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Abstract. Science education is expected to
play a major role in developing abilities of
students and in conjunction with meaning-
ful learning in science lessons, its impacting
on students’ future careers. A three part in-
strument was composed, based on a review
of relevant international literature plus
competences emphasised in the Estonian
curriculum, related to process operational
thinking, gathering students’ perceptions of
the science provision offered and students’
future career preferences. The study was
carried out in November 2011 on grade

10 students (N=2217) and in April 2012

on grade 11 students (N=1821) from the
same set of schools. Findings indicated that
students’ perceived competence, despite
grade, gender or school average examina-
tion results, was similar. Even more, stu-
dents felt that Biology and Geography sub-
jects focused more on skills development
than Physics and Chemistry. As in previous
studies, conducted at the lower secondary
(grade 9) level, students indicated they were
not interested in science related careers and
preferred to seek employment in the field of
social science.
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Introduction

The purpose of science education in schools is seen as promoting
scientific literacy (Bybee, 1997; Holbrook & Rannikmdae, 2009; Murcia, 2009;
DeBoer, 2011; Deng, 2011; Roberts, 2011; Soobard & Rannikmée, 2011), en-
abling students to solve meaningful scientific problems and make relevant
justified decisions (Holbrook & Rannikmde, 2009; Feinstein, 2010; Choi et al.,
2011) and to deal with science-related issues related to their own lives when
the need arises (Aikenhead et al,, 2011). Thus, scientific literacy is not taken
here to be about the gaining of science knowledge itself, but capabilities of
utilising such knowledge in a new or unfamiliar situation for problem solving
and decision making (Holbrook & Rannikmde, 2009). This requires students
indicating multiple operational skills through demonstrating a (high) degree
of cognition associated with undertaking scientific processes, e.g. (posing
scientific question for problem solving, explaining phenomena scientifically,
drawing evidence based conclusions, making justified decisions).

One factorinfluencing achievementin science lessons is views towards
self (Hansford & Hattie, 1982; Pajares, 1996; Marsh & Craven, 2006; Huang,
2011) and for improved achievement, Taras (2002) suggests students need
opportunities to take responsibility for their learning through understanding
their own cognition and cognitive ability thus increasing their competences
related to scientific literacy and their thinking about thinking (metacognition)
(Choi et al., 2011). Focusing on the perceived competences is necessary as
one’s understanding of his/her competence can lead to improved overall
learning, becoming an independent life-long learner, and enhancing achieve-
ment of higher levels of scientific literacy (Taras, 2002; Blumenfeld et al., 2005;
Choietal, 2011). According to Fraser and Greenhalgh (2001), feedback about
performance enhances the extent to which individuals continue to improve.
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In other words, this is important for raising the level of being scientifically literate (Choi et al., 2011) and leads to
self-directed learners (Fraser and Greenhalgh, 2001), a goal put forward in promoting scientific literacy (Choi et
al., 2011). Students need also to be responsible for their learning (Taras, 2010) so as to better feel the usefulness of
science in their own lives (Feinstein, 2010) and also become aware of their academic achievement (Huang, 2011).
This suggests that enhanced scientific literacy is also governed by perceived competence of students’operational
skills and application of the science curriculum and how it is implemented in science education (Deng, 2011). Even
more, science subjects need to provide students with the necessary skills for entering into the future workforce
(Bybee & Fuchs, 2006). In the 21 century, students need to cope with challenging employment demands (Bybee
& Fuchs, 2006). Therefore science education has an impact on students’ future career choices and teachers need
to take this into account when planning teaching activities in their science classes (Lavonen, 2008).

This study seeks to clarify students’perceived competence in operational skill components of scientific literacy
(taken to be associated with problem solving, decision making and reasoning). Self-perceptions are seen as a mean-
ingful way to indicate the achievement of higher scientific literacy. The role of science subjects for developing wider
scientific literacy is also investigated to see how science lessons are enhancing the development of operational
skills components. Additionally, students’ career preferences are studied, to determine whether there is any possible
relationship between school science experiences and career preference for science related careers.

The following research questions were posed:

1. How do grade 10/11 students perceive their competence in operational skill components of scientific
literacy seen as important in science learning?

2. How do grade 10/11 students perceive their competence in operational skill components of scientific
literacy developed in the different science subjects?

3. How do grade 10/11 students perceive their future careers?

Background
Perceived Competence

The role of understanding a person’s own competence is recognised as a purpose of comprehending real life
situations, choosing and keeping science related occupations and leading to lifelong learning (Aikenhead et al.,
2011). In other words, students’ perceived competence influence their performance and it is recognised that views
towards self are connected with actual achievement (Wong, Wiest & Cusick, 2002; Marsh & Craven, 2006; Huang,
2011; Law, Elliot & Murayama, 2012; Froiland & Oros, 2014).

