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Abstract. This research aimed to analyse the decrease in students’ cognitive load while 

performing laboratory activity using “VIPSTA” experiment worksheet. The subjects of the 

research were 72 students in grade 11. The cognitive load was measured in three 

aspects; intrinsic cognitive load (ICL), extraneous cognitive load (ECL), and germane 

cognitive load (GCL). The data were analysed descriptively to show differences in the 

component of cognitive loads and tested for multivariate correlation-regression to show 

relations between the components of cognitive load. ICL and GCL were measured inversely 

proportional with score of students science process skill, due to well performed science process 

skill and knowledge construction skill are results from low ICL and GCL respectively. 

Whereas ECL was measured proportionally with students’ metal effort because students bear 

low mental effort in thinking when the ECL is low. After the implementation of VIPSTA 

experiment worksheet, students obtained increment for science processing skill and knowledge 

construction skill and decrease for mental effort which indicated low ICL, GCL, and ECL. 

Meaning that the use of VIPSTA experiment worksheet enables a decrease in students’ 

cognitive load. Furthermore, the data analysis showed that the decrease of GCL was heavily 

influenced by the decrease of ICL and ECL indicating that VIPSTA experiment worksheet was 

able provide meaningful laboratory activity by facilitating knowledge construction through 

lower load in processing information and performing procedure while conducting experiment.       

1. Introduction 

Biology Education is one of the ways that enables students to develop their potential following the aim 

of the national curriculum. However, the practice of biology teaching and learning activities in school 

are not decent enough to facilitate students in achieving the learning objectives. The emphasis of 

conceptual understanding in schools does not meet topics related to issue in daily life and lacks of 

study focusing on the value of learning biology, which should have been explored when learning 

biology. The condition is originated from incomprehensive and unintegrated biology learning. 

Numerous science teachers do not realize the importance of developing all three aspects of learning 

and focus on one aspect only, which is cognitive aspect, hence the learning process is inconsistent with 

the objective of science learning. The emphasis of learning only on the cognitive aspect instigates 

students’ hardship in developing psychomotor and affective aspects that represent the proficiency of 

science values. Students are unable to value laboratory experiments because they do not find it 

meaningful, while teachers find difficulties to put meanings in designing experiments, especially in 
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developing essential concepts and skill and encouraging students’ attitude from the conducted 

experiment.      

Teachers’ load in designing experiment following the curriculum demand is fairly high. Some 

teachers are not able to relate concept and method in designing experiment. The common experiment 

design with verification or confirmatory approach contradicts science value which states that a science 

learner cannot only know how to receive knowledge but also know how to attain knowledge. This is in 

line with study stating that the aim of laboratory experiment in learning science are: (1) giving 

experiment experience similarly with how scientist using scientific method to gain proofs to support or 

object a hypothesis (2) Training students to be skilful in experimenting, using laboratory tools, 

processing data and applying scientific theories [1]. Therefore, the VIPSTA experiment worksheet was 

developed to help teachers conducting meaningful laboratory activity in order to lower students’ 

cognitive load. VIPSTA Experiment worksheet was named after the four characteristics in the 

worksheet: Knowledge Valuation, Knowledge Internalization (i.e Internalisasi Pengetahuan in 

Indonesian), Science process skill, and Transformation and Analysis of data. Furthermore, VIPSTA 

experiment worksheet emphasizes on coherency in presenting theories for observing objects or 

phenomena, contextual characteristics due to analysis and discussion of experiment are associated to 

students’ daily problems, and inquiry development due to its encouragement on investigation and 

discovery by students [2]. 

Moreover, the study followed a notion that experiment worksheets are able to facilitate meaningful 

learning only if the worksheet has an ability to help students to explicitly connect the new acquired 

information with their prior knowledge by connecting concept and action as instrument [3]. This 

statement is in line with study which stated that experiment worksheet which enables meaningful 

learning simultaneously improves thinking skill, facilitates students in constructing cognitive scheme, 

and enables students to gain holistic knowledge through relationship between conceptual material 

being learned and relevant study [4]. Experiment worksheet must be able to explain primary idea by 

considering basic knowledge and knowledge constructing process during experiment. The design 

needs to emphasize relation between conceptual and methodology as well as encourage students to 

actively include laboratory experiment as one aspect of framework of understanding which is 

constructed in accordance with the discussed topic, in order for the worksheet to improve skill and 

direct students to construct their own knowledge. Thus, students do not only learn about procedural 

aspect but also learn to construct their knowledge.  

