
Constructing a Conceptual Profile Zone: 

The Example of Chemical Analysis as 

Everyday Practices 

Maria Mavridi
1
, Katerina Salta

2
, Dionysios Koulougliotis

1 

 

1
Department of Environment, Ionian University, Zakynthos, Greece 

2
Department of Chemistry, National and Kapodistrian University of Athens, Athens, Greece 



2 

Overview 

1. Introduction 

2. Theoretical framework 

3. Purpose 

4. Methodology 

5. Results 

6. Conclusions 



Introduction 

CHEMISTRY 

Chemical Synthesis 

Chemical Analysis 

Chemical 

Transformation 

Conceptual Profile Framework 

(Sevian & Talanquer, 2014) 

(Tan et al., 2002) 

(Mortimer et al., 2014a) 

(Skoog et al., 2007) 
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limited literature 

need for assessment 



Conceptual Profile Framework 

Zones: specific ways of thinking about a given concept. 

For a given concept 

heterogeneity in thinking 

is found in the 

population 

Foundation 1 

For a given concept 

heterogeneity in thinking 

is found in an individual  

Foundation 2 

(Mortimer et al., 2014a) 

(Mortimer et al., 2014a; da Silva Costa & dos Santos, 2022) 
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Conceptual Profile Framework 

Ontogenetic 

domain 

Microgenetic 

domain 

Sociocultural 

genetic domain 

Zones 

(ways of 

thinking) 

Conceptual 

profile 

model 
(Mortimer et al., 2012; Mortimer et al., 2014a; Mortimer et al., 2014b; Orduña Picón et al., 2020; da Silva Costa & dos Santos, 2022) 
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… 

Everyday practices 

… 

… 

… 

… 
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Zones 

(ways of 

thinking) 

Conceptual 

profile model of 

chemical analysis 

Purpose 



Data Collection 

(Zuckerman, 1992; Simon, 2002; 

Vershinin & Zolotov, 2009; 

Ruthenberg & Mets, 2020) 

• Secondary literature on the 

history of science 

• Epistemological sources 

Sociocultural domain 

TEXTBOOKS 

DICTIONARIES 

(Leicester, 1971; Partington, 1989; Strathern, 2000; Skoog et al., 2007) 
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Data Collection 

Literature on students’ 

thinking and alternative 

conceptions 

Ontogenetic domain 
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chemical 

analysis 
(Tan et al., 2002) 

chemical 

identity, 

chemical 

substance 

(Ngai et al., 2014; 

Orduña Picón et al., 2020) 

Chemistry (Horton, 2007) 

chemical 

analysis 

chemical 

identity 

chemical 

substance 

Chemistry 



Data Collection 

• 44 students 

• 11
th
 grade (16-17 years old) 

• 2 Greek public high schools 

Microgenetic domain (primary data) 
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1. Which of the information about 

the materials given to you is 

important to successfully 

distinguish between them? 

 

2. Which of the following 

distinctions of substances is easiest 

and which is most difficult to 

make and why? 

 

3. Suggest a way to successfully 

distinguish between ethanoic acid 

and 1-propanol. 

ethanol 

ethanoic acid 

1-propanol 

propanoic acid 

properties (organoleptic, 

physical, chemical) 

spectra (
13

C-NMR, MS) 

sources, applications 

open-ended questions 



Data Analysis 

(Orduña Picón et al., 2020) 

• What kind of entities and/or analytical procedures one commits to 

consider present when thinking about chemical analysis? 

Ontological 

• On what basis one constructs his/her knowledge about the entities 

and/or analytical procedures considered present when thinking 

about chemical analysis? 

Epistemological 

• How one evaluates and affectively judges the entities and/or 

analytical procedures considered present when thinking about 

chemical analysis? 

Axiological 

C
o

m
m

it
m

e
n
t
s
 

10 inductive-

deductive 

qualitative 



Results 

11 

Sociocultural domain 

Microgenetic domain 

Ontogenetic domain 



… knowing which category 

they belong to allows for 

differentiation… 

… the information I have chosen 

is that which… can remove 

substances from the mixture or 

reveal their existence… 

Ontological Commitment 
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Sociocultural domain 

(Leicester, 1971; Belcher et al., 1977; 

Partington, 1989; Hudson, 1992; Zuckerman, 

1992; Simon, 2002; Vershinin & Zolotov, 

2009; Beaney, 2021) 

complex matter  basic parts 

simple processes of isolation and separation 

human senses 

categories or types of stuff 

Ontogenetic domain 

(Langley et al., 1987; Horton, 2007; Ngai et al., 

2014; Orduña Picón et al., 2020) 

we first taste or smell it… 

we can distinguish the substances directly…  

I would check its clarity…  

Microgenetic domain 

objects 



Ontological Commitment 
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Materials are complex entities or categories of stuff 

that can be separated into their basic parts 

with simple procedures of isolation and separation 

involving the use of human senses. 