Perceived competence has been associated with Self-Determination Theory (SDT) (Deci & Ryan, 2000). This
theory indicates that the perceived (or felt) competence is the ability to understand or grasp the meaning behind
the task and an ability to enact it. Perceived competence has also been defined as a person’s subjective beliefs about
their capabilities of successful task performance (Cho, Weinstein & Wicker, 2011). Findings by Ryan and Deci (2000)
show that students feel higher competence, if they have the necessary skills to cope with, and understand, the tasks.
This suggests that students need to be provided with the meaningful and challenging situations in their learning
tasks (Ryan & Deci, 2000; Vaino, Holbrook & Rannikmae, 2012). Also, perceived (or felt) competence has connections
with students’intrinsic motivation (Harter, 1978; Deci & Ryan, 2000) and for this, students need also to experience
self-determination of their behaviour (Ryan & Deci, 2000), e.g. includes both autonomy and competence.

A number of researchers have suggested that the evaluation of perceived competence should be undertaken
in a domain specific context (Marsh & Craven, 2006; Chang & Cheng, 2008; Huang, 2011); e.g. achievement in sci-
ence for science related perceived competence. PISA studies (OECD, 2007; Bybee & McCrae, 2011) used mainly
non-contextualised student questionnaires, including general questions about interest, attitudes, and self-efficacy.
The few contextualised questions in the PISA test for scientific literacy (Interest in ‘learning about’science and Support
for scientific enquiry) were asked directly after contextualised questions to add value to the assessment by providing
data on whether students’answers differed when assessed was within or outside a context and whether answers
varied between contexts. In other studies, besides using science achievement tests, non-contextualised (general)
questions about attitudes, interests or self-efficacy were also asked (Chang & Cheng, 2008; Thomas, 2008, Bybee
& McCrae, 2011). According to Thomas (2008) and Schraw (2000), this was problematic because general measures
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might not relate in students minds with themselves, in the sense of their actions in science classrooms. Addition-
ally, Marsh and Craven (2006) noted that the relationship between views towards self and academic achievement
was domain-specific, because this kind of relationship was stronger than global or general views toward self and
academic achievement.

Science Learning

Identifying scientificissues in real life and using sufficient evidence and reasoning to support claims in problem
solving and decision making issues, are put forward as aspect of learning in science subjects (OECD, 2007; Holbrook
& Rannikmae, 2009; Choi et al., 2011). Applying those components of scientific literacy in new situations, different
from the learning situation, students can understand their own cognitive ability, to transfer their competence
into new situations to undertake problem solving or decision making. If learning situations in science subjects
allow students to experience challenges in undertaking tasks and they are successful, then it makes students feel
themselves more competent, e.g. higher perceived competence (Vaino, Holbrook & Rannikmae, 2012). In the end,
this leads to valuing life-long learning (European Commission, 2007).

To investigate the development of competence in scientific problem solving, decision making and reasoning
asarelevant part of science teaching, the science curriculum is analysed to ensure these competences are included.
The National Curriculum of Estonia for upper secondary school identifies these competences as learning outcomes,
as given below (Estonian Government, 2011):

1. Problem solving - solving problems using scientific methods (e.g. recognising problems, posing sci-
entific questions, planning scientific investigations, controlling variables, analysing and interpreting
results, drawing conclusions).

2. Decision making and reasoning - making reasoned decisions taking into account scientific, environ-
mental, social, economic, political and ethical-moral considerations.

3. Understanding the nature of science and appreciating creativity in science.

4. Positive attitudes towards science within society and is competent to make reasoned decisions in
career choices.

This description shows that those competences are seen as important components of the Estonian school
curriculum (Estonian Government, 2011) and at the same time, today’s society is moving towards more complex
situations, which require a competence to recognise problems, solve problemes, critically examine issues, and define
a person’s own position (Choi et al., 2011).

Career in Science

A component long associated with enhancement of scientific literacy is attitude towards science (OECD,
2007; Simon & Osborne, 2010), which is likely to impact on students’future career choices (Holbrook & Rannikmae,
2007; OECD, 2007). Park et al. (2009) note that students’ future career aspirations in the field of science appear to
be positively affected by their achievement in science education. Yet it is well known that, in general, students’
attitudes towards school science are not sufficiently high for choosing a science related career in the future, or for
holding an interest to engage with science related issues (OECD, 2007; Simon & Osborne, 2010). This is suggested
because most students find science difficult and careers in science unattractive (Lavonen, 2008). However, findings
by Lavonen together with colleagues (2008) show that both boys and girls hold a neutral opinion about the role
of school science in improving their career chances and in helping them to become familiar with new and excit-
ing jobs in science. This leads to the conclusion that to facilitate students choosing science related career, science
lessons need to more intensively develop competence in components of scientific literacy, which are needed for
employability in today’s workforce (Bybee & Fuchs, 2006; DeBoer, 2011). Findings from a previous investigation
also indicate that, along with other factors, the quality of science teaching and the personal encouragement (e.g.
feedback leading to accurate picture for perceived competence) given to students by science teachers plays an
important role in choosing science related careers (Lavonen, 2008).
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Methodology of Research
Research Sample

