
Upper Secondary School and University Level Students’ Perceptions of Extractions in
Context: Experiences from a Simple Laboratory Experiment

Tuomas M. A. Nurmi1*, Juha H. Siitonen*2

1. Department of Chemistry, University of Jyvaskyla, P.O. Box 35, FI-40014 Jyväskylä,
Finland
tuomas.m.a.nurmi@jyu.fi

2. Department of Chemistry, Rice University, 6500 Main Street, Houston, Texas 77030,
United States
juha.siitonen@rice.edu

Abstract: We discuss the pedagogical challenges associated with the current way of
introducing extraction in upper secondary school chemistry education. These challenges
were identified based on a survey of upper secondary school textbooks and verified through
a questionnaire study. To address the identified challenges, we introduce a simple and
effective extraction experiment which focuses on building a deeper conceptual
understanding of extraction processes. The operationally simple extraction experiment and
the accompanying questionnaire revealed that while students have several chemical
misconceptions arising from the use of superficial everyday examples, they have all the
necessary knowledge for developing a deeper understanding of chemistry. Providing a
suitable experimental platform for developing and re-evaluating their knowledge allows the
students to reasonably independently re-conceptualize their thinking toward a more coherent
view of the surrounding world and the related scientific models. Furthermore, the work
analyses the challenges that can be encountered when using everyday examples in
teaching, and demonstrates that student-discovered examples of chemical systems can be a
powerful method for generating meaningful and relevant ways to introduce scientific
phenomena in STEM education.

Introduction
The goal of Finnish upper secondary chemistry education is to develop students’ capabilities
in scientific thinking and building a modern world-view as a part of multidisciplinary and
multi-faceted skills and know-how. (Finnish National Agency for Education, 2019) An
analysis of Finnish upper secondary school chemistry curriculum (Finnish National Agency
for Education, 2019) and the supplementary material thereof reveals that extraction is often
discussed only as a separation method. Despite the global push (DeBoer 2000, King 2012,
Childs et al 2015) to introduce chemistry, in particular environmental chemistry, in a wider
context as the central science to the syllabus, it is rather surprising that no connection to the
socio-environmental aspects of extraction or equilibrium systems are made. The examples
of extraction discussed in upper comprehensive school (Ilmiö 7-9, Sanoma Pro 2016) and
upper secondary school textbooks (Reaktio 1, Tammi 2009; Mooli 1-2, Otava 2021) are often
linked to student’s daily lives, with examples such as brewing coffee or tea showing up
prominently. One book series (Mooli 1, Otava 2016; Mooli 1-2, Otava 2021) carries an
example of liquid-liquid extraction of berries, with a photograph dominated by a separatory
funnel and other laboratory equipment relatively unfamiliar to the students. While these are
examples of extractions, the few sentences associated with them give a very shallow
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introduction, which makes it hard for the students to connect to the larger context of what an
extraction process is: the transfer of material from one phase to another, leading to an
equilibrium distribution. This definition can easily be lost in the provided concrete examples
and lead to students being confused as to what constitutes an extraction process. Consider
one the most widely used examples for extraction: brewing coffee. While extraction is a part
of the system as whole, several other processes such as filtration and boiling are also
involved. This further highlights the issue that arises from teaching extraction using
macro-level (Johnstone 1991) examples: in macroscopic examples, which consist of
multi-process systems, it is hard for students to comprehend and separate which process is
actually relevant for the discussion, and how the different processes are interconnected.
With the development of misconceptions being an ever-present challenge in chemical
education (Barker 2000, Barke et al 2009, Sarıtaş et al 2021), it is not hard to foresee
confusion arising when brewing coffee is presented as the example of an extraction, even
though the most clearly observable sub-processes in a coffee machine are the audible
boiling of the water, and filtration with the filter paper, which is supplied by the user manually.
Such use of multi-process examples may easily result in a cognitive overload, and as a
result the student either cannot develop a conceptual understanding on what an extraction
process actually is, or develops a misconception based on their interpretation. (Sweller
1994, Cook 2006, Milenković et al 2014, Nyachwaya & Gillaspie 2016)