Epistemological Commitment 
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Sociocultural domain 

(Leicester, 1971; Partington, 1989; Strathern, 

2000) 

Ontogenetic domain 

(Langley et al., 1987; Stavy, 1991; Krnel et al., 

1998; Liu & Lesniak, 2006; Horton, 2007; Ngai 

et al., 2014; Ngai & Sevian, 2017; Orduña 

Picón et al., 2020) 

Microgenetic domain 

direct observation, human senses 
theory-independent 

instinct, talent, practice, experience 

object-related properties 

someone who does not know 

chemistry… 

using just these simple words… 

odour, taste, colour, appearance  

– form and clarity 

smell, taste  and see 

I chose the features 

that are distinct to 

the human senses 

they can be observed 

with the naked eye or 

without experiments...  

in everyday life  

not necessarily in a lab 

explicit properties 



Epistemological Commitment 
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The basis on which people construct their knowledge 

about the entities and analytical procedures is 

direct observation and use of senses 

so as to perceive the explicit properties of materials, 

independently of theoretical ideas 

and not necessarily in a laboratory. 



simple, easy  

not so valid and reliable 

Axiological Commitment 
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Sociocultural domain 

(Leicester, 1971; Partington, 1989; Szabadváry & 

Robinson, 1980; Vershinin & Zolotov, 2009; 

Ruthenberg & Mets, 2020; Zolotov, 2020) 

everyday and professional needs 

useful entities 

useful analytical processes (metallurgy, cosmetics, etc.) 

Ontogenetic domain 

(Stavy, 1991; Krnel et al., 1998; Ngai & 

Sevian, 2017) 

information on where each substance 

is used in everyday products… 

Microgenetic domain 

origin, habitat, purpose, function, 

similarity with useful exemplar materials 

if these materials are part of a food or other 

products that we use on a daily basis… 



Axiological Commitment 
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Individuals analyze only the entities that 

they find useful in their daily and professional lives 

and employ only the analytical processes they find beneficial, 

such as those involving food, metallurgy etc., 

which are evaluated as simple and easy 

yet not so valid or reliable. 



Conclusions 
C

h
e
m

ic
a
l 
a
n
a
ly

s
is

 

a
s
 
E
v
e
r
y
d
a
y
 

P
r
a
c
t
ic

e
s
 

Ontological: materials are complex entities – categories of stuff that 

can be separated into their basic parts with simple procedures of 

isolation and separation involving the use of human senses 

Epistemological: explicit properties of entities, direct observation - 

use of senses, independently of theoretical ideas, not necessarily in 

a laboratory 

Axiological: useful entities and processes for daily and professional 

needs, simple, easy, not so valid or reliable 
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Next… 

(Mortimer et al., 2014b; da Silva Costa & dos Santos, 2022) 
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Proposed ways of thinking (zones) 

Stabilized zones 

Proposed conceptual profile model 

of chemical analysis 

Probing 

students’ 

thinking 



References 
1. Beaney, M. (2021). Analysis. In E. N. Zalta & U. Nodelman (Eds.), The Stanford Encyclopedia of Philosophy (Summer 2021 ed.). Stanford University, Metaphysics Research Lab. 

2. Belcher, R., Szabadváry, F., & Peden, J. D. (1977). Annual Chemical Congress: History of Analytical Chemistry. Proceedings of the Analytical Division of the Chemical Society, 14(7), 161-171. 

3. da Silva Costa, M. B., & dos Santos, B. F. (2022). The conceptual profile of equilibrium and its contributions to the teaching of chemical equilibrium. Chemistry Education Research and Practice, 23(1), 226-239.  

4. Horton, C. (2007). Student Alternative Conceptions in Chemistry. California Journal of Science Education, 7(2), 18-38. 

5. Hudson, J. (1992). The History of Chemistry. London: Red Globe Press. 

6. Krnel, D., Watson, R., & Glažar, S. (1998). Survey of research related to the development of the concept of ‘matter’. International Journal of Science Education, 20(3), 257– 289.  