Allgrade 10 and 11 students were selected from a representative sample of schools (N=44) in Estonia. Schools
were chosen based on location (the capital; towns with at least two gymnasiums; rural areas). Location was taken
into account to ensure that schools in all areas had an equal possibility to be involved. After choosing schools based
on location, schools were divided into three groups based on the students’ average national examination results
(high, average, low), where equal numbers of students were included in each group. Exam scores were between
82-32.High achieving schools were identified where the average school mark was taken as 82-65, average as 64-58
and low achieving schools where the average school mark was taken as 57-32. This division was made when the
sampling was composed. Group 1, with averages from 65 to the highest (82), was called the high achieving group
and included mainly larger schools from the capital. Because of this, these schools provided the largest number
of students participating in this study (N=2445). Group 2, included schools, with average exam results 58-65 and
involved 961 students. Group 3 students were from low achieving schools (student N= 632), where students were
mainly from rural areas and the number of students per school is low. All grade 10 and 11 students were included
in the study in the selected schools.

The final data set contained returns from 2217 10" grade students and 1821 11t grade students. The total
number of boys participating in this study was 1648 and the number of girls was 1987. Unfortunately, in approxi-
mately 10% of returned questionnaire the gender was not marked. Such data was omitted when referring to gender
differences. The data gathering period was November 2011 - April 2012.

Instrument and Procedures

The instrument consisted of three sections:

Section 1 - This consisted of 8 items seeking students’ perception of their own competence in general
scientific process skills, seen as part of the curriculum. The 8 items covered skills expected to
be somewhat acquired before and enhanced during gymnasium teaching, related to problem
solving through scientific inquiry (items 1-5), familiarity with figures and graphs (item 6), giving
explanations (item 7), and undertaking decision making (decisions made in the face of multiple
options) (item 8). As it was important to keep the questionnaire to a reasonable length, these 8
items were chosen because they gave a reasonable coverage of student expected process learn-
ing in science outside of any specific content area associated with lessons in biology, chemistry,
geography and physics.

Section 2 - This consisted of 8 items, repeated for each of the 4 science subjects taught in grades 10-12, seek-
ing students’perceptions towards the science teaching received and hence giving an indication of
the teachers’ orientation towards science as process versus science as product. Section 2 was the
longest section, but each of the 8 questions was applied to chemistry subjects, biology subjects,
geography subjects and physics subjects in turn. ltem coverage went beyond operational skills
and also incorporated whether values (item 1), nature of science (item 5) and the area of creativity
(item 8) were promoted through science classes, as perceived by students.

Section 3 - This consisted of 10 items seeking students’ perceptions towards a future career. Section 3 sought
to interlink learning in science lessons with career expectations (items 1, 2, 3 and 4), whereas
items 5 and 6 tried to relate careers to specific skills promoted in section 2. The remaining items
asked more specifically the careers domains students had in mind.

The instrument is indicated in Table 1.
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Table 1. Overview about the instrument.

Section in the instrument Examples of items (English translations)

+ | am able to identify problems with a science content

+ | am able to pose scientific questions for investigations.

+ | am able to plan scientific investigation.

+ | am able to solve problems

+ | am able to draw conclusions based on results obtained

+ | am able to use information from figures and tables

+ | am able to explain phenomena using scientific knowledge
+ | am able to make evidence based decisions.

+ Teaching in [science subjects] i.e. chemistry or biology or geography or physics includes paying
attention to the importance of science and technology in society.

+ Teaching in [science subjects] includes the ability to pose scientific questions for investigation.

+ Teaching in [science subjects] includes the ability to solve scientific problems.

+ Teaching in [science subjects] includes the ability to plan an investigation.

+ Teaching in [science subjects] includes coverage of ideas on the Nature of Science.

+ Teaching in [science subjects] includes making decisions, where there is a need to take into ac-
count not only the scientific content but also the social, economic, ethical and moral aspects.

+ Teaching in [science subjects] includes the ability to explain phenomena using science knowledge.

+ Teaching in [science subjects] helps us to develop creative thinking.

+ After high school | am planning to take up a science related career.
+ In the future | am planning to have a science related job
+ From my science lessons | have been able to obtain an overview of science related professions
+ | wish to seek a job that requires me to use knowledge and skills obtained from science lessons to
solve problems
+ | wish to have a job that requires creative thinking
+ | wish to have a career that involves decision-making.
+ In the future | wish to work in the following fields:
1. Medicine
2. Social sciences (economics, law)
3. Natural sciences (chemistry, biology, geography, physics)
4. Engineering and technology

The instrument consisted of 50 items within a 4 point Likert scale (strongly disagree; disagree; agree; strongly
agree). Four points were used to ensure that students indicated either their agreement or disagreement. The instru-
ment was validated using opinions from 5 experienced science teachers, whose role was to ensure that items were
relevantin terms of science teaching. The instrument was also piloted among pre-service science teacher students
and a sample of grade 10 and 11 students. Their role was to ensure that questions were understandable for upper
secondary school students. The reliability, calculated using Cronbach alpha for the overall instrument, was 0.93,
with Cronbach alpha for each section 0.79, 0.92 and 0.72 respectively. Item-total correlations and Cronbach alpha,
ifitems were deleted, were also analysed. Analyses indicated a generally high level of response consistency within
the instrument items as a whole and to the items contained within each section. Data were solicited from grade 10
students towards the beginning of their grade 10 studies and from grade 11 students towards the end of grade 11.
Therefore similarities and differences indicated student self-perception development across 2 grade levels.

