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Abstract

The key objective of the present research is to investigate the nature of students’ knowledge and practical work in
secondary school biology, chemistry, and physics (BCP). Furthermore, comparisons will be made between knowledge and
practical work practices in different year groups (Grades 10, 11, and 12). The sample consisted of 438 secondary school
students from the first, second, and third years of secondary schools in the Al-Jouf region of north-eastern Saudi Arabia.
Additionally, an analytical framework has been applied in the study to assess students’ attitudes in the cognitive, affective,
and psychomotor domains. A mixed methods approach was adopted for this study, in which questionnaires and interviews
were used to collect data. The findings of the research indicated that Saudi students generally displayed positive attitudes
towards practical learning in various domains (cognitive, affective, and psychomotor). Nonetheless, significant differences
were identified in the psychomotor domain between Grade 10 and Grade 12 students, with Grade 10 showing the most
favourable attitudes, followed by Grade 12 and lastly Grade 11. With regard to the cognitive and affective domains, no
significant differences were found. Moreover, the findings of the study also showed that a majority of Saudi students
understood the importance of practical work in learning science in Saudi secondary schools.
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2. Introduction

Despite being a key component of secondary level science education, students’ attitudes towards
practical work have been largely under-investigated. In other words, very few studies have solely
focussed on exploring students’ attitudes towards practical work, and how such attitudes can
change as students’ progress through their compulsory education (Sharpe & Abrahams, 2020).

Shana and Abulibdeh (2020) suggest that practical work can pique students’ interest in science,
and promote it as a fascinating subject. For instance, when carrying out chemical experiments,
students can see that chemistry is practical and engaging, and not just about rules and theories.

Moreover, Lee and Sulaiman (2018) explain that practical work can enhance students'
understanding, skills, experience, and enjoyment in learning science. Thus, developing positive
attitudes towards practical work among students plays a significant role in enhancing their academic
achievement in science (Hinneh, 2017).

It is the duty of science teachers to help students understand the relationships between theory
and the practical phenomena that can be seen in experiments. The first step in achieving this is to
identify the problems encountered by students when attempting to make connections between
theory and practice. They may also find it difficult to understand the reasons for such relationships
(Jokiranta, 2014), which means that they may not base their actions upon scientific ideas or
reflection upon the data collection process during practical activities (Monica et al., 2015).
Additionally, Lawson (1995) explains that practical work can help students to understand the
difference between observation and data presentation.

Learning is a very intricate and multifaceted process. Thus, there are many factors involved in
achieving it successfully. Students face academic challenges in classrooms every day (Khalaf, 2014,
2016). One such is the method used by the teacher to deliver lessons in the classroom. The present
study focuses on an examination of the importance of combining theoretical and practical work in
secondary-level science programmes.

Practical work largely increases students’ motivation, interest, and achievement, whilst Lee and
Sulaiman (2018) explain that it creates opportunities for students to engage in active learning.
Practical work also creates an environment conducive to studying science seriously, and enables
students to take control of the learning process whilst also furthering their understanding of the
practical work involved. Nonetheless, research carried out by Reid (2003) showed that the science
curriculum is significantly restricted by the way in which practical work is performed. Thus, rather
than emphasising theories and laws, it frequently confuses students. It is thus crucial to establish the
aims and objectives of practical work before starting it. On the other hand, very few studies have
investigated students' attitudes towards practical work, and how these attitudes change as
students’ progress through their learning. Wellington (2005) points out that students must be
directly asked questions about their perceptions of practical work in order to truly understand the
effects that their attitudes have on science education. The results of this study highlight an urgent
need to enhance students’ attitudes towards practical science activities in order to encourage more
students to continue studying science after secondary education.

Moreover, understanding that the students’ attitudes are likely to change throughout the
education process is crucial. This has been emphasised by Sharpe (2012); students’ awareness and
practice of science practical work are largely determined by factors such as age and subject, and it is
pivotal to consider this. Despite the importance of science education at the secondary level in Saudi
Arabia, very few researchers have explored students' attitudes towards it. The present research
focuses predominantly on exploring the affective value of practical work in biology, chemistry, and
physics (BCP). Two key areas will be explored in this study: namely the nature of students’
knowledge and practical work in secondary school BCP classes, and the differences in knowledge
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and practical work practice in secondary school BCP between different year groups (grades 10, 11
and 12).

3. Scientific Attitudes and Interests

It has been found that the attitudes of both students and teachers towards learning and teaching
science are key to supporting the understanding of scientific concepts, and developing the ability to
apply these concepts practically in scientific and daily life. Therefore, it is clear that in order to have
professional and effective science teachers, schools need students who have a positive view of
learning science.

There has been ongoing research into science education throughout the twentieth century, and
its focus has been modified and expanded, as a result of its effect on learning processes. Osborne et
al. (2003) state that one subject which has featured prominently in the field of scientific education
research is that of analysing students’ attitudes towards the study of science. Many researchers
have evaluated the importance of developing positive attitudes towards scientists and science, and
argue that learning and teaching science are both essential components of science education, and
need to be fully investigated (Trumper, 2006).

