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Introduction
The Sscience Llaboratory
It was only in the Since the nineteenth century that, when schools first began to teach science systematically. It was then that, the laboratory becamehas become a characteristicdistinctive elementfeature of science education (Edgeworth & Edgeworth, 1811 cited by Rosen, 1954). While scientific knowledge increased rapidly after After the First World War, with the rapid increase of science knowledge, thescientific  laboratories in schools continued to be used primarily to confirm and reinforce information that had already been taught in a lecture or from a y was used mainly as a means for confirmation and reflection of information learned previously in a lecture or from a textbook. In the 1960s, scientific education underwent major reforms in both the United States and the United Kingdom, with a new commitment to teaching science by directly engaging students in scientific activities. As students became involved inWith the reform in science education in the 1960s, both in the USA and the UK, the ideal method for teaching science was to engage students in investigatingions, discoveringies, inquiringy, and problem-solving,  activities. In other words, the laboratory became the core of science instruction and the sciencscientifice learning process. and science instruction. 
Scientific laboratories have been the site of extensive and comprehensive research, resulting in the publication ofOver the years, the science laboratory was extensively and comprehensively researched and hundreds of countless research papers and doctoral dissertations throughoutwere published all over the world (Lazarowitz & Tamir, 1994; Hofstein & Lunetta, 2004; Lazarowitz & Tamir, 1994; Lunetta, Hofstein, & Clogh, 2007). While scientific laboratories have flourished as centers This embrace of practical work, they have also been subject to serious questions and challenges over theirhowever, has been contrasted with challenges and serious questions about its  efficiency and benefits (Hodson, 1993; Hofstein & Lunetta, 2004; Hodson, 1993; Millar, 1989). One criticism levelled is that many educators and, often, For many teachers (and often curriculum developers, fail to consider “creative” aspect of laboratory work, and have students perform routine, programmed activities that do not call for the mental engagement that true scientific research requires.), practical work means simple recipe-type activities that students follow without the necessary mental engagement. According to recent literature, scientific education should ideally be encouraging  The aimed-for ideal of open-ended inquiries, wherey, in which students canhave opportunities to hypothesise, plan an experiment, to ask questions, to hypothesise, and to plan an experiment again, to verify or reject their hypotheses. However, experts contend that this process rarely takes place in educational laboratories. Much attention has been given to the learning outcomes in those limited instances when genuine scientific inquiry does take place in the laboratory.is, occurs more rarely – and when it does, the learning outcome is much discussed. 
It should be emphasized that the issue of what is involved in practical scientific laboratory work is not a static one, having evolved gradually over the years and continuing to unfold.A main point to be made is that practical work is not a static issue but something that has evolved gradually over the years, and which is still developing. The debate over the role of the laboratory is affected by The development relates to changes in goalsing aims for science education, to advances in developments in understanding about science education,learning, to changing views and understanding of scientificce inquiry, and to more recent breakthroughsdevelopments in educational technologies. In order to explore these issues, this paper begins with an historical review, examining the nature ofTo demonstrate this, we begin with a review along historical lines, looking back at practical scientific research over the last 50 years,  during the periods ofthree periods: (1) the 1960s to the mid-1980s; (2) the mid-1980s to the mid-1990s; and (3) the last 15 years. 
50 Yyears of Llaboratory Wwork, R research and Ppractice: An H historical Ooverview

