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Abstract: Testing as an assessment technique has been widely used at all levels of education—from
primary to higher school. The main purpose of the paper is to evaluate the effect of context-based
testing in teaching and learning of analytical chemistry in a Russian university. The paper formulates
the objectives of context-based testing, discusses its features and compares with conventional testing;
proposes a model of constructing and administering context-based testing; provides examples
of context-based tests. The experiment was conducted at the Ural Sate University of Economics
(Russia) with bachelor’s degree students with nonscience majors. Students were assigned to one
of the experimental conditions: in the control group, traditional tests were carried out, while the
experimental group students experienced context-based testing. The statistical data—students’ test
scores—obtained at all stages of the experiment were analyzed on the basis of statistical criteria
(Shapiro–Wilk, Student’s T, Fisher). The findings of our experiment enable us to answer the guided
research questions. Context-based testing may be considered as an essential component of context-
based teaching and learning. In comparison with conventional testing, context-based testing could
impact developing knowledge of fundamental analytical chemistry concepts and contribute to more
solid knowledge.

Keywords: learning; chemistry; context-based testing; student achievement

1. Introduction

There are some key issues with how chemistry has traditionally been taught: (1) con-
tent in courses is overloaded due to the rapidly emerging body of scientific knowledge;
(2) lack of clear purpose of learning science as curricula are taught as a aggregation of
isolated facts that do not facilitate the formation of meaningful connections between facts;
(3) lack of transfer of problem-solving skills; (4) lack of relevance to students’ lives; and
(5) inadequate emphasis on the skills necessary to advance in further studies of chem-
istry [1]. The idea of setting chemistry within particular contexts and structuring courses
as modules to enhance student engagement and learning developed in the 1980s and since
then has become increasingly popular.

Context-based chemistry “provide[s] meaning to the learning of chemistry; [students]
should experience their learning as relevant to some aspect of their lives and be able to
construct coherent ‘mental maps’ of the subject” [1] (p. 960). The key theoretical ideas
underpinning context-based learning are constructivism, situated learning and activity
theory [1]. Context-based learning aims to help students gain a better understanding of
the world of science, appreciate the importance of chemistry in the modern world, and see
how it relates to daily life events. The effect of implementing the context-based approach
to the learning–teaching process has been extensively researched. These studies raise the
issues related to the organization of practice-oriented learning activities, content of context-
based learning [2,3]; its epistemological aspects [4,5]; students’ and teachers’ attitudes to
context-based learning and its impact on students’ motivation [2,6–8]; and, in general,
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effectiveness of the context-based approach in comparison with traditional instruction in
science teaching [9,10]. These studies indicate a positive effect of context-based learning
in improving students’ long-term memory [11]. Examples of fully implemented context-
based chemistry teaching are the Salters Chemistry courses in the UK [12]; the ChemCom
and Chemistry in Context courses in the US [3,13]; an Israeli industrial-based chemistry
curriculum [14]; ChemieimKontext in Germany [5,15]; and Chemistry in Practice in the
Netherlands [16]; the Visualizing the Chemistry of Climate Change (VC3) initiative in some
North American institutions [17]; the thermochemical and thermodynamics courses in
Turkish highschools [18]. The context-based approach in teaching and learning can be
implemented via the REACT strategy that uses five essential forms of learning: relating,
experiencing, applying, cooperating and transferring [11,19–21].

In a special issue on context-based learning published in the International Journal of
Science Education in 2018, Sevian et al. [22] refer to numerous works that have been devoted
to the impact of context-based learning on science education worldwide. They highlighted
the focus of further research on the larger and micro-contexts, the latter implying the
classroom and beyond and examining “what happens in classroom, what conditions in
real classroom make learning advantageous, who benefits and in what ways” [22] (p. 4),
We, however, believe that there is another challenge of learning in context that is worth
addressing—assessment, and more specifically, testing. Context-based testing can be seen
as a teacher’s potential to improve the aspect of achieving student learning outcomes in
chemistry classrooms.

The success of context-based teaching and learning is heavily dependent on the
quality of the curriculum materials and implementation in classroom. The construction
of teaching materials including assessment tools as a fundamental component of context-
based teaching and learning is essential. Though there are examples of well-established
assessments such as those produced by the American Chemistry Society Exam Institute,
they are practically unknown to Russian chemistry teachers. Holme et al. [23] believe
that chemistry is a particularly good topic for improved assessment because it is (a) a
component of the curriculum in a large number of science-based majors and (b) a field
with a strong mix of both qualitative and quantitative concepts [1] (p. 962).

Testing as an assessment technique has been widely used at all levels of education—
from primary to higher school. A new round of evaluation method development came
with information technology. Computerized tests have become a common assessment
technique in the tertiary education all over the world employed in teaching and learning
of a variety of subjects. The adoption of the competence approach as an imperative of the
educational process in many countries, including Russia, has had a significant impact on
the objectives of testing, test administration and result processing. Learners’ achievements
are measured as a set of skills that allow the learners to perform meaningful actions and
develop professional rather than mere scientific knowledge. However, as traditional tests
largely focus on an algorithmic and factual recall dominated by Low Order Cognitive Skills
(LOCS), they fail to provide information about the learners’ decision making, problem
solving and critical system thinking approach, dominated by High Order Cognitive Skills
(HOCS). The latter can be attained by integrating HOCS-fostering teaching and assessment
strategies, e.g., context-based open-ended tasks of different levels of complexity [24].

