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Abstract 

Realizing the importance of chemistry in daily life, has become the compulsory part of education and science 

education all over the world. Johnstone drew attention to the existence of the three levels of chemistry: 

macroscopic, sub-microscopic and symbolic. These levels can be represented in the form of a triangle. The current 

study aims to assess the secondary school students’ chemical knowledge across levels and sub-concepts. The 

students’ data was collected through convenient sampling from public and private schools of Lahore. The data is 

analyzed applying independent sample t-test. The major findings of the study illustrate that students have high 

understanding at macro and symbolic level of chemical knowledge than sub-micro level. It is recommended that 

chemical education should be carved level wise from secondary to higher level of studies.  

Key words: Macro, sub-micro, chemical knowledge and symbolic  

Introduction  

 Science and chemistry education in particular is a veritable instrument for national 

development. According to Okon – Enoh, (2008) science is a way of seeking information 

(process) and also an accumulated knowledge resulting from research (products). Okoro (2013) 

sees science as a systematic investigation of nature with a view to understudy and harnessing 

them to serve human needs. Science may be regarded as the body of related courses concerned 

with knowledge. It consists among other component; Chemistry, Physics, Biology, 

Mathematics, Astronomy, Agriculture, among these, chemistry is vigorously described as the 

queen of science.  

Realizing the role of science in achieving self-reliance and intellectual development, 

one tries to find the place of chemistry in science. Notwithstanding the negative role chemistry 

education does play globally, such as pollution and drug abuse, the positive roles are well 

known. Chemistry is the central in the drive of global sustainable economic development. It 

plays the major roles in food (fertilizers and insecticides), clothing (textile fibers), housing 

(cement, concrete, steel, bricks), Medicine (drugs), Transportation (fuel, alloy materials). 

Presently, man is experiencing an era in scientific and technological development that affects 

his life in one way or the other. Virtually everything we use daily involves chemistry. 

Teaching and learning chemistry: 

There are as many approaches to teaching and learning chemistry as there are chemistry  

Teachers.  All school teachers nevertheless are required to follow a defined curriculum, which 

may be nationally defined. 

Especially at the secondary level of schooling, these curricula emphasize preparation 

for tertiary-level education, even though it may be a small minority of learners who will follow 

mailto::%20asmasadia2746@gmail.com
mailto:nighatkirmani@gmail.com
mailto::%20sehrisharshad7947197@gmail.com


CONTEMPORARY JOURNAL OF SOCIAL SCIENCE REVIEW  
Vol.03 No.04 (2025) 

 
 

723 
 

this path in future. This divergence between minority expectations and majority needs is quite 

common around the World. Still, with a conference theme “Chemical Education for Human 

Development in Africa”, we may pause to reflect on this divergence and question whether we 

support or do not support the aim implicit in this theme (Ried, 2014). 

Systemic approaches to chemical education  

Fahmy and Lagowski, (2011) have argued for and researched systemic approaches to 

teaching and learning of chemistry. An emphasis of these approaches is the inter-relatedness 

of things, especially the cross-links between vertical developments of concepts as are most 

often presented in concept maps.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig2.1 SATLC: Closed-cluster concept maps   

The chemist’s triangle  
Johnstone (1999) drew attention to the existence of what he called the three forms (or 

levels) of chemistry: macroscopic, sub-microscopic and symbolic (representational). These 

three forms or levels are not independent, but in fact closely related. This can be represented 

by a triangle with the three forms at the corners of the triangle.  Macro; using senses to describe 

the material substances and changes in them. It is the simpler level. In other words, these are 

the concepts described briefly and clearly in the book. Sub-micro; to interpret or explain the 

macro concepts more deeply in material substances and changes in material substances 

especially in terms of particles and forces between them. Symbolic; means inventing or using 

symbols to represent both, macro descriptions and micro interpretations or explanations.  

