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Abstract
The study aimed at improving upper-secondary school students’ problem solving skills in chemistry lessons. They were given a pre-test in the form of problem tasks focused on their conceptual knowledge regarding the periodic table, ability to apply knowledge on the factors affecting chemistry reaction rate and compounds’ properties. Most students (72 out of 112) did not succeed to solve the tasks. For this reason, an intervention was designed based on a follow‑up study using eye-tracking combined with think-aloud. It consisted of students’ working on PISA-like problem tasks with a special scaffolding. A teacher provided formative assessment promoting students’ expansive strategies. The intervention’s effect was again assessed using problem tasks. The results showed the action plan was successful in helping the majority of students reach more than half of the test-points. The ratio of successful solvers also rose and unsuccessful significantly declined.
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Introduction
There is a significant gap between research (researchers) and school practice (teachers’ understanding of the research).1-2 Teachers consider research and theory to be something remotely related to their actual practice.3 In action research, a teacher becomes an observer (e.g. in order to maintain objectivity)4. In this respect, action research seems to be one of the possible remedies as it combines academic research with practice, e.g.5, 6 The teacher plans and systematically verifies the learning process, the teacher is a part of the research process and not only subject to investigation or a non-participating observer.3-4, 7
The presented action research was guided by a definition by Cohen, et al. 8, who point it out as an on-the-spot procedure which focuses on a concrete problem located in a current situation. The process is ideally supposed to be monitored step-by-step using different tools (questionnaires, diaries, interviews, and case studies, for example).
Research on chemistry education mostly focuses either on lower-secondary or upper-secondary education, namely grammar schools, or at university level. There is, however, a numerous group of non-chemical vocational school students who have been neglected by researchers so far.9 They follow a curriculum which contains chemistry as a school subject of general education at schools oriented in various fields but science. Teaching chemistry at this level is influenced by several factors, such as students’ attitudes to this subject - which is not the part of the school-leaving exam nor their study profile.10 Also, their school is considered lower success grammar school students9. The curriculum for these schools is exempt from some of the content objectives in the field of chemistry. Nevertheless, the key competencies remain the same for different types of upper-secondary schools: Framework Educational Programme for Grammar school11, Framework Educational Programme for Economic lyceum.12 With the students’ focus in mind, the goal of chemistry education at this type of school remains mostly in skills (competences) development via the chemistry subject matter, however, the curricular objectives have the potential to stimulate the higher-order cognitive operations which should be included in the tasks students solve.13 This action research was therefore motivated by one of the 21st century skills cf.14 – problem solving. As an integral aspect strongly linked with science education, problem solving belongs among widely studied phenomena.15-17 Its aim was to identify the state of students’ problem-solving skills and to improve the strategies and skills necessary for problem solving. These can be, unlike problem solving itself, cultivated in schools.18
When making international comparisons, Czech students achieve average results in surveys based on problem tasks.19-20 Other evidence of their skills can be drawn from the use of problem (indicator) tasks verifying the expected objectives’ achievement. These tasks were verified21 and used to research the steps students used while solving these tasks.22 Even the results in this area do not show the success of these students. Moreover, they indicate so-called false-positive results when mere paper-testing is executed.
Goals
The aim of the action research was to increase non-chemical vocational school students’ (age 15-16) ability to solve chemistry problem tasks. The research followed this research question (RQ):
How does the practice of general problem-solving strategies translate into students’ ability to solve chemistry problem-tasks?
Successful task solution determines the student’s ability to read and understand the assignment correctly. It requires a direct relationship with reading literacy23 and subsequently identifying the problem and choosing an appropriate strategy to solve it.24-25 It is therefore desirable to lead activities which develop both the students' skills and this ability in view of the level of the specific students’ strategies.
The RQ is closely associated with the results from a qualitative study using eye-tracking and retrospective think-aloud to find students’ strategies and problems.26 Eye-tracking has found a broad use in (science) education27 including chemistry education.28-30 The action plan developed according to these research findings was subsequently tested.
Methods
The research team
The action research was attended not only by a teacher (the first author) as it is usual see ref. 31, but was supported by a researcher (the second author). He helped the teacher choose appropriate research methods, analyzed the data and was present at the intervention’s realization as an observer and when needed, as a teaching assistant. This combination allows the researcher to use the teacher’s practical knowledge, which is reflected in theory and analyzed based on the acquired data cf.4
The action plan
The action research was organized in typical steps32 (see Figure 1).Figure 1 The action plan