It is especially necessary to dwell on teaching science to university students who do
not major in sciences. In Russia, the transition to a shorter four-year bachelor’s degree
period of study (compared to the former five-year one-level ‘specialism’ model) led to
a radical curriculum reform resulting in a significant reduction in the number (and in
many cases a complete exclusion) of fundamental science disciplines. Accordingly, in
the course of constant modifications in state educational standards based on the learning
outcomes approach, science subject knowledge, understanding and skills are less and less
frequently mentioned in the benchmark statements for bachelor’s degrees in nonscience
majors. Without discussing the reasons for and possible unfortunate consequences of a
lower level of fundamental education in Russia, which used to be highly valued all over
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the world as a distinctive feature of the higher school, it is worth highlighting that there is
a call for bridging the gap between the intensive theoretical knowledge of science courses
and their practical application.

The way to resolve this problem is to utilize the context (practice)-based approach to de-
signing science curricula, including the appropriate assessment techniques. Context-based
learning has been adopted by many countries, including Russia. Theoretical and empirical
background for context-based learning [25] correlates with modern trends in knowledge
economy development and promotes creating needs for innovation and creativity [26,27].
However, as has rightly been reported by Mahaffy et al. [17], the existing literature has
focused mostly on implementing context-based learning on secondary school level, while
research examining specific assessment tools—context-based testing on post-secondary
level—is still limited [28–30]. The experience in employing context-based learning in teach-
ing chemistry at the university level [31–33] allows the authors to suggest that the design
and content of context-based tests differ from conventional tests used to assess students’
achievement in the science course. It seems that such tools should be an integral part of
context-based learning, which could significantly enhance the effectiveness of contextual
learning with regard to both practical and fundamental aspects, and, as a result, encourage
the development of students’ ‘scientific’ competence.

Thus, the purpose of the study is to investigate the effect of context-based testing as a
component of context-based instruction on university students’ learning outcomes in the
course of analytical chemistry.

2. Materials and Methods
2.1. The Concept of Context-Based Testing in Sciences. Development of Instruments for
Context-Based Testing

While traditional standardized tests typically address traditional course content and
skills [23]—and often emphasize procedural skills, i.e., the ability to carry out a sequence
of actions to solve a problem and the reproduction of facts and definitions—in the context-
based environment, students are assigned learning tasks that resample characteristic
activities in an authentic scientific practice. When carrying out these tasks, the learner
becomes acquainted with the artefacts belonging to that authentic scientific practice [34]
(p. 1111). Furthermore, according to the authors of this paper, the term ‘context-based
testing’ in sciences aims to measure the level of knowledge and understanding of the subject
matter and ability to apply this knowledge in the professional environment, i.e., measure
content knowledge and HOCS (problem solving, ability to frame a scientific question,
ability to transfer knowledge to novel situations, etc.). This procedure involves the use of
context-based tests, linked to scientific discipline.

Context-based testing as a component of context-based learning can reinforce students’
knowledge and understanding of fundamental concepts and topics; develop students’
awareness of the relevance of the topics; integrate theory with application; and develop
creative abilities for innovative potential embodied in professional activities.

The process of constructing and administering context-based tests should adhere to
such principles asintegrating fundamental and applied aspects of tested issues, highlight-
ing the role of scientific knowledge in solving real-world problems and urgent professional
tasks, the modular structure of tests, and flexibility and variability based on various non-
linear connections between modules. The strategy has been developed by the authors that
determines the construction path of context-based tests and test administration (Figure 1).
It involves a number of successive steps and a feedback mechanism.
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Figure 1. The process for constructing and administering context-based tests.

At the initial stage, the first and the most important step for testers is to define the
goals and objectives of testing in a science discipline, focusing on targeted professional
skills (competence) being developed in a particular module of a study. Once the aim of
testing is described, the second step is to construct a test model. In a relevant module,
testers choose the topic/topics and identify context-based areas that need to be tested. At
this stage the choice of the content complexity is essential because it will affect the students’
responses to the tasks and eventually the outcomes of the context-based learning [35,36]. At
the third stage, testers’ task is to design and sequence test items for each selected module.
There is a variety of them, but, as the testing experience shows, testers might tend to
overuse questions addressing a choice of patterns of behaviour in a given situation. This
type of question is more relevant for professional tests, while context-based tests aim to
measure students’ ability to integrate theory with application. Context-based tests should
link knowledge of fundamental concepts with real life tasks.