 

 

Concept 

Concept Concept 

Concept 
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This may be recognized as one of the centrally-important closed-cluster concept maps 

of chemistry, which can assist teachers, learners and researchers. Being devoid of other 

indicators it can serve chemistry education at all levels and in all curricular contexts. 

But alone it is but an aide-memoire that can be understood after experiencing its use. 

There is no better way of doing this than by exploring the points of the triangle and their 

interrelationships, with CHEMISTRY itself as the focus (Johnstone, 1999) 

 
 

DALTON (1801)  

Fig:3 levels of chemistry 

Final Comments  

 There may be many other ways of conceptualizing the structure of chemical knowledge 

different from that proposed in this paper. We may find some of them more or less appealing 

or fruitful for educational purposes. However, the analysis, discussion, and reflection of each 

of them is likely to enrich our understanding of the discipline and challenge our assumptions 

about how best to teach chemistry and help others learn it. Undoubtedly, the triplet relationship 

is a very powerful, productive, and widely used metaphor for both teaching and doing 

educational research in chemistry, as well as in science in general. For these same reasons, we 

should be careful when using it in making planning and assessment decisions in the classroom. 

The abuse or misuse of the chemistry triplet as an instructional tool may increase students’ 

confusion and lack of motivation towards chemistry (Johnstone, 1982, 2000). Given the 

different interpretations of the main components of the chemistry triplet, we should also be 

cautious when interpreting the results and evaluating the implications of research and curricular 

projects that rely on it as part of their theoretical framework. 
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Research type: 

The research was quantitative in nature aims to assess the concepts of secondary school 

students at three levels of chemical knowledge for various sub topics of Chemistry. For this 

purpose, a test was prepared which was comprised of 75 items which yielded numerical data 

in the form of scores.  

Population of the study: 

 Secondary school male and female students from public and private schools of Lahore 

constitute the population of the study.  

Sample of the study: 

The sample of the study consist of 300 students, 211 from public sector (133 females 

and 78 males) and 89 from private sector (34 males and 35 females). Sample distribution is as 

under. 

                                                                        300 

                                                           (Total no. of students) 

 

             

                      211                                                                                                  89 

       (Public students)                                                                            (Private students)                 

 

133                                     78                                                      34                                        35 

(Male)                           (Female)                          (Male)                                 

(Female) 

Development of Research instrument: 

To assess the chemical knowledge of secondary school students. A test was prepared. 

Test was consisted of 75 items. These items were further bifurcated into two categories; one 

category assessing the students conceptual understanding of various levels of chemical 

knowledge; Macro, Sub-micro and Symbolic and the other category aimed at assessing 

conceptual understanding for various major concepts introduced in 9th grade curriculum of 

chemistry. The division of items is as under. 

75 

(Total items) 

 

 

Level wise        concept wise 

  

  

  25  25  25                      15                  

(Macro)      (Sub-micro)      (Symbolic)     (Fundamentals of chemistry)  

                                                                       (15)  

                                                        (Atomic structure)   

 15 

     (Periodicity and properties of modern periodic table)    15 

 

 (Chemical bonds and intermolecular forces) 15 

                                            (Properties of matter) 
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Data analysis: 

Collected test from the students were coded and scored. The data thus collected was 

entered in computer by using SPSS software entered data was thus analyzed by applying 

mean and independent sample t- test. 
Table 1 Frequency of scores for the concepts of chemical knowledge at secondary level. 

 Frequency Percent 

Valid 

  

Low 23 7.5 

Average 196 63.8 

  High 81 26.4 

  Total 300 97.7 

Table1 shows the frequencies and percentage of scores for the concepts of chemical 

knowledge at secondary level. The frequencies and percentages of students who achieved low 

scores is 23 (7.5%), average scores is 196 (63.8%) and high scores is 81 (26.4%) 

respectively. 

Table 2 Frequency of scores at macro level of chemical knowledge. 