7. Langley, P., Simon, H., Bradshaw, G., & Zytkow, J. (1987). Scientific Discovery: Computational Explorations of the Creative Process. Cambridge, MA: MIT Press/Bradford Books. 

8. Leicester H. M. (1971). The Historical Background of Chemistry. New York: Dover Publications, Inc. 

9. Liu, X., & Lesniak, K. (2006). Progression in Children’s Understanding of the Matter Concept from Elementary to High School. Journal of Research in Science Teaching, 43(3), 320– 347.  

10. Mortimer, E. F., El-Hani, C. N., Sepulveda, C., do Amaral, E. M. R., Coutinho, F. Â., & Rodrigues e Silva, F. A. (2014). Methodological Grounds of the Conceptual Profile Research Program.  In E. Mortimer & C. El-Hani (Εds.), 

Conceptual Profiles: A Theory of Teaching and Learning Scientific Concepts (pp. 67-100). Dordrecht: Springer.  

11. Mortimer, E. F., Scott, P., do Amaral, E. M. R., & El-Hani, C. N. (2014). Conceptual Profiles: Theoretical-Methodological Bases of a Research Program. In E. Mortimer & C. El-Hani (Εds.), Conceptual Profiles: A Theory of 

Teaching and Learning Scientific Concepts (pp. 3-33). Dordrecht: Springer.  

12. Mortimer, E. F., Scott, P., & El-Hani, C. N. (2012). The Heterogeneity of Discourse in Science Classrooms: The Conceptual Profile Approach. In B. Fraser, K. Tobin & C. McRobbie (Eds.), Second International Handbook of 

Science Education (pp. 231-246). Dordrecht: Springer.  

13. Ngai, C., & Sevian, H. (2017). Capturing Chemical Identity Thinking. Journal of Chemical Education, 94(2), 137-148.  

14. Ngai, C., Sevian, H., & Talanquer, V. (2014). What is this Substance? What Makes it Different? Mapping Progression in Students' Assumptions about Chemical Identity. International Journal of Science Education, 36(14), 2438-

2461.  

15. Orduña Picón, R., Sevian, H., & Mortimer, E. F. (2020). Conceptual Profile of Substance: Representing Heterogeneity of Thinking in Chemistry Classrooms. Science & Education, 29(5), 1317-1360.  

16. Partington, J. (1989). A Short History of Chemistry. New York: Dover. 

17. Ruthenberg, K., & Mets, A. (2020). Chemistry is pluralistic. Foundations of Chemistry, 22(3), 403-419.  

18. Sevian, H., & Talanquer, V. (2014). Rethinking chemistry: A learning progression on chemical thinking. Chemistry Education Research and Practice, 15(1), 10-23.  

19. Simon, J. (2002). Analysis and the hierarchy of nature in eighteenth-century chemistry. The British Journal for the History of Science, 35(1), 1-16.  

20. Skoog, D. A., Holler, F. J., & Crouch, S. R. (2007). Instrumental Analysis . Belmont: Brooks/Cole. 

21. Stavy, R. (1991). Children’s Ideas about Matter. School Science and Mathematics, 91(6), 240– 244.  

22. Strathern, P. (2000). Mendeleyev's Dream: The Quest for the Elements. London: Hamish Hamilton. 

23. Szabadváry, F., & Robinson, A. (1980). The history of analytical chemistry. In G. Svehla (Ed.), Comprehensive Analytical Chemistry (Vol. 10, pp. 61-282). Amsterdam: Elsevier.  

24. Tan, K. C. D., Goh, N. K., Chia, L. S., & Treagust, D. F. (2002). Development and application of a two‐tier multiple choice diagnostic instrument to assess high school students' understanding of inorganic chemistry qualitative 

analysis. Journal of Research in Science Teaching, 39(4), 283-301.  

25. Vershinin, V. I., & Zolotov, Y. A. (2009). Periodization of the history of chemical analysis and analytical chemistry as a branch of science. Journal of Analytical Chemistry, 64(8), 859–867.  

26. Zolotov, Y. A. (2020). Evolution of chemical analysis methods. Herald of the Russian Academy of Sciences, 90(1), 56-62.  

27. Zuckerman, A. M. (1992). Analytical Chemistry - today's definition and interpretation. Fresenius' Journal of Analytical Chemistry, 343, 817-818.  

 

 

20 



Thank you! 