Data Analysis

Data from the completed questionnaires were examined and eliminated if there was a lack of meaningful
participation (e.g. only one section was answered); eliminated questionnaires were under 5%.

Data were analysed using Rasch analysis (RUMM2030) and PASW Statistics 18. Rasch analysis was used to
determine the quality of the developed instrument, e.g. to determine how well items and persons matched each
other, as well as to establish the internal consistency and reliability of the set of items (Oon & Subramaniam, 2013).
PASW Statistics was used to determine how responses to single items within the sub-sections varied between three
exam sub-groups, grades and gender (Cohen et al., 2007).
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Results of Research
Assessment of the Quality of the Instrument (outcomes from the Rasch analysis)

The outcomes from administering the instrument were analysed using Rasch analysis. The distribution graphs
(Figure 1) indicate that on the whole, items targeted the persons being measured. This figure shows not only items
from the whole questionnaire (50), but also students’ answer distributions from three sections in this instrument
(150 choices). Only a few item responses fall out outside the range of person’s threshold locations and the items
seem to be well distributed across the identified person ability range.

Person-ltem Threshold Distribution

PERSONS (Grouping Set to Interval Length of 0,20 making 60 Groups)
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Figure 1:  Person-item threshold distribution for the full scale.

Section 1 - Students’ perceptions towards 8 skills

Students'’ self-perceptions towards the 8 skill related items in section 1 were examined overall (Table 2) and
also in three categories: grade 10 versus grade 11 students, boys versus girls (Table 2) and perceptions of students
from each of the three school groups based on average examination results (Table 3). Results indicated that overall
students agreed that their self-perceptions were higher in recognising problems (55.9% agreed), drawing conclu-
sions (76.8% agreed), using figures and tables as a source of information (78.7% agreed) and making evidence
based decisions (57.3% agreed). At the same time, they were not confident in problem solving in general (62.4%
agreed), in reasoning (54.8% agreed), in planning scientific investigation (58.9% agreed) and in posing scientific
questions for investigations (54.1%). Similar pattern were found across grades, among boys and girls and between
the three exam groups.

Table 2. Students agreement/disagreement with 8 sub-components of operational skills (overall, grade and

gender).
Overall Grade Gender
Items in section 1 10 11 Boys Girls
Agree  Disagree Agree Disagree Agree Disagree Agree  Disagree Agree Disagree
Recognising N 2241 1765 1245 956 996 809 975 660 1027 945
problems % 55.9 441 56.6 434 55.2 448 59.7 40.3 52.0 48.0

=
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Overall Grade Gender

Items in section 1 10 11 Boys Girls

Agree  Disagree Agree Disagree Agree Disagree Agree  Disagree Agree Disagree

Posing scientific

estions for inves- 1848 2181 1022 1191 826 990 774 873 898 1081
qu j % 459 54.1 46.2 53.8 455 54.5 47.0 53.0 454 54.6
tigation
Planning scientific N 1651 2372 855 1351 796 1021 718 928 772 1203
investigation % 41.1 58.9 38.7 61.3 43.8 56.2 43.6 56.4 39.0 61.0
Solve scientific N 1513 2509 847 1358 666 1151 735 906 610 1368
problems % 37.6 62.4 384 22.7 36.7 63.3 448 55.2 30.8 69.2
Drawing conclu- N 3092 932 1706 500 1386 432 1252 393 1533 444
sions % 76.8 23.2 77.3 19.3 76.2 23.8 76.1 23.9 77.6 22.4
z'sgzr:(fuargg f;b'es N 3168 860 1785 426 1383 434 1312 3B 153 445
. . % 78.7 21.3 80.7 53.3 76.1 23.9 79.8 20.2 775 22.5
information
Explaining phenom- N 1817 2201 1032 1176 785 1025 835 801 784 1195
ena scientifically % 452 54.8 46.7 425 433 56.7 51.0 49.0 39.6 60.4
Evidence based N 2297 1711 1264 934 1033 777 1004 637 1059 908
decision making % 57.3 42.7 57.5 425 57.0 43.0 61.2 38.8 53.9 461

Table 3. Students agreement/disagreement with 8 sub-components of operational skills based on examina-

tion groups.
Exam groups
Items in section 1 1 2 3
Agree Disagree Agree Disagree Agree Disagree

Recoanising problems N 1421 1006 516 438 304 321
gnising p % 58.5 45 54.1 459 487 51.3
Posing scientific questions for N 1176 1264 406 553 266 364
investigation % 48.2 51.8 424 57.6 422 57.8
Planning scientific investigation N 1057 1379 395 563 199 430
g g % 434 56.6 412 58.8 3.7 68.3
Solve scientific problems N 945 1491 335 621 33 397
P % 38.7 61.3 35.0 65.0 37.0 63.0
Drawing conclusions N 1914 525 734 223 444 184
g % 78.5 215 76.7 23.3 70.7 29.3
Figures and tables as a source of N 1958 418 742 217 468 162
information % 80.3 19.7 776 224 74.3 25.7
Explaining phenomena scientificall N 115 1319 421 532 275 350
piaining p Yoy 458 54.2 46 554 4.0 56.0
Evidence based decision makin: N 1436 989 525 433 336 289
9 % 59.2 40.8 54.8 452 53.8 46.2
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Section 2 - Students’ perceptions towards science subjects