When assessing perspectives broader than the everyday activities of students, one of the
most societally important aspects of chemistry is the understanding of how chemical
principles contribute to the protection and preservation of the environment. As characterized
by Rockström et al. (2009) chemical pollution belongs in the nine planetary boundaries,
which must be kept in bounds for humanity to be able to live sustainably. The topic is well
recognized in scientific research and also in public discourse, and continuous research goes
on on both persistent organic pollutants, such as DDT and PCBs (Lohmann et al 2007,
Herzig et al 2019), and emerging organic pollutants, e.g. drugs and pharmaceuticals, their
metabolites and transformation products, surfactants, and endocrine disruptors (Bolong et al
2009, Nurmi et al 2019). While the fundamental concept of an extraction and the associated
equilibria of chemicals migrating between phases is routinely used in environmental
chemistry to understand the fates of pollutants and their environmental behaviour (e.g.,
degradation, bioaccumulation, and metabolism), there is a clear lack of connection:
extractions outside of their use as a separation technique are rarely discussed in upper
secondary school chemistry, despite their importance in a well-rounded education and
scientific literacy.

The unfocused nature of, and scarcity in themes in, examples that are used to introduce
extractions is rather surprising, since extraction is, in itself, highly interconnected to other
fundamental chemical concepts. On a submicroscopic level (Johnstone 1991) it can be used
to discuss intramolecular interactions, on a symbolic level equilibrium processes, and in an
even broader perspective, the conservation of mass and the very nature of chemical
substances. All of these can be developed further to models which describe extractions,
allowing such experiments to have a wider conceptual reach to chemistry students. In this
manuscript we describe a tangible laboratory experiment as a framework for introducing
extractions in a wider context to upper secondary school students. Our goal in designing
thereof was to make it easy for students to make clear observations and limit the
experimental complexity associated with using unfamiliar laboratory glassware, such as



separatory funnels. (Horowitz 2003, Loyo-Rosales et al 2006) We made this choice as
student’s focus on fundamental chemistry is easily shifted toward the mechanical task of
building complex pieces of apparatus. While such mechanical skills are important in science,
laboratory experiment’s practical complexity can misguide students from the deeper
fundamental phenomenon. (Gabel 1999, Reid & Shah 2007) Other examples of such
experimental simplification paradigm have recently been published by Orzolek & Kozlowski
(2021) as they developed an acid-base experiment as a part of developing at-home
laboratory methods for COVID-19 pandemic, and by Williamson (2021) on demonstrating a
minimal liquid-liquid equilibrium system. In concurrence with the experiment, we used a
questionnaire to collect background perceptions of students’ understanding of extractions
and their interconnectivity with other topics in chemistry and other disciplines, and see how
they were affected when completing the experiment. We also discuss our key findings in
what we call student-led concept discovery, and other important insights into how extractive
processes are feasible tools for providing intra- and interdisciplinary connectivity within
chemistry studies.

Methods

Description of the laboratory experiment
In order to provide such highly sought after meaningful scaffolding for students to
understand the larger context and interconnectivity of extraction processes, we sought to
develop a tangible and operationally simple laboratory experiment to address many of
existing discrepancies. The design criteria for the experiment were 1) ease of carrying the
experiment out with simple materials 2) availability of materials 3) easy-to-make and clear
observations 4) macroscopically showing molecules moving from one phase to another 5)
demonstrating that not all extraction processes are quantitative 6) showing how weak
interactions can be used to predict the extraction efficiency.

Following the above-mentioned criteria, we designed a qualitative experiment loosely based
on the standardized partition coefficient test (OECD 1995) that is used for determining the
1-octanol-water-partitioning coefficients (POW, or Kow). In the experiment, which is outlined in
Figure 1, the iterative partitioning of methylene blue dye between 1-octanol and water is
studied qualitatively using a set of test-tubes and pipettes. After each extraction of
methylene blue from 1-octanol with water, the aqueous layer is separated and retained for
immediate visual comparison. (For detailed teacher and student experimentals see the ESI 1
and 2). After screening a set of organic dyes, methylene blue was found to have the most
favorable partitioning coefficient, where the relative concentration difference between
1-octanol and water is large enough to be easily visually observed, yet not too large allowing
multiple successive extraction rounds. Importantly, the extraction can be carried out as a
purely qualitative one, without the need for calculating the partition coefficients, as the visual
cue of methylene blue extraction from aqueous phase to the organic phase is very clear. The
chemicals are safe, and routinely used in other school experiments such as ester synthesis
(Mayo et al 1994) and the “blue bottle”-demonstration. (Limpanuparb et al 2017)



Figure 1: Flowchart of the laboratory experiment developed in this experiment where methylene
blue dye is consecutively partitioned between 1-octanol and water.