The fourth phase is pilot testing and monitoring. This helps testers obtain valid
information regarding the usefulness of the content; readability of the content, content
accessibility. At this stage, by analysing the output/results, tester can take the necessary
steps to modify the quality as well as the context of the content based on an analysis of the
pilot study data. This will allow them to cater to all the requirements of the users (students)
and improve the content according to their needs. Once the aforementioned stages are
completed, testers have the content tested by the users or the target audience (Steps 5 and
6). This helps testers earn more credibility, trustworthy feedback and review, which further
allows them to make accurate changes (Step 7) in order to improve the testing procedure
(modifying item parameters, test models, the bank of items) and teaching and learning in
general.

The proposed strategy guides the construction of context-based tests in analytical
chemistry and the pilot testing during laboratory sessions. The content of context-based
tests is aligned with the learning outcomes of the bachelor’s degree programs in Biotech-
nology; Commodities Management and Expertise; Food Processing Technology and Public
Catering offered in the Ural State University of Economics (USUE) (Ekaterinburg, Russia).
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In accordance with the purpose and of the study and taking into consideration the
proposed concept of context-based testing, the following leading questions have been
guiding our analysis:

(a) Do tests with context-based tasks contribute to a higher degree of knowledge acqui-
sition at the end of the instructional unit compared to more traditional testing approaches?

(b) Does context-based testing contribute to a more solid knowledge acquisition, i.e.,
to a higher level of retained knowledge compared to more traditional testing approaches?

2.2. Research Participants

The study was conducted with second-year students (aged 18–19 years) attending
bachelor’s degree programs with majors in Food Processing Technology and Public Cater-
ing at the USUE. The sample of this study consisted of 50 students. Within an experimental
research design [37], participants were randomly assigned to one of the experimental
conditions using ciox.ru on-line tool. The experimental and control groups were equal
in number—25 students each. In the control group, conventional tests were carried out,
while the experimental group students experienced context-based testing. The language of
instruction is Russian.

2.3. Ethical Aspects of Research

The following ethical procedures were implemented in the researchers’ process of
data collection.

The experiment was performed following the rules of the Declaration of Helsinki
of 1975 and in compliance with the formal requirements in the journal’s ‘Research and
Publication Ethics’. Because Russia does not have professional organizations that guide
ethical standards in higher education, USUE has developed its own ethical protocols. The
experiment design (including group allocation) was approved by the Academic Board
of the Institute of Trade, Food Processing Technologies and Service. Informed consent
was acquired for any experimentation with human subjects. The Academic Board also
approved the findings for analysis and inclusion in a published study. The research was
shared with participants in each group in experimental studies.

The interests of participants were given due consideration. All the students partici-
pating in the study were provided with enough information to be able to judge that the
study is worthwhile and that they wish to support it. The participants were sufficiently
informed about their potential involvement in the experiment—what they will be asked to
do, when, and under what circumstances. The participants were also informed that they
have a right to make a free choice over whether to contribute to a study or not, and that
there will be no sanctions, consequences or differential treatment for nonparticipation. The
students participating in the experiment were aware that they could decline or withdraw
participation in the study at any point without prejudice.

All students volunteered to participate in the experiment and assessment processes.
They were curious to monitor their progress and receive feedback on their achievements.
Participants’ identity was protected by de-identification that was carried out before data
analysis to avoid posing the risk to participants being identifiable compromising their
privacy and confidentiality.

The double agency when the researcher also serves as the teacher of the participants
was minimized by involving independent staff who were in charge of assigning students
to control or experimental groups and students’ works coding at the focus phase.

2.4. Research Design

This study was conducted using the pre/post-test design involving a control group
and an experimental group. The entire time span of the experiment was 35 weeks including
a 15-week program followed by a delayed post-test after 20 weeks. The experiment was
divided into three phases: preliminary, focus, and final. The duration of the Analytical
Chemistry (context-based) course was one term (15 weeks). Test data were gathered at
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three points: start-of-course (or the preliminary phase), end-of-course (or the focus phase)
(end of Week 15), and after-course (or the final phase) (end of Week 35). The time gap
between the focus and final phases was 20 weeks. Figure 2 illustrates the timeline and
sequence of the experiment.

Figure 2. The design of the experiment (E—experimental group, C—control group).

The Preliminary Phase. At the preliminary phase (the start-of-course point), students
were put to a pre-test that aimed at measuring possible differences in the prior knowledge
of chemistry of control and experimental group students. The prior knowledge test was
similar to the United State Examination (its results are viewed as admission requirements
for university entrants) and contained 20 structured multiple-choice questions with differ-
ent difficulty indexes which affected the score of each answer. Three teachers independently
assigned a certain difficulty index to each question. The obtained rankings were brought
to team meetings and discussed until agreement was reached. To differentiate a level
of difficulty, the number of logical steps, or algorithms, was considered [38]: if students
needed to take one or two steps to complete the task, the question was scored one point (a
low level of difficulty); if three algorithmic procedures were involved, the task was scored
two points (a moderate level of difficulty); if more than three steps the score was three
points (the highest level of difficulty). Thus, the most difficult six questions were scored
three points; the least difficult six questions had a one-point score; the remaining eight
questions were scored two points. The total score that students could receive ranged from
0 to 40.