The 1960s to the Mid-1980s: Unfulfilled Ideals 
During the period of the 1960s to the 1980s, numerous newThis period is associated with the many curriculum projects that were developed and introduced with the aim of improving and advancingto renew and improve science education. These efforts actually began The projects began in the late 1950s, as educators sought to update and reorganize with a focus on updating and re-organising content knowledge in the aspect of knowledge content of the science curricula. However, educational reformers, but soon reformists  soon focused on the turned their attention towards science process rather than knowledge as thea main aim and organizsing principle offor science education. As , as expressed by Sunee Klainin (1988) in Thailand explained:
Many science educators and philosophers of science education (e.g. in the USA: Schwab, 1962; Rutherford & Gardner, 1970) regarded science education as a process of thought and action, as a means of acquiring new knowledge, and a means of understanding the natural world. (p. 171)
This newThe emphasis on the processes rather than the products of science reflected the thinking of many different parties, and was fuelled by numerousmany initiatives. and satisfied different interests. For example, s Some educators, convinced that the earlier reform projects had placed too much emphasis on subject knowledge, sought to shift  wanted a return to a more student-oriented pedagogy. after the early reform projects, which they thought paid too much attention to subject knowledge.  For other educators, placing the Others regarded science process at the center of science education served as a as the solution to the rapid development of knowledge in science and technology. For these educators, : mastering science processes and concepts would provide students with more enduring skills, and thus better prepare them for the unforeseeablewas seen as more sustainable and therefore, a way of making students prepare for the unknown challenges of the future. Significantly, this shift in the goals of scientific education was accompanied and supported by Most importantly, developments in cognitive psychology at the time, which were highlighting the importance of drew attention towards reasoning processes and scientific thinking. Psychologists such as Jean Piaget, Jerome Bruner, Piaget, and Robert Gagnée helped explain the nature of the thinking involved in the science process and supportedencouraged the propositionidea that science teaching could help advance what they considered the worthy goal of developingdevelop  this type of thinking in young people. 
The review of Lazarowitz and Tamir (1994) of laboratory work clearly demonstrates the The  interest in the element of practical work in science education and research during this period is clearly demonstrated by Lazarowitz  and Tamir (1994) in their review on laboratory work. They identified 37 reviews ofn laboratory issues in the context of science education (Bryce & Robertson), all of which reflected strong support for These reviews expressed a similarly strong belief regarding the beneficial potential of practical work in the curriculum. However, these studies, but also recognizsed  significantimportant difficulties in obtaining convincing data on the educational effectiveness of such teaching. According to the studies, the only area that could be identified Not surprisingly, the only area in which laboratory work showed a genuiner eal advantage in comparison  (when compared  to the non-practical learning methods was that of acquiring and developing practical laboratory working skills. However, they could identify very few or no differences between laboratory-based and other scientific learning methods with respect modes) was the development of laboratory manipulative skills. For conceptual understanding, critical thinking, and an understanding of the nature of science., there were few or no differences.	Comment by Susan: This needs a year
Lazarowitz and Tamir (1994) suggested that one reason for these results could be that the assessment and research procedures used in the studies under review were inadequate.this relates to the use of inadequate assessment and research procedures. Although qQuantitative research methods were not adequate or appropriate for research purposes in this area, , but at that time, qualitative research methods were generally were not taken seriously indisregarded within the science education community. Hofstein (2004) identified several methodological shortcomings in research designs of studies about science education during this period: insufficient control over laboratory procedures, including laboratory manuals, teacher behaviour, and assessment of students’' achievement and progress in the laboratory;, inappropriate samples; and the use of measures that were not sensitive or relevant to laboratory processes and procedures. 
Not only was there insufficient evidence of the advantages of process-based science education in laboratories during this period, but actualAnother issue was that teaching practices in the laboratory were slow to change, and teachers did not embrace the shift to did not change as easily towards thean open-ended style of teaching as recommended by the curriculum projects. Instead, teachers continued to prefer a safer, more formulaic approach to science education suggested. Teachers instead preferred a safer ‘cook-book’ approach (Tamir & Lunetta, 1981). 
Mid-1980s to Mid-1990s: The Constructivist Approach
The support for practical work in the laboratory as part of the scientific curriculum faced a two-pronged challenged dDuring the period from the mid-1980s to the mid-1990s., practical work was challenged in two different ways. First, science education researchers were becoming increasingly aware of the failure to truly incorporate and execute the pedagogical reforms proposed during One was related to an increasing awareness among science education researchers of a failure to establish the intended pedagogy in the reform projects from the previous period. Indeed,This was expressed by  Robert Yager (1984), who reported that laboratory work in schools continued to tendtended to focus on following instructions, arriving at getting the right answer, or manipulating handling equipment. It was found that sStudents failed to gainachieve the conceptual and procedural understandings that the reformers had intended to inculcate.were intended. Frequently, students were unable Very often, students failed to understand the relationship between the purpose of the investigation or the research question and the design of the experiments (Lunetta et al., 2007).
The second line of criticism of the earlier approach encouraging practical laboratory work arose from the fact that In addition, there was little evidence that students had been provided withwere provided with adequate time and opportunities and time to learn or think aboutwrestle with the nature of science and understand the connection between science andits alignment with laboratory work. Students were seldom aware of noted  the discrepancies between their own concepts, their peers’' concepts and the concepts of the science community (Eylon & Linn, 1988; Tobin, 1990). In essence, for students, practical work in the laboratory did not have anything to do with creating and exploring ideas. Rather, it meant working with and manipulatingIn sum, practical work meant manipulating equipment and materials, with no thoughtful content., but generally included speaking rather than creating ideas.
During the 1980s, influenced by the philosophical and sociological issues associated with constructivism, which recognized that students’ experiences prior to entering school influenced their understanding and knowledge, researchers began questioning both the practice and the theoretical justifications for emphasizing practical, process-centered science education in the laboratorystarted to question this practice and its theoretical underpinning in light of philosophical and sociological issues associated with constructivism (Millar & Driver, 1987). They contended thatThe argument was that the entire science education community had been misled by a naïve empiricist view of science, referred to by Robin Millar (1989) as the Standard Science Education (SSE) view. 	Comment by Susan: This is not entirely clear – does SSE refer to the prior, naïve empiricist view of science. Also, this section lacks no information about any changes in the curriculm, etc. It needs some practical examples to support what is essentially a literature review.

