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Abstract--- This study intended to explore how pre-laboratory activity specified in the constructivist writing 

approach could promote students’ development of procedural understanding in the laboratory. A group of 15 pre-

university students from one of the Form 6 Centre at the West Coast Division of Sabah was given laboratory work 

with an inquiry-based strategy. Data was collected from students’ writing tasks during the pre-laboratory activity 

and was triangulated with their conversation during the activity and reflection report.  The students’ procedural 

understanding was analyzed with a qualitative method using document analysis of the writing task, reflection report, 

and conversation analysis.  The laboratory lesson is an inquiry-based instruction with an argumentative teaching 

method on the topic of organic chemistry. The finding shows the pre-laboratory writing tasks, teachers’ guidance 

throughout the lab investigations, and students’ prior knowledge have a significant influence on the development of 

students’ procedural understanding. This study suggests emphasizing the constructivist writing approach in the pre-

laboratory activity and teachers’ guidance for students to enhance their procedural understanding through prior 

knowledge to solve a scientific problem. 
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I. INTRODUCTION 

There has never been so much attention paid to the teaching of thinking and problem solving as there is today. 

Science education aims to improve students' capability to 'think scientifically' so they can solve problems and 

appreciate the nature of science. However, the basic issue is that many students are still unable to provide evidence 

with more than a shallow understanding of concepts that are essential to the subjects they studied [1–3]. 

Science education indicates the need to involve students with the procedural ideas that are essential to the 

scientific investigation approach to understanding the nature of science [4, 5]. However, Harrison[6] and Abrahams 

and Millar[7] noted that laboratory work is less successful in getting the students to use their expected scientific 

ideas to guide their activities and concentrate on the data they gathered. This phenomenon suggests as though 

laboratory work to conceptual learning takes place in a different domain [6] and this finding is parallel to other 

studies that indicate the difficulty in producing students with critical thinking who involve with high-order 

intellectual activity within science in laboratory work [8, 9] as the practice on its own is inadequate to produce a 

connection between observation and science concepts [10].  

Consequently,  constructivist writing strategies are required in science laboratories to engage students to express 

their thoughts in different ways to build a better framework of scientific knowledge [10–12]. Such approaches are 
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concentrate on integrating realistic writing activities instead of seeing writing as a note-taking or filling in form gaps 

exercises. [13]. The students are interpreting principles of science into their own words and using writing as a way 

of engaging in thinking.  

Laboratory work in the Malaysian learning environment specific to the pre-university STPM often faces similar 

problems that the laboratory activity is much less efficient for students to understand the procedural ideas they are 

using to direct their practices. Consequently, for this study, the researcher has introduced a constructivist writing 

method inspired by Van Duzor [15,16] in the pre-laboratory activity. 

II. LITERATURE REVIEW 

2.1 Investigation in School Science  
Procedural understanding is discussed as the 'thinking behind the doing' [14] where students need to learn the 

ideas about data collection, analysis, and interpretation before the scientific evidence is effectively treated, and these 

are known as conceptual evidence. Many students could not make sense of how to analyze scientific evidence, 

except if the basic concept of evidence is taught in detail [15].  

Millar, Lubben, Gott, and Duggan [16] divided the procedural knowledge into three types (Figure 2). 

Manipulative skills as in the use of apparatuses and the capacity to perform standard techniques that can be learned 

and developed through practice. The second type applies, for example, to an understanding of the natural 

surroundings and purpose of inquiry activity. The third type is the understanding of evidence, which refers to the 

understanding of principles for determining the validity of empirical evidence.  

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Procedural Knowledge [16] 

Students should have the opportunity to master the procedural knowledge. However, science teaching does not 

emphasize the mastery of procedural knowledge awareness of students, as it has not been seen as an essential part of 

the process of teaching and learning science [17].  
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2.2 Writing in Science Laboratory 

Science education has underscored the need to use writing-to-learn approaches in science classrooms. There are 

three broad categories in writing-to-learn methods; modernist, constructivist, and poststructuralist [18]. Modernist 

approaches are widely used in school laboratory as their emphasis on writing and reading the scientific, technical 

language and integrating more traditional laboratory report and notebook formats. Constructivist writing-to-learn 

methods focus on students translating science concepts into their own words and use student writing as a resource to 

involve student thinking. Whereas poststructuralist methods are rarely used in science laboratories as they are 

concerned with students’ understanding of the impact of science on society. The three categories can be selected by 

educators to understand the intended purposes and methodologies of their laboratory writing assignments [19].  It is 

an opportunity for students to pick up how to write better in science and participate in activities that allow them to 

understand essential content through writing [20].  