I. Planning phase (June 2018)
In the planning phase, the problems the teacher observed during chemistry lessons were discussed with chemistry education expert/teacher trainer – the second author of this paper. Based on the literature, a possible method to intervene was proposed, and research questions were set (see Goals).
The methods to verify the students’ skills initial status and the criterion to evaluate the intervention’s success were developed (see Action phase I).
Altogether, three tests of comparable difficulty containing three tasks each were built. To prevent the negative effect of students’ possible task recollection, different tasks were used. They were taken from Methodical commentary and tasks from the Standards for Basic Education – Chemistry33 – a publication adjacent to the Czech national curriculum. The tasks target the expected outcomes, i.e. lower-secondary curricular objectives. To ensure the pre-, sub- and post-tests comparability, task-difficulty scores derived from an expert panel evaluation21 and further piloting22, 34-35 were used to select the tasks for the test. Each task in the test was assigned a maximum of two points (2 – completely succesful, 1 – partially successful 0 – unsuccessful).
II. Action phase I (September - December 2018)
Pre-tests
[bookmark: _Hlk51503803]This action research was planned in reaction to previous research results26. Therefore, the prior study served as a pre-test. The students’ knowledge and skills which they acquired in lower-secondary education, i.e. the starting point for chemistry teaching at secondary school was assessed using a set of three tasks. Also, as described in the prior study26, based on the pre-test out of 139 tested, eight students’ problem-solving skills (strategies they employed and problems they faced when solving tasks) were further investigated using eye-tracking and retrospective think-aloud (RTA) method.
The pre-test consisted of three tasks. In the first task, the students worked with the periodic table of elements. Knowledge of the: proton number, oxidation number, conductivity (heat and electric), non-conductors, metals, metalloids, semi-metals as well as basic orientation in the periodic table (group, period) was tested. The task was to identify a certain group of elements based on their characteristics’ description, i.e. all non-metal elements from the second period etc. A periodic table including a legend with the element groups was provided.
In the second task, students were supposed to apply their knowledge of the factors influencing chemistry reaction rate and work with a graph. They were provided a context which introduced them to AA battery production. It contained an equation of manganese’s reaction with hydrochloric acid and a graph of the reaction rate’s dependency on time (see Figure 2). Their task was to match the following steps to the particular phases in the graph: adding Mn, adding 25% HCl, adding 10% HCl and heating. The students were also asked to justify their answer.
The third task concerned the physical properties of organic chemistry substances. It focused on the students’ understanding of the properties and their application. The students were provided a table of melting and boiling points and the density of five substances (methane, toluene, benzene, isooctane, naphthalene), and were supposed to decide on particular statements (true or false) under laboratory conditions (temperature and atmospheric pressure): benzene is gas, isooctane is solid, naphthalene is solid, toluene is gas.
[image: ]Figure 2 Graph from the second task