The Period after the 1990s: A New Era of Change
During the last 20 years, science education has undergone  we have seen major changes,  in science education. These  implemented, in part, in response to were caused partly by globalisation and rapid technological development over the last decades. In order to remain competitive and to develop the knowledge and skills needed to operate successfully in a world characterized by constant and fast-paced innovation, , which call for educational systems must offer the highest level ofwith high-quality science education. to meet international competition and standards and to develop the knowledge and competencies needed in modern society.  Developments in the United StatesIn the USA, we have seen developments regarding ‘standards’ for science education (NRC, 2005) clearly support teaching both scientific content and higher-order learning skills. The latter demand a laboratory environment where students can learn to plan an experiment, observe, ask relevant questions, hypothesise, and analyse that provide clear support for inquiry learning both as content and as high-order learning skills that include in the context of the laboratory planning an experiment, observing, asking relevant questions, hypothesising and analysing experimental results (Bybee, 2000). Throughout the world, there have been intense efforts to reform scientific curricula in schools, with an emphasis on better adapting and tailoring science education In addition, we observed internationally that there has been a high frequency of curriculum reforms. A central point has been to make science education better adapted and tailored  to mrry the needs of all citizens (AAAS, 1989).	Comment by Susan: What is nrc? Please clarify	Comment by Susan: What does the acronym AAAS stand for – please clarify.
Looking Towards the Ffuture: Tthe Nnext 50 Yyears
With schools and educational systems under increasing pressure to improve the performance of their diverse student bodies in science, it is more imperative and urgent than ever toed carefully define the role and goals of high school science laboratories and to measure progress toward attaining those goals.   However, these same schools and educational systems are also under constant pressure to cut costs, thus forcing them to make painful choices about the more expensive and specialized features of education. 
The efforts to improve students’ experiences in the laboratory in the 21st standard have been impeded Moving toward an improvement in laboratory experiences for the 21st century has been constrained  by weaknesses and ambiguities in definitions, research and policies. Even at the most basic level, hHistorically, researchers studying laboratory experiences have not been able to agreeagreed on a precise definition of "laboratory" or about the purpose of the laboratory, which has made. it challenging to identify evidence that could lead to improvements in laboratory education. Reaching  precise conclusions on the optimal approaches to laboratory teaching and learning has been very difficult, given the gaps in the research, particularly researchers’ inability to determine and draw on  the knowledge of expert science teachers. In addition,Even today, educators, policy makers and researchers today have disparateffering opinions about views of the role and goals of high school laboratory experiences. As a result of this disunity This fragmentation in research, policy and practice, the has impeded research, development,  and the realizationdemonstration and dissemination of improved laboratory experiences have not been able to advance in a meaningful manner.. Researchers and educators do not even agree on how to define high school science laboratories or on their purposes, thus hampering the accumulation of evidence that might guide improvement in laboratory education. Gaps in the research and in capturing the knowledge of expert science teachers make it difficult to reach precise conclusions on the best approaches to laboratory teaching and learning. The need to more carefully define the role and goals of high school science laboratories and to measure progress toward attaining those goals has been given greater urgency and priority in view of the multiple pressures placed on schools and districts to increase the performance of a diverse student body. , The challenge of meeting the needs of today’s students in cost-effective ways places great pressure on schools to re-evaluate the apparently more expensive and impressive features of education, such as high school science laboratories. Many questions related to learning in and from science still remain only partially answered. The following are a list of issues that require questions that additionalneed more research and, more development and more diverse approaches.: 
1. Assessment of student learning in laboratory experiences: - Researchers need to determine theWhat are the specific learning outcomes of laboratory experiences. In order to do so, they must ascertain and what are the best methods for measuring these outcomes, both in the classroom and in large-scale assessments.?
2. Effective teaching and learning in laboratory experiences: -  Research must be undertaken to identify what kindsWhat forms of laboratory experiences are most effective infor advancing the sought-afterdesired learning outcomes of laboratory experiences.? The different kinds ofWhat kinds of curricula that can support teachers and students in reaching forprogressing toward and ultimately achieving these learning outcomes need to be explored and clarified.?
3. Diverse populations of learners: - Researchers need to examine through whichWhat are the teaching and learning processes by which laboratory experiences contribute to particular learning outcomes for specific and diverse learners and different studentstudent populations.?
4. School organization for effective laboratory teaching: - Professionals and academics need to determine thoseWhat organisational arrangements, such as (e.g., state and district policy, funding priorities, resource allocation, and allocation of resources, professional enrichmentdevelopment, textbooks, emerging technologies and as well as school and district leadership) most effectively and efficiently facilitate support high-quality laboratory experiences most efficiently and effectively. T? What are the most effective ways of implementing suchto bring about those organisational arrangements also need to be clarified.?
5. Continuing learning about laboratory experiences: - Among the issues to be explored here are in what waysHow can teachers and administrators can learn to design and implement effective curriculainstructional sequences that incorporatetegrate laboratory experiences for diverse and underrepresented students. Together with this, researchers need to find the most effective professional enrichment methods for helping teachers? What types of professional development are most effective to help and  administrators create and use such curricula. Finally, it should be determined when and teachers achieve this goal? How should laboratory professional laboratory enrichment should be introduced or continued duringdevelopment be sequenced within a teacher’s career,  ( from pre-service to expert teachers.)?
Serious and sustained attention to the above issues is essential in order to improveImproving the quality of laboratory experiences available to U.S. high school students and thereby advance important educational goals. However, even now, science educators can begin to integrate laboratory experiences more effectively into the science curriculum in order to advance the educational goals identified here requires focused and sustained attention. By by applying the principles of instructional design now emergingderived from ongoing research, science educators can begin to more effectively integrate laboratory experiences into the science curriculum. This paper seeks to offer definitionsThe definition, goals, design principles and findings which can help of this report offer an organizing framework for tackling the challenging taskwith which to begin the difficult work  of designing laboratory experiences for the 21st century. 
To keep up with rapid technological advances, school laboratories must undergo profound changes. TheThe future school laboratory of the future will differ significantly from those to which we have become accustomed is evolving in huge strides as technology rapidly advances. In the years to come, the lab will look different in comparison with what we have become accustomed to,  in terms of their spaceshape, equipment, and materials, as well as they goals which they will be required to meet. and goals that need to be achieved. The future school lab needs to:
·  Be connected to everyday life and to be "more relevant" to today’s students;.
· Protect and sustainMaintain the environment and use renewable and clean energy;.
· Use small amounts of chemicals and move from mMacro to mMicro and nto Nano materials;.
· Become a supportive environment for understandingBe a good place to understand the new technological concepts and methods being taught;.
· Link our planet and the greater universe while developing athe Earth and space while better understanding of how scientific processes work in both realms. on Earth and space work.
Some of the following actual examples from The Academic Arab College for Education in Haifa, Israel can offer some insights Here, we provide some practical examples from our college on how to achieve these goals.:

