 

functions 

Rather 

complex 

C1 -0.47 93.33 

3 Morphological structure of human and animal organ systems and 
its functions 

Rather 
complex 

C2 -0.41 92.08 

19 Morphological structure of human and animal organs (head, 

neck, body, locomotion) and its functions 

Rather 

complex 

C2 0.16 88.33 

26 Factors affecting the anatomical structure of human and animal 

organ systems and its functions 

Rather 

complex 

C2 0.20 86.25 

27 Anatomical structure of organs that make up the organ systems 
(nerves, motion, blood circulation, digestion, respiration, 

excretion, reproduction, endocrine, immunology) of humans and 

animals and its functions 

Rather 
complex 

C1 0.43 85.42 

8 Morphological structure of the ferns and its functions Rather 

complex 

C1 0.5 85.42 

29 Anatomical structure of flowering plant organs (roots, stems, 
leaves, flowers, fruits and seeds) and its functions 

Rather 
complex 

C1 0.57 84.17 

13 Factors affecting the anatomical structure of the organs 

composing human and animal organ systems and its functions 

Rather 

complex 

C2 0.66 80.83 

16 Morphological structure of the human body and its functions Rather 

complex 

C2 0.81 81.25 

24 Morphological structure of ferns (roots, stems, leaves, spores) 
and its functions 

Rather 
complex 

C1 0.98 77.5 

15 Factors affecting the anatomical structure of the flowering plant 

organs (roots, stems, leaves, flowers, fruit and seeds) and its 
functions 

Complex C2 1.00 77.08 

22 Morphological structure of the flowering plant organs (roots, 

stems, leaves, flowers, fruit and seeds) and its functions 

Complex C2 1.25 72.92 

10 Anatomical structure of organ systems (nerve, motion, blood 

circulation, digestion, respiration, excretion, reproduction, 

endocrine, and immunology) in humans and animals and its 
functions 

Complex C2 1.25 71.67 

12 Anatomical structure of the organs that make up the organ 

systems (nerves, movement, blood circulation, digestion, 
respiration, excretion, reproduction, endocrine, and immunology) 

of humans and animals and its functions 

Complex C2 1.39 71.25 

23 Morphological structure of the ferns and its functions Complex C2 1.92 59.58 
9 Morphological structure of the ferns (roots, stems, leaves, 

spores) and its functions 

Complex C2 2.13 55.83 

14 Anatomical structure of the flowering plant organs (roots, stems, 
leaves, flowers, fruits and seeds) and its functions 

Complex C2 2.58 46.25 
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After analyzing the items, the learning continuum structure was then developed based on i) the 

difficulty level of the items which simultaneously shows the cognitive abilities; ii) the level of cognitive 

processes, from low to high level (C1-C2); and iii) the complexity, from the simplest to the most complex 

ones. Based on Table 2, it is known that the teachers’ cognitive abilities in the sub-aspect of the 

morphological structure of the human body and its functions (level C1) has the highest value, 99.71%, with 

the difficulty index of -2.59 (very easy), while the teachers’ cognitive abilities of the sub-aspect of the 

anatomical structure of flowering plant organs (roots, stems, leaves, flowers, fruits, and seeds) and its 

functions (level C2) has the lowest value, 46.25%, with the difficulty index of 2.58 (very difficult). 

 

3.2.  Discussion 

As stated, this research attempts to generate a structural formulation of the biology science learning 

continuum on the structure and function aspects at elementary schools. Previous research has developed the 

biology science learning continuum on specific pedagogical learning materials by asking for the opinion and 

approval of teachers [3]. In addition, such learning continuum has also been developed based on the opinions 

of biology education experts [6], [27]. However, most biology teachers and education experts still argue that 

they follow the existing curriculum structure from the government, and sometimes there is no unanimous 

agreement between the teachers or experts about the allotment of certain materials taught at which class and 

cognitive level. This causes the structure of the learning continuum to be less effective to use, because there 

are some overlapping materials or competencies between the grades and educational levels. 

The biology science learning continuum on the material aspects of structure and function developed 

in this research is based on the teachers’ cognitive competencies. A teacher should have at least four basic 

competencies, namely professional, pedagogical, social, and personality competences. Professional 

competence requires the teachers to master the teaching materials well so that they can deliver the learning 

materials to their students. The teachers’ cognitive knowledge of the learning materials can be determined by 

a cognitive ability test. When a teacher does not have good cognitive abilities regarding the materials, he will 

not be able to teach the materials optimally to the students. Therefore, the teachers’ cognitive abilities on 

certain materials become a reflection of their abilities to deliver and teach their students. This is used by the 

researchers as a foundation to develop a learning continuum on biology science, specifically on the material 

aspects of structure and function. 

