Science Education International
33(2), 232-241
https://doi.org/10.33828/sei.v33.i2.11

ORIGINAL ARTICLE

W

International Council of
Associalion for Science Education

The Effect of Dialogic Practical Work on Secondary School
Students’ Attitudes toward Physics

Ewonetu Bantie Belay'*, Mekbib Alemu?, Mesfin Tadesse®

"Department of Science and Mathematics Education, College of Education and Behavioral Studies, Addis Ababa University, Addis Ababa,
Ethiopia,?Department of Science and Mathematics Education, College of Education and Behavioral Sciences, Addis Ababa University, Addis Ababa,
Ethiopia,®Department of Physics, College of Computational and Natural Science, Addis Ababa University, Addis Ababa, Ethiopia

*Corresponding Author: ewnetbante@gmail.com

ABSTRACT

This study investigated the effect of dialogic practical work on students’ attitudes toward physics. The sample of the study was 91
grade 11 secondary school students selected randomly from two schools in Bahir Dar town, Ethiopia. A quasi-experimental pretest-
posttest between groups research design was used. The treatment group participated in dialogic practical work while the comparison
group conducted traditional practical work. A 30-item physics attitude questionnaire with Cronbach alpha value of 0.84 was used to
collect the data before and after intervention. T-test and one-way ANOVA were used to analyze the data. The result of the study showed
that there was a statistically significant difference between treatment and comparison group in favor of the treatment group with no
gender differential effects. In addition, the finding showed that the most significant attitude change occurred between the high and low
achievement groups. However, no significant difference was observed between the high and medium achievement groups. Dialogic

practical work can be used to enhance secondary school students' attitudes toward physics.

KEY WORDS: Achievement levels; attitudes towards physics; dialogic practical work; secondary school students; traditional
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INTRODUCTION

cknowledging that science education has an
Aindispensable value to enhance scientific innovations

and technological advancements, countries invest
huge resources to improve the teaching and learning of
science (Royal Society, 2010). Governments recognize that
it is difficult to realize economic growth without remaking
the education sector to assure the required level of scientific
excellence and technological innovations. Countries should
have well-trained science and technology manpower for
the needs of the economy and society. Furthermore, the
dynamic work environment, globalization, digitalization,
and technology-driven world demands a new set of holistic
education to equip young people with knowledge, attitudes, and
skills in Science, Technology, Engineering, and Mathematics
disciplines (Tanenbaum, 2016; Teo, 2019).

There is an alarming rise in the need for highly educated
people in science subjects (Hillman et al., 2016; Kind et al.,
2007; Osborne et al., 2003). Science disciplines should attract
a sufficient number of highly talented individuals entering
scientific and engineering careers. The need for a highly
educated citizen in Science, Technology, Engineering, and
Mathematics are critically important for Sub-Saharan African
countries to end abject poverty in the region and to boost
economic growth (The African Union Commission, 2015).
In collaboration with regional and global financial partners,

governments of this region are determined to achieve the
developmental goals of becoming a lower middle income
country in the near future (The African Union Commission,
2015; Gbre-eyesus, 2017). These countries are using education
as a vehicle to realize economic development and improve
the standards of living, quality of life, and well-being for
their citizens. Initiatives such as Sustainable Development
Goals set an agenda to ensure inclusive and equitable quality
education and to promote lifelong learning opportunities for
all (Webb et al., 2017).

Likewise, the Ethiopian government has an ambition to spur
economic structural transformation and sustain accelerated
growth toward the realization of the national vision to become
a low-middle income country by 2025 (Gbre-eyesus, 2017).
Ethiopia has given top priority for science education as a key
vehicle to ensure rapid, sustainable, and broad-based growth
in the country for the past three decades (Teferra et al., 2018).
It has invested in a significant budget for science education
with a vision of providing young generations with the required
competencies and the skills needed for a growing economy.
Accordingly, a rapid expansion of secondary and higher
education is needed to provide the workforce for the growing
industrial and service sectors (Gbre-eyesus, 2017; Joshi and
Verspoor, 2012).