Table 4 compares the student perceptions related to chemistry, biology, geography and physics lessons
overall. Results showed that overall, students agreed that science subjects develop competence to recognise the
importance of science in society and reasoning (in both 52.2% agreed). However, students disagreed that science
subjects in general focus on problem solving (55.1%) and parts of problem solving (posing scientific questions or
planning scientificinvestigation). It was surprisingly noted that according to students’perceptions, science subjects
focused on developing an understating of the nature of science (59.2% agreed).

Table 4. Overall responses to perceptions of teaching emphasis in the 4 science subjects in agreement/disa-
greement.

Science subjects

¢ is of Overall

omponents o . . .

science subjects Chemistry Biology Geography Physics
Agree Disagree Agree Disagree Agree Disagree Agree Disagree Agree Disagree

Importance of sci- N 2083 1906 1764 2219 2924 1040 3133 848 2527 1455

ence in society % 522 478 443 55.7 73.8 26.2 78.7 213 63.5 36.5

Posing scientific N 1362 2625 1571 2406 2459 1500 2300 1673 2037 1935

questions % 342 65.8 39.5 60.5 62.1 379 57.8 422 513 48.7
Solve scientific N 1795 2199 1896 2072 2725 1227 2840 1140 2161 1817
problems % 449 55.1 478 52.2 69.0 31.0 713 28.7 54.3 457

Planning scientific = N 1156 2825 1384 2576 2127 1818 2054 1903 1431 2522
investigation % 29.1 70.9 34.9 65.1 53.9 46.1 51.9 48.1 36.2 63.8

. N 2242 1547 2571 1202 2672 1074 2578 1178 2883 881
Nature of science

% 592 408 68.1 319 713 28.7 68.7 313 766 234

Decisonmakng N 1438 2510 1436 2486 2468 1434 3157 772 1557 2360

9 % 364 63.6 36.6 634 633 36.7 80.3 19.7 39.8 60.2

i’;‘:j;g‘r?a N 2068 1895 2178 1766 2819 103 3071 871 2398 1533

pheno % 522 4738 55.2 448 719 28.1 779 22.1 61.0 39.0
scientifically

. N 1624 2329 1831 2109 2397 1519 2516 1416 1952 1978

Creativity

% 411 58.9 46.5 53.5 61.3 38.7 64.0 36.0 49.7 50.3

Analysis of single subjects showed that biology and geography subjects were seen as more supporting the
development of components part of scientific literacy (students agreed with all items). Chemistry was not seen
supporting the development of competence in general scientific process skills. Perceptions towards physics sub-
jects were more similar to chemistry than to biology and geography. Similar pictures appeared from the analysis
between grades, gender and exam groups. In all groups, biology and geography were valued more than chemistry
and physics.

Section 3 - Perceptions towards future career
Table 5 gives the overall, grade and gender responses to items in section 3. Students disagree that they like
to continue science related studies (73.6%) and they prefer have science related career (76.8%). They also note that

science subjects do not provide them with overviews of possible science related occupations (62.2% disagreed).
However, they prefer professions requiring creativity (75.2% agreed) and decision making (76.8% agreed) and at
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same time, students don't prefer professions requiring competence in problem solving (70.7% disagreed). These
perceptions are similar in all sub-groups (grade, gender, exam groups).

In future, students would like to work in the field of social science (57.3% agreed), and not in medicine, natural
sciences and in engineering and technology. This distribution was similar among all groups, except in boys, who
preferred also to work in engineering and technology (67.3% agreed).

Table 5. Responses to perceptions of career emphasis in overall, grade and gender groups in agreement/
disagreement.

Grade Gender

Overall
Items in section 3 10 1 Boys Girls

Agree Disagree Agree Disagree Agree Disagree Agree Disagree Agree Disagree

N 1058 2951 586 1614 472 1337 463 172 478 1494

Science refated studies % 264 736 267 733 261 739 283 M7 242 758

N 931 3078 520 1680 an 1398 403 1230 413 1561

Science related career % 232 768 236 764 27 713 247 753 209 791

Introduction of science related N 1511 2483 853 1333 658 1150 662 960 686 1284
professions % 37.8 62.2 39.0 61.0 36.4 63.6 40.8 59.2 34.8 65.2

Professions requiring problem N 1174 2823 653 1541 521 1282 527 1102 508 1459
solving % 293 70.7 29.8 70.2 28.9 711 324 67.6 25.8 74.2