The cognitive ability test developed in this research has been adjusted to the students’ abilities at the 

ES level, which includes their abilities to remember (C1) and understand (C2). According to Juniati and 

Subali [29], the ES students can be taught concrete materials with competency levels of knowledge to 

remember (C1) and understand (C2). According to Anderson and Krathwohl [17], the dimension of 

knowledge to remember (C1) includes recognizing and recalling, while the dimensions of understanding 

knowledge (C2) include interpreting, exemplifying, classifying, summarizing, inferring (concluding), 

comparing, and explaining. For these, 30 questions have been developed from 15 sub-aspects of the structure 

and function materials selected and approved by the teachers during the FGD, and each sub-aspect consists of 

two questions representing the dimensions of memorizing (C1) and understanding (C2). 

Concerning this test, the instrument used in this research is a reasoned multiple-choice question. 

According to Tüysüz [30], using such kind of instrument can reduce possibilities of the respondents guessing 

the correct answer to 4%, while in Rusilowati’s idea [31], using the reasoned multiple-choice questions eases 

the researchers to find out which respondents answer the questions correctly with the proper reasons and 

those who answer correctly but providing incorrect reasons. Using the reasoned multiple-choice questions, 

the teachers who only guess the answers correctly can be found out easily. 

The analysis of the items on the cognitive ability test was carried out to determine its quality. The 

distribution of the cognitive ability test items was done based on compatibility with the model into 

parameters. Figure 1 shows that all item items are accepted/fit according to the Rasch model with an INFIT 

MNSQ value of 0.77-1.30, which means that the instrument is valid to be used as a measuring tool (it is able 

to provide empirical information according to what is measured) [28]. In addition to compatibility with the 

model, Figure 2 shows a map of the items and the subjects’ abilities which represent the distribution of 

questions that are difficult and easy to answer. The map of the items shows that item number 14 is the most 

difficult, while number 1 is the easiest one. The level of difficulty of the questions can be seen from the 

threshold value (b value) presented in Table 1. From Table 1, it is apparent that of the 30 valid questions, 

there are 2 items that fall into the very difficult category, 5 items are difficult category, 18 items questions in 

the medium category, 3 items in the easy category, and 2 items in the very easy category. This data shows the 

ideal ability of the test takers because the curve is normal where there are few test takers having both low and 

high abilities, most of them are categorized as moderate. 
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The learning continuum is structured based on the results of the teachers’ cognitive test by looking 

at the difficulty level (the IRT shows the cognitive abilities), the level of cognitive processes, and the 

complexity (from the simplest to the most complex) as presented in Table 2. In Table 2, it can be seen that 

the highest teachers’ cognitive abilities are achieved in the sub-aspect of the morphological structure of the 

human body and its functions with the value of 99.17% and the lowest difficulty index is -2.59 (very easy). 

The sub-aspect is included in the cognitive level C1 (remembering), and in the learning continuum, it is 

categorized as simple (low), because its achievement of the cognitive ability test is high. Meanwhile, the sub-

aspect of anatomical structure of the flowering plant organs (roots, stems, leaves, flowers, fruits, and seeds) 

and its functions has the lowest cognitive ability score (46.25%) and obtains the highest difficulty index, 2.58 

(very difficult). This sub-aspect includes in the C2 cognitive level (understanding) and is classified as 

complex because of its low cognitive ability value. 

Table 2 shows that almost all of the sub-aspects related to morphology have high cognitive ability 

values compared to those related to anatomy. This corresponds to the level of complexity, difficulty, and 

abstraction of the material itself. Morphology discusses the structure of the outer parts of living things [32], 

while anatomy discusses the inner ones [33]. The material aspects of morphology are simpler, easier, and 

concrete than the anatomy, so that the sub-aspects of this material tend to have higher cognitive ability value 

than the anatomies. 

However, not all sub-aspects in morphology obtain high cognitive ability values. There are some 

that have lower values, namely the morphological structure of the fern plant body and its functions with the 

cognitive ability value of 59.58% and difficulty index of 1.92 (difficult). The morphological structure of the 

ferns (roots, stems, leaves, spores) and its functions has a lower cognitive ability value, 55.83%, and item 

difficulty index of 2.13 (very difficult). The two sub-materials are included in the C2 cognitive level 

(understanding) with high complexity. At the ES level, it has been very rare for teachers to introduce the 

material about the ferns to young learners, so that it is more likely to be an uncommon topic compared to the 

functional structure of humans, animals, or flowering plants, so it is natural that this sub-aspect has lower 

cognitive ability value. 