 Frequency Percent 

Valid low 16 5.2 

  average 221 72.0 

  high 63 20.5 

  Total 300 97.7 

  Table 2. Shows the frequencies and percentage of scores for the concepts of chemical 

knowledge at “Macro” level. The frequencies and percentages of students who achieved low 

scores is 16 (5.2%), average scores is 221 (72.0%) and high scores is 63 (20.5%) 

respectively. 

Table 3 Frequency of scores at sub-micro level of chemical knowledge. 

 Frequency Percent 

Valid Low 31 10.1 

  Average 218 71.0 

  High 51 16.6 

  Total 300 97.7 

 

Table 3. Shows the frequencies and percentage of scores for the concepts of chemical 

knowledge at “Sub-micro” level. The frequencies and percentages of students who achieved 

low scores is 31 (10.1%), average scores is 218 (71.0%) and high scores is 51 (16.6%) 

respectively. 

Table 4 Frequency of scores at symbolic level of chemical knowledge. 

 Frequency Percent 

Valid Low 39 12.7 

  Average 221 72.0 

  High 40 13.0 

  Total 300 97.7 
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Table 4.Shows the frequencies and percentage of scores for concepts of chemical 

knowledge at “Symbolic” level. The frequencies and percentages of students who achieved 

low scores is 39 (12.7%), average scores is 221 (72.0%) and high scores is 40 (13.0%) 

respectively. 

Conclusion: 

Findings of the study help to conclude that 63.8% of the secondary school students lies 

in average range of scores for overall concepts of chemical knowledge, 7.5% in low and 26.5% 

in high. For all the three levels, the student’s understandings lies in average range, 72% for 

“Macro”, 71% for “Sub-micro” and 72% for “Symbolic” level of chemical knowledge, which 

indicates that the student’s level of difficulties is same for all levels. Similarly for all the various 

major concepts of chemical knowledge the students understandings lies in average range, 

68.7% for the concept of “Properties of Matter”64.2% for the concept of “Fundamentals of 

Chemistry”, 59.3% for the concept of “Periodicity and properties of Modern Periodic Table”, 

54.1% for the concept of “Atomic structure” and 53.4% for the concept of “Chemical Bonds 

and Intermolecular Forces”. It means that students find the concept of “chemical Bonds and 

Intermolecular Forces” more difficult. 

Regarding the demographic variable of gender there is significant mean difference in 

the scores of secondary school male and female students regarding chemical knowledge at 

“Macro” level”. While there is no significant mean difference in the scores of secondary school 

male and female students regarding chemical knowledge at “Sub-micro” and “Symbolic” level. 

Similarly there is no significant mean difference in the scores of secondary school male and 

female students for the concept of “Fundamentals of Chemical knowledge”, “Atomic 

Structure”, “Periodicity and Properties of Modern Periodic Table” and “Properties of Matter”. 

But there is significant mean difference in the scores of secondary school male and female 

students for the concept of “Chemical Bonds and Intermolecular Forces” which means that 

male and female students have equal level of understanding for the first four concepts and it is 

different for the concept of “Chemical Bonds and Intermolecular Forces”. The scores of female 

students was better as compared to male. 

Similarly, for the demographic factor of school type there is no significant mean 

difference in the scores of private and public secondary school students regarding chemical 

knowledge at “Macro”, “Sub-micro” and “Symbolic” level. Similarly there is no significant 

mean difference in the scores of private and public secondary school students for the concept 

of “Fundamentals of Chemical knowledge”, “Atomic Structure”, “Periodicity and Properties 

of Modern Periodic Table”, “Chemical Bonds and Intermolecular Forces” and “Properties of 

Matter” which indicates that all the private and public school students have almost same 

conceptual understandings across various major levels of chemistry. 