Pre-test evaluation
The pre-tests were evaluated according to the Authors’ key see33. As the mere test evaluation can be insufficient to fully understand the reasons behind students' problems, 8 students at different levels of success were selected for a qualitative (ET) part of the study. This part of study used eye-tracking and think-aloud method and  the methods - procedure of this qualitative part were already published elsewhere see26. For action research’s and mainly for the understanding’s sake, the important results are summarized in this article. Students used following expansive and limiting strategies and faced these problems:
Expansive strategies:
· Gradual chaining36,
· logical justification37,
· working with the information in the assignment22,
· self-reflection (working with error)38,
· finding a pattern – the principle of function37.
Limiting strategies:
· Guessing the result39,
· drawing conclusions from the assignment structure22,
· memorization-based solutions40.
Problems:
· Problem identification (misunderstanding of input, inattentive reading, editing the assignment),
· motivation (giving up, not solving a task),
· inability to use knowledge,
· lack of knowledge.
[bookmark: _Hlk51503818]The students struggled with reading (multiple cases). For example, in the task where the students were supposed to write a code consisting of proton numbers, they wrote the elements’ symbols. The ability to read proved to be crucial.41 The students also struggled with motivation. This phenomenon most often occurred in a task in which they had to perform simple mathematical operations. Some students tended to answer by guessing when a task was more demanding – requiring several steps. There were students who had no idea about the term ‘proton number’ or who could not use the periodic table. This shows the curricular objectives of basic education in the field of chemistry were not reached with these students.

Intervention preparation (January 2019)
With respect to the identified strategies and problems, the action plan was designed to strengthen the use of expansive strategies and eliminate limiting strategies as well as target the missing functional knowledge regarding lower-secondary chemistry subject matter.42 The intervention was based on students working with tasks released from the PISA project, enriched by chemistry-oriented tasks of a similar nature.

Action I (February – March 2019)
The intervention took place one lesson (out of two in total) per week for two months. Students in groups (2-3 students) were given a set of released PISA tasks. These contextual, science-oriented tasks were used without any changes and were chosen due to students’ problems ascertained in the above-mentioned eye-tracking/think-aloud study.26 They were mostly related to reading - finding the main problem to solve as well as the provided hints and variables. Added instructions led students to understanding the assignment better. Under the teachers’ guidance, the following steps were taken: 1. What is the task (what they have to answer, what will be the form of the answer), 2. Schedule the procedure, 3. What data is provided (data needed). Students were also supposed to identify the causes of their mistakes (self-reflection strategy). Later during the action phase, the teacher performed them only with groups who did not express their willingness to try solving the tasks on their own first.
III. Reflection phase
Sub-test (March 2019)
[bookmark: _Hlk51503826]After two months, in the end of action phase I, a sub-test was given to the students in order to measure the intervention’s effect. The sub-test tasks contained tasks of a similar nature and difficulty to the pre-test. The tasks included student choice of an appropriate procedure (including quantity of individual substances, heating, cooling, etc.) that would be suitable for preparing a solution (food for bees). The second task was directed towards the students’ scientific text reading skills. They were supposed to use information from a disinfectant label to decide which type of disinfection is suitable for a specific given situation and which method of preparation to choose from methods mentioned on the product’s label. In the third task, the students were supposed to determine a proportion of particular elements in different given fertilizers and compare which fertilizer of a given mass is richer in nitrogen - Ca(NO3)2 or NaNO3.
Improving the intervention plan
Although the results were promising (see below), changes in the procedure were made (see below).
IV. Action phase II (April – May 2019)
The teacher’s role (especially the students’ guidance through the particular steps) was diminished so the learning tasks were targeted at the students. The tasks were completed with scaffolding in the form of a description of each groups’ solution procedure for the teacher to control each group’s work easier. Formative feedback methods, especially the traffic light method were introduced. This method is supposed to develop students’ metacognition as well as helping the teacher to orientate in numerous classes (more than 30 students).43 The intervention continued for another two months. After the intervention, the post-test was realised.
V. Reflection phase II (June – September 2019)
Post-test (June 2019)
After another two months, a post-test was given to the students in order to measure the intervention’s effectiveness.
Action research evaluation (June – September 2019)
To evaluate the test results, the students were divided into three categories according to the score they achieved. The category of unsuccessful students includes those with a score ≤ 2. Partially successful students reached 3 or 4 points, the successful students reached ≥ 5 points. Based on the results, changes to the future plan were made.
Data analysis
With respect to the data (test scores), a non-parametric test -Friedman’s ANOVA was used followed by the Wilcoxon’s post-hoc test using IBM SPSS Statistics 26. To measure the effect-sizes, r was calculated. Levels of 0.10 are considered a small effect, 0.10-0.30 a medium and over 0.50 a large effect44. The level of significance was set to 0.01.
The statistical methods were applied only to the results of the students who took part in all three test phasess (N = 112). The rest, such as the comparison of relative improvement in a test, the rate of improvement, etc. were calculated for all the students who took part in two compared tests (N = 136).
Findings and discussion
Information about respondents
Altogether, 144 students from the first grade of a non-chemical vocational school took part in the action research. All data about students were anonymized. As the action research was conducted without disturbing the normal course of the school year, naturally, not all the students were present in all the lessons during the research. These students were not included in the total sample for the statistics (see Tab. 1).
With an exception of two students who graduated from basic school in 2017, all the rest graduated in 2018. Therefore, they were tested with only a summer break pause from graduating basic school. The presumption of them having mastered the basic school objectives was therefore valid. The information about the students is shown in Table 1.
Table 1 The number of students in the action research
	