Besides, the sub-aspects of structure and function for anatomy tend to have low cognitive ability 

values. Table 2 reveals that the sub-aspect of the anatomical structure of the organ system (nerve, movement, 

blood circulation, digestion, respiration, excretion, reproduction, endocrine, and immunology) in humans and 

animals and its functions obtains a cognitive ability value of 71.67% with the difficulty index of 1.25 

(difficult). Likewise, the sub-aspect of the anatomical structure of the organs that make up the organ system 

(nerve, movement, blood circulation, digestion, respiration, excretion, reproduction, endocrine, and 

immunology) of humans and animals and its functions also has lower cognitive ability value of 71.25% with 

the difficulty index of 1.39 (difficult). This is similar to the sub-aspect of the anatomical structure of the 

flowering plant organs (roots, stems, leaves, flowers, fruit and seeds) and its functions, which also has low 

cognitive ability value (46.25) with the difficulty index of 2.58 (very difficult). It is obvious that the sub-

aspects of structure and function related to anatomy generally gain low cognitive abilities, meaning that they 

have a higher level of difficulty, abstraction, and complexity. Hence, it is recommended that these sub-

aspects should delivered at higher grades of the elementary school level. 

Conceptually, a learning continuum should be organized by considering the grading level, from the 

lowest to the highest. Knowledge aspects must be developed from the simplest to the most complex, easy to 

difficult, and concrete to abstract [34]. This principle can be applied to all components of the learning 

continuum because it is a sequence of knowledge or skills that are built from one level to the next [35]. Initial 

knowledge or skills serve as the basis for learning other knowledge/skills at the next level, so that they 

accumulate into cumulative knowledge or skills [34], [36]. The higher the grade or education level, the wider 

the scope and depth of the material, and the concepts developed by the students also increase because the 

initial material becomes the foundation for them to uncover the next concepts [37], [38]. According to 

Australian Curriculum, Assessment and Reporting Authority (ACARA) [39], the learning continuum in the 

Australian curriculum is also arranged from the simple to more complex elements. The Northwest Evaluation 

Association (NWEA) [40] also does the same thing on the Rasch Item Test (RIT), where the learning 

continuum is made from the lowest to the highest level. A learning continuum is managed from simple to 

complex or from the easiest to the most difficult [35]. This is intended in such ways so that the learning 

objectives can be achieved effectively based on the students’ knowledge and mental development. 

The construction of the learning continuum will provide many benefits. As stated by NWEA [40], a 

learning continuum can help teachers to improve their abilities to provide targeted instruction for individual 

or group learning. It also has a strategic role in teaching activities, including guiding educators in finding 

more appropriate teaching materials for their students, sharing resources, planning school curriculum, 

improving school achievement, monitoring the students’ learning progress, and notifying the students’ 

parents about their academic status and progress. According to the European commission [41], the learning 

continuum can be used as a guide for formal, informal, and non-formal learning activities. 
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Considering the many advantages of the learning continuum, it is very important to develop it in 

every aspect of the learning material, including the one in the biology science, as a subject that has been 

taught from elementary school to college level. The preparation of the learning continuum will greatly 

facilitate the respective teachers in preparing the learning process so that learning can be maintained in more 

directed ways effectively and efficiently. This, finally, supports the ultimate goal of education, namely to 

facilitate learning that enables the students to achieve the expected competency mastery according to their 

developmental level. 

 

 

4. CONCLUSION 

Based on the results of the research, this study suggests some concluding points. First, teachers’ 

cognitive ability test results can be used as a basis in developing a learning continuum on biology science at 

the elementary school level, specifically in the aspects of structure and function. Secondly, this study 

supports the idea, that a learning continuum should be prepared based on the difficulty level of the test items 

which, at the same time in IRT, shows the cognitive ability values and levels of cognitive processing, starting 

from lower to higher levels, and the complexity (from simple to most complex) of the structure and function 

each sub-aspect. Next, the sub-aspects of the materials with higher cognitive ability value, lower difficulty 

index, lower cognitive processing, and lower complexity category are recommended to be taught at the lower 

grades of elementary schools. In contrast, sub-aspects with low cognitive ability values, higher difficulty 

index, higher cognitive processing level, and higher complexity category are recommended to be taught at 

higher grades of primary education. 