Concerning the major areas of study, there is significant mean difference in the scores 

of secondary school students from areas of computer science and biological science regarding 

chemical knowledge at “Macro” and “Sub-micro” level but there is no significant mean 

difference in the scores of secondary school students from areas of computer science and 

biological science regarding chemical knowledge at “Symbolic” level which shows that at 

symbolic level areas of biological and computer sciences has no effect at chemical knowledge 

of students. Similarly there is significant mean difference in the scores of secondary school 

students from areas of computer science and biological science for the concept of 

“Fundamentals of Chemical knowledge”, “Atomic Structure”, “Chemical Bonds and 

Intermolecular Forces” and “Properties of Matter” but there is no significant mean difference 

in the scores of secondary school students from areas of computer science and biological 

science for the concept of “Periodicity and Properties of Modern Periodic Table”. It shows that 

students of biological sciences have higher level of understanding than the students of computer 
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sciences and the concepts of “Atomic structure” and “Chemical bonding and Intermolecular 

Forces” are more difficult to students. 

Recommendations: 

Considering the data following recommendations are presented: 

1. Start teaching level wise various major chemical concepts in primary and continue it in 

higher education. 

2. To teach level wise various major chemical concepts successfully, it must be woven 

into curriculum content, structure and sequence at all grades. 

3. It must be given to the in-service teachers. 

4. Quality of chemical education should be improved both internally and externally in any 

institute. 

5. Design and manage learning environment that provides students with the time, space 

and resources needed for learning chemical knowledge. 

6. Chemistry Teachers should change their pedagogies in order to teach level wise major 

concepts of chemical knowledge.  

7. The instructional leaders should be providing support and a frame work for improving 

quality of chemical education. 

8. Chemistry teachers should improve their teaching pedagogies to make better 

understandings of sub-micro level, as the performance of students is much weaker at 

this level.  
 

References: 
Abraham, M. R., Williamson, V. M. & Westbrook, S. L., (2004). A Cross-Age Study of the

 Understanding Five Concepts, Journal of Research in Science Teaching, 31(2), 147–165. 

Ames, C. and Ames, R., (2009).  System of Students and Teachers Motivation:  Towards a

 Qualitative Definition, Journal of Educational Psychology, 76, 536-556.  

Anderson, B.,  (2008).   Pupils’ Conceptions of Matter and its Transformations (Age 1216),

 Studies in Science Education, 18, 53-85. 

Apedoe, S. A., Reeves, T. C. (2006). Inquiry-based learning in undergraduate science education. 

Journal of science education and technology, 15 (5), 321-330. 

Bain K., Moon A., Mack M. R. and Towns M. H., (2014), A review of research on the teaching and 

learning of thermodynamics at the university level, Chem. Educ. Res. Pract., 15, 320–335. 

Becker N. M. and Towns M., (2012), Students’ understanding of mathematical expressions in

 physical chemistry contexts: an analysis using Sherin’s symbolic forms, Chem. Educ. Res. 

Pract., 13, 209–220 

Becker N. M., (2012), Social aspects of classroom learning: results of a discourse analysis in an 

inquiry-oriented physical chemistry class, Doctoral dissertation, Purdue University, retrieved 

from ProQuest Dissertations and Theses (UMI No. 3544338).  

Becker N. M., Rasmussen C., Sweeney G., Wawro M., Towns M. and Cole R. S., (2013), Reasoning 

using particulate nature of matter: an example of a sociochemical norm in a university level 

physical chemistry class, Chem. Educ. Res. Pract., 14, 81–94. 

Bennett J. M. and So ¨zbilir M., (2007), A study of Turkish chemistry undergraduates’

 understanding of entropy, J. Chem. Educ., 84, 1204. 

Berland L. K., (2011), Explaining variation in how classroom communities adapt the practice of 

scientific argumentation, J.Learn.Sci., 20, 625–664. 

Bhattacharyya, G. and Bodner, G. M. (2009) ‘”It gets me to the product”: How students propose 

Organic Mechanisms’, Journal of Chemical Education, 82(9), 1402-1406.  

Cassels, J.R.T. & Johnstone, A.H.,  (2010).  Understanding of Non-Technical Words in Science. 

London:  The Chemical Society.  

Cassels, J.R.T. & Johnstone, A.H., (2004).  Words That Matter in Science. London:  Royal

 Society of Chemistry. 