1. How Making the learning of chemistry laboratory activities can be made more relevant to students.
Science teachers, particularly in general, and chemistry teachers, in particular, are urged to make science education, in this case, chemistry education, “more relevant” in order to get their students interested in science and motivated to pursue these studies in the sciences (chemistry in our case) "more relevant" in order to better motivate their students and interest them in science (Stuckey et al., 2013;  Hugerat et al., 2015; Hugerat et al., 2018;  Stuckey et al., 2013). 
TAt the Academic Arab College of Education, in Haifa, we decided to adopt a new model, whereby students play an active role in the teaching process. In thehe courses “"the General Chemistry Lab”" and “"Methods for Teaching Chemistry”" courses, students were required to create and applyimplement an active, dynamic, and meaningful inter-disciplinary learning and teaching process. Students in the course “"Tthe General Chemistry Lab”" course planned a number of simple experiments. These were that were not carried out as part of the course itself, but were presented within the college environment. First, the students from the course distributed an explanation to all the College’s students about the experiment to be performed and its connection to everyday life, which usually involvedcluded the home particularly and the kitchen. Other students from the CollegeThe other students observed the experiment during their break periods. We observed that the students expressed a lot of interest, asking many questions. These questions were met with explanations at a variety of levels.recess. We noticed that the students seemed very interested; they asked many questions and received explanations at various levels.	Comment by Susan: It is not quite clear what is meant here – do you mean that different types of people – chemistry students, general students, teachers – answered their questions, or that the answers to their questions reflected different levels of knowledge, detail, etc.?
1.1. 	Presentingation of laboratory activities during break periods recess  as a means of improvingto improve teaching
Based on the results of this experience, wWe believe that every teacher, especially those of very young children should learn to engage in this kind of activity.this kind of project must be a required course for every teacher, in particular, for teachers of very young children. An interesting example is provided by a student training A trainee who was going to teach Arabic. in the future provided an interesting example.  Following the presentation of the course participants’ experiments during the break periods, this studentHe asked to use the school laboratory. With the help of, together with the lab technician and the chemistry teacher, this student wanted in order to prepare an experiment taken from everyday life that would be relevant to his students. He then planned to ask the students from his course in fluent Literary Arabic, who were asked to compose a report on what they had witnessed.saw in fluent Literary Arabic. Given this reaction to If this is what occurred after just one presentation, it is possible then we can conclude that trainee teachers need science and chemistry courses that are relevant to everyday life, and that such courses can will  have a significant effect on the way these subjects are thenchemistry and other sciences are taught in schools. 
Students from thein the course  “"Methods for Teaching Chemistry”" course were asked to write several lesson plans on a wide variety of topics wrote numerous lesson plans on many topics (Table 1). They were required to think creatively, both  “"out of the box"” as well as “"”out of the book". Books, it must be stressed, are a necessary but not sufficient element in science education.an aid, but possess no sanctity.