In addition, graduates must be well prepared to be a match
for the market, make valuable contributions in their fields,
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enhance their self-employability, assure creativity, innovation,
and the advancement of knowledge. The Ministry of Education
(MoE) launched successive Education Sector Development
reforms and General Education Quality Improvement
Programs aimed at improving the quality of science education
(Hoddinott et al., 2019; MoE, 2015). The implemented reforms
brought about numerous achievements such as increasing
the number of qualified teachers in primary and secondary
education, improving the infrastructure of the schools, and
increasing students’ enrolment especially at the primary level
(Hoddinott et al., 2019; Teferra et al., 2018).

However, the participation rates for secondary education
are still far behind the rest of the world (Gbre-eyesus, 2017;
Regmi, 2015). The quality and standards of education at all
levels remain unacceptably low (Goshu and Woldeamanuel,
2019; Hoddinott et al., 2019). National Learning Assessment
reports have shown that secondary school students’ (Grade 10
and 12) national examination physics performance is poor and
has shown no signs of improvement (MoE, 2010, 2014). In
2013, only 10.5% of grade 12 students were able to score 50%
and above in physics. The majority of the secondary school
students did not have the expected knowledge, attitudes, and
skills (Teferra et al., 2018).

The lack of quality science education is increasingly seen to
constrain countries’ abilities to pursue effective economic
growth and development strategies (Joshi and Verspoor, 2012;
Teferra et al., 2018). However, the teaching and learning
process in Ethiopian classrooms remain primarily teacher
centered (Gbre-eyesus, 2017; Tadesse and Gillies, 2015).
Furthermore, students do not get the opportunity to carry
out practical work either individually or in groups in most
secondary schools (Daba et al., 2016; Daba and Anbesaw,
2016; Nigussie et al., 2018). Most Ethiopian students are likely
to complete secondary schools without having done any basic
science experiments.

Scholars have argued that instructional methods have a strong
positive impact in improving students’ attitudes towards
science (e.g., Musengimana et al., 2021). For this reason,
providing new learning experiences to students in science
laboratories may have an indispensable advantage in promoting
their attitudes toward science (Babalola et al., 2020; Millar,
2004). Of course, practical work has a long history in science
education in most countries. However, traditional practical
work approach is still commonly practiced in most schools
and universities (Cramman et al., 2019; Riaz et al., 2020). It
has little impact in achieving the intended students’ learning
outcomes in general (Holmes et al., 2017; Vilaythong, 2011)
and students’ attitudes toward physics in particular (Sawyer
et al., 2017; Wilcox and Lewandowski, 2017). In traditional
practical work approach, students are rarely given the space
to discuss the steps to be followed or to reflect on their
methodology and findings (Sani, 2014).

The present study aimed to address this issue by implementing
dialogic teaching as pedagogy in physics laboratories. There

is no study to date that has investigated the effects of dialogic
teaching in secondary school physics laboratories on students’
attitudes toward physics in the Ethiopian context. Therefore,
the primary objective of this study was to examine how
implementing dialogic practical work in secondary school
physics laboratories affected grade 11 students’ attitudes
toward physics in Bahr Dar town, Ethiopia. It attempts to
address the following research questions:

1. How do secondary school students’ participating in
dialogic practical work significantly differ in their attitude
towards physics compared to traditional practical work?

2. How do secondary school female and male students’
participating in dialogic practical work significantly differ
in their attitudes towards physics?

3. How do secondary school students with different
achievement levels differ in their attitude towards physics
after participating in dialogic practical work?

Attitudes Toward Physics

Attitudes toward science are considered as psychological
preconditions for students’ interest to study science and
pursue scientific careers (Kind et al., 2007; Osborne et al.,
2003). Moreover, students’ positive attitudes toward science
are associated with their commitment and engagement in
learning physics, school performance, and deep understanding
of science ideas (Kingir and Aydemir, 2012; Kousa et al.,
2018; Liou, 2021). Hence, science education researchers
have shown a growing interest in studying students’ attitudes
toward science.

However, there is no consensus among researchers on the
meaning of attitude (Kind et al., 2007; Potvin and Hasni, 2014).
Some scholars defined attitude based on students’ personal
judgment about science either positively or negatively with
some degree of regularity across repeated exposures (Kind
et al., 2007). Students’ personal judgment about science
includes a range of attributes about science teachers, science
classroom, and science content that can be judged as good or
bad, pleasant or unpleasant, interesting, or uninteresting.