CONTEMPORARY JOURNAL OF SOCIAL SCIENCE REVIEW  
Vol.03 No.04 (2025) 

 
 

729 
 

Cassels, J.R.T. & Johnstone, A.H., (2009). The Effect of Language on Students Performance on 

Multiple Choice Test in Chemistry, Journal of Chemical Education, 61(7), 613-615.  

Childs, P. E. and Sheehan, M. (2009) ‘What’s difficult about chemistry? Gobert, J. D., & Buckley, B. 

C. (2000). Introduction to model-based teaching and learning in science education.  

Cole R., Becker N. M., Towns M., Sweeney G., Wawro M. and Rasmussen C., (2012), Adapting a 

methodology from mathematics education research to chemistry education research: 

documenting collective activity, Int. J. Sci. Math. Educ., 10, 193–211.  

Corbin J. and Strauss A., (2008), Basics of qualitative research: techniques and procedures for

 developing grounded theory, 3rd edn, Thousand Oaks, CA: Sage Publications. 

Dawson, C.J., (2009).  Pupils’ Difficulties: Education in Chemistry, 15, 120-121. 

Derrick M. E. and Derrick F. W., (2004), Predictors of success in physical chemistry, J. Chem.

 Educ., 79, 1013. 

Eberlein T., Kampmeier J., Minderhout V., Moog R. S., Platt T., Varma-Nelson P. and White H. 

B., (2008), Pedagogies of engagement in science: a comparison of PBL, POGIL, and PLTL, 

Biochem. Mol. Biol. Educ., 36, 262–273. 

Fahmy, A.F.M and Lagowski, J.J (2011). The systemic approach to teaching and learning (SATL): a 

10 year review. AJCE 1 (1), 29-47. 

Gabel, D. L., (2005).  Improving Teaching and Learning Through Chemistry Education Research:  

A Lock to the Future, Journal of Chemical Education, 76(4), 548-554. 

Gabel, D. L., (2006).  Use of the Particle Nature of Matter in Developing Conceptual

 Understanding, Journal of Chemical Education, 70(3), 193-194.  

Garforth, F.M., Johnstone, A.H. & Lazonby, J.N., (1976).  Ionic Equations:  Difficulties in

 Understanding and Use, Education in Chemistry, 13, 72-75. 

Gillies A. P. R. M., (2008), Teachers’ and students’ verbal behaviours during cooperative learning, in 

Gillies A. P. R. M., Ashman P. A. F. and Terwel P. J. (ed.), The Teacher’s Role in 

Implementing Cooperative Learning in the Classroom, US: Springer, pp. 238 257.  

Hadfield L. C. and Wieman C. E., (2010), Student interpretations of equations related to the

 First Law of Thermodynamic, J. Chem. Educ., 87, 750–755. 

Harrison, A. G. & Treagust, D. F., (2000). Learning about Atoms, Molecules, and Chemical

 Bonds: A Case Study of Multiple-Model Use in Grade 11 Chemistry, Science Education, 84, 

352–381. 

Herna ´ndez G. E., Criswell B. A., Kirk N. J., Sauder D. G. and Rushton G. T., (2014), pushing for 

particulate level models of adiabatic and isothermal processes in upper-level chemistry courses: a 

qualitative study, Chem. Educ. Res. Pract., 15, 354–365. 

International Journal of Science Education, 22(9), 891-894. Chemistry Education Research and

 Practice, 10, 204-218.  

Johnstone, A.H., (1980).  Chemical Education Research:  Facts, Findings and Consequences,

 Chemical Society Review, 9(3), 365-380. Johnstone, A.H., (1982).  Macro and Micro

 Chemistry, School Science Review, 64(277), 377-379. 

Justi R. S. and Gilbert J. K., (2007), Modelling, teachers’ views on the nature of modelling, and 

implications for the education of modellers, Int. J. Sci. Educ., 24, 369–387. 