Table 1: Chemistry lLaaboratory Aactivities as rRelevant for Tmethods of teaching
	
	Name of the Llaboratory Aactivity
	Description of the Activitylaboratory activity
	Relevance to Everyday LifeMeaning in everyday life

	1
	Electrostatic Aattraction
	Moving a tin can usingby means of a balloon without the balloon touching the can to prove, as proof of the existence of particles in matter
	· Static electricity that can be felt by everyone;
· , uUsinge of  familiar materials from everyday life

	2
	Preparing a Ppolymer (large molecule)
	Preparing polymersed from common domestic products: gGlucose, soda, detergent, glue, etc.
	Usinge of  common domestic materials to produce a new material, a plastic that is ubiquitous in our lives

	3
	Boiling by Ccooling
	Boiling water usingwith cold tap water
	· Pressure cooker,
· Pressure cooker, Ccooking time
· , Iinterpretation of recognizablefamiliar objects,  phenomena such as space suits
· B, boiling temperature as a function of altitude and atmospheric pressure

	4
	Lowering the Ffreezing Ppoint
	Mixing ice with cooking salt
	· Making ice cream
· Making ice cream, Sspreading salt on icy roads
· , qQuick cooling on trips

	5
	Packaged Ffuel
	Mixing alcohol with calcium acetate to produces a volatile gel.
	· Igniting coal
· Igniting coal, Ppreparing a hot drink when no gas is available or when on a trip,
·  Maand manufacturing a product

	6
	Extraction of Ccolours
	Extractingion of  colours from flowers;, Eextractingon of chlorophyll;,
Pa painting on Styrofoam and adding ethanol; Mmixing egg and chalk
	· Preparing paints using the traditional method
· Preparing paints in the traditional method, Pproducing writing that will last centuries
· , cCycles of materials, perfumes, etc.

	7
	Acid-based Eexperiments
	Various experiments on acids and bases
	· Removing limescale from a kettle
· Removing limescale from a kettle, dDetergents,
·  Aacidosis
· A, acid rain
· Pr, production of vinegar, etc.

	8
	Chemistry Wworks
	Adding hydrogen peroxide to iodide;
Extracting silver from silver nitrate (AgNO3);
Producing iron rust
	· Processes of corrosion,
· M making vessels shine
· E, extracting magnesium from the Dead Sea
· P, polishing jewellery
· Using, use of platinum in the body
· D, the dangers of mixing cleaners, etc.

	9
	Experiments with Eeggs
	Adding cola to an egg; Aadding a salt solution
	· Cola: healthy or not?
·  Making pickles

	10
	Chemical Ccake
	CreatingHow to create a basic cake
	· Making pastry, thick cakes, holes in cakes
· M, making a new cake





2. Using the Llaboratory to Tteach Sstudents to Vvalue Ssolar Eenergy
In a study conducted at  The Academic Arab College of Education,in our college, it was found that teaching science by the project-based learning (PBL) method significantly improved the student-teacher relationships, and enhanced students’' enjoyment of the course (Hugerat, 2016).The results of this study can be applied to teaching students about solar energy. 
SThe school laboratories are ideal sites for usingan ideal place to use and promoting the use solar energy, especially because any c. Changes and improvements at schools are highly visible and closely followed. In a project that we designed at The Academic Arab College of Education in our college, the students built a workingreal model of a solar village inside the school (Hugerat et al., 2004; 2011), which uses only solar energy (Fig. 1). 
Using a photocell instead of a conventional battery reducesdecreases environmental pollution. Over the course of During the year, the laboratory uses numerous different devices, which would requireneeds a great deal ofso much conventional battery current to operate. Conventional battery use would be much more expensive than  different apparatuses and it would be so expensive compared with using one photocell that can last that you can use for a long time. In fact, if maintained in good condition, a photocell can last nearly , and if you keep it in good condition, you can use it nearly forever. 
[image: pic3] [image: pic2]