	N
	Girls
	Boys
	Basic schools

	Students in total
	144
	94
	50
	87

	Selected students*
	112
	75
	37
	74


* The students who took all three tests, therefore are included in the statistical evaluation.
The number of basic schools the students came from to the upper-secondary school showed the variety of teaching approaches these students underwent. Also, the pre-test results, in a way, reflect lower-secondary chemistry teaching’s effectiveness at a considerable number of schools. As far as the students’ school success at the beginning of the action research (the first mid-term) was concerned, the overall mean of the students’ school grade was 2,57 (grades from 1 – the best and 5 – the least successful). The grade distribution is shown in Figure 3.
There were about 5% of students with a low school-success (judging by their grades). About 30% of the students were considered partially-successful and the rest successful. Given the fact non-chemical vocational school chemistry follows only a slightly advanced chemistry curriculum to lower-secondary school9, it was possible to assume the students with better grades will be more successful in the pre-test than those with worse grades.

Figure 3 Student distribution according to the school grades

Action research results in total
Figure 4 shows the development of students’ test score during the action research. Only results of the students’ participating in all three tests were included to give a more accurate picture of their performance shifts (see Table 2). The results showed the unsuccessful students’ improvement as an effect of the action research. The scores, as expressed by the students’ mean points in the tests, improved from the pre-test to the sub-test and from the sub-test to the post-test. The Friedman’s ANOVA test showed the difference among the three tests is statistically significant (p < 0.001). Kendall’s W test result (W = 0.54) suggests a strong effect of the difference. Particular differences will be described in more detail below test-by-test.
Table 2 The overall test results
	
	N
	Mean
	SD
	Min.
	Max.

	Pre-test
	112
	1,04
	1,165
	0
	4

	Sub-test
	112
	2,47
	1,322
	0
	6

	Post-test
	112
	3,28
	1,623
	0
	6







Despite the intervention proved successful, there were still a considerable number of students who reached the level only partially or did not reach it at all see Figure 4.
Figure 4 Students' scores in the three tests according to the success group (N = 112)

1.1. Pre-test results
The students’ results in the pre-test are shown in Figure 5. Almost half of them did not receive a single point and were considered unsuccessful. This is in contrast with their school grade (see Figure 3), as these suggest more than a half of the students were successful in chemistry.
The pre-test results showed that the lower-secondary chemistry objectives were not met by most of the students. 85% of the students did not manage to identify correct elements according to their description in the text. They did not prove their understanding of the element groups within the table, their ability to identify metals, non-metals and metalloids and only 14% proved their knowledge and skills in this respect. Considering the students knowledge regarding factors influencing chemistry reaction rate was concerned (task 2), 65,5% failed to match a particular procedure to the graph of the reaction rate, 28,5% managed partially (matched the procedures correctly without any or correct explanation) and only 5% solved the task correctly. As far as the third task – applying compounds’ physical property data in the tables – was concerned, 83% of the students failed to infer the properties, i.e. apply two sources of information to identify the state of the given compounds. Only 16% of the students managed this task.Figure 5 Students' success in the pre-test (N = 139)