Questionnaire and respondents
We set out to assess how university, and upper secondary school students perceived
extraction in general, and then via this laboratory experiment, and how the experiment
changed their conceptual understanding of extraction processes. An anonymous
questionnaire study was carried out in the autumn of 2020 for two groups: Group A
consisted of 17 students on course KEMS701 “Experimental Chemistry in Schools” which is
included in the University of Jyväskylä’s chemistry education curriculum. While answering
the questionnaire was mandatory for all students, taking part in this study was optional. The
students typically had studied 25-60 ECTS of chemistry, with different backgrounds (ESI3
questionnaire answer A1). Group B consisted of 22 Schildt Upper Secondary School
students during the last quarter of their KEM5 “Chemical equilibrium systems” course. With
the differing groups A and B we could compare the answers of future chemistry teachers to
those provided by upper secondary school students who have completed most of the Finnish
chemistry upper secondary school curricula. In group A, 2/17 people did not want their
answers to be used in the study. In group B, 3/22 of the participants were under 18, and no
permission to use data from them was applied for; the remaining 19 allowed the use of their
responses. Students were instructed to answer without any help from peers or other
resources, but this was not strictly enforced. The data from the questionnaires was collected
and processed using the Webropol online form system. Notably, only a single question or a
subset of multiple-choice questions was visible at a time, and the respondents could not
view or edit their previous answers, as well as not being able to preview any of the later
questions. For group A, due to COVID-19 restrictions, everything was done online. The
experimental part was also truncated to a pictorial walk-through of the laboratory experiment.
The upper secondary school students in group B carried the experiment out themselves in
the classroom.



The questionnaire was divided into three parts to assess if and how the student's perception
changed. In the first part the student’s prior knowledge and presumptions on the topic were
scouted. This was followed by the second part where the extraction experiment was carried
out (Group A virtually, group B in-person). Finally, in part three the students were e.g. asked
to re-evaluate some of their part one answers and in addition to assess what potentially new
ideas and concepts they had discovered. To conclude the study, group A students were
provided a new experimental context in which to apply the acquired new insights, and group
B students were inquired about equilibrium systems as they pertain to their upper secondary
school course. The setup drew some inspiration from the evaluation of the effectiveness of a
single physics teaching unit, as published by Kesonen et al (2019), however, it was
specifically chosen to try to provide as little extra support in addition to the experimental work
as possible, and the questions had stronger focus on inspecting the broader understanding
and ability to apply the knowledge, both related to, and gained during, the experiment.

Results and discussion
To characterize briefly, the questionnaire consisted of a number of open and multiple-choice
(one out of three options, except A1, A4, and A5) questions. Those with Q-label were
common for both groups, while A- and B-labeled were only presented to the corresponding
group. The experimental section was done directly before Q8. Thus, up to Q7 (and B1), the
answers are ‘pre’ and starting from Q8, ‘post’ experiment. Next we discuss the questions
and their background, and the answers received in the order they were presented in the
questionnaire, with the exception of post-questions Q10-Q12 and B4, which are grouped
together with their corresponding pre-questions Q5-Q7 and B1. Questions A1, A4, A5 and
Q13 are discussed in ESI 3 only.