Recently, researchers agreed that attitudes toward science,
in general, is a multi-faceted construct (Hillman et al., 2016;
Kaur and Zhao, 2017; Kind et al., 2007; Navarro et al., 2016).
However, these authors differ in categorizing the subscales
of attitudes toward science or physics. For example, Kind
et al. (2007) used learning science, practical work in science,
science outside of school, the importance of science, self-
concept in science, and future participation as subscales
of attitudes toward science. Kaur and Zhao (2017) also
described attitudes toward physics in terms of enthusiasm
toward physics, physics learning, physics as a process, physics
teacher, and physics as a future vocation. Others, for example,
Hillman et al. (2016) used four dimensions whereas Navarro
et al. (2016) used seven subscales. The availability of various
subscales for students’ attitudes toward science resulted in
theoretical and methodological concerns. This diversity in the
definition of the construct among science education researchers
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makes it difficult to systematically summarize the findings
among the literature in different contexts.

In this study, students’attitudes toward physics are theoretically
conceptualized as the feelings and values held by students
toward physics in terms of the dimensions: enthusiasm toward
physics, physics learning, practical work, physics teacher,
and future vocation expressed in the form of like or dislike
(Kind et al., 2007; Kaur and Zhao, 2017). We adapted these
dimensions of attitudes toward physics due to the following
reasons. First, these authors explicitly provided the definition
of the construct attitudes toward physics. Second, they
exhaustively included the most important students’ attitude
dimensions associated with a physics teacher, teaching
methodology, and curriculum.

Practical Work and Attitudes Toward Physics

Practical work is widely seen as an essential component of
science teaching (Abrahams and Millar, 2008; Abrahams and
Reiss, 2012; Hodson, 1991). Babalola et al. (2020) mentioned
that doing practical work can enhance the learning of scientific
knowledge, motivate, and promote positive attitudes to science,
the learning of science, and acquiring laboratory skills. Muchai
(2016) showed that (traditional) practical work has positive
effects on students’ attitudes toward physics compared to
traditional lecture methods.

However, other scholars concluded that traditional practical
work does not develop students’ attitudes towards physics
(Sawyer et al., 2017; Wilcox and Lewandowski, 2017). The
root problem of traditional practical work is “the unthinking
use of laboratory work” (Hodson, 1991, p. 176). Students are
pushed to strictly follow experimental procedures provided in
the manual to collect, analyze, and interpret data. It has been
criticized for the absence of opportunity for the students to
have autonomy and control over the experiment (Sani, 2014).

Some curriculum reforms have shifted from traditional
practical work into more student centered investigations
in general and inquiry based practical work in particular
(Akuma and Callaghan, 2019; NRC, 2012; Sesen and Tarhan,
2013). The reforms provide opportunities for students to set
up experiments, carry out investigations, interpret data, and
drawing conclusions. Some authors argued that inquiry-based
practical work has a positive effect on students’ attitudes toward
physics or chemistry (Kurniawan et al., 2021; Sesen and
Tarhan, 2013; Walker et al., 2012). For example, Walker et al.
(2012) found that Argument-Driven Inquiry (ADI) improved
students’ attitudes toward chemistry. Yet, other indicated that
ADI did not improve attitudes (Demircioglu and Ucar, 2012;
Ural and Gengoglan, 2019). The potential benefits of inquiry-
based practical work on students’ attitudes toward physics are
still difficult to conclude.

Some scholars investigated that a given practical work
approach can bring an attitude difference regarding gender.
Some studies found that females are more likely to develop
a positive attitude than males (Anwer et al., 2012; Heng

and Karpudewan, 2015; Walker et al., 2012). While others
concluded that males developed more positive attitudes toward
science and or physics than females (Kousa et al., 2018). Yet
other studies revealed that females and males did not show any
significant differences in their attitudes toward physics (Zeidan
and Jayosi, 2015). It indicates that the effect of gender on
students’ attitudes toward physics still lacks sufficient evidence.