2. Methods 

This study is a qualitative study with DBR method (Design-based Research) aiming to develop an 

experiment worksheet which effectively lowering student’s cognitive load in order to conduct 

meaningful laboratory experiment. DBR method includes four stages: 1. Problem identification and 

analysis, 2. Solution design, 3. Repeated cycle in design testing and development, 4. Reflection results 

in design principles and implementation [5]. The subject of this study were 72 students of eleventh 

grade of a high school in Kuningan, Indonesia.  

Measurement of implementation effect of VIPSTA experiment worksheet on students’ cognitive 

load was conducted through three components namely intrinsic cognitive load (ICL), extraneous 

cognitive load (ECL), and Germane cognitive load (GCL). Data for ICL was obtained from 

observation on students processing skill during laboratory activity using assessment rubric, data for 

ECL was obtained from measuring students’ mental effort using affective scaled questionnaire, while 

GCL was measured from students’ knowledge construction skill using a rubric.  

ICL and GCL were measured inversely proportional with score of students science process skill, 

due to well-performed science process skill and knowledge construction skill are results from low ICL 

and low GCL respectively. Whereas ECL was measured proportionally with students’ metal effort due 

to students bear low mental effort in thinking when the ECL is low.     
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Result of students cognitive load measurement was then statistically tested using regression test and 

multi-variance correlation test to obtain contribution and relation among the three components of 

cognitive load. 

3. Result and Discussion 

3.1. Measurement of Intrinsic Cognitive Load (ICL)  

ICL was measured inversely proportional with score of students’ science process skill using a rubric. 

The four science process skill aspects obtained high score with average score of 3.35 out of maximum 

score 4 (see Table 1) 

Table 1. ICL based on science process skill 

Aspects of science process skills Score 

Classification 3.3 

Interpretation  3.2 

Communication 3.0 

Experiment skill  3.9 

Average 3.35 

The result in Table 1 showed that the four aspects of science process skill obtained high score and 

indicated low ICL, resulted from well-facilitated laboratory experiment with the implementation of 

VIPSTA experiment worksheet. Furthermore, as shown by the rubric, the classification component 

scored 3.3, meaning that students had capability to compare and contrast observed object, contrast 

characteristics, compare and decide basic of classification. Students gained classification skill due to 

VIPSTA experiment worksheet enabled them recognize qualitative traits from observation during the 

conduction of experiment. The qualitative traits leaded students to obtain observation pattern and 

resulted in students’ ability in contrasting and comparing observed object.  

The observation pattern which directed by VIPSTA experiment worksheet acted as a scaffolding to 

help students obtaining observation data during experiment. Scaffolding helps improving students 

cognitive development in a way that the students are able to complete challenging task and activity 

[6].  

Aspect of interpretation skill was defined as high with the score of 3.2 out of 4, meaning that 

students were able to interpret observation result from every variable of the observed object to decide 

observation pattern leading to conclusion. The interpretation skill was facilitated by VIPSTA 

experiment worksheet due to valuation principle and knowledge internalization principle emphasized 

in the worksheet. The valuation principle helped students obtain comprehensive information and 

express positive attitude in interpreting experiment result. On the worksheet, valuation principle was 

expressed in explanation of advantages from learning specific observed object, completed with 

question in assessment which is being related to daily problem, in order for the students to be able to 

claim biology value from the experiment. Whereas the internalization principle was associated with 

reasoning the cause of certain object or phenomena and way to observe it. Students comprehended the 

experiment through integration of basic theory, basic concept, and principle of the discussed topics 

and complemented with detailed information of how to do observe the object or phenomena in 

conducted experiment, hence students gained awareness of process in obtaining knowledge which 

expressed in their attitude. This attitude is the basic scientific mind which positively correlates with 

scientific process skill. Furthermore, the scientific process skill affects learning achievement, thinking 

skill, and positive attitude toward science [7].  

Communication skill aspect was defined as high with score of 3.0 out of 4.0, this meant that 

students were able to describe empirical data from observation using graph and table and explain 

experiment result due to analysis and data transformation principal in VIPSTA experiment worksheet 

that leads students in communicating data and fathoming data pattern from experiment result. Data 
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transformation increases students’ skill in relating information and facilitates them to enhance their 

science process skill especially in communication skill [8]. VIPSTA experiment worksheet encourages 

students to translate data into other representation type by directing them to provide their data analysis 

with a graph or a table. Numerous students have insufficient prior experience in integrating science 

and mathematics, thus relating observation result and interpretation data from a graph became a 

complexity. According to Kirschner [9], complexity in processing information leads to high ICL due 

to inter-element interactions, accordingly prior experience is needed in relating elements. However, in 

this study, students were able to interpreting, relating, and transform data as part of communication 

skill due coherent basic knowledge, observation instruction, and assessment provided in VIPSTA 

experiment worksheet.  