[bookmark: _Hlk51503851]This was an important finding for the teacher’s attitude towards grading. The fact no student was considered successful (reached 5 or 6 points) in the test, suggests that the tested students had not reached the curricular objective for lower-secondary chemistry education. This result supports the findings by the Czech School Inspectorate45: the students do not possess the knowledge and skills required in this tasks (oriented at the end of compulsory education). The research shows that these results are similar in other school subjects too. Also, these students’ low motivation to handle unfamiliar, more complex and challenging tasks proved to be an intervening factor as many of them gave up solving the task when they first encountered a problem. Nevertheless, this form of teaching, when some information is given and students need to apply it to a new situation, meets the contemporary (chemistry) teaching paradigm.42, 46
There are several possible explanations for this result. First, the curricular objectives as translated to the tasks are too demanding. This would mean the piloting21, 34 was not performed thoroughly enough. Second, non-chemical vocational school students’ attitudes are already formed during lower-secondary school attendance with chemistry being not a popular subject cf.47, which is reflected not only in their choice of study program, but also in the effort they are willing to put into learning chemistry.9 If proven true, this would put PISA and other international tests into serious question. Third, the tested curricular objectives are usually tested right after a topic is finished. In this case, it has been more than half a year (for some topics even longer) since the students covered the topics, therefore the students could have forgotten most of it and failed because of the lack of the necessary content knowledge.

Sub-test
After two months of the action (intervention), a sub-test was carried out. Again, three problem tasks of comparable difficulty see33 to the pre-test were used. The students could achieve a maximum of six points (see Figure 6).
The intervention seems to have a positive effect on the students’ results. The number of students with 0 or 1 point diminished rapidly, causing the 33% of students  from the unsuccessful to move into partially successful group. There were also 6 students in the successful group (two students who solved the tasks completely correctly (6 points) and another six with five points in total. A statistically significant difference (p < .001) was found between the pre- and sub-test results. The comparative analysis results are presented in the Table 3. The effect of the difference (r = .501) is large.Figure 6 Students' success in the sub-test (N = 136)


Table 3 Descriptive Statistics pre-test - sub-test
	
	N
	Mean
	SD
	Min.
	Max.

	Pre-test
	112
	1,04
	1,165
	0
	4

	Sub-test
	112
	2,47
	1,322
	0
	6






The students’ skills seem to have developed, especially in the transfer of the students unsuccessful to successful in the test.
More detailed information was received after performing a post-hoc test. The Wilcoxon signed ranks test results show that 82 students improved, 23 achieved the same score and 7 received less points. This shift was mainly caused by 30 (27%) students improving only by 1 and 2 points (mostly from 0 to 1 or 2 points). In the group of students successful in the sub-test, with an exception of two students who improved from an original 3 to 5 or 6 points, the rest improved from 0, 1 or 2 points. Therefore, it is possible to assume the intervention plan targeted all groups of students.
Most of the students whose results worsened in the sub-test received 3 or 4 points in the pre-test and only 2 in the sub-test. With the comparable difficulty of the tasks in mind, this result can be explained by false positive pre-test results.26, 35
The students who did not score differently in the sub-test or the pre-test mostly remained with 0, 1 or 3 points. In the first two groups, the intervention seems not to have affected these students. In case of the latter group, a limited number of these students seems to have been reached and remain in the middle of the point scale.
In spite of the positive shift after the first intervention, 58% of the students still did not reach at least 3 points (50% of the points) and are therefore considered unsuccessful. Seven of the eight students from the qualitative (eye-tracking) study were in the unsuccessful group of students after the sub-test. The strategies and problems as identified by35 apply more to the unsuccessful students. This is in favour of the action plan with these particular students.
[bookmark: _Hlk51503858]Post-test
Evaluating the second intervention phase was conducted with the use of a post-test. Again, it consisted of 3 problem tasks very similar to the pre-test. Figure 7 shows an increase in the group of partially successful (3-4 points) and successful (5-6 points) students, together with a decrease in the number of unsuccessful students compared to Figure 6.

