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RATIONAL - THE NEED FOR THE EVALUATION STUDY

Rapid technological development requires professionals with excellent analytical chemistry skills to monitor technological processes and their impact on the environment, and to control food safety and people’s health. Vocational education in Europe, especially in chemistry-based and chemistry-related disciplines, is undergoing a crisis, as reflected in low enrolment rates, under-funding causing a lack of adequate analytical instrumentation, changes in structure and the motivation of students. A low cost spectrometer SpektraTM which was introduced through the implementation of the project “Hands on Approach to Analytical Chemistry for Vocational Schools II” in Slovenian, Polish and the UK schools, and teaching units based on the hands-on approach to teaching and learning basic concepts of visible spectrometry and chromatography are aimed at overcoming some of the above mentioned problems. However, in order to ensure broader dissemination and further upgrading of the proposed approaches as well as acceptance by the teachers, a research study is needed on the impact of the hands-on approach to visible spectrometry on students’ academic achievements (knowledge) as well as the relation of the achievements to students’ motivational orientations. Recommendations for teachers made from the results of the study would encourage teachers to use the hands-on approach in teaching analytical chemistry more frequently and with greater self-confidence. 

. 

THE KEY STAKEHOLDERS AND PARTNERS INVOLVED IN THE PROGRAM 

As the key direct stakeholders of the project, teachers and students of chemistry and related subjects from VET schools in Slovenia, UK and Poland, and as indirect stakeholders those national institutions (e.g. Boards of Education, Ministries of Educations, professional teachers’ organizations), which are responsible for designing and implementing new school curricula and new teaching methods in school practice, were recognized. Partners’ institutions involved in and responsible for projects’ outcomes are: (1) University of Ljubljana, Faculty of Chemistry and Chemical Technology – promoter of the project, (2) University of Gdansk, Faculty of Chemistry, Poland (3) Biotechnical Centre, Naklo, Slovenia, (4) Centre for Biotechnical Education and Training, Ljubljana, (5) Institute for Vocational Education and Training, Slovenia, (6) University of Ljubljana, Faculty of Natural Sciences and Engineering, Slovenia, (7) Secondary School for Pharmacy, Cosmetics and Health Care, Slovenia, (8) Technical Chemistry School Ljubljana, Slovenia, (9) National Education Institute of Slovenia, (10) High School Educational Centre Piramida, Maribor, Slovenia, and (11) School of Chemistry, University of Bristol, UK.

OBJECTIVES OF THE STUDY 

The general evaluation question was to identify students’ motivational orientations based on the values of autonomous and controlled motivation. 

Specific questions were:

· to study the impact of students’ motivational orientations on their:

· academic achievements at pre-test and post-test,

· prior knowledge (grades in science subjects),

· attitudes towards different didactical aspects of worked modules through the hands-on approach towards visible spectrometry,

· attitudes towards specific knowledge and skills gained through the hands-on approach towards visible spectrometry,

· attitudes towards handling the spectrometer SpektraTM and other materials used, 

· to study the impact of the vocational school study program (school) on students’:

· achievements on pre- and post-test,

· attitudes towards different didactical aspects of worked modules,

· attitudes towards specific knowledge and skills gained through the hands-on approach towards visible spectrometry,

· opinions on handling the spectrometer SpektraTM and other materials used,

· to assess the impact of the hands-on approach on the quality of knowledge gained,

· to obtain teachers’ opinions about the suitability of the didactical design of the modules, 

on visible spectrometry and supporting materials (Workbook for Students and Teacher’s guide) for application in the classroom,

· to obtain teachers’ suggestions and proposals for changes in the design of the modules in order to achieve better learning outcomes.