Others have examined the effects of students’ academic
achievement levels on their attitudes towards physics.
For instance, Kingir and Aydemir (2012) found a positive
association between students’ attitude and their achievements.
Yet others, showed that students’ attitudes have a positive
influence on their academic achievement (Kousa et al., 2018).
However, there are a few studies that contradict the above
findings (Fulmer et al., 2019; Osborne and Dillon, 2008;
Potvin and Hasni, 2014). For example, Fulmer et al. (2019)
found that students from the highest performing schools
have low attitudes toward science compared to students from
the lower performing schools. Potvin and Hasni (2014) and
Osborne and Dillon (2008) argued that students selected
from high-performing schools did not show positive attitudes
toward physics. Therefore, there is gap in literature regarding
the effects of students’ achievement levels on their attitudes
toward physics. This study investigates the possible attitude
differences that may exist between females and males as well
as among achievement levels as a result of dialogic practical
work.

Dialogic Practical Work Conceptual Framework

The purpose of the present study was to examine the effect
of applying dialogic teaching in physics practical work on
secondary school students’ attitudes toward physics. This study
was underpinned by a sociocultural perspective of learning
(Vygotsky and Cole, 1978) and dialogic theory (Bakhtin,
1986). Learning is seen as a result of social interaction and
the use of language (Andersson and Enghag, 2017; Calcagni
and Lago, 2018). Bakhtin (1986) argued that utterances
are inherently dialogic because they contain responses to
preceding and anticipated utterances. Furthermore, students
need to engage in an endless dialogue with each other, directly
with the teacher, vicariously by listening to others to extract
the meaning of an utterance (Bakhtin, 1986). Learning is a
process of collaborative and collective knowledge construction
in which answers give rise to new questions forming endless
strings of utterances (Calcagni and Lago, 2018).

The study of dialogic teaching has expanded greatly in the past
three decades, both theoretically and empirically (Calcagni and
Lago, 2018). The relatively wide usage of the term dialogic
teaching in the research community makes it difficult to get
a single and agreed-on definition. Dialogic teaching has been
defined as a pedagogic approach that uses the importance
of classroom talk to enhance students learning, thinking,
and understanding (Alexander, 2006). Alexander argued
that effective dialogic teaching should have the following
characteristics. First, questions must be structured to provoke
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thoughtful answers. Second, the answer should provoke further
questions and are considered as building blocks of dialogue
rather than its terminal point. Finally, the classroom interaction
between teacher and students and students-students exchanges
should be chained into coherent lines of inquiry rather than
left stranded and disconnected.

Mortimer and Scott (2003) also characterized dialogic teaching
in terms of four types of communicative approaches ranging
from interactive to non-interactive and dialogic to authoritative.
In any specific lesson or series of teaching sessions, the teacher
might include episodes of each of the four communicative
approaches and be considered dialogic overall. It gives an
opportunity for the teacher to use a balance of shift between
dialogic and authoritative communicative approaches (and
vice versa) to make science teaching and learning meaningful
(Ametller, 2007; Mortimer and Scott, 2003). Mercer and
Dawes (2014) further added that no one of the communicative
approaches is better than others in educational terms; rather
it is the strategic balance that is important. For students to
learn effectively, there will be times to sit quietly and listen to
an authoritative explanation. Otherwise, to develop a deeper
understanding of a topic, students should have opportunities
to express their own ideas, hypothesize, hear the thoughts of
their fellow students, argue, reason out, and gain feedback
from their teacher.

Practical work should present a unique platform for providing
an opportunity for the students to make links between the
domain of observables and the domain of ideas (Abrahams
and Millar, 2008; Millar, 2004). However, teachers often have
difficulty helping students to make these links (Abrahams and
Reiss, 2012; Millar, 2004). Abrahams and Reiss (2012) advised
teachers to adopt innovative approaches and plan activities
to enable students to make these links. Hence, the dialogic
practical work (DPW) model aims to incorporate the following
essential components of effective practical work. First, the
teacher assumes flexible power relations and responsibilities
with the students to make practical work effective and realistic
(Ametller, 2007; Reznitskaya and Gregory, 2013). At the start
of the practical investigation, the teacher elicits students’
existing thinking about a topic using a dialogic interactive talk.
By the end of the phase, the teacher uses an authoritative non-
interactive talk approach to conclude the discussion.