The attitudes students have towards science are founded on the concepts, views, and emotions
which learners associate with science. Osborne et al. (2003) emphasise that attitude is a variable
shaped by many factors and features. These researchers undertook a literature review on the topic,
and highlighted a key series of factors which determine how individuals respond to science. These
factors include the motivation of the student, their perceptions of themselves, the attitudes of their
peers, the classroom setting, how students view the science taught in school, and the level of
difficulty of the science course. The current research recognises the significance and importance of
these obstacles (Alshamrani, 2018; Alshehri & Alabdulkarim, 2016), and acknowledges their impact
on the implementation and use of school laboratories in Saudi Arabia. These challenges now need to
be considered and addressed by school administrators and teaching staff, in order to enable
students to undertake the practical work which will allow them to meet higher academic standards
and improve their educational outcomes.

According to Okam and Zakari (2017) affective variables are just as important as cognitive
variables in determining student outcomes, their choice of careers, and how they use their free
time, in relation to learning chemistry in schools. Students in secondary schools need to develop
positive attitudes towards learning biology, chemistry, and physics, and this can be supported by
giving them access to laboratory work in the subject at school, if they are to successfully improve
their performance.

Literature Review

Abrahams and Saglam (2010) carried out a study to investigate whether any significant changes
had occurred to the relative importance of aims and objectives assigned to practical work tasks by
science teachers throughout the various secondary school year groups (i.e. for students aged 11—
18). These findings indicated that there have not been any significant changes to teachers’ opinions
of practical work at the Key Stage 3 Level (age 11-14), although significant changes were evident for
Key Stages 4 and 5 (age 15-18).

Meanwhile, Sharpe (2012) explored students’ attitudes to practical work in biology, chemistry,
and physics. The findings indicated that the attitudes of students towards practical science work
vary significantly between age groups and the type of science being studied. Typically, students
were becoming more aware of the significance of cognitive issues than the affective reasons for
enjoying practical work.

Moreover, a study carried out by Alanzi (2014) focussed on identifying the barriers hindering
lessons in science education in the upper stages of elementary school in Saudi Arabia. Findings
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indicated that science teachers are often reluctant to use the laboratory in science teaching. Factors
causing this reluctance include the lack of a laboratory manual, and the inability of teachers who are
insufficiently trained to conduct the experiment.

Alshehri and Alabdulkareem (2016) carried out a study to investigate the activation of the school
laboratories programme in Saudi Arabia. The results indicated that learning materials were lacking
and tools for evaluating experiments were not widely available. Additionally, teachers reported only
receiving a medium level of support for the programme. With regard to the programme’s objectives,
the findings indicated a weakness in students' ability to carry out laboratory-based work. In turn,
this had a negative effect on their practical scientific skills.

Hinneh (2017) studied students' attitudes towards practical work, and how these attitudes
influenced students' achievement in Biology. The study adopted a sequential explanatory mixed
methods design, and, to collect data, a 30-item Science Attitude Questionnaire was created. Semi-
structured interviews and participant observations were also used. The study found that students
found practical science work enjoyable and important, but did not feel motivated to study science
further after leaving secondary school.

Moreover, Dagnew and Sitotaw (2019) carried out a study to investigate the impact that practical
work in biology lessons had on the academic achievement of ninth-grade students. Their attitudes
were examined pre-test and post-test, whilst their achievements were assessed post-test. Four
randomly selected students were also interviewed. The research findings showed that experimental
teaching impacted students’ attitudes and achievements in some biology lessons, whilst a positive
relationship was identified between attitude and achievement. Thus, the researcher recommended
that secondary school biology teachers incorporate practical work into their lesson plans in order to
enhance the academic achievement of their students.

Students’ attitudes towards practical work in secondary school physics, biology, and chemistry
classes in England were also examined by Sharpe and Abrahams (2020). A total of 607 students from
years 7-10 were included in this study, all of whom came from three state secondary schools in
England. The research investigated students’ attitudes using an established analytical framework
incorporating the cognitive, affective, and behavioural domains, whilst a mixed-methods approach
to data collection was employed. Thus, data were collected using questionnaires, focus group
discussions, and lesson observations. The findings indicated that most students had positive
attitudes towards practical work, however these attitudes were not constant. Instead, they were
subject to change over time.

The Practice of Science Practical Work in Saudi Arabia

Previous research has highlighted the fact that school laboratories tend to be inadequately used
in Saudi Arabia’s secondary schools. The Aljabr study (2009) found a number of areas which need to
be re-evaluated and improved, including the lack of integration and the complexity of science
courses at secondary level, specifically in chemistry, physics, and biology. Additionally, there has
been a dearth of clear guidelines on how best to exploit science laboratories within schools.
Alharthy (2015) notes that Saudi schools need to tackle a range of issues across every educational
level, and points to limited numbers of trained laboratory technicians, overcrowding in classrooms,
and short lesson periods which do not offer the time needed to carry out experiments. He also
found that the administrators in schools do not successfully encourage their science teachers to
make regular use of the laboratory.