III. OBJECTIVE 

This study focused on exploring how constructivist writing promotes students’ procedural understanding during 

laboratory work.  

IV. METHODOLOGY  

This is a study with a qualitative method. A pre-laboratory writing task of an organic chemistry laboratory work 

was implemented in small group work. The written work was triangulated with participants’ conversation during the 

activity and their reflective writing.  

4.1 Research Samples 

This study was conducted in a class which consist of 15 students at a Form 6 Centre, West Coast Division of 

Sabah, Malaysia. These participants were purposefully chosen with fixed categories by the researcher: 

 18 years old of participants. 

 Similar intellectual level as they had undergone first-semester examination.  

4.2 Research Instruments 
There are several data sources for this study.  They were the participants’ written work from the pre-laboratory 

writing tasks, audio recordings of the teacher and participants’ discourse, and reflective writing at the end of the 

laboratory lesson. The teacher had the participants gathered into groups. They had to conduct experiments to classify 

the compounds in two unknown mixtures and deduced as much as they could about the compounds. The teacher has 

provided the students with a pre-laboratory writing task template.  Prompted questions were added in the tasks, such 

as “Why do you need to add bromine water?”. This was planned to serve as scaffolds to demonstrate the types of 

reactions involved within laboratory testing to students. The teacher and participants’ conversation were audio-taped 

from the beginning of the tasks until the end of the lesson. The students’ practical skills were observed, and their 

conversation throughout the process was audio-taped.  



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 05, 2020 

ISSN: 1475-7192 

DOI: 10.37200/IJPR/V24I5/PR2020245 

Received: 14 Mar 2020 | Revised: 30 Mar 2020 | Accepted: 06 Apr 2020                                                                       5384 

4.3 Data Analysis 

The written documents were analyzed and triangulated with participants’ conversation during the activity and 

their reflective writing at the end of the laboratory lesson. The aim of the document analysis from the pre-lab writing 

tasks, transcripts of discourse, and reflective writing was to identify cognitive operations.   

The texts were coded through reading each participant's pre-lab written tasks, transcripts, and reflective writing 

seeking emerging cognitive operations. The review process continued until the coding led to the same findings. The 

relevant findings were grouped in categories, and the interpretations were explained carefully with the suggested 

meaning. The answers on the prompted questions in the pre-laboratory writing tasks were analyzed before and after 

the laboratory lesson. 

V. RESULT 

5.1 Participant’s Performance in Writing Task 
The participants started by answering prompted questions in the pre-lab writing task. Each participant has 

completed the task individually and was allowed to negotiate ideas together. At the end of the lesson, their written 

answers in the tasks before carrying out the laboratory work were compared with their final answers. Their 

reasoning abilities were detected in their arguments in the group discussion. Their reflective writing at the end of the 

lesson was coded and categorized.  

One of the small groups consists of a pair named Suzie and Vera. Both participants worked well as a team. They 

both came up with a different style of answers but with similar ideas. In the writing task, they showed rough ideas 

on the process that they were supposed to investigate in the laboratory and then changed them into better answers at 

the end of their investigation work.  

The tasks were quite complicated. The pair constantly revised their understanding through the teacher’s guidance 

on the tasks as they could not figure out the correct explanation for the observation of their investigations. 

Nevertheless, they eventually managed to complete their writing task with encouragement from the teacher and then 

continued with the laboratory investigations.  

5.2 Participant’s Procedural Knowledge of the Task  

The pair’s reflective report was reviewed and analyzed together with their conversations and pre-laboratory 

writing task.  

Suzie wrote: 

“I honestly not completely understand how to find out the reagent that is used to detect the unknown KA1 and 

KA2. Some of the reagent used, I barely know the purpose.”  

“I need to understand the amines chapter first before experimenting. This may help me to recognize the KA1 and 

KA2 based on the reagent and the purpose of the reagent used. In this way, I will detect the structural or functional 

group in KA1 and KA2 easier.”  
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Vera wrote: 

 “I must understand completely about the theory before starting the experiment. Hence I can know and predict 

what will happen if KA1 and KA2 react with reagents given.”  

“My lab partner and I should have more interaction during the discussion part.”  