· .
THE PROGRAM PERFORMANCE TO BE EVALUATED AND INSTRUMENTS

The program performance to be evaluated consists of four modules selected from the “Hands-on Approach to Visible Spectrometry: Module 3 –  Colour of substances and light transmittance,  Module 5 – Measurement of Light Transmittance, Module 6 – Spectrometric determination of concentration and Module 7 – Practical application of  visible spectrometry (Gros, Vrtačnik and  Camões 2005). 
A 50-item questionnaire for assessment of students’ motivation and attitudes towards the hands-on approach to visible spectrometry was constructed on the basis of two questionnaires used in previous research (Black and Deci, 2000; Juriševič, Razdevšek Pučko, Devetak, & Glažar, 2008) with the theoretical background from educational psychology research on motivation and self-concept (Deci, & Ryan, 2000; Marsh, 1990). Specifically, the instrument was designed to assess: (1) different components of students’ motivation for learning chemistry (i.e., controlled motivation based on extrinsic motivational stimuli, regulated motivation based on internalized and integrated motivational stimuli, intrinsic motivation, and academic self-concept), (2) students’ reasons for preference regarding the instructional method used in the study, and (3) students’ preferences for different learning methods usually applied in chemistry classrooms. Administration of the instrument takes approximately 15 minutes in the classroom; students are asked to respond to a simple declarative sentence on a 5-point Likert scale, ranging from 5 - very true for me, to 1 - not at all true for me. For assessment of the impact of the hands-on approach to visible spectrometry on knowledge, a pre-test (with 12 short items, total scores 5.75) and a post-test (with 20 short items, total scores 10.75) were designed and semi-standardized. A teacher’s questionnaire was designed to obtain teachers’ responses regarding: (1 ) their preferences towards different teaching strategies, methods, and students’ knowledge assessment used in the classroom (19 items), (2) their opinions and observations during the practical work with the selected modules and teaching materials (32 items), (3) comments and proposals for enhancement (four open-ended questions). A 5-point Likert scale was used, ranging from 5 - always to 1- never, in the case of the responses regarding preferences towards teaching methods and strategies, and from 1- not at all true to 5- very true for me, in the case of responses regarding opinions and observations during the practical work.
RESULTS AND DISCUSSION

THE IMPACT OF STUDENTS’ MOTIVATIONAL PROFILS ON KNOWLEDGE AND ATTITUDES

The data set which was finally included into statistical analysis for the purpose of the evaluation study was reduced from 406 to 295 cases (i.e. participating students), due to missing data. Only those schools from which all the instruments were duly handed out to the partner P5, were subjected to the final analysis. Students from the UK did not work with the proposed modules, therefore only the partially filled in motivation test was provided on time. The evaluation study includes 92 test results from Polish vocational high school students and 203 test results from Slovenian vocational school students, Table 1. 

Table 1: Final data set of respondents
	University of Gdansk, Poland (technical High School)
	92

	Secondary Education Centre, Ljubljana – general program
	19

	Technical Chemistry School, Ljubljana 
	36

	Secondary Education Centre, Ljubljana – Biotechnology class 2010
	45

	Secondary Education Centre, Ljubljana – Biotechnology, class 2009
	30

	Educational Centre Piramida Maribor
	28

	Secondary School for Pharmacy, Cosmetics and Health Care
	27

	Biotechnical Centre Naklo
	18

	Total 
	295


In order to identify the number of students’ motivational orientations (i.e. clusters) in the data set based on the motivational dimensions defined by controlled and autonomous motivation - more specifically, intrinsic, regulated, controlled motivation and self-concept ​- k-means clustering was used.

Two distinct clusters were identified, Table 2.

	Table 2: Final Cluster Centres

	
	Cluster

	
	I
	II

	Intrinsic_m
	2.18
	3.61

	Regul_m
	2.80
	3.87

	Control_m
	2.98
	3.01

	Self_concept
	2.45
	3.87

	Number of cases in each cluster
	163
	132


Based on the values of autonomous motivation (i.e. Mintrinsic = 2.27, and Mregulated = 2.86) and controlled motivation (M = 2.99), cases in cluster I could be identified as a low quantity motivation group (i.e. low autonomous, low controlled) while members of cluster II as a good quality motivation group (i.e. high autonomous and low or average controlled motivation) (Vansteenkiste, 

 HYPERLINK "http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=U233nHk7Joph4PjLPCL&name=Sierens%20E&ut=000268467900011&pos=2" Sierens,  Soenens,  Luyckx,  & Lens, 2009).