N 3019 997 1645 556 1374 441 1251 386 1450 526

Professionrequiring creativity o 755 048 748 252 757 243 764 236 134 266

Profession requiring decision N 3063 925 1673 510 1390 415 1292 336 1452 509
making % 768 23.2 76.6 234 77.0 23.0 79.4 20.6 74.0 26.0

In the future | wish to work in the
following fields:

N 963 2931 551 1580 417 1351 302 1282 569 1353

* Medicine % 248 752 259 741 236 764 190 810 296 704
+ Social science N 2254 1678 1291 867 963 811 844 751 1180 763
(economics, law) % 57.3 427 59.8 40.2 54.3 457 52.9 471 60.7 39.9

+ Natural sciences
(chemistry, biology, geogra-
phy, physics)

N 1028 2870 573 1557 455 1313 470 118 426 1491
% 263 73.7 26.9 731 25.7 74.3 29.8 70.2 22.2 77.8

+ Engineering and N 1734 2187 985 1161 749 1026 1079 526 470 1452
technology % 44.2 55.8 459 54.1 422 57.8 67.3 32.7 244 75.6
Discussion

The study focused on the determination of students™ perceived competence related to operational science
skills related to scientific literacy, the role of teaching of science subjects in developing such literacy components
and students’ perceptions towards future careers.

Section 1 Students’ perception of their operational science competences

The students’ overall perceived competence in being able to undertake operational science skills, identified
through 8 Likert scale items, can be described as neither in agreement nor disagreement. The item on being able
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to use figures and tables as a source of information has the highest agreement nearly 79% students agreeing.
Clearly students are generally very confident of their skill in this area whereas less than 40% students agree they
are confident in being able to solve problem using a science content. It is interesting to note that students perceive
their competence, in general, to be greater in using scientific evidence for decision making (57% agreeing) than for
being able to explain phenomena using scientific knowledge (45% agreeing). Explaining phenomena scientifically
requires science knowledge and can relate for students with particular science subjects. Decision making goes
beyond only using science knowledge and includes informal reasoning, which includes arguments based on one’s
relevant knowledge and experiences (Sadler & Zeidler, 2005; Eysenck, 2012) and it may be easier for students to
express themselves this way. However, they may also have misunderstandings about decision making processes.

More understandable, perhaps, is the perceived competence (46% agreeing) for formulating science ques-
tions and (41% agreeing) for planning scientific investigations. These suggest that less attention is being paid to
student-centred teaching in these areas.

Students from both grades 10 and 11 perceived competences in the various components in a similar manner
(see table 2) and hence findings differ little from the overall pattern. This, of course, is a matter of concern, because
despite the additional two years of learning for grade 11 students, perceived competence in operational skills is no
higher. It is noteworthy that students perceived a lack of competence in coping with situations requiring planning of
an experimentin grade 11 (56% disagreeing) as opposed to (61% disagreeing) in grade 10; explaining phenomena
using scientific knowledge (42% disagreeing in grade 10) and (56% disagreeing in grade 11), and posing scientific
questions for investigation (54% disagreeing) in grade 11 and (55% disagreeing) in grade 10. This suggests that
little emphasis is placed on these aspects of science learning at the gymnasium level. At the same time, it takes
time to develop these skills, but the base for such skills can be expected to come from basic school (until grade 9)
and it may be that before gymnasium level these skills are less well emphasized among students. However, PISA
studies have shown that Estonian grade 10 students’level of scientific literacy is quite high, but at the same time,
all these skills investigated here are not part of the PISA study (OECD, 2007).

Generally the perceived competence responses are less positive for girls than for boys. This is most noticeable
in the case of being able to solve problem with a science content (for girls 69% disagreeing and for boys 55%).
Girls' problem solving competences seems to be lower than boys and possible reasons for this can be and area for
research in further studies.

Differences in perceived competence are noted between students from the 3 different levels of examination
school groupings (see table 3). Unsurprising, students in the higher examination school group tend to agree that
their level of competence is more positive than students in the middle group and that these students have a higher
perceived competence than the students in schools from the lowest group. Difference are minimal where students
in general have lower perceived competence (solving problems; explain phenomena) and greatest in recognising
problems and planning investigations. This seems to suggest that little teaching is taking place related to the skills
and more able students gain through greater self-determination.

These outcomes suggest that gymnasium students’ perceived competence is not sufficiently high in science
operational skills needed for being scientific literate. Previous studies have indicated that perceived competence
plays an important role in terms of achievement and lifelong learning (Deci & Ryan, 2000; Marsh & Craven, 2006;
Huang, 2011) and Law et al. (2012) findings show that even moderate concerns about doing poorly is sufficient
to avoid the activity and this may lead to a situation where students prefer not to even start demonstrating com-
petence, because of their fear of being unsuccessful. Therefore, as students perceived competence is not high in
those science operational skills investigated here, then they may not present their competence in actual situations
where this is needed. However, even if a person has the necessary skills and knowledge, it is not enough just hav-
ing those; the person needs to be able to select from available knowledge and skills in such a way that efficient
behaviour occurs (Westera, 2010). This suggest that besides having knowledge and skills, student should know
how to select those most appropriate for given situation (e.g. for problem solving) and this activity needs to be
promoted in science subjects, e.g. supporting the development of science operational skills.