According to Alshamrani (2018), female students at secondary school who are studying physics
are not generally competent in carrying out scientific experiments. This is due to the lack of essential
tools and equipment, the limited amount of time set aside for laboratory experiments on physics
courses, and the ever-present risk of experiments becoming dangerous. Alshehri and Alabdulkarim
(2016) agree that there are several issues which make it difficult to implement laboratory work for
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students, and as a result these students do not gain the practical skills they need in the field of
science. The study also found that the demand for scientific experiments in school laboratories is
weak, particularly among first year secondary pupils. This stage of students’ educational journey is,
however, an important one, since it precedes the point at which students choose their specialism—
whether in natural sciences or humanities — and this choice is influenced by the degree to which
they have benefitted from, and enjoyed, their courses.

Alshaya (2011) looks at the issue from a different perspective, and argues that science
laboratories in Saudi schools have a positive influence on cognition and developing skills and
emotional intelligence. To take one example, in terms of cognitive development, the laboratory
plays a part in the teaching and learning of scientific concepts, encourages students to expand their
problem-solving abilities, as well as stimulating them to think in new and ground-breaking ways. In
terms of skills, the science laboratory supports students in the development of their scientific
research abilities, their knowledge of how to analyse data, and their communication and
interpersonal skills. Similarly, labs help students to develop a positive view of learning and of their
capacity to influence other people, as well as encouraging them to embrace values which underpin
science, namely accuracy, honesty, transparency, and validity.

Yager and McCormack (1989) state that it has been determined that traditional methods of
teaching science have resulted in students having a negative view of science itself, and of learning it
as a subject. Students who have a positive attitude towards science are far more likely to learn it
more easily and expand their knowledge of the field. Yager (1996) found that the negative reaction
students have towards science is based on the teaching approach: which can consist of the need to
memorise scientific facts, the heavy emphasis on tests and grades, and the fact that they are
afforded few opportunities to enjoy the subject. It is essential to encourage Saudi students to move
away from top-down, teacher-centred learning and move towards student-centred activities, where
the students themselves can have an input in designing their own experiments.

Hamdan and Alsalouli (2013) point out that, since the Saudi Arabian Ministry of Education
centralised curriculum development, it has followed a top-down strategy, translating both American
and British science curricula and textbooks into Arabic. While this approach simplifies the process of
devising a curriculum, it also sets up hurdles for curriculum teaching, as a result of other science
stakeholders, such as teachers, introducing misinterpretation. The new curriculum also has a
student-centred focus, which challenges the traditional approach to teaching in Saudi Arabia (Smith
& Abouammob, 2013). Teacher-centred classes can be tedious for students, and impact negatively
on the benefits of undertaking practical work. Singer et al. (2006) add that traditional laboratory
experimental work limits the number of students who can be involved at any one time, and favours
small groups.

4. Methodology

This study focussed on exploring the affective value of practical work in biology, chemistry, and
physics (BCP). Two key areas of interest were investigated here, namely the nature of students’
knowledge and practical work in secondary school BCP science lessons and students’ comparative
knowledge and practical work in secondary school BCP classes between year groups (years 10, 11,
and 12). In this research, the term ‘practical work’ refers to any science task that requires students
to observe or manipulate real-life objects and materials, with no computer-based virtual materials
involved (Millar, 2011). A sequential explanatory mixed-methods design was employed in the
research to enrich the quantitative results using qualitative data. There are two unique stages
involved in mixed methods research, namely a quantitative stage and a qualitative stage (Creswell et
al.,, 2003). A methodological triangulation approach incorporating a scale of attitudes towards
practical work (SATPW) and interviews is thus used in this study. The main purpose of using
triangulation in this work was to obtain a more profound insight into students’ attitudes towards
practical work. The two sequential stages carried out in this study are outlined below.
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Sample Population

The sample consisted of 438 secondary school students in their first, second, and third years of
secondary school in a specific region of north-eastern Saudi Arabia, namely Al-Jouf. To select the
sample, simple random sampling was employed. This enabled random schools to be selected from
which random classes were then chosen. Subsequently, students were randomly selected from each
class. Most participants (362) in the sample were males (83%), and the remainder (76) were females
(17%). Altogether, 160 participants were first-year students (37%), whilst 155 were in their second
year (35%), and 123 were in their third year (28%). Additionally, 394 participants were students at
public schools, whilst just 44 were taught in private schools. During the qualitative stage of the
study, 12 students from seven secondary schools were interviewed.

Stage 1: Scale of Attitude towards practical work(SATPW)

During this phase, questionnaires containing items pertaining to knowledge and attitude were
distributed to participating students. A total of 438 completed questionnaires were returned.
Altogether, 100 items were included in the first item pool, of which 41 were designed to evaluate
the affective sub-scale, 23 were intended to assess the cognitive sub-scale, and the remaining 32
measured the psychomotor sub-scale. The first draft of the scale, alongside operational definitions,
were given to a panel of 7 jurors for further revision, after which the scale items were narrowed
down based on three inclusion criteria, namely clarity, representativeness, and relevance to the
construct of interest. The experts used a five-point Likert scale ranging from 5 (very suitable) to 1
(very unsuitable) to assess the items. After the review process, 96 items were retained. The
guestionnaires were then distributed to students and exploratory factor analysis was performed on
their scores for each item.