Second, students should be clearly engaged in various talk
types at different phases of the practical work. Andersson and
Enghag (2017) argued that the knowledge about the outcomes
of the different talk types is of utmost importance for teachers
when designing appropriate laboratory work sessions. In
the DPW model, cumulative, exploratory, and disputational
talk types identified by Mercer (1995) are implemented.
Exploratory talk is the most valuable form of educational
conversation to involve students in discussions concerning
the meaning of physics concepts and different procedures
instead of just talking about what to do. It allows students
to challenge, accept and extend each other’s statements and

strive for consensus at a linguistic level, thus causing them to
evaluate old knowledge and make links to new knowledge at
a cognitive level.

Third, the teacher needs to provide explicit guidance for the
students at each stage of the practical work. The guidance
may include providing scaffolding activities, frequent
opportunities for formative assessment, as well as powerful
guiding questions. In DPW, guiding questions are designed
by the teacher to facilitate students’ dialogic engagement. The
teacher should also give guidance for the students to make
a smooth transition from one task to another. The students’
discussions should focus on completing the task and creating
new knowledge (Andersson and Enghag, 2017).

The DPW framework consists of four interwoven practical
work stages: Conceptualization, investigation, conclusion,
and scientific explanation phase as shown in Table 1. In the
conceptualization stage, the teacher introduces the topic by
providing guiding questions to probe students’ prior knowledge.
Students should be motivated to argue with each other
collaboratively within their groups by exchanging ideas. The
teacher’s role would be to elicit students’ existing thinking about
the topic and encourage them to argue on the newly learned idea.
The teacher is purposefully refraining from directly supplying
correct answers to students. Students in small groups are asked
to craft a tentative scientific argument (formulate a hypothesis)
to be investigated during the next stage.

At the second stage, students should be involved in setting up
the apparatus, taking measurements, and forming data tables.
Students work collaboratively to analyze and interpret the data
by buildings reason-result relations, analyze the trends of the
data, and discuss the accuracy or inaccuracy of these results.
Students are expected to do most of the thinking. The teacher’s
role is to encourage student-student group interactions. During
the conclusion stage students discuss their findings thoroughly
with their peers and defend the critiques forwarded by others.
In this stage, students are expected to reflect on the findings
with their peers, compare results to the scientific view,
create models, reinforce the scientific views, and revise the
formulated hypothesis.

Table 1: Dialogic practical work model

Phases of practical Types of interaction Types of
work Talks
Conceptualization Within Groups Dialogic Exploratory

Interactive Talk

* Orientation Disputational
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Investigation Within Groups Dialogic Exploratory

« Experimentation Interactive Talk Cumulative

* Data Interpretation
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« Summary -Interactive Talk
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The group members would be asked to reflect their findings to
the class and other groups would ask questions to challenge
their findings. At this stage, students would get feedback to
realize the strengths and weaknesses of their conclusions
before and after the practical work. The final stage is the
scientific explanation. At this stage, the teacher takes the whole
responsibility to summarize the main points of the topic. The
teacher would also review students’ pre- and misconceptions
against the scientific results and theories to make explicit
the connections between views (e.g., everyday views and
the science view) and possible lacks in previous thinking
authoritatively. Students evaluate their scientific views through
comparisons to the expertise of various sources.

METHODS

The study was based on a quasi-experimental (pre- and
post-test) between-groups design implemented on a sample
of grade 11 secondary school students, in Bahir Dar town,
Ethiopia. There are five governmental secondary schools in the
town. To select the participants, first, a convenient sampling
technique was used to choose those secondary schools having
relatively well equipped and organized physics laboratories.
Using a random sampling technique one treatment and one
comparison groups from two different schools were selected to
avoid contamination due to communication between students
outside of the class. The treatment group comprised 46 students
(26 males and 20 females) and the comparison group had 45
students (24 males and 21 females). In both groups, students
were organized into small working groups of four students. The
small groups were mixed gender and mixed ability groups. The
treatment group conducted a dialogic practical work whereas
the comparison group carried out traditional practical work.