The Focus Phase. The focus phase was the richest and most intense in terms of types of
evaluation methods and test administration. At this phase, students in both—control and
experimental—groups were experiencing the context-based teaching and learning process
that is described in detail by Stozhko et al. [32,39] and Bortnik et al. [33]. The Analytical
Chemistry course is comprised of three modules:

Module 1 Solutions, Dissociation, Hydrolysis (Weeks 1–5);
Module 2 Complex Compounds (Weeks 6–10);
Module 3 Redox Processes (Weeks 11–15).
Each module includes 5 lectures (10 contact hours) and 3 laboratory sessions (12 con-

tact hours). Lectures were intended to provide fundamental and applied knowledge.
Laboratory work was the key component of context-based learning. The context was set
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up with a virtual chemistry laboratory, which offered the opportunity to perform scientific
experiments with online labs in pedagogically structured learning spaces [32,33,39]. The
control and experimental group students carried out chemical experiments identical in
terms of preparation and completion procedures. The examples of topics are given below:

Determination of the content of organic acids in beverages by acid-base titration.
Determination of antioxidants in juice, coffee, tea, and wine by the potentiometric

method.
Determination of the total content of iron ions in waters and beverages by adsorption

voltammetry.
Inversion-voltammetric determination of toxic metal ions (Cu, Pb, Cd, Zn) in food

products.
Determination of tap water hardness by the complexometric method.
During this 15-week (one term) stage, three tests related to three studied modules:

(1) Solutions, Dissociation, Hydrolysis; (2) Complex Compounds; and (3) RedoxProcesses
were administered. Context-based testing was administered to the experimental group
students, and traditional testing was administered to the control group students (Figure 2,
Focus Phase). Each test included six tasks. A level of difficulty for each task was differenti-
ated in the same way as at the preliminary phase. All students were tested in-class: the
control group was computer-tested, while the experimental group was to write answers to
open-ended questions in the instructor’s presence. For both groups, students’ responses
were assessed with the help of a key system developed by the testers, which excluded
biased assumptions. Assessment also took into account a level of difficulty of the task.

A week prior to the examination, all students took an integrative achievement test
(Figure 2, Focus Phase). The self-developed integrative achievement test in analytical
chemistry included 20 questions related to specific contents already covered in all three
modules. The maximum total score was 40. The control group students experienced an
integrative achievement test that contained conventional test items. The experimental
group was offered an integrative achievement test that was made up ofcontext-based test
items only.

Moreover, at the very end of the focus phase, all students had to take an end-of-
term examination which was composed of two components: oral and written. An oral
component aimed at testing students’ fundamental knowledge of chemistry and included
traditional style knowledge questions that require simple recall information or a simple
application of known theory or knowledge to familiar situations. The total number of
points in the oral component was 20.

A written component was made up of the context-based tasks demanding the ap-
plication of known theory or knowledge to practical situations (context). The tasks had
different levels of difficulty which affected the score of each answer: 2 points were given
to the least difficult task; one task was scored 3 points; three tasks were scored 4 points;
6and 7 points were given to the most difficult tasks. Thus, the maximum total score for
the written component was 30 points, and the overall maximum score for both oral and
written components was 50 (20 + 30) points.

To ensure greater objectivity of the course exam, it was conducted in a large group,
combining both control and experimental students. Then students’ written works were
shuffled and letter-encoded by support staff. The algorithm of coding and decoding was
unknown to the testers. After the teachers (‘experts’) rated the works, the support staff
decoded them and transferred the experts’ grades to tables with student names. The oral
component of the exam was carried out by another group of independent experts who
were unaware of which group—control or experimental—a student belonged to.

The Final Phase. At the final phase, a delayed post-test was administered 20 weeks
later, after the end of the Analytical Chemistry course (Week 35). The delayed post-test was
meant to measure the effects of context-based testing on both group students’ achievement
levels of learning outcomes. The delayed post-test included 20 questions, a combination of
traditional and context-based items. The maximum total score was 40 points.
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2.5. Tests

Assessment methods were designed in accordance with the adopted strategy (Figure 1).
Table 1 presents extracts from the integrative achievement test tasks offered to control
(traditional test) and experimental group students (context-based test). The tasks corre-
spond to three modules of subject study (mentioned earlier): Solutions, Dissociation, and
Hydrolysis; Complex Compounds; and Redox Processes. Conventional tests included
multiple-choice questions, while context-based tasks, were designed in such a way that
students could use their scientific knowledge to find solutions to the presented problem.

Table 1. Sample items of traditional and context-based integrative achievement tests.

Module Traditional Test Context-Based Test

Solutions, Dissociation, and
Hydrolysis

Which solution has pH below 7? Circle the
correct number

(1) table salt
(2) lactic acid
(3) baking soda
(4) ammonium hydroxide

Natural cow milk has a close-to-neutral
acidity (pH = 6.5–6.8). Describe how milk
pH changes due to lactic acid
fermentation after the expiry date.