Validity
Exploratory Factor Analysis (EFA) of the SATPW

To identify a workable factor structure for 70 items in the SATPW, exploratory factor analysis with
principal components was performed. In the first SATPW draft, more than 20 items were used for
each sub-scale. However, Varimax rotation was performed on the resulting factors to form a simple
structure. The following criteria were used to determine how many factors were retained: (a)
Kaiser's rule of retaining factors that have eigenvalues higher than 1, (b) factors must be able to
explain at least 10% of the total variance extracted, and (c) each factor should include at least three
items. The inclusion criterion for retaining factors was that they must have loadings of at least .35.
Three factors were yielded during the analysis, which are presented in Table 2. Altogether, 26 items
had to be removed, as they failed to meet these criteria. The remaining 24 were kept, and served as
the core items of the SATPW. The Kaiser—Meyer—Olkin measure of sampling adequacy was found to
be .945, whilst the approximate Chi-Square of Bartlett’s Sphericity Test was 7245.113. This suggests
that the EFA assumptions were correct.

Table 1. Descriptive statistics of the SATPW, N=438

Sub-scales M (SD)

First Year Second Year Third Year
Cognitive 29.22 (4.50) 28.95 (4.57) 28.40 (5.51)
Affective 42.17 (6.92) 42.06 (5.96) 40.68 (8.05)
Psychomotor 28.54 (5.23) 28.25 (5.64) 26.86 (6.12)

The descriptive statistics reveal that the scores follow a normal distribution curve.
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Table 2. ltem-total correlations of the (SATPW), N=438

Item (factorl)  r** Item (factor2) r Item (factor3) r
15. 757 92. .786 53. .761
10. 734 96. .675 55. .757
9. 791 94. .852 54. .839
14, .802 93. .850 43. .783
16. .820 95. .843 52. .751
8. 791 85. .815 63. 791
3. .862 89. .801 64. .749
. 797
18. .761
32. 781

Table 2 shows the Item Discrimination Index. Correlation values varied between.675 and .862,
which suggests that the items accurately reflect the attitude construct.

Scree Plot

Eigenvalue
B

12 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 20 21 22 23 24

Component Number

Figure 1. Scree plot of the SATPW
Figure 1 shows the factorial structure of the attitude scale. All three factors were found to have
eigenvalues in excess of 1 (the acceptable value), which suggests that the attitude scale is multi-
dimensional.

Table 3 Exploratory Factor Analysis of (SATPW) (N=438)

No. Factor 1 Factor 2 Factor 3 h?

15. .795 .743
10. .764 .677
9. .762 .663
14. 748 .635
16. 742 .660
8. 719 .623
3. 715 .582
4. .689 .539
18. .688 .583
32. .681 .592
92. .822 .746
96. .813 .699
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94. .803 .739
93. .765 .710
95. .748 .673
85. .679 .610
89. .501 415
53. 722 .730
55. .699 .607
54, .676 .657
43. .669 .591
52. .638 .592
63. .546 .596
64. .503 .530
Eigenvalue 6.317 4,996 3.880

% Variance 26.321 20.817 16.168

% Cumulative 26.321 47.138 63.307

Confirmatory Factor Analysis

To carry out confirmatory factor analysis of the SATPW, Amos Software (version 22) was
employed. The scores of the 438 participants for the 24 items were analysed to verify that the
attitude construct was multi-dimensional. Moreover, a three-factor model was used to carry out
CFA, which provided the following indices: x2 /df = 1.89, CFl = .97, TLI = .96, RMSEA = .06 (90%Cl =
.02; .10) and RMR = .03. When considered collaboratively, these findings suggest that the multi-
factor model is very fitting to the data. The factorial loadings of the items varied between .822 and
.501, with all items being statistically significant. (p< .01) (see Figure 1).

Cognitive
Attitude_Scale Affective
Psychmotor

Figure 2. CFA of the ATPWS

Table 4. CFA goodness of fit statistics of the for ATPWS

2
Model X X2/df GFI AGFI  NFI CFI TLI RMSEA (90% ClI)

3-factor Model  9.98 (p=.007) 24.99 985 955 .983 986 .979 .09 (.043-.158)
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Table 4 reveals that the three-factor model is very fitting for the data. Moreover, the goodness of fit
indices (GFI, AGFI, NFI, CFl, and TLI) can be considered acceptable as they are all close to 1 (Khalaf &
Abulela, 2021; Khalaf & Al-Said, 2021). However, the root mean square error of approximation was
found to be below 1. Thus, it can be confirmed that the attitude scale has a multi-dimensional
factorial structure. In turn, these findings confirm the validity of the attitude scale.