The pair mentioned how their prior knowledge could help them to solve their investigation problems. They 

showed weaknesses in their conceptual evidence even though they did not have problems in their manipulative 

skills. They also have less interaction as a result of their difficulty in understanding the conceptual evidence during 

group discussion. The pair has limited conversation until the completion of the laboratory activity. The lab 

investigation took a long time to finish as the students need more time to discuss their successful and unsuccessful 

results. 

They have learned their mistakes by not being a good observer and gained a slight but significant understanding 

of the conceptual evidence through the pre-laboratory writing task and guidance by the teacher as this commented 

by one of the pair; 

Vera wrote: 

“At first, I was confused about how to distinguish between primary and secondary alcohol but later found out 

that it was through further oxidation that we can distinguish those two alcohols. Our weakness is not observant 

enough.  ” 

VI. DISCUSSION 

This study finds that the pre-laboratory writing task has an essential influence on the development of procedural 

understanding.  This correlates with the study of Hand[14], Prain and Hand [24] and Van Duzor [12] that described 

students could use writing to involve with, evaluate, and review their ideas of the scientific phenomena under 

investigation. The writing tasks should allow students to learn from their mistakes.  

Participants’ prior knowledge has also given significant results on the development of procedural understanding 

as there is a connection between conceptual knowledge and procedural knowledge in solving problems [17]. 

According to Lay [21], the process used in reading and problem-solving environments has a connection to science 

procedural knowledge. It allows students to have an indirectly better understanding of the concept because they have 

applied the theory or ideas learned in the laboratory [17]. Therefore students should master both conceptual and 

procedural knowledge to develop understanding and skills in science.  

Teachers’ guidance throughout the lab investigations also has crucial roles in the progress of participants’ 

procedural understanding. According to Vygotskian zone of proximal development (ZPD), the teacher’s support is 

the transfer of responsibility from the teacher to students [22] in completing the task. In this situation, scaffolding 

took place in those collaborations in which the participants were not able to progress in the problem resolution, and 

the teacher helped them to explain ideas that would inspire them to try to solve the problem [23].  

The participants showed less interaction as the result of their difficulty in understanding the conceptual evidence 
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as this explained that students would not enter an argumentative discourse when they do not have sufficient 

knowledge on contents that support the scientific principle of the experiment [24]. This problem is due to their 

learning difficulties in organic chemistry, which has different terms and terminology and also has varieties of 

chemical activity compared to other branches of chemistry [25].  

The participants have no issues with their manipulative skills as students commonly become better at doing 

scientific investigations because of the growing experience of investigation in school science. They were 

collaborating well in the group as Cronin and McCabe [26] described in work with a partner has a significant impact 

on the enhancement of understanding of the work. This phenomenon shows the accountability of an individual as 

the students see the benefits from the others’ efforts [27]. Students have to be in ZPD to understand the process of an 

experiment [22] to nurture their knowledge and understanding. 

VII. CONCLUSION 

This study shows the pre-laboratory writing tasks, teachers’ guidance, and students’ prior knowledge have an 

important influence on the development of students’ procedural understanding. Conducting a scientific 

investigation, is mainly shows an understanding of the processes, and not of skill. Therefore practice alone without 

adding the elements to encourage understanding such as the constructivist writing is not enough to enable students to 

develop competency in the laboratory work processes. This study suggests emphasizing pre-laboratory activity 

specified in the constructivist writing approach and teachers’ scaffolding in the laboratory activities for students to 

enhance their procedural understanding in the laboratory. 

REFERENCES 

[1] Kodani S, Fukuda M, Tsuboi Y, Koga N. Stepwise approach to hess’s law using household desiccants: A 

laboratory learning program for high school chemistry courses. J Chem Educ. 2019. 

[2] Schmidmaier R, Eiber S, Ebersbach R, Schiller M, Hege I, Holzer M, et al. Learning the facts in medical 

school is not enough: Which factors predict successful application of procedural knowledge in a laboratory 

setting? BMC Med Educ. 2013;13:1–9. 

[3] Rajendran NS. teaching and acquiring higher-order thinking skills theory and practice. 1st edition. Tanjong 

Malim, Perak: Universiti Pendidikan Sultan Idris; 2008. 

[4] Schalk HH, van der Schee JA, Boersma KT. The Development of Understanding of Evidence in Pre-

University Biology Education in the Netherlands. Res Sci Educ. 2013;43:551–78. 

[5] Warwick P, Siraj-Blatchford J. Using data comparison and interpretation to develop procedural 

understandings in the primary classroom: Case study evidence from action research. Int J Sci Educ. 

2006;28:44–467. 