Q1/Q2 “How familiar is extraction as a method to you?” / “When was the last time
you encountered an extraction in chemistry?”
In both groups A and B the answers showed limited self-assessed knowledge when it comes
to extraction (Q1), with no students choosing “I know a lot about the subject”, mostly people
answering they know something (group A 60%, group B 42%) or just little about extractions
(group A 40%, group B 58%). In relation to this, when asked when the students have faced
the concept of extraction the last time (Q2), most people (33% of group A, 89% of group B)
had over a year since they had last had to deal with extractions either experimentally or
conceptually. This was especially prominent in upper secondary school, probably due to
extraction being studied in the first chemistry course two years prior. The university results
show some variation, possibly depending on the other currently ongoing chemistry courses
of the respondents. With some prior knowledge on the concept of extraction, the groups
were well suited for this study, as it allowed us to gain insights into their current
understanding as well as monitor their development and accompanying reconceptualization
processes.

Q3 “How much do you know about chemicals accumulating in food-chains?”
The question was used to assess if the students were familiar with some of the more
interdisciplinary concepts related to extractions and mass-transfer. The upper-secondary
school group B self-assessed their knowledge on such bioaccumulation processes to be



higher than university students in group A. The only students (11%) claiming that they know
a lot about the subject were from group B, where the most common answer also was “I know
something” with 53% of the answers, while in group A, the most common answer was “I
know only little” (63%).

Q4 “What examples of extractions can you think of?”
The results present a difference between groups: group A of university students was better
at coming up with concrete examples; only two students were unable to provide any
examples of extractions. Out of group B upper secondary school students, 10 were not able
to come up with any examples. Analysing the answers, a total of 31 different proposed
examples of extractions were provided by groups A and B. Out of these examples 3
described only what an extraction is without providing a concrete case, 2 described concrete
lab experiments (separation of toluene from water; using a solid phase extraction cartridge),
and all the rest 26 answers were related to cooking or beverages, specifically 20 being about
coffee, tea or both. Interestingly, no examples from biological systems were presented by
groups A nor B. These examples provided by the students both at university and high-school
level were highly in line with the hypothesis we had at the outset of this study: students
associate extraction with concrete processes that in fact involve several other
physicochemical processes than just extractions. This is also in line with the regular usage of
kitchen as a context for chemistry studying (e.g. Nuora & Välisaari 2019). When reflecting
this against views of “use of context” in chemical education as described by Gilbert (2006), it
is evident that themes of environmental chemistry are often not as tightly connected with the
lives of students as e.g. kitchen chemistry; however, the lack of diversity in questionnaire
responses highlights the importance of providing more interdisciplinary connections of
extraction processes to the students, an aspect of “context” that environmental topics can be
argued to be specifically suited for.

Q5/Q10 “How would you describe extraction, as briefly as possible?”
In Q5 we were interested to see how students would describe extraction as a process. We
coded these answers as correct when the students correctly combined the concepts of
“solubility” and “separation method”. The proportion of correct answers was 40% for group A
and 32% for group B in the pre-test and rose to 73% and 47%, respectively, in post-test.
Notably, only mentioning “separation method” was particularly common in group B (42% and
47% in pre- and post-test, respectively), while the division between only separation or
solubility was more even in group A. Q5 was particularly useful in gaining insights to the
misconceptions and predispositions that the students had regarding extraction processes.
These answers ranged from almost textbook definitions such as: [Students’ answers
translated from Finnish by the authors] ”Chemical separation method, where the desired
substance can be separated from a solution by the substance’s solubility properties” (Group
B) to several where different methods have been confused with one another: “Extraction is
used to evaporate/filter some desired substance away, to [sic] pure product.” (Group B).
While the definitions provided by the university student group A were on average slightly
more correct than group B, such as “Extracting means separation of two substances.
Separation is based on the differing solubilities of the substances. (group A)”, similarly to
upper secondary school student answers, misconceptions and confusion between processes



were also seen: “extracting means transfer of flavor and color from solid matter to liquid, so
that after the solid matter is removed, there is flavor and color in the liquid. (group A)”.