For identification of the differences between two motivational orientations in academic achievements on pre-test, post-test and prior achievements in chemistry related subjects an independent sample t-test was performed, using as grouping variable the k-2 classification of cases. On the pre-test, results of the low quantity motivation group of students were levelled with the good quality motivation group; no statically significant difference was determined, but on the post-test results, the difference in academic achievements between the two groups was found to be statistically significant at the α-level of 1%. The mean value of scores achieved by the good quality motivation group of students was 69.63%, while for the low quantity motivation group only 59.63%. The differences in academic achievements between the two motivational orientations of students is also detected for their prior-knowledge in chemistry based subjects; the mean grade value of the good quality motivation group is at the α-level of 5% and is higher (M = 3.75 on the 5-point scale) than the average result of the low quantity motivation group of students (M = 3.32). These results are in line with other studies in which a positive correlation between autonomous motivation and good academic achievements was identified (Boiche,  Sarrazin,  Grouzet,  Pelletier,  & Chanal, 2008; Deci, & 

 HYPERLINK "http://apps.isiknowledge.com/DaisyOneClickSearch.do?product=WOS&search_mode=DaisyOneClickSearch&db_id=&SID=U233nHk7Joph4PjLPCL&name=Ryan%20RM&ut=000270862200002&pos=2" Ryan,  2008). We could conclude that the hands-on approach as experienced by the students during working with modules from visible spectrometry offered primarily students with high autonomous motivation (Cluster II) the freedom to explore and search for explanations of the experimental results on their own, without constant guidance by the teacher, so the working climate experienced by the approach stimulated their learning process. 

Students classified as the good quality motivation group (Cluster II), appreciate more the help of the Workbook in carrying out the experiments, the teacher’s guidance of the experimental work, the relaxing yet working climate that prevailed during the work, the impact of the approach on their knowledge from visible spectrometry, and the hands-on approach they were exposed to, than did students from the low quantity motivation group (Cluster I). Differences in the mean values of points assigned to the selected elements of the didactic approach are statistically significant at the α-level of 1% or 5%, respectively. The good quality motivation group of students further stated that the approach enabled them to master better the specific knowledge and skills from visible spectrometry (i. e. the relation of colour of matter and light absorption, selection of the appropriate LED for measurement of transmittance, the role of the blank in the measurements, the relation of transmittance and absorbance and the usage of spectrometry for the determination of concentration, handling the instruments and materials). Differences in the mean values of points assigned to the specific knowledge and skills gained are statically significant at the α-level of 1% or 5%, respectively. This result is confirmed also by the differences between the two motivation groups of students in scores achieved at the post-test.  Students’ opinions on the safety aspects of the selected experiments, easiness to follow the step-wise experimental procedures, and handling reagent bottles with droppers are weighted equally by both groups of students. The statistically significant difference on the level of significance 0.01 was found only for the evaluation of handling the instrument SpektraTM; the good quality motivation group found handling with the instrument easier than did the low quantity motivation group, however the low quantity motivation group appreciated less the fact that instead of a commercial instrument for the measurements, the didactically more appropriate SpektarTM was used.

These results are in accordance with the findings of Moore (2006), that hands-on laboratory work enables the achievements of a series of learning goals, among them subject-matter mastery and better reasoning. The research of O’Neill and Polman (2004) also revealed that student-centred science activities contribute to better academic achievements, since they improve scientific literacy. The reason that the good quality motivation group of students profited more than the low quantity motivation group is that student-centred activities support autonomous learning, which suits better to the students with higher autonomous motivation (Chirkov, & Ryan, 2001; Vansteenkiste, Simons, Lens, Sheldon, & Deci, 2004).
THE IMPACT OF STUDY PROGRAM ON KNOWLEDGE AND ATTITUDES

Statistically significant differences in students’ academic achievement at the level of significance 0.01 between study programs were found by one-way ANOVA. Results are presented in Graph 1.
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Graph 1: Impact of study programme on students' academic achievement

Legend: 1. BIC - Biotechnology, class 2010, 2. BIC - General programme, 3. Chemical technician, 4. BIC - Biotechnology, class 2009, 5. Polish technical schools, 6. Food processing , Piramida, 7. Technical school for pharmacy, cosmetics and health care,  8. BC Biotechnology, Naklo
From Graph 1 it can be seen that the best results on the pre-test and on the post-test were achieved by students enrolled in the program chemistry technician, while students from BIC – biotechnology, class 2010 and general programme achieved similarly good results on the pre- as well as the post-test. In spite of the fact that students from the food processing program (school 6) achieved the lowest results on pre- and post-tests, their knowledge gained through the hands-on approach is the greatest. 