One of the researchers secured ethical clearance from the
Department of Science and Mathematics Education, Addis
Ababa University. The permission was secured from the
district leaders, secondary school principals, and participating
teachers’ departments. The researcher contacted the participants
to inform them the purpose of the study, procedures, possible
advantages and disadvantages of being involved in the study.
This discussion helped the participants to develop trust and to
promote integrity in the research. The researcher prepared an
informed consent form that openly expressed the purpose of
the study, the benefits of participating in the study, guarantee
of confidentiality to the participants, and their right to opt out
of'the study at any time. While collecting the informed consent
form, the researcher did not impose the participants to sign.
Only voluntary participants who gave their consent (in writing/
aurally) were involved in the study.

In this study, the independent variable was the types of practical
work strategies (traditional and dialogic) implemented in
physics laboratories. The researchers prepared separate
manuals for the treatment and comparison groups. For
both groups, eight practical work activities were selected
from mechanics topics, including measuring length, area,

and volume of objects; determining the density of objects;
Archimedes’ principle; determining the coefficients of
friction; Newton’s 2" law using Atwood’s machine;
conservation of linear momentum; period of a simple
pendulum; and equilibrium. Except for the pedagogical
approach, maximum efforts were made to make the
apparatus and the laboratory manuals parallel as much as
possible to minimize threats of validity.

Participating physics teachers from the treatment and
comparison secondary schools mentioned that their students
lacked practical work experience. Hence, before the
commencement of these eight practical sessions, both the
treatment and comparison groups of students were given
three sample activities. These activities were aimed to give
hints about how to handle measurement errors, treat
anomaly data, take average (or mean) of the measurements,
control variables, and draw graphs. The traditional
practical work manual provided detailed written
instructions of specific objectives, theoretical background
of the topic, data collection procedures, data analysis,
and interpretation procedures to find a pre-determined result.
In the treatment group, the manual included only specific
objectives and the apparatus used.

The classroom teacher and laboratory assistant who participated
in dialogic practical work approach were coming from a strict
transmissionist background. Hence, before the intervention
was commenced, they were provided professional development
training for five days (totally 25 h). This intensive
professional development training was given on the
characteristics of an effective dialogic practical work,
how to implement it productively, and how to manage
students’ discussion during laboratory sessions. They
were engaged in practical investigations to get firsthand
experiences of implementing dialogic practical work
effectively. One of the researchers was physically present
over 12 weeks from the conception to the end of data
collection by making observations and giving support to the
teachers to make sure that the implementation went as
planned.

During the practical investigation, students in the treatment
groups were actively engaged in arguing with each other,
providing claims based on evidence, in setting the equipment
and apparatus, data collection and data analysis. Every student
was encouraged to make a positive contribution to the group’s
discussions and decision making. To keep the implementing
teachers in track, occasionally out of the laboratory sessions
they were made to critically reflect with the researcher on
their class management and guidance they give to their
students. The teacher checked how well each group
progresses during the activity and gave hints and prompts
while the students were recording data, analyzing data, and
arguing. Follow-up and support were also provided for the
teachers of the comparison group to ensure that they
implemented as planned.
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Students’ attitude data were collected with the Amharic
version of attitude questionnaire adapted from Kind et al.
(2007) and Kaur and Zhao (2017). The questionnaire consists
of 30-items using a 5-point Likert scale (ranging from 1-strongly
disagree to 5-strongly agree). The instrument validity and
reliabilities were assured through experts’ validation-discussion
and piloting with 65 students from a non-participating school.
The pilot data were analyzed using the Statistical Package for
the Social Sciences computer software version 21. The
calculated Cronbach alpha reliability coefficient of the 30-items
was 0.84. This questionnaire was administered to both the
treatment and comparison groups before and after the
intervention. An independent sample t-test was performed to
analyze the mean score differences between practical work
groups (the treatment and comparison) and gender (females
and males). In addition, one-way ANOVA was performed to
determine the mean post attitude differences among achievement
levels (low, medium, and high).

RESULTS

Preliminary analyses were performed to ensure that there was
no violation of the assumptions of normality and homogeneity
of variances of the pre- and post-test data. The normality of the
data distribution was checked using skewness and kurtosis and
both were found to be within the range of 1. The homogeneity
of the variances was checked. Hence, independent sample
t-test and one-way ANOVA was employed to compare groups
before and after the intervention. We used an alpha level of.05
for all statistical tests.