Conducting experiment aspect was defined as very high with score of 3.9, meaning that students 

were able to properly and reasonably use laboratory equipment and material, decide experiment 

variables includes thing to observe, adjust, and write for categorizing and interpreting data. The 

conducting experiment skill was facilitated by VIPSTA experiment worksheet due to the emphasis on 

science process skill principle leading students to be able to conduct experiment by observing, 

thinking critically, and solving problem and providing meaningful experiment. This is in accordance 

with statement from Marzano [10] that learning process is defined as meaningful if students are able to 

make decision, conduct investigation, do experiment, and solve problem.  

3.2. Measurement of Extraneous Cognitive Load (ECL) 

ECL in this study was measured inversely proportional with students’ mental effort in conducting 

experiment using VIPSTA experiment worksheet. The result showed that ECL obtained low score 

with 1.85 out of 5 (see Table 2).    

Table 2. ECL based on students’ mental effort in using VIPSTA experiment worksheet 

Mental Effort Aspects Score 

Conducting Experiment 1.25 

Relating experiment and theory  1.70 

Observation  1.80 

Claim value  2.0 

Implementing science in daily context 2.0 

Average 1.85 

Based on data on Table 2, students mental effort in conducting experiment using VIPSTA 

experiment worksheet was categorized as low. This means that VIPSTA experiment worksheet helped 

students in conducting all mentioned ECL aspects as the ECL is proportional with the mental effort. 

All aspects were defined as low, if not for the aspect of conducting curriculum was defined as very 

low. This is because VIPSTA experiment worksheet facilitated meaningful experiment by providing 

coherent information with observation of objects or phenomena through knowledge internalization, 

has contextual characteristics due to relating experiment result with problem in daily settings, and 

develops inquiry by investigation and discovery on observed objects or phenomena. Knowledge 

internalization in VIPSTA experiment worksheet provides interconnected meaningful information that 

helps students to process data. The provision of data follows information processing theory stating that 

interconnected information will omit limitation of working memory in processing information [11]. 

VIPSTA experiment overcomes working memory limitation by increasing interaction among 

knowledge elements and methodology in order to ease the conduction of experiment. The high 

interaction of knowledge elements on the worksheet helps students to keep relevant information in 

long-term memory [12].  

Furthermore, contextually conducted experiment emphasizes by valuation principle encourages 

students’ curiosity and desire to broaden their mastered knowledge as well as encourages students to 

think logically, result in meaningful learning due to the knowledge is implemented for solving 

problem in daily life. This moment is reflected in students’ swiftness in claiming value and 
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implementing science for solving real life problem. The valuation principle in VIPSTA experiment 

worksheet develops scientific mind and facilitates the emerging of science values related to moral 

responsibility, moral values, and science benefit for human life. This study result agrees with previous 

studies stating that contextual learning has a role in developing understanding, especially on subjects 

that need analyzation and problem solving [13].  

3.3. Measurement of Germane Cognitive Load (GCL) 

GCL was depicted by students’ score in constructing knowledge. The result showed high score of 

knowledge construction skill aspects with average of 3.0 out of 4.0 (see Table 3). Data on Table 3 

shows that students’ knowledge construction skill was categorized as high after the implementation of 

VIPSTA, meaning that students were able to interpret, analyse, synthesis, or evaluate information and 

implement their knowledge in new context and bearing low GCL while performing the tasks.   

Table 3.  Knowledge construction skill 

Knowledge Construction Skill Aspects  Score 

Knowledge claim 3.1 

Value claim 2.7 

Knowledge application 3.2 

Average  3.0 

   The said result was due to VIPSTA experiment worksheet helped students constructing 

knowledge through interpreting and analysing data in order to obtain a pattern from observation. Take 

an example of knowledge claim process during interpretation of catalase enzyme content in several 

organs from both animal and plants. The result of interpretation yielded a regular uniform pattern 

leading to conclusion that amylase is contained in the organs that actively do oxidation reaction. The 

said knowledge claim then was analysed to obtain information on why catalase enzyme is needed by 

an organ to do oxidation process. By relating theory and basic concept in VIPSTA experiment 

worksheet, students were able to analyse the relation between metabolism results during oxidation 

process with the function of enzyme catalase.   