The answers provided by both groups A and B in the post-lab answers to Q5 showed
improvement, and the accurate use of chemically correct terminology was clearly improved.
Furthermore, all post-lab answers to Q10 provided at least one of the key-words coded to be
correct (vide supra) in both group A and group B. In several cases deeper insights were
clearly developed through the laboratory example. A student of group A whose pre-lab Q5
answer was “Substance is ‘dipped’ in liquid, so compounds transfer from the substance to
the liquid”, in the post-lab answer showed a significantly more chemically exact definition
with correct terminology: “When two substances (at least one of them a liquid) form two
separate phases and they are mixed, chemical compounds can solute at least to one of
them (liquid) (polar to polar, nonpolar to nonpolar). If the phases can be separated again and
the liquid phase takes solvated compounds from the other phase, it is an extraction.” Similar
cognitive development is demonstrated by a post-lab answer by a group A student
highlighting internal dialog in their answer: “Separation method based on a substance’s
different solubilities between two phases. It occurred to me just now that maybe the previous
experiment had a polar and a nonpolar phase, and that was the trick.” It’s noteworthy that
concept of polarity was not specifically named in the questionnaire or laboratory experiment,
showing that the lab project resulted in students being able to constructivistically make key
connections to prior knowledge (Ural 2016, Reid & Shah 2007). In particular, even answers
that did not invoke exact chemical terminology showed that students retained the key
concept of the experiment on a macroscopic conceptual level (Johnstone 1991, Gabel
1999): “It means that things can be separated from a substance based on their solubilities.
For example, in the previous example, methylene blue was soluble in water, so water could
be used to separate it from 1-octanol.” Talanquer (2011) has argued that one shouldn’t view
a submicroscopic level as a definitive requirement for proper comprehension of chemical
models, and instead presented the concepts of empirically observed experiences, and the
translation of such to models by connecting the observations with the relevant scientific
concepts. Within these characterizations, it is evident that even e.g. the previously cited
answer is more sophisticated than a mere ‘experience’, and manages to make out relevant
connections to chemical phenomena. Further, as extraction is covered relatively early on in
the Finnish upper secondary curriculum, and the effect of molecular structure on solubility
being a topic only in a later course (Finnish National Agency for Education, 2019), few
contact points with submicroscopic level knowledge are available for students at that time.
However, we believe the observed conclusions by students, where e.g. a connection to
polarity is noted, demonstrate the potential the presented experiment carries for bringing
coherence between various levels of prior knowledge.

Q6/Q11 “Is extraction related to brewing coffee? If yes, how?”
While planning the questionnaire, we anticipated that brewing coffee would be the single
most prominent example of extraction processes, which was indeed the case (vide supra).
For this reason we wanted to assess how well students actually understood how brewing
coffee was actually interconnected to extractions, and in Q6 we asked the students if, and
how, extraction is related to brewing coffee.



The answers highlighted that although macroscopically correctly describing the process,
some of the students in group A did not use chemically extract terminology of “solubility”,
and resorted to speaking of “loosening up” the material. Interestingly, some of the student
answers highlight the problems associated with using everyday examples, such as brewing
coffee, as examples in natural sciences. Albeit familiar to the students, these examples often
involve combinations of multiple phenomena, such as heating, filtration and extraction. The
difficulty is observable especially in answers such as “Brewing coffee is an extraction, as
coffee grounds are separated from liquid” (Group A) and “no, brewing coffee is filtering”
(Group B). (Barker 2000, Treagust et al 2000, Childs et al 2015) Comparing these to the
post-experiment answers, the number of students from group B who answered that brewing
coffee has nothing to do with extracting dropped from 7 to 2. Notably, these were the
numbers despite brewing coffee being the most prominent example of extractions in Q4.
Unlike the marked change in the upper secondary school group B, university level students
in group A were able to correctly describe brewing coffee as an extraction process, at least
on a macroscopic level, in both pre- and post-lab questions.

