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VERIFYING THE WEIGHT OF DIFFERENT LEARNING TASKS
IN STUDENT ASSESSMENT BY CHEMISTRY TEACHERS

WERYFIKACJA WAGI RO ZNYCH ZADA N NAUKOWYCH )
PRZEZ NAUCZYCIELI CHEMII POPRZEZ ANALIZ E OCEN STUDENTOW

Abstract: Learning tasks are a great motivation tool in dsamteaching, necessary in the exposure andidixat
part of a teaching process, and also often usedh wiegnosing the depth and type of student knovededyr
research analysed the relationship between theerstuassessment in chemistry and their successhhimgo
memory, algorithmic and conceptual tasks at symbaubmicroscopic and macroscopic levels. Thergsti
focused on chemical equilibrium, because this tap@ppropriate to design and test the tasks. dhected data
was evaluated by one-factor ANOVA analysis. We efgxd that, in comparison to average and weak lesrtie
excellent ones should be significantly more sudoégstackling all the types of tasks and at elléls. However,
our findings indicate that this assumption is ifvah the case of conceptual tasks, i.e. the utaeding the depth
of chemical concepts does not always correlate thighstudent assessment.
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Introduction

The school performance of students based on se®sessment provides an important
feedback both towards the students and teacherheAgame time, it can be perceived as
an important regulatory tool leading to the prefieesof certain objectives in acquiring the
student knowledge and competences in the educhtoaess. The formation of the
school assessment lies in the level of solving ditigations (learning tasks) induced by
a teacher in the class. The structure of learrasgs and the weight that teachers assign to
them is determined by the feedback and the prefereflearning objectives.

We consider examining the relationship between glchssessment and the success of
students in solving learning tasks a very signifta@le of didactics. We have been dealing
a lot with such types of research and therefore,wwoeld like to provide some of our
results. From the chemical content point of viewr cesearch focused on the chemical
equilibrium. From a didactic point of view, the easch investigated the relationship
between the assessment of students in chemistrythesid success in solving memory,
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algorithmic, conceptual tasks at submicroscopigroscopic and symbolic representations
of chemical equilibrium.

Prior research

Learning tasks are a powerful tool of teacherdanpursuit of cognitive development
of students. The character, content and form ofagggnments are factors that decide on
the deepening the student knowledge or only on réoj@ knowledge of the facts.
Johnstone [1] considers three factors related ¢oassigned task: the collected data, the
used methods and the objective to be achieved.eWbdpecting and considering Bloom
taxonomy of cognitive goals or its revised verdi2]) the tasks can be assigned to students
based on the different levels of mastering a sjgecincept or content ranging from the
simplest and least difficult remembering throughdenstanding, application, analysis,
synthesis to evaluation. The categories of cogmipirocesses comprise factual information,
conceptual knowledge, procedural knowledge and cogtative strategies at the highest
level.

Bloom's taxonomy and its revised version is notahly classification that can be used
in our research. Other taxonomies or selected tgpeasks are also used in the research
work. We list some of them related to the reseaeshied out in this field below.

Open questions are used to establish the deptnaérstanding and the level of
associations with the selected concept and/or phenon. They can provide a variety of
correct solutions and a wide range of suitable pastor solving such tasks [3]. They are
variable, reflect real situations, and require stud to grasp the concept in the everyday
life context.

To identify the level of higher order thinking dkilin students [4], i.e. conceptually
thinking students, Nakhleh [5] used a 5-item paisttincluding five topics of general
chemistry (gas laws, chemical equations, determieadtant, formulae, density). One set
comprised one algorithmic and one conceptual tAsimilar tool was used by Papaphotis
and Tsaparlis [6]. Two-level [7], three-level [8} even four-level [9] tests are used to
establish the level of conceptual understanding.

The advantage of using tests with multiple choasks$ lies in requiring specific facts
and concepts from students. Computational testsitemtail the ability to transform
information in various ways while problem-solvinge. justification at the formal
operational level [10, 11].

As early as in the 1990s, the research suggestddsthdents were able to solve
problems numerically when related to the understendf a specific concept, but they
encountered problems when solving the same probée@mmining its conceptual
understanding [5, 11].

Surif et al. [12] pointed out that students' susces solving algorithmic tasks in
chemistry reaches 96 %, while conceptual 54 % qahd5 %. Papaphotis and Tsaparlis
[6] achieved even more alarming results and foumat if students are able to solve
algorithmic tasks, it does not mean that they daa deal with the conceptual ones. Both
Chiu [13] and Cracolice et al. [7] confirmed thaidents have a higher level of algorithmic
abilities compared to the conceptual ones.