Kozma R. and Russell J., (2005), Students becoming chemists: developing representational

 competence, in Gilbert J. K. (ed.), Visualization in Science Education, Dordrecht, The

 Netherlands: Springer, pp. 121–145.  

Kozma R., Chin E., Russell J. and Marx N., (2006), The roles of representations and tools in the 

chemistry laboratory and their implications for chemistry learning, J. Learn. Sci., 9, 105–143.  

Kulatunga U. and Lewis J. E., (2013), Exploration of peer leader verbal behaviors as they intervene 

with small groups in college general chemistry, Chem. Educ. Res. Pract., 14, 576–588. 

KulatungaU., Moog R. S.andLewis J.E., (2013), Argumentation and participation patterns in

 general chemistry peer-led sessions, J. Res. Sci. Teach., 50, 1207–1231. 

Levy S. T. and Wilensky U., (2009), Crossing levels and representations: the connected chemistry 

(CC1) curriculum, J. Sci. Educ. Technol., 18, 224–242. 



CONTEMPORARY JOURNAL OF SOCIAL SCIENCE REVIEW  
Vol.03 No.04 (2025) 

 
 

730 
 

Linn, M. C., Davis, E. A. & Bell, P. (2009). Internet environments for science education. Mahwah, 

NJ: Lawrence Erlbaum, 3-38. 

Llewellyn, D. (2009). Inquire Within: Implementing Inquiry-Bases Science Standards, Corwin

 Press.  

Nilsson T. and Niedderer H., (2014), Undergraduate students’ conceptions of enthalpy, enthalpy 

change and related concepts, Chem. Educ. Res. Pract., 15, 336–353. 

NyachwayaJ.M.andWoodN.B. (2014), Evaluation   representations in physical chemistry textbooks, 

Chem. Educ. Res. Pract., 15, 720–728. 

Okemura, A. (2008). Designing inquiry-based science units as collaborative partners. School

 library media activities monthly, 25, 47-52. 

Ornek, F. (2008). Models in science education: Applications of models in learning and teaching 

science. International journal of Environmental and Science Education, 3(2), 35 45. 

Ravialo, A., (2009). Assessing Students’ Conceptual Understanding of Solubility Equilibrium,

 Journal of Chemical Education, 78(5), 629–631. 

 Reid, N. (2012). Successful chemistry education. Proc 22nd ICCE-11th ECRICE, Rome, 290297. 

Sherwood, K. (2007). Effect of a problem based simulation on the conceptual understanding of

 undergraduate science education students. Journal of Science Education and technology.

 16(3). 

 Stieff  M., Ryu M. and Yip J. C., (2013), Speaking across levels – generating and addressing

 levels confusion in discourse, Chem. Educ. Res. Pract., 14, 376–389. 

 Stieff  M., Ryu M. and Yip J. C., (2013), Speaking across levels – generating and addressing

 levels confusion in discourse, Chem. Educ. Res. Pract., 14, 376–389.  

Taber K. S., (2013), Revisiting the chemistry triplet: drawing upon the nature of chemical

 knowledge and the psychology of learning to inform chemistry education, Chem. Educ. Res. 

Pract., 14, 156–168. 

Talanquer V., (2011), Macro, submicro, and symbolic: the many faces of the chemistry ‘‘triplet,’’ 

Int. J. Sci. Educ., 33, 179–195. 

Tsaparlis G. and Finlayson O. E., (2014), Physical chemistry education: its multiple facets and 

aspects, Chem. Educ. Res. Pract., 15, 257–265. 

Tsaparlis G., (2007), Teaching and learning physical chemistry: a review of educational research, 

Advances in Teaching Physical Chemistry, Washington, DC: American Chemical Society, vol. 10, 

pp. 75–112. 

Warfa A.-R. M., Roehrig G. H., Schneider J. L. and Nyachwaya J., (2014), Role of teacher

 initiated discourses in students’ development of representational fluency in chemistry: a case 

study, J. Chem. Educ., 91, 784–792. 
 