 

 

ACKNOWLEDGEMENTS 

The researchers would like to thank to the all-elementary school teachers in the Special Region of 

Yogyakarta in relation with their support for the completion of this research. 

 

 

REFERENCES 
[1] R. P. Situmorang, “Analysis of Learning Continuum Elementary to Junior High School Levels on the Theme of the Human 

Digestive System,” (in Indonesian), Scholaria: Jurnal Pendidikan dan Kebudayaan, vol. 6, no. 2, pp. 1–13, 2016, doi: 
10.24246/j.scholaria.2016.v6.i2.p1-13. 

[2] P. E. Harrell, “Teaching an integrated science curriculum: Linking teacher knowledge and teaching assignments,” Issues in 

Teacher Education, vol. 19, no. 1, pp. 145–165, 2010. 
[3] A. E. Andriani and B. Subali, “Teachers’ opinion about learning continuum based on student’s level of competence and specific 

pedagogical material in classification topics,” AIP Conference Proceedings, vo. 1868, 2017, doi: 10.1063/1.4995211. 

[4] Z. Demirtaş, S. Arslan, A. Eskicumali, and G. Kargi, “Teachers’ Opinions about the Renewed Fifth Grade Mathematics 
Curriculum and Comparison of Two Versions,” Procedia- Social and Behavioral Sciences, vol. 174, pp. 1782–1790, Feb. 2015, 

doi: 10.1016/j.sbspro.2015.01.838. 

[5] C. Ochoa Sangrador, C. Villaizán Pérez, J. González de Dios, F. Hijano Bandera, and S. Málaga Guerrero, “Continuum, the 
continuing education platform based on a competency matrix,” Anales de Pediatría (English Edition), vol. 84, no. 4, pp. 238.e1-

238.e8, Apr. 2016, doi: 10.1016/j.anpede.2015.12.001. 
[6] Mendala, B. Subali, and Paidi, “Developing A Learning Continuum on Ecological Aspect from Elementary to Senior High 

School Based on The Opinions of Biology Education Experts,” Journal of Physics: Conference Series, vol. 1397, no. 1,  

p. 012053, Dec. 2019, doi: 10.1088/1742-6596/1397/1/012053. 
[7] Northwest Evaluation Association, Primary Use of the Learning Continuum. Pocatello: Idaho State University, 2003.  

[8] Department of Education and Communities, An Overview of The Literacy Continuum K-10. Sydney: State of New South Wales, 

2013. [Online]. Available: https://brewarrina-c.schools.nsw.gov.au/content/dam/doe/sws/schools/b/brewarrina-
c/localcontent/k10_lit_cont_overview.pdf 

[9] A. Sinha, “The Learning Continuum: formal and informal learning experiences – enabling learning and creation of new 

knowledge in an organization,” International Journal of Advanced Corporate Learning (iJAC), vol. 5, no. 2, pp. 10–14, Jun. 
2012, doi: 10.3991/ijac.v5i2.2111. 

[10] B. Subali and P. Suyata, Development of convergent and divergent test items. Yogyakarta: Diandra Pustaka Indonesia  

(in Indonesian), 2012. 
[11] Q. Lu and E. Liu, “Alignment between High School Biology Curriculum Standard and the standardised tests of four provinces in 

China,” Journal of Biological Education, vol. 46, no. 3, pp. 149–164, 2012, doi: 10.1080/00219266.2011.645855. 

[12] K. Y. Lin, L. Te Chang, F. H. Tsai, and C. P. Kao, “Examining the gaps between teaching and learning in the technology 
curriculum within Taiwan’s 9-year articulated curriculum reform from the perspective of curriculum implementation,” 

International Journal of Technology and Design Education, vol. 25, no. 3, pp. 363–385, 2015, doi: 10.1007/s10798-014-9286-8. 

[13] S. Suyanto and Y. Wibowo, “Curriculum Review of Teacher Professional Development Program Based on Biology Teacher 
Profile in Technological Pedagogical and Content Knowledge,” Journal of Physics: Conference Series, vol. 1097, no. 1, 2018, 

doi: 10.1088/1742-6596/1097/1/012042. 

[14] S. F. Shawer, “Teacher-driven curriculum development at the classroom level: Implications for curriculum, pedagogy and teacher 
training,” Teaching and Teacher Education, vol. 63, pp. 296–313, Apr. 2017, doi: 10.1016/j.tate.2016.12.017. 