Reliability

Cronbach’s alpha (a) and McDonald’s omega (Q)were employed to evaluate the SATPW’s internal
consistency because McDonald’s omega is better than alpha at estimating reliability. These findings
suggested high reliability (see Table 5)

Table 5. Internal Consistency of the SATPW N=438

Sub-scale No. of items Cronbach’s alpha McDonald’s
o omega Q)
Cognitive 7 .889 .889
Affective 10 .932 .933
Psychomotor 7 .909 917
Total SATPW 24 951 951

Cronbach’s alpha (a) varied between .88 and .95 for the three components on the attitude scale,
whilst McDonald’s omega (Q) values varied between .89 and 95. This can be seen in Table 5, and
suggests that the attitude scale has adequate levels of reliability. Since McDonald’s omega is a
robust measure of reliability (Khalaf & Abulela, 2021), it was computed along with Cronbach’s alpha.

Stage 2: Interviews

After the Scale of Attitudes towards practical work had been carried out, 12 interviews were
performed, each of which lasted approximately one hour. The interviews were semi-structured, and
involved students in their first, second, and third years of secondary school. Interviews have been
defined by Cohen and Manion (1994) as key data collection tools as they generate rich, detailed
information and thus they are very suitable for the present study. During interviews, researchers can
ask probing questions and ask interviewees to elaborate upon their responses if necessary. Before
the real interviews, a pilot interview was performed. This highlighted the need to provide stimuli
statements to encourage students to engage in the discussion instead of simply being asked for their
opinions about practical work by the researcher. Stimuli questions included: (1) how do you feel
about carrying out practical work lessons? (2) Can you provide an example of a specific practical task
that they really liked or really disliked? (3) Would you change anything about how practical lessons
are carried out?

In order to identify common themes, the researcher read the transcripts of each interview. The
themes identified were then categorised and inputted into a Microsoft Word Document to be
further analysed.

Member checking was performed in order to ensure that the qualitative component of the study
was credible. Interviewees were asked to review the notes and make any corrections if necessary
immediately after the interview.
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Results
The Cognitive Domain

Table 6 shows that 80—-91% of students agreed with the items pertaining to the cognitive domain, whilst this figure was 72—-86% for students in the
second grade, and 65—-84% for those in the third grade. It is thus evident that students from the first, second, and third years understood the cognitive value
of practical work when they agreed that 'conducting experiments in the laboratory helps them to develop their problem-solving skills, think practically and
interpret results in a logical manner.' Moreover, most second-year students agreed that they could 'describe the steps involved in lab experiments', and
most third-grade students reported that 'practical work in the laboratory helps them to understand biology/chemistry/physics'.

Table 6. Frequencies of Items in the Cognitive Domain

Stages Year 1 Year 2 Year 3
Items Frequencies of items in the Frequencies of items in the Cognitive Frequencies of items in the Cognitive
Cognitive sub-scale N= 160 sub-scale N= 155 sub-scale N=123

Disagree %)  Neutral (%) Agree (%) Disagree (%) Neutral (%) Agree (%) Disagree (%) Neutral (%) Agree (%)

Conducting laboratory experiences helps me to 1(6) 14 (8.8) 145 (90.6) 4(2.6) 20 (12.9) 131 (84.5) 6(4.9) 21 (17.1) 96 (78)
develop my problem-solving skills, think practically, and
interpret results in a logical manner.

Laboratory experiments help me understand 9 (5.6) 15 (9.4) 136 (85) 4(2.6) 30 (19.4) 121 (78) 3(2.4) 17 (13.8) 103 (83.7)
biology/chemistry/physics.

Laboratory experiments help me develop my creativity. 7(4.4) 26 (16.3) 127 (79.4) 8(5.2) 22 (14.2) 125 (81) 9(7.3) 20 (16.3) 94 (76.4)
| like to explain the results obtained from the 3(1.9) 15 (9.4) 142 (88.8) 9 (5.8) 7 (11) 129 (82.5) 7 (5.7) 18 (14.6) 98 (79.7)
experiments.

Lab work enables me to differentiate between 11 (6.9) 19 (11.9) 120 (81.3) 4(2.6) 24 (15.5) 127 (81.9) 5(4.1) 18 (14.6) 80 (65)
measuring instruments and volume.

| am able to describe the steps involved in laboratory 7 (4.4) 25 (15.6) 128 (80) 7 (4.5) 24 (15.5) 124 (86.4) 8 (6.5) 30 (24.4) 85 (69.1)
experiments.

I can easily identify the lab tools. 14 (8.8) 17 (15.6) 129 80.6) 11 (7.1) 32 (20.6) 112 (72) 10(8.1) 26 (20.1) 87 (75.7)

The Affective Domain

Table 7 shows that between 72% and 90% of first-grade students agreed with the items relating to the affective domain. On the other hand, 69-93% of
second-grade students agreed with their items, and 67-81% of third-grade students agreed. Students from all grades thus understood the affective value of
practical work, as they reported that they were 'overjoyed when the teacher took them into the laboratory for practical lessons.'
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Table 7. Frequencies of items in the Affective domain