Complex Compounds

What is the charge of the complexing agent
and the complex ion inFe4[Fe(CN)6]3?
Circle the correct number:

(1) +3, −4
(2) +2, −4
(3) +3, −3
(4) +2, −3

Ferric tannate haze is turbidity of
low-acid (pH > 3.5) wines caused by the
interaction of iron (III) with phenolic
substances (tannins, anthocyanins,
leucoanthocyanins). A radical measure to
combat ferric tannate haze is to treat wine
with yellow blood salt K4[Fe(CN)6].
What poorly soluble complex compound
is formed as a result of reaction between
yellow blood salt and wine iron (III) ions,
which is removed by filtration?

Redox Processes

Ox/Red potential of citric acid is −0.13 V;
paratartaric acid −0.02 V; caffeic acid −0.14 V;
and ascorbic acid −0.23 V (rel. NHE). Which of
the following acids has the strongest reducing
properties?
Circle the correct number:

(1) citric acid
(2) paratartaric acid
(3) caffeic acid
(4) ascorbic acid

Put the following fruits and berries in the
order of increasing antioxidant properties
(AOP):

lemon;
grapes;
coffee beans;
currant

Hint: Take the following assumptions:
1. Ox/Red potential of the substance
determines reducibility and the AOP of
the fruits.
2. Citric, grape, caffeic and ascorbic acids
strongly contribute to the AOP of a
corresponding fruit (currant—ascorbic
acid).
3. Ox/Red potential of citric acid is
−0.13 V; paratartaric acid −0.02 V; caffeic
acid −0.14 V; and ascorbic acid −0.23 V
(rel. NHE).

The design of integrative achievement tests was also based on contents covered in the
three modules (such as examples in Table 1). Table 2 illustrates a written component of the
end-of-course exam (Figure 1, Focus Phase).
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Table 2. A written exam test (maximum score = 30).

Sample Task Maximum Points

1

What processes occur in the biosphere when acid rains fall?
Choose the correct answers:

(a) lower acidification of soil and wastewater.
(b) better solubility of heavy metal compounds in soil;
(c) higher pH of freshwater pools, leading to death of fish;
(d) lower pH of freshwater pools, leading to death of fish

2

2

Over time, white lead (2PbCO3·Pb(OH)2)turns black due to the reaction with hydrogen
sulfide, a component of the air. Choose the reaction that is used to revive the colour of
blackened white lead in painting restoration. Then add coefficients using the electronic
balance method and mark an oxidizer/reducing agent.

MnO2 + HCl→MnCl2 + Cl2 + H2O
SO2 + H2S→ S + H2O
Cu + HNO3 → Cu(NO3)2 + NO + H2O
PbS + H2O2 → PbSO4 + H2O

3

3

Photography is based on the photochemical reaction of the decomposition of silver halides
on exposure to light: AgBr↓ + light quantum→ Ag + Br2. For high-quality images, the
excessive unrecoverable AgBr is removed by performing reactions with Na2S2O3, NH3, or
KCN to form a soluble complex compound. Give the reaction schemes; specify coordination
numbers of complex compounds and the charge of the complex ions.

4

4

Below are five natural phenomena (1–5) based on redox reactions (a-e):

4

1. Burning Fe + O2 + H2O→ Fe2O3·nH2O
2. Breathing H2 + O2 → H2O + Q

3. Corrosion of metals CO2 + H2O + quantum of light→ C6H12O6 +
O2 + H2O

4. Explosion CH4 + O2 → H2O + CO2
5. Photosynthesis C6H12O6 + O2 → CO2 + H2O + 2.87 × 103 kJ
Choose the answer where the natural phenomenon and the redox reaction match correctly.
Add reaction coefficients, and mark an oxidizer/reducing agent.

1-a, 2-e, 3-c, 4-b, 5-d
1-b, 2-c, 3-a, 4-d, 5-e
1-c, 2-a, 3-e, 4-b, 5-d
1-d, 2-e, 3-a, 4-b, 5-c
1-e, 2-d, 3-a, 4-c, 5-b

5

Magnesium sulfate is known as an antispasmodic, anticonvulsant, laxative, antiarrhythmic,
choleretic, and sedative drug. Write the equation of Epsom salt dissociation. How can 100 g
of medicine with a concentration of 1M and a density of 1.10 g/mLbe prepared from Epsom
salt?
Hint: 60 g of the substance is completely dissolved in 100 g of H2O.

4
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Table 2. Cont.

Sample Task Maximum Points

6

Make a recipe for a sauce based on meat broth and extracts of five seasonings with the
maximum antioxidant property (AOP). AOP of spice extracts is expressed as mg of gallic
acid/g of spice.
Use the following data:

cardamom AOP: 11.8 mg/g; black pepper AOP:26 mg/g;
oregano AOP: 19 mg/g; nutmeg AOP: 12.6 mg/g;
basil AOP: 24 mg/g; red sweet pepper AOP: 8.5 mg/g;
rosemary AOP: 7.3 mg/g.

Hint: Take the following into account:

(1) the proteins in the meat broth reduce the AOP of cardamom by 5%; black pepper—by
12%; oregano—by 3%; nutmeg—by 18%; basil—by 27%; red sweet pepper—by 9%;
and rosemary—by 4%;

(2) synergistic and antagonistic effects; an increase in the AOP of sweet red pepper and
nutmeg in the combined presence by 43% and a decrease in the AOP of a mixture of
black pepper, basil and oregano by 19%.