Fig.1: In laboratory activities with a studyn investigation group, the pupils are exposed todeal with the scientific, technological and social aspects of solar energy. In addition, the pupils build different systems utilizing solar energy inside the school courtyard.
2.1. An example of a laboratory activity
Electrolysis refers to is a process wherebythat produces chemical change, especially decomposition, occurs when an electrical current flows through an electrolyte. Students in this activity used solar electric panels to produce hydrogen and oxygen gases through waterfrom the electrolysis of water (Fig. 2). They then raun tests for the presence of flammable gases, after which they had to  and propose an experiments toand  balance a chemical reaction for the process of the electrolysis of water process (Hugerat et al., 2003).	Comment by Susan: It’s not quite clear what is meant by propose and balance. Does this change correctly reflect your meaning?
 [image: ]     [image: ]

Fig. 2: Students use solar electric panels to produce hydrogen and oxygen gases from the electrolysis of water.
3. Micro-Scale Laboratory Aactivities Uusing Ddisposables Mmaterials
Strategies for teaching and learning chemistry through work in a laboratory need to change in light of increased concerns about protecting the environment from chemical pollution as With increased concern about the problems of environmental pollution as well as rising laboratory costs. , the strategy in teaching/learning chemistry through laboratory work requires certain modifications. An example of a creative response to this challenge is an interesting project initiated at The Academic Arab College of Education A very interesting project for developing took place when we developed many educational materials while focusing on miniaturizing laboratories for sustainability purposes.; the focus was on miniaturizing laboratories for sustainability In the course of creating. We developed multi-age and multi-disciplinary learning materials for a variety of ages in the fields of education, project participants and miniaturized an environmental laboratory and tools in order to protect the immediate and more distant near and far environments. Building a miniaturized research laboratory at the school provideds an active learning environment for all students during the year and even drew in members of the community outside the collegeattracts members of the community (Hugerat, 2008; 2009; Hugerat et al., 2010). Presumably, this project can This  encourages the teachers to actually build a miniature laboratory at school in the future by successfully demonstrating that it is possible to:through:
a. Minimiseing the use of resources and production of in producing polluting residues;, 
b. Lowering risks by minimising exposure;, 
c. Minimise energy use;ing the use of energy, and 
d. Designing laboratory activities using minimallow or no toxic substances.
3.1 Constructing micro-scale volumetric water analysis devices with disposable    materials
In another project for miniaturizing laboratory equipment, students at The Academic Arab College of Education constructed miniature devices for water electrolysis. Many methods for volumetric water analysis have been developed since the German chemist A. W. von Hofmann (1803–-1892) first constructed his apparatus for the electrolysis of water. In this project at The Academic Arab College of Education, Hugerat et al. introduced MCE appliances for the electrolysis of brine (Hugerat, 2008; Hugerat & Schwarz, 2008; Hugerat, 2008). UsingPre-service teachers have used disposable plastic pipettes, needles, pencil leads, and neutral electrolytes, teaching students at the College designed to design different micro-scale models types of the microscale Hofmann aApparatus. Hugerat et al. (Hugerat, 2008; Hugerat & Schwarz, 2008; Hugerat, 2008; Hugerat et al., 2013) also developed a project to constructconstructed galvanic and electrolytic cells from pieces of a cola can, pencil leads, 1-mlL blisters, 2- mlL injection bottles and cheap plastic containers to make electrolysis water with a 2-mlL plastic pipette pierced by two hypodermic needles and a 9 Volt battery (Fig. 3). 	Comment by Susan: What are MCE appliances?	Comment by Susan: What do you mean by blister? Needle?
[image: 157-hoff]    [image: ]      [image: WasserAnSynt1-k]
Fig 3: On the right, traditional glass for the Hofmann apparatus (200ml).The middle figure shows, in the middle a micro- scale glass Hofmann apparatus (10 ml) constructed from disposable materials. On the left is, and on the left a plastic Hofmann apparatus (5 ml) constructed from plastic syringes designed by Hugerat et al. (2013).

3.21 Constructing mMicro- scale solvated electrons using disposable materials 
There has long been speculation about tThe existence of solvated electrons. was speculated long ago.  The earliest known example of an established electron excess in a liquid was from alkali metals that produced stable blue solutions as a result of the presence ofowing to solvated electrons in liquid NH3 (i.e., ammoniated electrons). 

[image: ]
Fig 4: A simple experiment to produce solvated electrons using disposable materials