Algorithmic tasks are useful in solving common gigess and assignments, but also in
following a set of instructions to get a solutidmdugh calculation [14]. In this type of
solutions, the students are usually aware of @litfiormation and its incorporation into
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a mathematical model, tool, formula and then, tbal s relatively easily achieved [1, 3].
This involves the application of knowledge in a alsand standard way [12]. Therefore,
algorithm problem is often just a practice, tragmend is part of the textbook assignments
[1]. Frank et al. [15] claimed that students, intfado not solve the problem in this way,
they only search for and select an algorithm tteyldt use in the given situation. However,
this is to their disadvantage and even restricesntiio solve the conceptual problems
successfully [12].

Yavuz Mumcu and Yildiz [16] pointed out that a stat with an algorithmic way of
thinking tends to grasp the problem only theordficasing a mathematical apparatus,
coding. However, the algorithmic approach is com®d to be part of so-called computer
thinking that includes creative and critical thimfj problem solving, cooperative learning
and communicational skills. Niaz and Robinson [#fdted that it is the developmental
level/stage of an individual that predicts the s@scin solving algorithmic task.

Conceptual tasks force students to merge, synthesmigl reassess responses, are based
on understanding, not automation and routine praesd They relate to the observed
phenomena and assume insights into the chemicalenaf the phenomenon explained by
students correctly [12]. Nurrenbern and Pickerirl’][ presented several types of
conceptual tasks: multi-level with multiple-choicgith a particle visualisation (including
microscopic or symbolic representation), laborat@gta interpretation in a graph, table),
demonstration tasks (observing the phenomenoneatnéicroscopic level), analogy tasks,
sets of complementary tasks. Surif et al. [12], Niaz Hasan and Ismayani [18] also used
this categorisation. However, Niaz [19] asserts thatudents can manage the conceptual
tasks, they can successfully solve also the alguoid ones.

In their research, Yavuz Mumcu and Yildiz [16] rejeal the highest success in solving
algorithmic tasks and the lowest in solving logitasks (tracing tasks and the tasks
requiring analysis were also part of the test).

Niaz and Robinson [11] found out that the abil@ysblve computational tasks does not
predict the success in solving conceptual probledo$ving problems based on the use of
algorithmic strategies assumes a certain levebwwhél operations. Moreover, the student's
ability to successfully solve problems requiringiceptual understanding relates to various
cognitive variables such as a level of developnmmettal capacity, or cognitive style.

Nurrenbern and Pickering [17] pointed out that hevo-thirds of students are able to
successfully solve chemical computational probleatsted to gas laws, but only one-third
conceptually. Sawrey [20] achieved similar resintstoichiometry.

Nuzulia, Hasan and Ismayani [18] claim that theslicbnnection of macroscopic,
symbolic, and microscopic levels of concept andnpheenon representation may lead to
enhancing the conceptual understanding of chern@atepts by students. Research results
by Herron, Nurrenbern [21] and Johnstone [22] haWeady indicated that students
encounter problems when interconnecting symbolagnwscopic and microscopic levels of
chemical phenomenon representation. Surif et a?] [dsserted that students cannot
comprehend all three levels in chemistry at ondge Submicroscopic understanding or
visual representation of a chemical reaction orceph seemed to be the most difficult for
students [5, 23], and therefore, the majority ofennceptions were reported mainly at this
level [12].

Calyk et al. [24] pointed out to several problemsinderstanding chemical concepts in
their review study. These include, for instancéack of justification for the macroscopic



92 Miroslav Prok$a, Anna Drozdikova and Zuzana Halakov

observation of the phenomenon at the submicrosdepéid, the difficulty of visualising and
representation of the submicroscopic nature, gnzslic representation.

Our aim was to link these two aspects, i.e. apprdadifferent types of assignments
in chemistry and representation of chemical equilin at various levels; and to find
connections between the success of students ifingotlifferent chemical learning tasks
and their assessment in chemistry.

Aims and objectives

In our research, we focused on the connection hbalcassessment of chemistry
students and their success in solving individupksyof learning tasks. We consider this
interesting because, to some extent, it can inelibatv teachers apply the results of solving
such learning tasks by students in the assessrh#rginschool performance.

The research question can be formulated as folld®s: teachers use memory,
algorithmic, conceptual tasks and the tasks withroscopic, submicroscopic and symbolic
representation in the assessment of students’rpafwe with equal weight?