[15] D. T. Dodge, C. Heroman, J. Charles, and J. Majorca, “Beyond outcomes: How ongoing assessment supports children’s learning 

and leads to meaningful curriculum,” Young Children, pp. 20–28, Jan. 2004. 



Int J Eval & Res Educ  ISSN: 2252-8822  

 

Biology science learning continuum at the elementary school level based on teachers’ … (Mualimin) 

1095 

[16] R. Plomin and S. von Stumm, “The new genetics of intelligence,” Nature Reviews Genetics, vol. 19, no. 3, pp. 148–159, Mar. 
2018, doi: 10.1038/nrg.2017.104. 

[17] L. W. Anderson and D. R. Krathwohl, A Taxonomy for Learning, Teaching, and Assessing: A Revision of Bloom’s Taxonomy of 

Educational Objectives. New York: Addison Wesley Longman Inc, 2001. 
[18] C. Förtsch, S. Werner, L. von Kotzebue, and B. J. Neuhaus, “Effects of biology teachers’ professional knowledge and cognitive 

activation on students’ achievement,” International Journal of Science Education, vol. 38, no. 17, pp. 2642–2666, Nov. 2016, 

doi: 10.1080/09500693.2016.1257170. 
[19] I. K. N. Ardiawan, “The Correlation between Teacher Professional Competence and Natural Science Learning Achievement in 

Elementary School,” Journal of Educational Science and Technology, vol. 3, no. 3, pp. 173–177, Nov. 2017, doi: 

10.26858/est.v3i3.3758. 
[20] B. Fauth et al., “The effects of teacher competence on student outcomes in elementary science education: The mediating role of 

teaching quality,” Teaching and Teacher Education, vol. 86, p. 102882, Nov. 2019, doi: 10.1016/j.tate.2019.102882. 

[21] S. Sultan and M. Shafi, “Impact of Perceived Teachers’ Competence on Students’ Performance: Evidence for Mediating/ 
Moderating Role of Class Environment,” Journal on Educational Psychology, vol. 8, no. 1, pp. 10–18, Jul. 2014, doi: 

10.26634/jpsy.8.1.2764. 

[22] R. S. Hayati, B. Subali, and P. Paidi, “Biodiversity Learning Continuum for Elementary School Students Based on Teacher 
Cognitive Ability,” International Journal of Instruction, vol. 14, no. 4, pp. 241–258, Oct. 2021, doi: 10.29333/iji.2021.14415a. 

[23] D. R. Shaffer and K. Kipp, Developmental Psychology Childhood & Adolescence, 9th Ed. Georgia: Cengage Learning, 2010. 

[24] C. P. Katherine and J. K. Cody, “Cognitive and social constructivism: Developing tools for an effective classroom,” Education, 
vol. 130, no. 2, pp. 241–250, 2009, [Online]. Available: https://docdrop.org/static/drop-pdf/ConstructivismDay1-ln36v.pdf 

[25] A. E. Muthivhi, “Piaget’s Theory of Human Development and Education,” in International Encyclopedia of the Social & 

Behavioral Sciences, Elsevier, 2015, pp. 125–132, doi: 10.1016/B978-0-08-097086-8.92013-0. 
[26] Biological Sciences Curriculum Study (BSCS), BSCS biology. a molecular approach. Columbus Ohio: Glencoe/McGraw-Hill 

Companies Inc, 2006. 

[27] L. Orizasativa, B. Subali, and Paidi, “Developing a Learning Continuum of the Pedagogic Materials of Genetics Aspects from 
Elementary School to Senior High School Level Based on the Opinions of Biology Education Experts,” Journal of Physics: 

Conference Series, vol. 1397, no. 1, p. 012051, Dec. 2019, doi: 10.1088/1742-6596/1397/1/012051. 

[28] B. E. Yanto, B. Subali, and S. Suyanto, “Measurement Instrument of Scientific Reasoning Test for Biology Education Students,” 
International Journal of Instruction, vol. 12, no. 1, pp. 1383–1398, Jan. 2019, doi: 10.29333/iji.2019.12188a. 

[29] E. Juniati and B. Subali, “Teacher’s opinion about learning continuum of genetics based on student’s level of competence,” AIP 

Conference Proceedings, vol. 1868, p. 100002, 2017, doi: 10.1063/1.4995212. 
[30] C. Tüysüz, “Development of two-tier diagnostic instrument and assess students’ understanding in chemistry,” Scientific Research 

and Essay, vol. 4, no. 6, pp. 626–631, 2009. 