At The Academic Arab College of Education, In our college we devised a simple experiment to produce solvated electrons using materials commonly available in undergraduate laboratories (Fig. 4), such as lithium metal from a small battery and computer-cleaning fluid. These materials interact in a reasonably safe manner and pose none of the, without the dangers associated with the use of solid Na or K metals, such as intense reactions (i.e., vigorous reactions or explosions.) in a reasonably safe manner. Not only were the experimental materials relatively safe, but the use of a simple and inexpensive source for a metal alkali  and tThe production of liquid ammonia were also interesting from an  and the use of a simple and inexpensive source for a metal alkali are also interesting from an educational perspectivestandpoint (Ibanez et al., 2011).
4. Nano-Laboratory
Nanoparticles are a significant element in contribute significantly to  the energy and mass budgets of our planetEarth system. However, the role of nanoparticles is rarely incorporated into studies ofn the Earth’s history and processes. of this system.  Because nanoscience is basically overlooked in the teaching ofOne result of the lack of attention to nanoscience in the Earth, Space, and Environmental Sciences, the subject is  is that nanoscience is largely absent in school curricula infrom the school's curriculum in these subjects (Abu-Much & Hugerat, 2015; Dege et al., 2015). 
A study conducted at The Academic Arab College of Educationour college investigated the awareness of and attitudes toward nanotechnology among science teachers and secondary school students from the Arab sector in Israel. The results revealed low awareness, albeit and positive attitudes (Abu-Much et al., 2019). 
4.1 Nano experiments: An example from The Academic Arab College of Educationour college
At The Academic Arab College of Education, we conducted an unusualIn our college, we provide an unusual lab experiment for participants, in which for participants werethey are exposed to the terms “"Nano-systems”" and “"drug delivery”" in a unqiue manner.by an interesting point of view (Abu-Much et al., 2017). Aqueous solutions of liposome structures were prepared using a simple method and were then simply and used as a model for exploring cell membrane structures and drug carriers. Solutions of the drugs Drug solutions of Acamol® and Optalgin® were prepared, colored by with food dye and then inserted into the hydrophilic interior part of the liposome structures. In thea  second step of the experiment, the participants could minimise the size of the drug-infusedloaded liposome structures from micro-scale to nanometreer scale (400 nm, 100 nm) using an inexpensive cheap and simple apparatus called a Mini-Extruder (Fig. 5 and Fig. 6).

[image: ]



[image: ]Fig. 5: Mini Extruder apparatus, passing drug-infusedloaded liposomes through its membranes.



 Fig. 6: Optical microscope images (X100) of:
a. Micro-scale liposomes infusedloaded with Acamol® solution
b. Nano-scale liposomes infusedloaded with Acamo®l solution





A group of 25 pre-service teachers teaching students from the Academic Arab College for Education in Haifa, Israel, participated in this laboratory project activity as part of the course “"Chemistry in the Lab”". In the project, liposome structures and their chemical characteristics were used as a teaching model, enabling the students to compare the chemical structure of cell membranes and that of the liposomes. This project offered an inexpensive, The laboratory activity described here provides a cheap, simple, and interesting way to introduceincorporate students into new, modern science fields like nanotechnology and to teach them about the field’semphasises its impact on our everyday life (Abu-Much et al., 2017). For this purpose, liposome structures and their chemical nature were used as a teaching model; the students could compare the chemical structure of cell membranes and that of the liposomes. 
We believe that engaging inimplementation of  such laboratory activities has a significant impact onaffects student attitudes to chemistry and encourages them to undertakeperform these important laboratory activities when they do their own teaching during their teaching in the future. This result could, which will lead to meaningful changes in how the subjects of a significant change in the subject of  nNano liposomes and "dDrug" vVehicle "Ttransport"  are taught and understood in chemistry classes. 

5. [bookmark: _GoBack]The Llaboratory as a Ttool for Aargumentative Sskills Ddevelopment
The laboratory provides support for higher-order learning of inquiry skills that include observing, planning an experiment, asking relevant questions, hypothesising and analysing the experimental results (Hofstein, Shore, & Kipnis, 2004). Argumentation is the most important discourse process in scientific inquiry; therefore, it must be taught and learned in science classes as part of scientific investigation and literacy (Erduran, Ozdem, & Park, 2015).
For the purpose of constructing a well-founded and reasoned argument, many studies (Erduran, Simon, & Osborne, 2004; Katchevich et al., 2013; 2014) have utilized Toulmin's (1958) use of a model, according to which an argument contains the following components: claim, data and warrant, the latter constituting a connection between the former two. 
In our college, the instruction aims at encouraging classroom discourse and the argument-construction process among pre-service teachers while they conduct laboratory activities, both in the discourse that takes place during the laboratory activity itself and in the subsequent classroom discussion on topics that arose during the laboratory activity. Twelve students specialising in chemistry in college, who were second-year students studying to be teachers in middle school, conducted it (Hugerat, Najami, & Hofstein, 2020). 
We found that for the research groups that we observed, the laboratory could function as a platform for argument-construction without any intervention, owing to this learning environment's unique features: working in small groups, which made it possible to develop a discourse and an environment that provided students with time and a platform. In addition, we found that when students obtain unexpected results in a laboratory activity that they planned, the developing discourse contains more arguments, as well as rebuttals (Hugerat, Najami, & Hofstein, 2020). 