Itis surprising that although the strength of agreement is higher in better achieving schools based on exam
groups, there is almost no difference in the sequence in which students agreed or disagreed. This leads to a con-
clusion that despite students’ success in national exams, there is no difference between students from different
schools in perceiving their competence and therefore it may be assumed that the teaching is similar in all schools
- some competences are better established than others. This, however, is related with teachers’teaching methods
and their awareness of the purposes of the science curriculum at the gymnasium level.
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Section 2 Students’ perception of their science subjects

This study also investigated the role of teaching in science subjects in developing students’ operational com-
petences to enhance scientific literacy.

Overall, students agreed that science subjects developed competences in scientific process operations, espe-
cially in recognising the importance of science in society (52% of students agreed), understanding about the nature
of science (59%) and explaining phenomena using scientific knowledge (52%). Other competences in scientific
process operations were not seen as being developed in science subjects, based on students’ perceptions.

Outcomes showed that despite the overall expected learning outcomes in the science curriculum (Estonian
Government, 2011) Biology and Geography subjects were seen to be paying more attention to developing com-
petence in scientific process operations compared with Chemistry and Physics teaching. This should clearly be
seen as a concern. This could be related to the way science subjects were presented in the curriculum, but even
so, teachers should know better that to ignore important learning. Although overall expected learning outcomes
were related with scientific literacy, a deeper analysis in the way single subject content was presented to teach-
ers suggested that Biology and Geography subjects were more focused on everyday life situations. Physics and
Chemistry focused more on science content in an abstract manner than on applications in meaningful, real life
situations. Therefore, it could be important to review how science was being presented to students. If it was too
abstract, too much content oriented and too difficult, students were surely going to have difficulty relating to
those subjects in an operational sense and also directly with their own lives (Gilbert, 2006). The implication was
that students were likely to memorise and once the examination were finished, they simply forgot. Inevitably, this
approach was pretty useless if i formed the base for learning in higher grades. It also suggested that teachers were
not interpreting the curriculum correctly and were focused more on the science knowledge and skills. However,
this was related with the fact that national exams were more focused on the science knowledge than skills in sci-
ence subjects and teachers were preparing students to cope with examinations and not how to deal with real life
situations. As a result, students perceived Physics and Chemistry subjects as being too difficult, because it seemed
that Chemistry and Physics tended to be more abstract compared to Biology and Geography, either as intended by
the curriculum or by misplaced perceptions by teachers of these subjects. Therefore, the way the science content
was presented to students in those two subjects could be more meaningful for them and they have gained the
perceptions of their actual competence in those subjects and based on this they could conclude that Biology and
Geography supported the development of science process skills. At the same time, Chemistry and Physics seemed
to be more focused on the development of knowledge, because students didn't see skills promoted in a similar
manner than in the other two subjects.

It was noteworthy that there were similar views towards science subjects within grades, among boys and
girls and exam groups. This suggested that there was no difference in teaching during a two-year period or in
examination groups and little emphasis was placed on these aspects of science learning at the gymnasium level.
For example, this was illustrated by the outcome that both grades, and boys/girls, evaluated Chemistry in a same
way than as the overall pattern among science subjects. Differences in opinions towards Chemistry appeared in
the examination groups. Students in group 3 disagreed in almost all items that the subject of Chemistry supported
the development of these science process skills, while opinions by other groups seemed to be more similar to the
overall picture. This was related with the teaching, with another key aspect, related to the activities and content of
science subjects, being the values held by the schools and teachers. Students perceived competence in compo-
nents, if they had experienced situations, which required utilising such competences. However, interpretation of
the curriculum and choosing learning situations depended on teachers and their values and beliefs on what was
important for students (Corrigan et al., 2013). This study suggested that there was evidence that teachers focused
only on those components in science education which were assessed, especially in high-stakes examinations, or
in international comparisons. This was in agreement with Fortus & Krajcik (2012). Should this be the case, then
it became clearer why students didn't see science subjects supporting the development of science operational
skills — these were not the focus of assessment in schools. Furthermore, as students were not given a chance to
experience learning situations developing competence in scientific process operations, then they were not aware
of their competence and therefore were not able to evaluate this in a sufficient manner. Based on the outcomes
of this study, it could be assumed that in Biology and Geography subjects students provided more opportuni-
ties to develop an awareness of their competence as they probably experienced situations which required those
competences more than in Chemistry and Physics.
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This study showed that outcomes from separate analysis of science subjects, according to students’perceptions,
science subjects were not focusing on decision making, planning an experiment nor posing scientific questions
for investigations (leading to problem solving). Based on findings, those components, which were seen as part of
scientific literacy, were not part of common assessment in schools or examinations within a meaningful context
for students and were therefore neglected by teachers.