There were 25% unsuccessful, 63% partially successful, and 27% successful task 1 solvers. In the second task, 27% failed, 22% solved it partially successfully and 51% successfully. 48% failed and 48% succeeded in solving the third task after the intervention.
The percentage as well as the means (see Table 4) show an overall increase in the students’ results. The value of the Friedman’s ANOVA test (p < .001) shows the difference is statistically significant. The effect of the difference (r = 0.284) was medium.Figure 7 Students' success in the post-test: number of points received (N = 115)


The post-hoc test’s results showed that 67 students improved, 25 received the same number of points and 20 scored worse comparing to the sub-test.
The students who received 5 or six points (61 resp. 39%) mostly improved from 3 resp. 4 points in the sub-test. Surprisingly, only three students who received 5 or 6 points in the sub-test confirmed their result by reaching the same score in the final test. Two of them even sank into the unsuccessful category with 2 or 1 point in the post-test.
As far as the group with no shift in their score was concerned, the majority received 2 resp. 3 points (33 resp. 21%). This, again, could be caused by these students’ limits. For for most of the students in the group with a negative shift, the decline in score was relatively small. 16 students (47%) scored 2 points lower and 12 students (35%) 1 point lower. Several students who succeeded in the sub-test got a lower score in the post-test (7 from 4 points, 5 from 3 points and 4 from 5 points). Only several students sank more dramatically - 3 students to 0 and for 4 students to 1 point.
Table 4 Descriptive Statistics sub-test - post-test
	
	N
	Mean
	SD
	Min.
	Max.

	Sub-test
	112
	2,47
	1,322
	0
	6

	Post-test
	112
	3,28
	1,623
	0
	6






The overall success of the intervention was assessed using the pre-test - post-test comparison. Table 5 shows the overall difference in the mean score. The p value (p < 0.001) showed a statistically significant difference between the two test results. The r-value (r = 0.545) showed a large effect. 93 students’ results improved, 13 remained unchanged and 6 worsened.
Table 5 Descriptive Statistics pre-test - post-test
	
	N
	Mean
	SD
	Min.
	Max.