6. Space laboratories
The Spacelab is important to all of us. It has expanded the Shuttle's ability to conduct science on-orbit many fold. It has provided a marvellous opportunity and serves as an example of a large international joint venture involving government, industry and science. Scientific research on the International Space Station is a collection of experiments that require one or more of the unusual conditions present in low Earth orbit (Buckey, 2006; NASA, 2005). 
As of 2006, data on bone loss and muscular atrophy suggest that there would be a significant risk of fractures and movement problems if astronauts landed on a planet after a lengthy interplanetary cruise (such as the six-month journey time required to fly to Mars). It is anticipated that remotely guided ultrasound scans would have applications on Earth in emergency and rural care situations where access to a trained physician is difficult. Researchers are investigating the effect of the station's near-weightless environment on the evolution, development, growth and internal processes of plants and animals (Buckey, 2006; NASA, 2005). 
Future plans are for the researchers to examine aerosols, ozone, water vapor and oxides in the Earth's atmosphere, as well as cosmic rays, cosmic dust, antimatter and dark matter in the universe.
6.1 Candles in space
Burning is a rapid (chemical reaction) process involving flame-forming material exposed to oxygen. It appears in almost all chemistry textbooks in the elementary school lab and in middle and high school. This experiment is the students' first encounter with chemistry in the laboratory. 
In light of this, astronauts have examined how a candle burns at the International Space Station, which has very weak gravity (Fig. 7). Foreman Williams, a professor of physics at the University of California, San Diego, explained that a burning candle in space creates a kind of sphere around it. In the absence of gravity, combustion occurs mainly in a narrow area on the outside of the spherical flame, in the area where the wax vapors come in contact with oxygen, and not necessarily in the top as on Earth. In fact, a burning candle in space is much simpler because its wax and combustion vaporization occurs on a more limited surface. In addition, because there is no air flow near the burning candle in space, combustion of the wax fumes is more complete and less soot particles are emitted from the flame. As a result, the flame of the burning candle in space is much bluer than that of the burning candle on Earth (Buckey, 2006; NASA, 2005).
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Fig. 7: Gravity plays an important role in shaping the flame. A Flame Candle on Earth (Left) and in the Space Station (Right) | Source: NASA
Taking this into consideration, one of the experiments deals with flames in space: creating fireballs that fly inside a special combustion chamber from flammable material injected into the cell and in flames that provide stability for very long periods. The purpose of the experiment is to test fire-extinguishing methods both in space and on Earth, using water vapor instead of various chemicals that may cause air pollution
6.2 Examples from Israel
1. A high school in Nahariya (a city in northern Israel) has designed an experiment that explores how microgravity affects the rate of kidney stones and kidney formation, with the aim of optimising dialysis treatment here on earth.
2.  The "chemical garden" experiment was conducted by the first Israeli astronaut in space, Ilan Ramon, on the "Columbia" space shuttle. The "Chemical Garden" experiment was presented to Ilan Ramon in 2003 (Fig. 7) by a group of high school students and was performed by him about six hours after the shuttle took off. The purpose of the experiment was to examine the mechanism of crystalline growth in a "glass water" solution under gravity conditions in space (Fig. 8). 
High school students, along with science teachers from the schools, built all of these experiments launched for the International Space Station.
[image: Ilan and chem garden]
Fig.7: Israeli astronaut Ilan Ramon and the Chemical Garden Experiment on the Columbia Space Shuttle
[image: תוצאות ניסוי]
Fig. 8: Results of the "Chemical Garden" experiment with calcium chloride crystals on Earth and in space.
6.3 The future of space laboratories
However, conducting experiments in space is very expensive. Therefore, many companies have developed a tiny lab that is big as a shoebox, which is launched into space and allows remote experiments. Service customers are states, universities, large health agencies and research institutes that purchase a slot in the lab, such as we purchase an airline ticket or rent a car from a rental company.
The experiments conducted in this space laboratory are controlled from the ground up. Using a simple smartphone app, the researcher can see the metrics in real time, run the experiment, see the reaction and, if necessary, remove everything and restart - as if playing Angry Birds. The experiments can be used to develop drugs, cosmetics, advanced materials, crystals and more. 


Summary 
In this chapter, related to practical work, we tried to visualize and determine the content, curriculum and pedagogy of the science laboratory. We used examples from chemistry education. However, the key problem is that every 20-30 years the goals for practical work change. The question regarding experimentation for whom and how still remains open. In order to understand the dilemma, we could go back 30 years regarding ICT.
In the 1980s and 1990s, nobody around the world had a clear idea about the influence of computers on our lives in general, and on learning in particular.
In the past, laboratories were rooms (in schools) in which students' manipulated materials and equipment. In the future, we will provide students with opportunities to explore the world, space and the environment in which they learn science. We hope that these opportunities will extend students' abilities and skills to become literate citizens who are able to better control and be aware of their future experiences.
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“Outdoor Electrolysis Experiments Using Solar Panel”
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