Give the value of the AOP of the sauce and justify its composition in terms of AOP. Describe
the chemical mechanism of antioxidant performance.

6

7

Evaluate the possibility of using natural carbonate-bicarbonate water (OH−, CO3
2− and

HCO3
−) for drink preparation. According to the recipe, the water should have free and

total alkalinity of no more than 5.0 and 50.0 mmol/L, respectively. To determine its free and
total alkalinity, natural water was analyzed with the acid-base titration method. First, 2
drops of phenolphthalein were added to 50.0 mL of the sample and titrated with a solution
of hydrochloric acid with a molar concentration of 0.05 mol/L until discoloration. This
titration took 6.5 mLof HCl solution. Then 2 drops of methyl orange were added to the
solution and titration was continued until the color of the solution changed. Additional 15.5
mLof HCl solution were used.
Calculate free and total alkalinity of natural water and write the equations of the reactions
occurring during titration with phenolphthalein and methylorange. If the titration values of
free and total alkalinity of natural water intended for drink preparation do not correspond
to the set values, suggest a method for reducing alkalinity. Confirm your choice with
calculations.

7

Because the language of all instructional materials students worked with was Russian,
the extracts presented in Table 1 and the test in Table 2 have been translated into English
by Irina Pervukhina, one of the authors of this paper. She has a high level of fluency in
both—Russian and English—languages and close knowledge of the research context and
the specific study. The translation was checked by the other two authors by using back
translation.

It is apparent from Tables 1 and 2 that each contextual task of the tests and written
exam includes a specific chemical content and a question based on this content. The context-
based question focuses on student’s relevant area of study and different fields of application
(health, ecology, food production, etc.). On the contrary, traditional questions are limited to
the field of chemistry only. The context-based tasks are ‘open-ended’: each task poses a
problem with a varying degree of complexity, and students should independently choose
an algorithm for finding a solution applying knowledge and understanding gained in the
university curriculum.

Example 1 (Table 1) illustrates the Solutions, Dissociation, and Hydrolysis Module.
The hydrogen pH value is considered as a measure of aqueous solution acidity. The acidity
of the reaction medium is of particular importance for biochemical processes taking place
in the body and in food. For example, the pH value of milk determines the colloidal
state of proteins and the stability of the polydisperse system of milk; the conditions for
the development of useful and harmful microflora and its impact on fermentation and
maturation; the state of equilibrium between ionic and colloidal calcium phosphate and
the resulting thermal stability of protein substances; the activity of dative and bacterial
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enzymes; the rate of formation of typical taste and smell components of individual dairy
products. To answer a traditional test question, students should be able to recall what
acidity is and the pH values of various common acids, including lactic. Remembering
and understanding belong to the lower-order cognitive skills (LOCS) in the Bloom’s
taxonomy [24]. In a context-based task, the emphasis is shifted to the biochemical process
related to dairy food production. To be able to answer the question correctly (“the milk
pH value lowers during storage due to the formation of lactic acid as a result of lactic
acid fermentation”), students should demonstrate cognitive skills of higher levels, i.e.,
application and, to some extent, analysis and evaluation (higher-order cognitive skills
(HOCS).

Example 2 (Table 1) illustrates the Complex Compounds Module. Complex com-
pounds are widely spread in the nonliving world and wild life. They are used as catalysts
and inhibitors of various processes in food products. In particular, iron-based compounds
affect the processes occurring in red wine. These compounds cause reactions that notice-
ably degrade the quality of red wines, leading to the appearance of ferric tannate haze,
turbidity, darkening of color and dark precipitate. The traditional test task focuses on the
composition of the complex determination of the charges of the complexing agent and
complex ion. In the context task, the focus is shifted to the process that takes place in the
drink and the way to control this process.

Example 3 (Table 1) illustrates the Redox Processes Module. The traditional test task
is to compare the reducing properties of various acids, while the context-based task is
to compare the antioxidant activity of fruits and berries containing the same acids. This
test question directly echoes Example 6 of the written exam question (Table 2), where
students are asked to compare the AOP of different spice extracts, analyze and synthesize,
and design an optimal recipe for a sauce with the best AOP. When completing the task,
students should take into account a number of factors: the effect on the AOP of the
protein medium (in this case, meat broth), the synergistic effect (strengthening of the AOP)
when interacting with two components, the antagonistic effect (weakening of the AOP)
when interacting with the other three components. As a result, the chosen combination
does not seem obvious at first glance (taking into account only the initial values of the
AOP), namely: [cardamom + nutmeg + black pepper + sweet pepper + oregano], the total
AOP = 78.356 mg/g because it includes two components with the lowest ‘own’ initial AOP
values.