Results revealed that the study program contributes to the academic achievements of students. Students enrolled in the chemistry technician program have, according to expectations, a much more solid background knowledge of chemistry than students from other vocational and technical school programs. 

THE IMPACT OF HANDS-ON APPROCH ON THE QUALITY OF KNOWLEDGE
By using Bloom’s taxonomy for the cognitive domain (knowledge) to each test item of the post-test an appropriate knowledge category was assigned. Comparison of the frequencies of the mean values achieved at each test item with Bloom’s knowledge category is shown in Graph 2. 
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Graph 2: Bloom’s knowledge categories of the post-test and mean value of frequencies

From Graph 2 a significant drop-out (from 34 up to 48 %) in the frequencies of the mean values is  noticed  for those  test items, where the correct answer is based on the analysis of the problem situation, which allows for the  identification  of  basic concepts  so that their correlations may be understood.
CONCLUSIONS
The Leonardo da Vinci international project Hands-on Approach to Analytical Chemistry for Vocational Schools II (AnalChemVoc II), which was launched in November 2008, envisaged as one of the important project outcomes the evaluation study on the impact of the hands-on approach to visible spectrometry on students’ academic performance in correlation with students’ motivational orientations. In the study 295 students took part, 92 from Polish vocational and technical high schools and 203 from Slovenia. For 104 students from the Bristol area, only the test on motivation was obtained, since they did not work with the selected modules, therefore only motivational orientations of British students were deduced, without any further implication. For the purpose of the study four modules from the Hands-on Approach to Analytical Chemistry, which were developed during the course of the first project AnalChemVoc (2003-2005), were selected. The modules were designed to introduce the students of vocational schools to the basic concepts from visible spectrometry through a carefully structured hands-on approach. As the instruments of the study, the standardized pre- and post-test, and a 50-item questionnaire for assessment of students’ motivation and attitudes were used. In order to identify the number of clusters in the data set, based on the motivational dimensions defined by controlled and autonomous motivation, k-means clustering was used. The results revealed two distinct motivational orientations (i.e., profiles): cluster I – low quantity motivation group (with low autonomous and controlled motivation) and cluster II – high quality motivation group with high autonomous and low controlled motivation. 

Students’ cluster membership is reflected in their academic achievements, since a statistically significant difference between the low quantity and good quality motivation groups of students at the α-level of 1% was found for achievement on the post-test, and at the α-level of 5% for prior academic achievements, while on the pre-test the difference between groups was not found statistically significant. Cluster membership is also reflected in the students’ attitude towards the hands-on approach that they experienced while working with modules from visible spectrometry. The high quality motivation group assigned higher scores to all didactical elements of the approach. According to their statements they also gained more specific knowledge and skills, while opinions on the safety aspects of the selected experiments are weighted equally by both motivational groups of students.

Further, the study showed that apart from students’ motivational orientations, the study program also influenced the students’ academic achievements. One-way ANOVA revealed statistically significant differences at the α-level of 1% between all participating schools on academic achievements at the pre-test, post-test and also in prior achievements. The best results at the pre-test and post-test were achieved by the students enrolled in the chemistry technician program; such a result was in accordance with our expectations, since these students should have more solid prior knowledge of chemistry than students from other vocational programs. 

From the perspective of Bloom’s knowledge category, our study showed that the hands-on approach towards visible spectrometry contributes not only to the better comprehension of concepts, but also to the capability to analyse data.
Teachers responses to the hands-on approach, which were collected by applying the special questionnaire, stress a series of advantages of the tested approach, among them: deduction of regularities from the experimental results, discovery based approach, high students’ motivation level throughout the experimental work, great variety of experiments, teacher’s control of the class activity by using special visual support, which enables them to give to the students immediate feedback after any phase of the experimental procedure. Teachers made a proposal to prepare additional teaching materials in the form of the hands-on approach at different levels of difficulty, so that less able students would not be left behind. 
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