Q7/Q12 “Is extraction related to the accumulation of pollutants in food-chains? If yes,
how?”
To see how students would connect extraction processes in a context familiar only through
other disciplines, and not everyday examples, we asked the students to assess how
extraction processes are involved in the accumulation of pollutants in food-chains. In their
pre-lab answers both groups A and B had mostly limited answers to the question, showing
the lacking understanding of any meaningful connection. Even after completing the
laboratory experiment, several students (21% of all the respondents) were still uncertain
about this question. However, we found that a number of students in both groups A and B
(47% and 16%, respectively) were adequately either able to make and explain the
connection between the accumulation of pollutants and the migration of chemicals in
extraction processes, or describe how extraction could be used as a research method to
gain insight on the subject. Including such open-ended questions to pre- and post-labs
allows students to broaden their views of chemistry, as well as see the interdisciplinary
connections chemistry has as the central science. (van Engelen et al 2007; Reid & Shah
2007, Cresswell & Loughlin 2017) The fact that such contexts have seen limited use in
chemistry possibly stems from the fact that environmental sciences are not a separate
subject in Finnish upper secondary school curriculum (Finnish Board of Education 2019).
However, since expert lectures have been found to be a good practice (Nurmi et al 2021),
taking advantage of the active environmental science research done also in Finnish
universities and research institutes and e.g. integrating as project-based education would
likely be a feasible way to bring additional insights into studying of these topics in upper
secondary schools.

B1/B4 “Is extraction related to chemical equilibrium? If yes, how?”
B1 and B4 were a pair of pre-post questions for the upper secondary school group, about if
extraction is somehow related to chemical equilibrium. The open answers can be
characterized as 53% ‘yes’, 5% ‘no’ and 42% ‘I don’t know’ in pre-test, and 58% ‘yes’, 5%
‘no’ and 37% ‘I don’t know’ in post-test. Answers were typically very short, with 2 students



(11%) correctly describing extraction as an equilibrium process in pre-test, and multiple
respondents stating that they are related, but can’t quite specify how. This indicates that
students recognize that extractions are somehow related to chemical equilibrium processes.
While we did not pursue this direction further in the present work, with more instructor
support the two concepts could be easily tied together for a more holistic and coherent view
of the both. As such, this provides a natural extension to the experiment as a tool for
introducing dynamic chemical equilibria. Talanquer (2011) described the chemistry
knowledge types of “model” and “visualisation”, specifying that one can be proficient in
manipulating chemical equations without having any perception of their connection to
real-world phenomena. The Finnish upper secondary school chemistry course ‘Chemical
equilibrium systems’ (Finnish National Agency for Education, 2019) is arguably heavy on
mathematical models and calculations, and has the most scarce connections to the students’
everyday lives. Therefore, such a visual experiment could have a notable role in bridging
visualisations with models and also experiences, as defined by Talanquer.

Q8 “Did you come up with more examples of extractions during the experiment?”
We were interested if carrying out and observing the extraction process of the experiment
would then allow students to come up and identify other processes that could be considered
extractions. Students were indeed able to come up with a plethora of exciting examples,
which could serve as great teaching resources, while still being familiar to the students at
this level. This also somewhat answers the problem of ‘signal’ and ‘noise’ as described by
Johnstone (1991): Since the examples have been come up by students with limited
knowledge of the subject, they are to be expected to be more straightforward and more likely
to be perceived as intended by other students. Examples that students came up with varied
from a range of topics, including “washing a paint-brush” and “dyeing clothes”. These are
examples of processes that do not involve other macroscopic phenomena, such as filtration
or boiling, apart from extraction and are, as such, readily useful in further teaching. On the
other hand, several unfitting examples were also suggested - e.g. “dilution of watercolors in
water” - which mark different types of process, as well as examples that showed conceptual
confusion and connections made to extractions carried out using a separatory funnel:
“adding a heavier or a lighter substance”. Assessing the post-experiment example discovery
by the students, we believe that revisiting the more complicated examples, e.g. brewing
coffee, later, after the student has gained more insight on relevant chemical phenomena,
and on the ‘big picture’ via e.g. the experiment described in this work, would be beneficial.

Q9 “Do you understand more about extractions now than before the experiment?”
In Q9 we asked to self-assess if the students understand more about extraction than before
starting the experiment. Most (70%) found to understand somewhat more, with 18% ‘no’ and
12% ‘a lot more’. ‘No’ made up a notable fraction of group A (33% of group A answers), and
‘a lot more’ was more prominent in group B (16% of group B answers). It can be theorized
that in addition to the actual format of the work, the answers here, as well as in Q3, have
been affected by different perceptions of “understanding something” between upper
secondary school and chemistry teacher students. Although we are not aware of any work
exploring such a phenomenon, e.g. the lack of correlation between students’ perceived



understanding and their exam scores on corresponding chemistry concepts as reported by
Read et al (2004) suggest that existence of such would not be surprising.