Methodology of research

The research tool consisted of five sets of taskls #6 subtasks altogether. Since all
the subtasks of one particular set were based @rcdimmon problem identified in the
assignment, we obtained a more concentrated compsin of how students understand
the key aspects of the chemical equilibrium. Theeagched topics included the
understanding of the reverse reaction, the eqiilibr constant and the effect of
temperature, pressure and concentration chandeeastabilisation of the new equilibrium.

Individual tasks formed three groups of tasks faug of memory reproduction tasks,
a group of tasks focused on the algorithmic lewad @ group of tasks reflecting the
conceptual understanding of selected nodes retatetiemical equilibrium. From another
point of view, the questions were categorised asdhwith macroscopic, submicroscopic
and symbolic representation.

Our research tool was presented at the 2nd Inten@tBaltic Symposium on Science
and Technology Education in Siauliai, Lithuanialume 2017 [25] and described in detail
in Learners' Understanding of Chemical EquilibriatmSubmicroscopic, Macroscopic and
Symbolic Levels [26]. For this reason, we are muing to discuss the specific assignment
of learning tasks of the research tool in this gtud

The research was carried out in 2017 and employ&dsécondary school students
aged 16 and over. The students were from 15 diffeteachers and 22 classes in eight
Slovak schools. The research sample can be indieatan available population selection.

Results and discussion

In our research a one-factor ANOVA analysis wassemofor a deeper understanding
of the relationship between the school assessniaritemistry students and the success of
solving different types of learning tasks. We elistied the assessment in chemistry as the
investigated factor of three levels - excellenterage and weak students. In order to
classify the tasks, we chose the attribute of treelgminant characteristic of a student’s
activity which leads to the task solution, i.e. tpeevailing application of memory
reproduction, algorithm or conceptual mastery ef dfiven topic. The second attribute was
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the level of interpretation of the chemical phenaméealt with in the tasks. According to
the latter attribute we distinguished groups widlsks of symbolic, macroscopic and
submicroscopic interpretation.

We assumed that there should be the differenchdrsticcess of the solutions in the
tasks of our research test according to the inyat&td factor. Thus, a group of excellent
students (mark 1 according to the school assesy(méihtbe significantly better than
a group of average students (mark 2). Similarlg ¢houp of average students will be
significantly better than the group of weak studgmmhark 3 or worse). At the same time,
we also expected that the excellent students wbeldnore successful than the weak
students. Such postulates are expected in all tgpeémsks, i.e. memory, algorithmic and
conceptual tasks, as well as those with macrosgcapibmicroscopic and symbolic
interpretation.

Our initial postulate can also be formulated akfes$: the characteristics, according to
which teachers distinguished the students as extelverage and weak, are identical with
those that presume the success of students ireskanch test tasks.

If there are other relationships reported in thpesimental data, the characteristics
conducive to the assessment categorisation areideotical with those assuming the
successful solution of each type of the test tasks.

In order to interpret the collected data, we hagdrtcess and make it transparent first.
Table 1 displays the average relative successofagtudents with respect to a possible
point gain in each task group for the selected ggaf students.

Table 1
The average relative success rate of student giowgusving the different task types

Average relative success rate of student groups swolving the different task types

Success . . Submicro-
rate of — Symbolic Macroscopic ;

. Memory Algorithmic Conceptual | . . . h scopic
chemistry interpretation | interpretation | . .
students interpretation

X |Variance| X [Variance| X |Variance| X |Variance| X [Variance| X |Variance
Excellent| o3 0,014 |0.388 0.020 |0.529 0.013 | 0.519 0.016 | 0.110 0.020 | 0.700 0.015
students
Average g 546 0.012 | 0.356 0.017 |0.499 0.011 | 0.478 0.010 | 0.076 0.013 | 0.678 0.013
students
Weak 0.494 0.012 [ 0.285 0.012 | 0.479 0.007 | 0.416 0.010 | 0.028 0.006 | 0.639 0.012
students

As we can see in Table 1, the memory reproductiskst were managed best by the
students in our research, followed by the concépasks and the algorithmic ones rated as
worst. From the second attribute point of view, fwmdutions of the tasks focused on the
submicroscopic level of chemical equilibrium reenatation were rated as most successful,
followed by the symbolic level tasks. The responsierere least successful in solving the
tasks with macroscopic representation.

We verified the normality of distribution for inddual groups of students in the next
step of the results processing. We used the d'AgeBtearson normality test. The results
show that the normality of the distribution is ntained in the observed groups. This result
helped us select the statistical means of furtaéa grocessing.

We chose a one-factor analysis for further proogssef the research data. Firstly, we
wanted to establish the statistical significancehef variance differences. We applied the
second step of the one-factor ANOVA in the casedh sfatistically significant differences
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in variance. Using the Tukey HSD test, we deteruhitiee statistical significance of the
variation in students' average performance ineddéivant combinations (Tables 2-9).