Question 7 of the written exam (Table 2) is ranked as the most difficult task (7 points).
As a pre-requisite of task completion students should have learnt what acid-base titration
is; the law of multiple proportions, titration of salt mixtures; the concepts of free and total
alkalinity, the equivalence point, the titration curve, acid-base indicators, etc. The student
task is to write down the equations of the chemical reactions that occur during the chemical
analysis, calculate free and total alkalinity of the natural water sample, and finally make
a decision if the water is suitable for preparing a beverage. If the decision is negative
(which is the case as free alkalinity of the sample (6.5 mmol/L) exceeds the given value
(5.0 mmol/L), the student should suggest a possible way of reducing alkalinity. As a rule,
the alkaline excess can be neutralized by water acidification, and the right choice of acid in
terms of naturality and usefulness is essential.

2.6. Statistical Analysis and Data Treatment

The statistical analysis included hypothesis testing used to assess the plausibility of
the proposed hypotheses.

The null hypothesis H0* states that at each phase of the experiment, the scores received
by the control and experimental groups of students meet the normal law.

The alternative hypothesis H1* states that the law of score distribution is non-normal.
The null hypothesis H0 states that there is no statistically significant difference between

the results of testing activities obtained by students of the control and experimental groups
at each phase of the experiment.
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The alternative hypothesis H1 states that there is statistically significant difference
between the results of testing activities obtained by students of the control and experimental
groups at each phase of the experiment.

All the data obtained were managed with R-Studio software packages. The performed
statistical analysis included the Shapiro–Wilk test (W-test) for normality, the Fisher test (F-
test) for comparing two variances (standard deviations from the means) and the Student’s t
test for equivalence. The level of significance in this comparison was determined to be 0.05.

3. Results

The findings of the experiment are displayed in Table 3. It summarizes the results of
the assessment at different stages of the experiment and their statistical processing. Critical
values obtained for the Shapiro–Wilk test and the Student’s t test were: Wscr = 0.9186 and
tcr = 2.011 (for degrees of freedom in the samples ν =48).

Table 3. Results of assessments taken in the control and experimental groups obtained at different phases of the experiment.

Assessment Method
Control Group Experimental Group

F t pt 95% CI
M σ m Ws ps M σ m Ws ps

Pre-test
(max 40 points) 26.6 6.53 1.31 0.9298 0.09 26.0 7.85 1.43 0.9863 0.98 1.20 0.310 0.76 (−3.29; 4.50)

Integrative achievement
test

(max 40 points)
28.56 6.00 1.20 0.9575 0.37 31.92 5.40 1.08 0.9577 0.07 1.23 2.081 0.04 (0,11; 6.60)

Oral exam
(max 20 points) 14.16 3.04 0.61 0.9671 0.57 15.88 2.59 0.52 0.9268 0.07 1.38 2.156 0.04 (0.12; 3.33)

Written exam
(max 30 points) 21.24 4.62 0.92 0.9401 0.15 24.16 4.23 0.86 0.9411 0.16 1.19 2.331 0.02 (0.40; 5.44)

Oral and written exams
(max 50 points) 35.40 7.54 1.53 0.9667 0.56 40.12 6.79 1.36 0.9401 0.14 1.27 2.309 0.03 (0.61; 8.83)

Post-test
(max 40 points) 26.10 7.09 1.42 0.9417 0.16 29.90 5.34 1.07 0.9385 0.14 1.76 2.164 0.04 (0.27; 7.42)

Note. Mean parameter values for each of the analyses are shown for the control group (n = 25) and experimental group (n = 25), as well
as the results of t(tcr = 2.011) tests comparing the parameter estimates between the two groups, for degrees of freedom in each sample
ν = 48. Ws is the Shapiro–Wilk test experimental value (Wscr = 0.9186). ps represents the calculated probability of the occurrence of normal
distribution in the two groups, and pt is the calculated probability of the occurrence of the group equivalence (α = 0.05). σ is the standard
deviation; m is the error of the mean; CI is the 95 % confidence interval for variation between sample means. Fcr is the Fisher test value
(Fcr = 2.98).

At all three stages of the experiment, the Shapiro–Wilk test value is above critical and
ps value is above 0.05 (Table 3). These data allow us to reject the alternative hypothesis H1*
and accept the null hypothesis H0* which states that the scores received by the control and
experimental groups meet the normal law.

The analysis of the pre-test data (Table 3) shows that value of the t test (t = 0.3097)
is below critical; pt value (pt = 0.7581) is above 0.05; and the confidence interval for
equivalence differences between group means crosses zero. This enables us to accept
the null hypothesis H0 which states that there is no statistically significant difference
between the pre-test results obtained by control and experimental students and to reject
the alternative hypothesis H1. These findings suggest that students of the two groups had
comparative levels of prior knowledge.

At the same time, it is apparent from Table 3 that for all assessment methods the
mean score in the experimental group is higher than in the control group. The t test
experimental value is above critical and pt value is below 0.05. This allows us to reject
the null hypothesis H0 and to accept the alternative hypothesis H1 stating that here is
statistically significant difference between the results of assessment in the control and
experimental groups obtained by each consecutive assessment method at the focus and
final phases of the experiment, namely integrative achievement test, oral and written
exams and the delayed post-test. However, it is worth noting that though the difference
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between the mean score obtained in integrative achievement tests is statistically significant,
it does not allow us to conclude that the experimental group students have performed
better because the content of the tasks for the experimental group differed from that of the
control group. The degree of performance can be measured by analyzing the exam (oral
and written) and delayed post-test array of scores.