B2 “Do you understand more about chemical equilibrium now than before the
experiment?”
Upper secondary school students were asked if they understand more about chemical
equilibrium and equilibrium constants after having completed the experiment. Although most
responded ‘no’ (68%) and none selected ‘a lot better’, 32% of the students chose ‘somewhat
better’, even though not even the word ‘equilibrium’ had been mentioned in any of the
materials, possibly signaling the potential of the described laboratory experiment to provide
visual support to understand equilibria and other related phenomena.

B3 “How interesting do you find the topic of chemical pollutants in the environment?”
When asked, upper secondary schools viewed the behaviour of pollutants in the
environment as somewhat (89%) or very interesting (11%). This result is expected: as
previously discussed, pollution counts as of the planetary boundaries, and unsurprisingly
many young students hold a deep concern over environmental problems we are facing today
and in the future. These observations further support using environmental chemistry as a
context in chemistry studies.

A2/A3 Post-assignment on food dyes / “Did the previously presented experiment
help you in your observations and conclusions in this assignment?”
A2 and A3 were a post-questionnaire assignment for university course students. In the
questions we aimed to assess the students’ retention and application of the previous
knowledge in a new context. (Reid & Yang 2002, Teichert et al 2017) The students were
provided with a photo taken of 4 different food dyes which were dissolved in 1-octanol and
extracted once with water (ESI 2). This photo clearly showed the different partitioning of the
food colors between the four dyes in the 1-octanol and water layers. Accompanying the
photo, the students were also provided with the common names for each of the dye
components. No specific information about their molecular structures was provided. The
photo was also supported by a short paragraph describing how all four dyes have been
extracted as in the previous experiment. In question A2 the students were then asked to
make observations based on the above-described material, “e.g. based on the visible phase
boundaries and shades of colours”, and asked if they can, based on the observations,
deduce something about the properties of each of the colourant compounds.

One of the students responded not comprehending the question; of the remaining 14, every
one noticed the yellow being somewhat different to others, of which 12 suggested an
explanation for, and of which 8 the authors assessed to be correct. Interestingly, in several of
the explanations we deemed incorrect, it seemed that the student had presumed that one of
the phases is water and one is pure food dye, even though both the previously shown
laboratory experiment and the description of the question clearly noted that the dye is
solvated in 1-octanol. We see this as a somewhat clear indication of liquid-liquid extraction
being a relatively unfamiliar concept even for students who have completed their first year of
university level chemistry curriculum. This misinterpretation of the provided data can also be



seen to bear similarities to the lack of microscopic level understanding in experimental work
as described by Gabel (1999).

Most student observations focused on the yellow dye, which the ingredient list described to
contain carotenoids, as it was partitioned almost equally between water and octanol and no
clear phase boundary was visible. One student noted the extraction of the yellow dye being
harder than other dyes due to the relatively equal partitioning between the phases, and two
students connected the fat-solubility of yellow with their previous knowledge of carotene and
other fat-soluble compounds being stored in the human body for longer. Some of the
students also presented suggestions on the order of partitioning for the other dyes, and
some noted that anyhow a notable fraction of each colour is transferred to the water already
in the first extraction. In general, the students were able to make relevant macroscopic
observations, but only some of the students made an effort to provide chemical reasoning to
explain these observations. In addition, the observations dealt practically completely with the
order of partitioning between different dyes, suggesting that the students preferred to make
only the most obvious possible observations available. However, many other observations
could also have been made, e.g. one of the dyes being a mixture of multiple different dye
compounds and this possibly being visible in the partitioning, and the differences between
colors visible in inner surfaces of the test tubes and stoppers, potentially results of different
interactions with glass and plastic. With the well-known merits of guided inquiry and
observations in science education (McKee et al 2007, Ural 2016), we believe that
encouraging and directing students to make such additional observations will bring them
valuable insights and experiences for teaching science themselves, and also for
encountering unexpected-but-correct student responses (Furtak 2006). In summarum, we
see this kind of post-lab “derivative assignments” could help guide students to observe
connections with the newly learned and their observations,(Reid & Shah 2007) and
constructively see connections with prior knowledge, as was the case with the yellow
carotenoids dye in these answers. (Gilbert 2006, King 2012)