	Pre-test
	112
	1,04
	1,165
	0
	4

	Post-test
	112
	3,28
	1,623
	0
	6






The intervention seems have effect on the students with some fundamental knowledge and skills which could be further developed. 56% of the students whose results did not change received 0 points. Also, most students whose result worsened from the pre- to post-test (63% out of all students whose results worsened; N = 16) received no points in the post-test. As these students achieved only 1 or 2 points in the pre-test, therefore still unsuccessful, the situation is similar to the students who did not score any point in the pre-test. There are two possible explanations of this result. First, a certain indifference towards the influence of school, i.e. the intervention steps is presumed. Apart from aforementioned reading skills, students’ misconceptions had been blamed to prevent them from learning chemistry.48 Second, The intervention built upon certain basic skills. The unsuccessful students might have been below this level. Considering the fact, the research was performed on upper-secondary students, this was not anticipated. The qualitative part of the study revealed that many problems lie, apart from lack of knowledge, in reading and the inability to identify the problem.26 For many students, this was corrected by the described intervention. The students' ability to read chemistry texts41 seems to have increased by the practice, so did their ability to identify the problem, as well as indicia given in the task for the problem to be solved.49-50 As observed in the lessons, experiencing success motivated the students to stay on a task, even if it seemed difficult at the beginning.
[bookmark: _Hlk51503864]The intervention showed that problem-solving skills can be promoted when systematically worked upon.18 Focusing on relevant51 problems seems more important than just on knowledge that students are often unable to apply.42, 46
Nevertheless, the results showed there was still a group of students whose abilities could not be improved in the above-described manner. This points to a new, necessary line of research - identification of appropriate intervention underachieving students would benefit from.
Limitations
Several limitations in this study were caused by the research method used. The typical limit of action research is that the teacher is the only researcher.52 The effect was eased by an academic’s participation. Another limitation is related to the results’ vigor. They are limited by a low number of respondents. It exceeds usual action research samples; however, it does not enable a full generalization of the results. Also, the respondent choice – students from one vocational school – may influence the results because the students’ focus may divert from science cf.9 On the other hand, the sample represents students from various lower-secondary schools (87) and therefore has the potential to reflect reality. Another limit of the study is the lack of repeatability and rigour as the feedback the teacher gave students reflected their actual problems. Nevertheless, there are certain steps which can be repeated with other students with no changes. By repeating the process, the range of problem-solving skills is expected to become clear enough so the pre-test’s qualitative part could be omitted, and the procedure run universally.
Last but not least, a limit of the intervention needs to be discussed. Despite teachers cannot always attract and have influence on all the students, this considerably high number of students seemingly unaffected by the intervention is a group which requires more attention in the future. Apart from a typical sample for qualitative eye-tracking study (successful vs. unsuccessful, novice vs. experts), these could be given a special attention. A follow up intervention which would target these students better would complete the results.
Conclusions
[bookmark: _Hlk51503871]The presented action plan can be considered effective as it helped improve the students’ problem-solving skills. At the beginning, only 15% of the students received at least half of the test points. In the pre-test, the maximal reached score was four points out of six, with almost half of the students receiving no points and another 38% only one or two points (unsuccessful). The results show the students entering upper-secondary schools mostly did not reach the lower-secondary chemistry curricular objectives with the students’ chemistry knowledge and skills on a rather low level. They did not understand the basic concepts, e.g. a proton number, electronegativity or conductivity. Also, the students struggled with chemical processes used in real life, such as a chemical reaction or how to prepare a solution This may serve as an argument for undergoing curricular reform.
The intervention focused on the students’ ability to apply the basic knowledge gained from the text and break up the presented problem into partial steps. After the intervention, 65% of the students achieved more than half points (shift from 15%), with 30% students considered successful (from 0% at the beginning). This shift applied especially to students who proved at least an elementary background (knowledge, strategies, skills). A considerable number of students without this background proven in the pre-test showed no progress after the intervention, which suggests alternative approach is needed for these students’ improvement.
The overall positive effect of the intervention could be caused by the foundation received from the earlier performed eye-tracking study completed with retrospective think-aloud. It helped identify reading problems in particular, but also other limiting strategies and helped to shape the intervention to fit the students’ needs as well as possible.
Another favorable aspect of the intervention was the combination of using problem tasks, expertly evaluated (and if needed altered) groupwork, gradually phased problem-solving steps and formative assessment, which seems to have led to the positive results. This approach led to error retrieval in quite a short period of time (2 months, 1 lesson a week).
Based on the experience with the tasks, their more frequent use can be recommended by the teacher. The question of the task results’ evaluation can be solved either by using open-ended questions or multiple-tier tasks to limit the false-positive results.
With enough data about students’ problem-solving skills gathered from several studies like this, the qualitative phase (think aloud supported with eye-tracking study) could be omitted. Students could be tested only to find their actual state of knowledge and skills based on a pre-test. Later, a set of “bespoke” tasks (different versions of the tasks based on the pre-test) could be used in a similar way.
Implications
For educators
As the problem-solving ability is one of 21st century competencies14, teachers should build their lessons around problem tasks which on one hand contain subject-matter of a corresponding topic, and, on the other hand, develop students’ problem-solving skills. Having students work in groups further adds to other skills such as groupwork and communication. Moreover, using the traffic-light method of formative feedback proved to be an effective tool in classroom instruction.
For researchers
A cooperation of a teacher with a researcher proved to fill the gap between educational research and the implemented curriculum. The research results relevant to the lesson instruction had their value for the teacher. In addition, the researcher could experience an unusually instant effect of the offered evidence-based improvements.
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