To assess the validity of the integrated achievement tests conducted in the two groups
(conventional tests in the control group; tests with the inclusion of context-based tasks in
the experimental group), the array of scores for these tests was compared with the array of
scores for a written part, oral part of the exam and the total exam grade. The correlation of
the arrays was found using R-studio software. The revealed correlation coefficients were
89.8%, 89.6%, and 90.1% respectively. The obtained results indicate a sufficiently high level
of validity of the context-based and traditional tests used.

4. Discussion

Indices of effect size have been calculated applying Cohen’s Index (d) [40]. The
findings made it clear that for the pre-test the effect size referring to the difference between
group means is almost zero (d < 0.1), while for the other tests (integrative achievement test,
oral exam, written exam, oral and written exams, post-test), the average effect is regular
and its size varies from 0.54 to 0.65.

The findings of the experiment are in line with the relevant study [25,41]. Some
correlation can be found with the findings presented by Sevian et al. [42], who compared
student learning outcomes investigated in two university chemistry courses. It can be
concluded that context-based tasks offered by the teacher during lectures and laboratory
sessions have affected positively students’ learning and conceptual understanding of the
subject of study. Though the current research does not analyze student responses by
applying the HOCS/LOCS taxonomy, we can assume that context-based learning activities
may have positive effect on enhancing student research skills [33]. For Russian students,
the study of chemistry is a requirement for bachelor degree programs in Biotechnology;
Commodities Management and Expertise; and Food Processing Technology and Public
Catering. However, because their major is not chemistry, LOCS are considered as acceptable
and satisfactory and can be used as a launching pad for acquiring HOCS in further studies
of profession-targeted subjects. At the university level, teaching of chemistry includes
algorithmic and/or LOCS-oriented exams. LOCS questions in the chemistry teaching
and assessment (examination) refer to knowledge questions that require just a recall of
information or a simple application of theory or knowledge to familiar situations and
context. They may be solvable by means of algorithmic processes through specific directives
or practices [24,43] (p. 187). Our research allows students to enhance opportunities for
applying theory and knowledge to a professional context.

It is appropriate to emphasize that in our study, both groups—experimental and
control—participated in the same process of contextual learning, attended lectures in a
single stream and performed the same tasks during laboratory workshops with contextual
content. There were differences in the control (testing) tools only; that is why analysis
of the experimental results allows us to give an affirmative answer to the two research
questions stated in Section 2.1. of the paper. Context-based testing as an assessment tool of
context-based learning can contribute to a higher degree of knowledge acquisition and to a
higher level of retained knowledge as compared to more traditional testing approaches.

5. Limitations of the Study

However, some limitations are worth noting. The sample size (n = 50) was limited
by the number of students that could be enrolled in this course; therefore, the findings
should be interpreted with caution to avoid overgeneralization. As it was mentioned in
the beginning of this section, the current research does not analyze student responses by
applying the HOCS/LOCS taxonomy. Although our research questions were supported
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statistically, the sample was not reassessed once the experiment was over. Therefore, it is
not possible to evaluate how long the skills are retained after the end of the course.

Another aspect that should be mentioned is the potential issue relating to the multiple
t-tests. In our experiment, we were interested in understanding the true difference between
a pair of groups—control and experimental. Repeating testing, or multiple t-tests, with
more than two groups might result in the probability of a false positive finding [44].

Certain limitations are linked to the length of the course; it totals 66 contact teaching
hours. As a result, the experiment was limited in terms of time, contents, and—what was
especially important for this experiment—the range of context-based tasks.

6. Conclusions

As a result of the research, the authors have developed the concept of context-based
testing as assessment tool in context-based teaching and learning; have designed context-
based tests in analytical chemistry; and have made an attempt to evaluate impact of their
application on students’ achievement. Both the experimental and control student groups
were exposed to context-based teaching and learning (lectures and laboratory sessions).
The key difference was in the type of the assessment tools used.

The experiment has shown that students in the experimental group, who were tested
according to the context-based learning methodology, were observed to have increased
achievement levels while those of the control group, who received traditional instruction,
were identified to have no significant differences in their achievement scores.

The findings of the experiment allow us to answer the guided research questions.
In comparison with conventional testing, context-based testing could contribute to (1) a
higher degree of knowledge acquisition at the end of the instructional unit and (2) more
solid knowledge acquisition, i.e., a higher level of retained knowledge. These findings
are in line with the literature cited in Ulusoy and Onen [6] (p. 543) that indicates higher
achievement levels as a consequence of context-based learning approach.

The findings from this research have implications for designing more efficient cur-
riculum and assessment methods in particular, not only for a university-level analytical
chemistry course, but also for other science courses. The analysis of the data through the
lens of context-based teaching and learning can provide a framework to help instructors
develop a course with more meaningful materials. The implication of the work for faculty
is to expand their awareness for the potential of applying context-based testing in teaching
analytical chemistry or other science course to university students with nonscience majors.
Another benefit might be a dialogue with teaching community that promotes advanced
studies on effective science classroom practices.
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