Year 1 Year 2 Year 3
tage Frequencies of items in the Affective sub- Frequencies of items in the Affective sub- Frequencies of items in the Affective
scale N= 160 scale N= 155 sub-scale N= 123

ltems Disagree (%) Neutral (%) Agree (%) Disagree (%) Neutral (%) Agree (%) Disagree (%)  Neutral (%) Agree (%)
| feel so happy when | am in the lab. 5(3.1) 17 (10.6) 138 (86.3) 4(2.6) 24 (15.5) 127 (81.9) 7 (5.7) 23 (18.7) 93 (75.6)
| am overjoyed when the teacher responds
to our desires to go into the lab. 9 (5.6) 7 (4.4) 144 (90) 11 (7.1) 144 (92.9) 5(4.1) 18(14.6) 100 (81.3)
| am happy to carry out laboratory 9(5.6) 23 (14.4) 128 (80) 5(3.2) 24(155) 126 (81.3) 8 (6.5) 30 (24.4) 85 (69.1)
experiments with my classmates.
It makes me happy to carry out scientific
experiments in the laboratory. 8 (5) 9 (5.6) 143 (89.3) 11 (7.1) 9 (5.8) 135 (87.1) 4(3.3) 25 (20.3) 94 (76.4)
| enjoy conducting experiments in the lab L
with my classmates. 7 (4.4) 21(13.1) 132 (82.5) 21(13.5) 134 (87.4) 5(4.1) 22 (17.9) 96 (78)
I really enjoy being in the lab. 5(3.1) 13 (8.1) 142 (88.8) 2(1.3) 19 (12.3) 124 (86.4) 6 (4.9) 19 (15.4) 98 (79.7)
| feel happy when we go into the lab. 8 (5) 22 (13.8) 130 (81.3) 7(1.9) 20(12.9) 128 (82.2) 6 (4.9) 29 (23.6) 88 (71.5)
| enjoy being in the lab with my classmates. 8 (5) 19 (11.9) 133 (83.1) 5(3.2) 17 (11.1) 133 (87.3) 6 (4.9) 20 (16.3) 97 (78.9)
| find practical biology, chemistry, and 10 (6.3) 14 (8.8) 136 (85) 4(2.6) 24(155)  127(8L.9) 6(49)  22(17.9) 95 (77)
physics classes exciting.
| can't wait to go to the science lab. 12 (7.5) 33 (20.6) 115(71.9) 13 (8.4) 35 (22.6) 107 (69) 7 (5.7) 34 (27.6) 82 (66.7)

The Psychomotor Domain

In Table 8, it can be observed that 72—-84% of first-grade students agreed with all the items pertaining to the psychomotor domain, whilst these figures
were 72—-88% for second-grade students and 63—77% for those in third grade. Thus, the findings presented in the table clearly show that students in the
first, second, and third grades all understood the psychomotor value of carrying out practical work, as they all agreed with the statement that they 'did
many scientific experiments with their classmates'.
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Table 8. Frequencies of items pertaining to the Psychomotor domain

Stages

Items

Year 1

Frequencies of items in the
Psychomotor sub-scale N= 160

Disagree (%)

Neutral (%)

Agree (%)

Year 2

Frequencies of items in the
Psychomotor sub-scale N= 155

Disagree (%)

Neutral (%)

Agree (%)

Year 3

Frequencies of items in the
Psychomotor sub-scale N=123

Disagree (%)

Neutral (%)

Agree (%)

I have become highly skilled in carrying out
scientific experiments in the laboratory.

| have started to help my teacher when carrying
out science experiments in the laboratory.

| have conducted many scientific experiments with
my classmates in the laboratory.

I can identify different laboratory tools just by
using my eyes.

| understand how to perform traditional and
technological lab work.

| use lab tools with great craftsmanship.

The lab has helped me to master a number of
skills, including making slides and using an
electroscope.

9 (5.6)
14 (8.8)
8 (5)
10(6.3)
7 (4.4)

21(13.1)
11 (6.9)

21 (13.1)
15 (9.4)
27 (16.9)
24 (15)
24 (15)

24 (15)
21(13.1)

130 (81.3)
131 (81.9)
135 (84.4)
126 (78.8)
129 (80.6)

115 (71.9)
128 (80)

6(3.9)
5(3.2)
11(8.4)
15 (6.5)
11(7.1)

16 (10.3)
15 (6.5)

18 (11.6)
14(9)
31 (20)
25 (16.1)
31(20)

29 (18.7)
25 (16.1)

131 (84.5)
136 (87.8)
111 (71.6)
120 (77.4)
113 (72.9)

115 (73.3)
120 (77.4)

15 (12.2)
6 (4.9)
14 (11.4)
13 (10.6)
15 (12.2)

9(7.3)
15 (12.2)

30 (24.4)
22 (17.9)
25(20.3)
25 (20.3)
24 (19.5)

27 (22)
27 (22)

78 (63.4)
95 (77)
83 (67.5)
85 (69.1)
84 (68.3)

87 (70.7)
81 (65.9)
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Table 9. Multivariate analysis of the differences among the first, second, and third year secondary

school students N=438

Subscales of Mean
Source the ATLWS Sum of Squares  DF Square F Sig. Eta Squared
Year Level Cognitive 47.662 2 23.831 1.023 .360 .005
(1,2,and3) Affective 182.198 2 91.099 1.893 152 .009
Psychomotor 215.458 2 107.729 3.389 .035 .015

It is evident from Table 9 that there are statistically significant differences between the attitudes of
first-, second-, and third-year students in the psychomotor domain. On the other hand, the differences
identified in the cognitive and affective domains are insignificant. An effect size of approximately 0.2
was identified for the psychomotor domain, which is relatively small.