In question A3, where we asked if the previously presented experiment helped the students
to make these observations, the answers were 13% ‘didn’t help at all’, 60% ‘helped
somewhat’, and 27% ‘helped a lot’. Notably, both of the students of the group A that had
replied to have encountered extraction somewhere just recently, replied that the experiment
helped a lot in making the observations, and their answers in A2 were also assessed by the
authors to be among the most conscious ones. A possible interpretation of this is, that with
the topic being more strongly in the working memory, less cognitive effort was spent to
retrieve previous knowledge from long-term memory; thus background for creating better
understanding and applying the knowledge was potent. (Reid & Yang 2002)

Conclusions
In summary, we have identified that there is a clear lack of connection between extractions
and their real-world contexts in the current chemistry curriculum. We have addressed this
discrepancy by developing a simple, affordable and easy-to-carry-out student experiment
which involves the repeated partitioning of methylene blue between 1-octanol and water. The
experiment uses safe chemicals that are already found in many upper secondary school
chemistry stockrooms, and does not require any specialized glassware apart from pipettes



and test-tubes. Because of its operational simplicity, the experiment was easily carried out in
just 30 minutes by a class consisting of 22 upper secondary school students. The
experiment is easily adaptable to accommodate for further studies, such as studying why
multiple extractions with smaller volumes of solvent are more efficient, calculating the
partition coefficient based on the absorption of methylene blue, and also in turn providing a
feasible starting point for introducing the concept of dynamic chemical equilibrium.

The associated questionnaire answers demonstrate several chemical misconceptions that
we were anticipating at the outset of this study, which we also see as an interesting example
of problems that might arise when everyday examples are used in chemistry education. In
particular, the current approach of teaching extractions through contextualized examples
(i.e., almost entirely in the context of cuisine) and observed challenges in understanding
liquid-liquid-extraction as a process even at university level, would suggest that more
focused laboratory experiments will help students to gain better understanding and develop
connections between fundamental chemical concepts and extractions.

In particular, as a solution to the problems caused by difficult-to-grasp and siloed examples,
the developed simple experiment allowed students to reflect and reconceptualize their
understanding after carrying out a tangible laboratory experiment. Although concise, the self
assessment answers suggest that the presented laboratory experiment, with the
accompanying questionnaire, was indeed seen to help understand extraction better. The
pedagogical value of the experiment is further supported by the development that we
interpreted to happen in various open answers between the corresponding pre- and post
questions, which, although include some, are not limited only to recollection of previously
learned terminology. One should also note that we aimed the experiment to be as objective
as possible. No additional teacher support was given and the students worked alone (group
A) or in small groups (group B) based on the student instruction materials presented in the
ESI. In a normal lesson, the discussion and guidance from instructors are expected to be a
clearly positive factor. In addition to direct learning outcomes, the experiment also led
students to come up with new everyday examples of extractions. As these examples are
student-discovered, they are expected to be much more relevant than standard text-book
ones. In particular, the best examples were generated by university level students who had
enough time to think about the concepts more deeply. Tapping into this type of student-led
discovery process for practical connections in chemistry education is likely a very valuable
tool, and as such should be pursued further. This approach ensures that the examples are
meaningful and connected to student’s lives, and therefore could provide a much more solid
basis for experience-based chemistry education. Such discovery of relevant teaching
examples by students we coin student-led concept discovery.

In addition to everyday examples, the results show that students showed interest in
environmental chemistry topics, which are very often overlooked in upper secondary school
chemistry education. As environmental chemistry is highly connected to the fundamental
concepts of extractive processes, such as phase partitioning, numerous relevant
interconnections could be used in education. With environmental pollution being
acknowledged as one of the major environmental problems facing humanity, and viewed as
an interesting topic by students, such interdisciplinary connections are highly beneficial and
help chemistry students understand our modern interdisciplinary world by providing skills
needed for scientific literacy.
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