Table 2
One-factor analysis in solving memory, algorithmied conceptual tasks
Variables Memory Algorithmic Conceptual
F p F p F p
Mark 13.228 0.000003 14.353 0.000001 5.131 0.006544

F - value of Tukey HSD tesfs - probability value

“red colour font is used in cases the differencesilts is statistically significant
Table 3

One-factor analysis for symbolic, macroscopic anghsicroscopic interpretation tasks

. Symbolic Macroscopic Submicroscopic
Variables . . . h . -
interpretation interpretation interpretation
F p F p F p
Mark 18.702 0.000000 11.1718 0.000022 5.958 0.002963

Our assumption about the conformity of the charéttes, according to which
teachers distinguished students as excellent, geesad weak, and those conducive to
students' success in the above-mentioned task, ty@essfully confirmed only in the tasks
with symbolic interpretation of the observed pheeam(Table 4).

Table 4
Tukey HSD test - symbolic interpretation
Mark Excellent students Average students Weak studss
Excellent students 0.041698 0.000022
Average students 0.041698 0.000753
Weak students 0.000022 0.000753
Table 5
Tukey HSD test - memory tasks
Mark Excellent students Average students Weak studss
Excellent students 0.085505 0.000022
Average students 0.085505 0.007685
Weak students 0.000022 0.007685
Table 6
Tukey HSD Test - algorithmic tasks
Mark Excellent students Average students Weak studss
Excellent students 0.232716 0.000022
Average students 0.232716 0.000924
Weak students 0.000022 0.000924

Certain deviations can be observed in other tagksyWe found out that the school
assessment does not predict the student succéss fasks with memory, algorithmic and
macroscopic interpretation for a group of excellentl average students (Tables 5, 6 and
7). This indicates that chemistry teachers do mdtde all the characteristics conducive to
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the success in the assessment of excellent andgevstudents when solving these types of
tasks, i.e. the tasks are not assigned the sanghtwei

Table 7
Tukey HSD test - macroscopic interpretation
Mark Excellent students Average students Weak studss
Excellent students 0.129948 0.000029
Average students 0.129948 0.015455
Weak students 0.000029 0.015455

The greatest deviations in our initial assumptiand the measured data are observed
in the conceptual tasks and in the tasks with salmscopic interpretation of the chemical
phenomena (Tables 8 and 9). Only the differencéhénsuccess of solving these types of
tasks between the groups of excellent and weakndesris in accordance with our
postulates. In other cases, the mark in chemistigs chot predict the success in the task

solving.

Table 8
Tukey HSD test - conceptual tasks
Mark Excellent students Average students Weak studas
Excellent students 0.146055 0.004114
Average students 0.146055 0.388286
Weak students 0.004114 0.388286
Table 9
Tukey HSD test - submicroscopic interpretation
Mark Excellent students Average students Weak studss
Excellent students 0.420357 0.001871
Average students 0.420357 0.078805
Weak students 0.001871 0.078805

If we investigate our findings in detail, we caatstthat they concern the tasks that
should reflect the deepest understanding of chdnpbanomena, i.e. the conceptual
mastering and interpretation of chemical phenommnaubmicroscopic level. Therefore,
we can assume that the student assessment byreddes not sufficiently include exactly
the most important attributes. On the other hahd, complete agreement between the
marks and the measured performance of studentslected groups in the symbolic
interpretation tasks suggests that chemical noratimel, symbols, formulae and chemical
equations are still considered a very important parthe chemistry assessment and the
weight the teachers attribute to them.

Conclusion

We consider our results and their interpretatioidviar our research tool and research
sample of Slovak students and teachers. We hawamtnition to generalise the results to
the entire population and to all learning taskgliemistry. Nevertheless, we believe that
the findings can serve as a pilot research botierims of the methodology applied in the
research, and in terms of the results and subseqaralusions.
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A further research should focus on the enlargeroétite research sample of students
taught by alarger number of different teacheramfra number of different schools.
We endeavour to achieve at least a representatiiple of students and chemistry teachers
in Slovakia. We will also strive to extend the aamttof learning tasks to other key areas of
chemistry, not just the chemical equilibrium.

We hope that our research, the aim and objectiveshodology and presented results
will inspire other researchers in the area. It widu possible to minimise the impact of the
availability of the research sample and provideomentomplex generalisation of the results
if there were more studies on this topic. In additi it would also open room for
comparison of the studied topic in different coigsror didactic systems with different
aims, organisation, teaching methods and toolsegpi the educational process.
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