Students’ competence in implementing knowledge on a novel context is heavily influenced by 

students’ analysis skill. This is because in implementing knowledge on novel context, students need to 

be able to synthesize or evaluate problems in daily life based on analysis on relation between theory 

and basic concept. VIPSTA experiment worksheet was able to facilitate students in synthesizing or 

evaluating due to basic concept from knowledge internalization principle serves as a foundation to 

implementing knowledge on novel context. 

3.4. Correlation among three component of cognitive loads 

Correlation analysis was done to obtain relation among components of cognitive. The result of 

correlational analysis showed significant correlation among the three cognitive load components (p = 

0.00*<0.01) indicating that ICL and ECL significantly influence GCL (see Table 4).  
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Table 4. The result of analysis between cognitive load components 

Components Coefficient of Correlation Note 

 

Intrinsic load on germane load 

0,956 

r = 0,91 
p = 0,00*<0,01 

 

Extraneous load on germane load 

-0,899 

r = 0,81 
p = 0,00*<0,01 

 

Intrinsic load on extraneous load 

-0.921 

r = 0.85 
p = 0.00*<0.01 

 

Germane load was highly influenced by intrinsic load and extraneous load with correlation of r = 

0.956 and r = 0.899 respectively. Positive correlation between intrinsic load with germane load 

showed that the lower students’ mental effort in comprehending information, the higher students 

reasoning skill is. Similarly, the negative relation between intrinsic load and extraneous load showed 

that the lower students mental effort in comprehending information, the higher students skill in 

analysing information.     

Coefficient of determination (r) between intrinsic load and germane load in experimental class was 

0.91. This showed that knowledge construction skill was influenced by science process skill. While 

coefficient of determination between extraneous load and germane load was 0.81, and depicted that 

81% of knowledge construction skill was also influenced by students’ mental effort during the 

implementation of VIPSTA experiment worksheet. Meanwhile, coefficient determination between 

intrinsic load and extraneous load was 0.85 meant that 85% of science process skill was influenced by 

students mental effort from the implementation of VIPSTA experiment worksheet.         

From the data on Table 4, it can be concluded that intrinsic load and extraneous load affect the 

increasing students skill in constructing knowledge (germane load), because students cognitive source 

enabled them to invest their knowledge of inter-correlating information in their cognitive scheme.    

Students who scored low on knowledge construction skill, would have high mental effort and low 

science process skill. On the contrary, students who scored high on knowledge construction skill, 

would have low mental effort and high science process skill. Data analysis result showed that germane 

load is originated from students bearing both intrinsic load and/or extraneous load. Germane load 

contributes in relating new information with information in long-term memory. Thus, the decrease in 

germane load is caused by the decrease of intrinsic load and extraneous load due to students’ 

knowledge construction skill is facilitated when students acquire an ease in processing information 

(thinking process) to follow experiment procedures during laboratory activity. 

The development of students’ cognitive scheme due to the decrease of intrinsic load and extraneous 

load helps students in integrating new knowledge and restructuring knowledge on their prior 

knowledge. The discovery of students’ cognitive scheme development that showed a decrease in 

germane load lies on the indicator of applying new acquired knowledge. This indicates that students 

are able to choose their mastered knowledge to be implemented on new situations. The discovery is in 

accordance with statement that skill in implementing knowledge on new situation will increase when a 

cognitive scheme is kept in long-term memory. Students whose cognitive scheme develops well will 

be able to make use of their knowledge kept long-term memory and quickly provide steps to make a 

problem solution. [6], [14]  

4. Conclusion 
Based on study result about implementation of VIPSTA experiment worksheet on experiment in 

laboratory, it can be concluded that a worksheet with four characteristics, namely developing science 

values (biology valuation), developing knowledge comprehensively (knowledge internalization), 

developing science process skill (science process perception), and developing data transformation and 

data analysis skill  (transformation and analysis) could be an alternative way to facilitate meaningful 

learning with low cognitive load in schools. Effectivity of VIPSTA experiment worksheet in reducing 
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cognitive load during experiment is shown by better quality of science process skill, lower mental 

effort in comprehending information, and high ability in knowledge construction.       

The correlation test showed significant interrelation among the three components of cognitive load. 

A positive correlation is shown between intrinsic load and germane load, while extraneous load and 

germane load showed negative correlation. Meaning that students are facilitated in constructing 

knowledge when they bear low cognitive load in performing science process skill and information 

processing skill.   
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