Table 10 Post Hoc Analysis, N= 438

ATLWS subscales

Years (Mean)

Mean Difference Sig.

Cognitive Year 1(29.22) Year 2 (28.95)
Year 3(28.40)

Year 2 Year 1l

Year 3

Year 3 Year 1l

Year 2
Affective Year 1(42.17) Year 2(42.06)
Year 3(40.68)

Year 2 Year 1l

Year 3

Year 3 Year 1

Year 2
Psychomotor Year 1(28.54) Year 2(28.25)
Year 3 (28.40)

Year 2 Year 1

Year 3

Year 3 Year 1

Year 2

.264 .628
.820 .157
-.264 .628
.556 .340
-.820 .157
-.556 .340
11 .887
1.486 .075
-111 .887
1.375 .101
-1.486 .075
-1.375 .101
.299 .639
1.682" .013
-.299 .639
1.383" .043

-1.682" .013

-1.383" .043

The posthoc analysis revealed significant differences between the attitudes of the first- and third-
year students in the psychomotor domain, with the former showing more favourable attitudes. On the
other hand, third-year students showed more favourable attitudes than second-year students.

However, no significant differences were identified in the cognitive or affective domains.
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Qualitative Analysis
The importance of practical work

All of the students involved in the interview agreed that practical work plays a fundamental role in
developing a conceptual understanding of science. Moreover, there is an element of suspense
associated with practical work that motivates students to participate. The students believed that
practical experiences are more interesting to students, and therefore that they are able to maintain
focus more easily when carrying out a practical task. Most students agreed that laboratory learning is
more beneficial, and makes it easier for them to understand and assimilate information, whilst the
applied educational process enhances their enthusiasm to learn science. On the other hand, a few
students did not believe that the applied process was too important, and they indicated that it could
have significant limitations.

The interest in practical work

Most participants reported a preference for practical tasks over theory work because it gave them
an opportunity to connect information and learn new things. It also enhanced their self-esteem, and
taught them how to behave safely and responsibly at home. Thus, they believed that practical lessons
and experiments were highly applicable to real-life situations.

The requirements of practical work

Participants in the interview agreed that there are two types of safety that must be considered
before carrying out practical tasks, namely the personal safety of the experimenter (i.e. wearing
protective clothing and goggles)and public safety (i.e. ensuring that a fire extinguisher, emergency exit
and safety tools are within easy reach). They also acknowledged the importance of understanding the
theory behind the experiments before carrying them out, as this ensured that they could effectively
perform the tasks in the laboratory. The students agreed that they would start by identifying the
problem at hand, and then carry out an experiment to solve the problem. They also made sure to
inform their supervisor whilst carrying out the experiment for safety purposes.

Several factors were identified by the students as being crucial in ensuring safety in the laboratory
setting, including the presence of a fire extinguisher, first aid kits, gloves, goggles, protective clothing,
locks, alarms, instruction boards, ventilation, and emergency exits.

Moreover, the students stated that practical experiments can support and reinforce the learning of
theoretical scientific materials because it is generally easier to absorb information in this way. They
also believed that information learned in this way stays in the mind for a longer period of time than
when read in theory form.

Most students also believed that science education programmes are boring and difficult to
understand when taught without the aid of practical experiments. This is because the information
provided by the teachers lacks a tangible context. This is less effective because learning is limited to
indoctrination when practical experience is not involved.

Discussion

In general, the students involved in the present study believed that practical work in science lessons
was beneficial. First of all, in terms of the cognitive domain, students in different year groups had
different opinions. For example, those in the first grade believed that practical work had cognitive
value because it enhanced their problem-solving skills, encouraged them to think practically, and
enabled them to interpret results logically. With regard to the affective domain, a majority of students
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reported their enjoyment of learning when their teachers took them into the laboratory for practical
lessons. In addition, students valued practical work in the psychomotor domain because it enabled
them to carry out scientific experiments with their classmates. However, those in the second grade
indicated that they could describe the steps involved in laboratory experiments, and those in the third
grade believed that laboratory tasks helped them to understand biology/chemistry/physics.

Nonetheless, Alshehri and Alabdulkareem (2016) revealed a major weakness by reporting on how
Saudi students indicated shortcomings in the implementation of laboratory-based learning activities,
which negatively impacted students’ understanding of practical tasks. Sharpe (2012) investigated the
cognitive domain, and found that students generally believed practical work helped them to
understand scientific phenomena because they were able to see them with their own eyes. This
enabled them to relate theory to practice. Additionally, several students indicated that they found it
difficult to learn science without practical work, whilst others highlighted concerns that practical work
could provide wrong answers which could affect their examination results in future. Nonetheless, with
regard to the affective domain, Sharpe and Abrahams (2020) discovered that British students typically
favour practical work over other non-practical tasks, and that students felt that they were being given
more autonomy when participating in practical work. For example, they could talk to their classmates
whilst working. In cognitive terms, research findings showed that practical work affects students’
conceptual and procedural understanding, with many students feeling that practical work allowed
them to witness theory in action. As a result, students should be encouraged to engage in practical
work.