[31] A. Rusilowati, “Development of a Diagnostic Test as an Evaluation Tool for Physics Learning Difficulties,” (in Indonesian), 
PROSIDING: Seminar Nasional Fisika dan Pendidikan Fisika, vol. 6, no. 1, 2015, pp. 1–10, [Online]. Available: 

https://jurnal.fkip.uns.ac.id/index.php/prosfis1/article/view/7684. 

[32] G. Tjitrosoepomo, Plant Morphology. Yogyakarta: UGM Press (in Indonesian), 2004. 
[33] S. Mulyani, Plant Anatomy. Yogyakarta: Kanisius (in Indonesian), 2006. 

[34] B. Subali, Kumaidi, and N. S. Aminah, “Developing a scientific learning continuum of natural science subjects at grades 1 - 4,” 

Journal Turkish of Science Education, vol. 15, no. 2, pp. 66–81, 2018, doi: 10.12973/tused.10231a. 
[35] Renaissance Academy, “Renaissance Academic Learning Continuum Report Card FAQs.” 2017. [Online]. Available: 

https://renaissancepsa.com/wp-content/uploads/Learning-Continuum-FAQs.pdf 

[36] G. K. Yumusak, “An Analysis of the Science Curricula in Turkey with Respect to Spiral Curriculum Approach,” Journal of 
Education and Practice, vol. 7, no. 9, pp. 99–105, 2016, [Online]. Available: 

https://www.iiste.org/Journals/index.php/JEP/article/view/29627/30420 

[37] X. Jiang and K. Perkins, “A Conceptual Paper on the Application of the Picture Word Inductive Model Using Bruner’s 
Constructivist View of Learning and the Cognitive Load Theory,” Interdisciplinary Journal of Teaching and Learning, vol. 3,  

no. 1, pp. 8–17, 2013. 
[38] A. D. Efland, “The Spiral and The Lattice: Changes in Cognitive Learning Theory with Implications for Art Education,” Studies 

in Art Education, vol. 36, no. 3, p. 134, 1995, doi: 10.2307/1320905. 

[39] Australian Curriculum, Assessment and Reporting Authority (ACARA), “Annual Report 2018-2019,” 2019. [Online] Available: 
https://www.acara.edu.au/docs/default-source/corporate-publications/acara_annual-report-2018-19.pdf?sfvrsn=2 

[40] Northwest Evaluation Association, “Northwest Evaluation Association Idaho State Aligned Learning Continuum Release 1.0.” 

NWEA.org, Idaho, 2001. [Online]. Available: https://www.nwea.org/ 

[41] European Commission, “Making a European area of lifelong learning a reality.” Commission of the European Communities, 

2001. [Online]. Available: https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2001:0678:FIN:EN:PDF 

 

 

BIOGRAPHIES OF AUTHORS 

 

 

Mualimin     is a doctoral student in the postgraduate education program at the 

Yogyakarta State University. He is a practitioner in the world of education. He is currently a 

biology teacher at a high school. He is also an active researcher on educational themes. He can 

be contacted at email: mualimin.2019@student.uny.ac.id.  

  

mailto:mualimin.2019@student.uny.ac.id
https://orcid.org/0000-0001-6746-7869


                ISSN: 2252-8822 

Int J Eval & Res Educ, Vol. 12, No. 2, June 2023: 1087-1096 

1096 

 

Bambang Subali     is a professor of educational assessment in biological education, 

Yogyakarta State University. Currently he is an active lecturer in the biology education study 

program and the Yogyakarta State University postgraduate program. He is active in conducting 

research in the realm of educational evaluation and biology education. He can be contacted at 

email: bambangsubali@uny.ac.id. 

  

 

Paidi     is a professor of biology education at Yogyakarta State University. He is 

currently an active lecturer in the biology education study program and the Yogyakarta State 

University postgraduate program. He is active in conducting research in the realm of biology 

education. He can be contacted at email: paidi@uny.ac.id. 

 

mailto:bambangsubali@uny.ac.id
mailto:paidi@uny.ac.id
https://orcid.org/0000-0002-0312-1356
https://scholar.google.co.id/citations?user=I-3pKjIAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57218102693
https://orcid.org/0000-0001-9241-9455
https://scholar.google.co.id/citations?user=rox4QQwAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57201703481