[6] Harrison M. Making practical work work: using discussion to enhance pupils’ understanding of physics. 

Res Sci Technol Educ. 2016;34:290–306.  

[7] Abrahams I, Millar R. Does practical work really work? A study of the effectiveness of practical work as a 

teaching and learning method in school science. Int J Sci Educ. 2008;30:1945–69. 

[8] Kirschner PA, Sweller J, Kirschner F, Zambrano JR. From Cognitive Load Theory to Collaborative 

Cognitive Load Theory. Int J Comput Collab Learn. 2018;13:213–33. 

[9] Kirschner PA, Sweller J, Clark RE. Why Minimal Guidance During Instruction Does Not Work. Educ 

Psychol. 2006;41 March 2015:87–98.  

[10] Hand B. science inquiry, argument and language. A case for the science writing heuristic. the netherlands: 

sense publishers; 2008. 

[11] Van Duzor AG. Using Self-Explanations in the Laboratory to Connect Theory and Practice: The 

Decision/Explanation/Observation/Inference Writing Method. J Chem Educ. 2016;93:1725–30. 

[12] Van Duzor AG. investigating process-based writing in chemistry laboratories. In: Sunal DW, emmett 



International Journal of Psychosocial Rehabilitation, Vol. 24, Issue 05, 2020 

ISSN: 1475-7192 

DOI: 10.37200/IJPR/V24I5/PR2020245 

Received: 14 Mar 2020 | Revised: 30 Mar 2020 | Accepted: 06 Apr 2020                                                                       5387 

L.wright, Sundberg C, editors. the impact of the laboratory and technology on learning and teaching 

science K-16. 1st edition. north carolina: 1nformation age publishing inc.; 2008. p. 135–66. 

[13] Hand B, Norton-Meier L. I Will Just SWH It: The Learning Lens of Teachers as They Engage in the 

Exploration of Argument-Based Inquiry. J Adolesc Adult Lit. 2018;62:223–6. 

[14] Gott R, Duggan S. Investigative Work in the Science Curriculum. Developing Science and Technology 

Education. open university press; 1995. http://eric.ed.gov/?id=ED390642. 

[15] Roberts R, Gott R. Procedural understanding in biology: how is it characterised in texts? Sch Sci Rev. 

2000;2:83–91. 

[16] Millar R, Lubben F, Gott R, Duggan S. Investigating in the school science laboratory: Conceptual and 

procedural knowledge and their influence on performance. Res Pap Educ. 1994;9:207–48. 

[17] Surif J, Ibrahim NH, Mokhtar M. Conceptual and Procedural Knowledge in Problem Solving. Procedia - 

Soc Behav Sci. 2012;56:416–25. 

[18] Prain V, Hand B. Writing for learning in secondary science: Rethinking practices. Teach Teach Educ. 

1996;12:609–26. 

[19] Prain V, Waldrip B. An exploratory study of teachers’ and students’ use of multi-modal representations of 

concepts in primary science. Int J Sci Educ. 2006;28:1843–66. 

[20] Sampson V, Walker JP. Argument-Driven Inquiry as a Way to Help Undergraduate Students Write to 

Learn by Learning to Write in Chemistry. Int J Sci Educ. 2012;34:1443–85. 

[21] Yoon Lay Fah. Science process skills, logical reasoning ability, attitude toward science and locus of 

control: Relationship to learning science. kota kinabalu: UMS; 2010. 

[22] Vygotsky. Mind in Society: the Development of Higher Psychological Processes. Cambridge, MA: 

Harvard University Press.; 1978. 

[23] Reigosa C, Jiménez-Aleixandre MP. Scaffolded problem-solving in the physics and chemistry laboratory: 

Difficulties hindering students’ assumption of responsibility. Int J Sci Educ. 2007;29:307–29. 

[24] Sadler TD, Fowler SR. A threshold model of content knowledge transfer for socioscientific argumentation. 

Sci Educ. 2006;90:986–1004. 

[25] Sendur G. An examination of pre-service chemistry teachers’ meaningful understanding and learning 

difficulties about aromatic compounds using a systemic assessment questions diagram. Chem Educ Res 

Pract. 2020. 

[26] Cronin M, McCabe A. The benefits of individual versus group work in a biology based laboratory setting. 

Int J Res Stud Educ. 2017;7:65–76.  

[27] Cooper MM. An Introduction to Small-Group Learning. In: chemists’ guide to effective teaching. 2nd 

edition. New Jersey; 2005. p. 117. 

 