Section 3 Students’ perception of their future careers

This study identified students’ future career preferences in the light of their perceptions and the perceived
science teaching emphasis in school. Overall, students were not interested in science related studies (nearly 74%
disagreeing) and careers in science (nearly 77% disagreeing). This finding was in line with previous studies (e.g.
OECD, 2007) and suggested that although Europe needed a scientifically literate workforce (European Commission,
2007; Eurydice, 2011), students were not interested in working in the science field at all. One reason for this was
that science subjects were not preparing students with the necessary skills for a future workforce and therefore
their self-perceptions were not high and they could not even think about choosing science related professions
in the future. This was seen as an important finding because Lavonen et.al. (2008) noted that science education
had an impact on students’ career choices and therefore teaching methods should focus on improving students’
competence in science operational skills. This was also seen as important because the same skills, which students
were developing in subjects, could be used in their future professions.

Previous studies among grade 9 students have noted that students were more interested in a career in social
sciences (Teppo & Rannikmae, 2006; OECD, 2007). This study also found that 57% of students would like to have
a profession in the social sciences, while only 26% saw their career related with biology, chemistry, physics or
geography. At the same time, not all students should work in the science field (Simon & Osborne, 2010), but the
educational system needed to look after the demands of the labour market, to prepare citizens for coping with
complex situations in real world through formal schooling (Bybee & Fuchs, 2006) and to focus more on“Education
through science” (see Holbrook & Rannikmade, 2007). Furthermore, science subjects should introduce students
with science related professions, but based on this study, only 38% of students agreed that science subjects had
done this.

Comparison between grades, gender and examination groups showed no big differences; students agreed and
disagreed with the same items. Students from both grades disagreed that they would like to have science related
studies towards science related careers. Similar patterns emerged from comparisons between boys'and girls’ career
perceptions. The major difference was that boys had higher perceptions of wishing to work in engineering and
technology career areas than did girls. Similar finding were found related to Estonian grade 9 students’ opinions
towards future career preferences from the ROSE study (Teppo & Rannikmae, 2006). In other items, boys and girls
agreed and disagreed with the same items as did grade 10 and 11 students. This trend supported the finding from
this study, that science subjects had not introduced science related professions to students. One component of
scientific literacy was career awareness and if there was no change over almost a two year period, then some aspects
of learning were missing from the their studies in science subjects. Students should be presented with a wide range
of career options in science education so as to raise their willingness to choose science related professions.

Findings from this study suggest that, students, in general, don't see their future careers directly related with
science. Sadly it seems students recognise that science is not particularly seen as promoting these key learning
aspects. This is in line with previous research (OECD, 2007; Lavonen, 2008; Osborne, 2010). There is no difference
between the two grades and between genders in this aspect and also, noting the ROSE data, it seems perceptions
do not change over the 2 years of extra study. Of course, it is not expected that all students prefer careers in science
(Osborne & Dillon, 2010), but it is known that students make their choices based on previous experiences in school
and life (Lavonen, 2008). There is a need to change the focus in science subjects, not only to pay more attention to
developing competences, but also to raise students career awareness as one part of scientific literacy (Holbrook &
Rannikmae, 2009; Estonian Government, 2011).

Conclusions

Based on the outcomes from the questionnaire, it was found that the items, as a whole, seemed well targeted
to the persons who participated in this study.
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Outcomes from the perceived competences suggest that grade 10 students perceived a higher competence
in process components associated with scientific literacy than grade 11 students. However, a more detailed analysis
reveals that students in both grades perceive high and low competence in the same components. This fuels the
proposition that during the two year period, there is no shift in students’ perceived process competences. While
girls seem to have less positive perceptions towards their competence than boys, the pattern of answers by boys
and girls are similar. Students from schools in the higher examination group tend to have higher perceived compe-
tence than students from schools in the other examination groups. Students’ competences towards oneself don't
change much during gymnasium years and teaching taking place doesn’t support the whole range of competence
related to operational science skills as a component of scientific literacy.

Students agree that some process components of scientific literacy are promoted in science subjects while
others are not. It seems that science subjects promote single skills as part of problem solving and decision mak-
ing, but the focus on the problem solving or decision making as a whole are not promoted in a sufficient manner.
Even more, there seems to be a difference how science subjects are perceived by students. Yet, at the same time,
differences between competences promoted within subjects vary to a similar degree across the different sub-
jects. There is little change going on in the way the science content is presented to students during gymnasium
years; grade 10 and 11 students perceive science subjects in a similar manner and so do boys/girls and students
in the various examination groups. Therefore, although students’self-perceptions play an important role in actual
achievement, Estonian gymnasium students don’t have an opportunity to develop accurate awareness of their
self-perceptions as they are not exposed to all competences related to operational science skills as part of scientific
literacy emphasized in the curriculum.

Students, studying at the gymnasium level, were not interested in science related studies and a career in
science. Students did not see science subjects introducing science related professions and they preferred future
employment in the service sector. A similar pattern emerged from grades, gender and examination groups. How-
ever, boys tended to have more positive perceptions towards career section items than girls and this difference
was almost always significant. Also, students from higher examination groups didn’'t agree that they would like to
work in science or have a science related career.

Limitations

One limitation is the assumption that students accurately evaluate their own perceived competences, recog-
nizing that, because this is also a skill like any other, it needs practice (Dearnley & Meddings, 2007).
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