On the other hand, significant differences were revealed between the attitudes of the first- and
third-year students in the psychomotor domain, with the former showing more favourable attitudes.
On the other hand, third-year students showed more favourable attitudes than second-year students.
However, no significant differences were identified in the cognitive or affective domains. Even though
year 7 students come to science lessons displaying substantial enthusiasm for carrying out practical
work, Sharpe (2012) found that this enthusiasm had dwindled significantly by year 10 as students
realised that they would need to learn theory for their examinations, and that they would soon be
finishing their compulsory educational journey.

The study carried out by Sharpe and Abrahams (2020) showed that the affective value of practical
tasks differed largely by subject. However, this value gradually decreased in all three sciences as
students approached their General Certificate in Secondary Education examinations (GCSE) at the age
of 16. This highlights the importance of understanding that students’ attitudes to practical work can
change over time, and to a greater extent than was previously assumed. It is thus inaccurate to
assume that these students’ attitudes to practical work will always remain the same, and further
investigations should be carried out to understand how age impacts students’ attitudes towards
practical/experimental tasks (Sharpe, 2012). Also, students’ enthusiasm to engage in virtual practical
work should be considered, especially after the consequences and challenges imposed on educational
systems by the COVID-19 pandemic (Khalaf, 2020).

Most students agreed that laboratory learning is more beneficial, and makes it easier for them to
understand and assimilate information, whilst the practical work enhanced their enthusiasm to learn
science. Moreover, these findings are in line with those of Lee and Sulaiman (2018), who found that
practical work creates an environment conducive to serious science learning. In such settings, students
can take control of their own learning, and enhance their understanding of practical work.
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Most participants reported a preference for practical tasks over theory work because it gave them
an opportunity to connect information and learn new things. It also enhanced their self-esteem and
taught them how to behave safely and responsibly at home. Thus, they believed that practical lessons
and experiments were highly applicable to real-life situations. The results are also consistent with
those found in Sharpe’s (2012) research, which revealed that most students enjoy practical work and
understand its importance, although they rarely consider undertaking a career in science. Most
students also believed that science education programmes are boring and difficult to understand
when taught without the aid of practical experiments. This is because the information provided by the
teachers lacks a tangible context. This is less effective because learning is limited to indoctrination
when practical experience is not involved.

Dagnew and Sitotaw (2019) also discovered that practical experimentation plays a vital role in
developing students’ learning skills by motivating them to take part in classes. They also provide
teachers with a wide range of teaching tools that extend beyond textbooks. Furthermore, many
studies have shown that practical lessons positively impact students’ academic achievement. When
students are interested in a lesson, they typically make more effort, which in turn translates into
higher achievement. Therefore, this implies that Saudi teachers would benefit from adopting new
strategies to increase students’ interest and motivation in science subjects. It is crucial that teachers
give students a chance to take part in practical tasks that are relevant to the topics that they are
studying, as this will develop positive attitudes to science amongst the students. In turn, this will
improve their academic achievement, not only in secondary school but also in higher education
(Hinneh, 2017). Additionally, all students agreed that there are two types of safety that must be
considered before carrying out practical tasks, namely the personal safety of the experimenter (i.e.
wearing protective clothing and goggles) and public safety (i.e. ensuring that a fire extinguisher,
emergency exit, and safety tools are within easy reach). However, Dagnew and Sitotaw (2019) also
found that a lack of technical knowledge and students’ behaviour can reduce the amount of time
spent in laboratories undertaking practical science tasks, whilst high demands are also damaging
practical science.

The findings of Alshehri and Alabdulkareem (2016) showed that note cards and experiment
evaluation tools are not distributed frequently enough. Morever, Alanzi (2014) found that science
teachers in Saudi Arabia are reluctant to take students into the laboratory due to a lack of manuals
and poor training in how to carry out experiments. The current research recommends that the
administration of Saudi schools should supply all essential equipment to facilitate the practical work
for most topics in chemistry, biology, and physics.

Conclusion

In Saudi Arabian secondary schools, practical tasks are a fundamental component of science
education programmes. The present study has shown that Saudi students generally have positive
attitudes towards practical lessons in the cognitive, affective, and psychomotor domains. Moreover,
the findings revealed that a majority of Saudi students understood the importance of practical work in
science education, as it enabled them to see things for themselves. Nonetheless, it is important to
note that Saudi teachers need special training to develop their own competence, skills, and knowledge
when carrying out practical lessons with their students. The findings of the present study also highlight
the importance of ensuring that laboratory facilities are fully equipped and furnished, with all
necessary tools being available. The necessary measures should also be taken to ensure that teachers
and students understand how to carry out the experiments. Curriculum developers, policymakers, and
textbook authors in Saudi Arabia must consider the attitudes of students when developing new
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materials. In future, researchers should focus on the impact of practical work on science education at
different levels (i.e. primary and secondary). It is also recommended that researchers explore the
attitudes of science teachers towards practical work.
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