The Effect of Dialogic Practical Work on Students’
Attitudes Toward Physics

Research question one was aimed to investigate the effect of
dialogic practical work on students’ attitudes toward physics
compared to the traditional practical work approach. First, a
paired sample t-test was conducted to compare the pre- and
post-interventions mean attitude scores of the treatment and
comparison groups as shown in Table 2.

For the treatment group, the result indicated that there was a
statistically significant difference between the post mean
scores (M=3.90, SD=0.41) and the pre mean scores (M=3.20,
SD = 0.28) of the treatment group, t (39) = —9.53, p < 0.001,
95% CI [0.55, 0.84], d= 1.99. Its effect size was very large
(Cohen, 1988). In addition, the normalized pre-to-post gain
for the treatment group was calculated using the formula
post — pre

(g= W) , where pre presents pre-test percent score
and post represents the post-test percent score on the attitude
toward physics. The average normalized gain for
the treatment group was g = 0.39. The treatment
group showed 39% an average attitude gain.

The comparison group also showed a statistically significant
difference between the mean post scores (M = 3.44, SD =
0.58) and mean pre scores (M = 3.28, SD = 0.28), t (37) =
—2.67, p < 0.05, 95% CI [0.05, 0.39], d = 0.41. However,
the effect size was small. The comparison group brought

Table 2: The paired sample t-test for pre- and
post-attitude mean scores

Groups Attitude scores N Mean SD t df p

Treatment  Pre-meanscore 40 3.20 0.28 -9.53 39  0.000
Post-mean score 40 3.90 0.4l

Comparison Pre- meanscore 38 3.28 0.28 -2.67 37  0.048
Post mean scores 38 3.44 0.58

Table 3: The treatment and comparison groups attitude
mean scores

Groups Attitude scores n Mean SD t df  p
Treatment Pre-mean scores 46 3.21 030 —-1.06 84 0.29
Comparison Pre-mean scores 45 3.28 0.28

Treatment Post mean scores 40 390 041 4.53 76 0.000
Comparison Post mean scores 38 3.44 (.48

Table 4: Gender comparison in the pre- and post-mean
attitudes scores

Groups Attitude Gender N Mean SD t df »p
scores
Treatment  Pre-mean Females 20 3.22 033 0.12 44 091
scores
Males 26 321 028
Comparison Pre-mean Females 20 3.24 022 -0.73 43 0.58
scores
Males 25 329 031
Treatment  Post-mean Females 17 3.84 043 4.53 38 047
scores
Males 23 394 040
Comparison Post-mean Females 16 3.50 0.49 0.62 36 0.54
scores
Males 22 340 047

about an attitudinal gain of 9%. These results suggest that
students participated in dialogic practical work brought
more improvements on attitudes toward physics compared
to their counterparts between pre and post interventions.

Second, an independent sample t-test was performed to
analyze the treatment and comparison groups’ pre and post
attitude means scores. As indicated in Table 3, the pre-
intervention result showed that the treatment group (M=
3.21, SD=0.30) and the comparison group (M=3.28,
SD=0.28) had no significant difference in attitude mean
scores, t (84) = -1.06, p >.05. The two groups were at the
same level in their attitudes toward physics before the
intervention.

Next, the two groups’ post intervention mean scores were
analyzed as presented in Table 3. The result revealed that after
the intervention there was a statistically significant difference
between treatment (M = 3.90, SD =0.41) and comparison (M =
3.44, SD =0.48) groups on attitude toward physics, t (76) =4.53,
p<0.001,95% CI[0.26, 0.66],d = 1.03. The effect size was much
larger than the typical value. The result suggested that students
who engaged in dialogic practical work developed more positive
attitudes toward physics than the traditional practical work.
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Table 5: The one-way ANOVA comparison of the pre- and post-mean scores of the treatment group’s achievement levels

Attitude scores Achievement levels N Mean SD ANOVA SS df MS F p
Pre-mean scores High 13 3.14 0.29 Between Groups 0.13 2 0.07 0.73 0.49
Medium 15 3.28 0.24 Within Groups 3.87 43 0.09
Low 18 3.20 0.34 Total 4.00 45
Total 46 3.21 0.30
Post mean scores High 13 4.11 0.33 Between Groups 2.07 2 1.04 0.12 0.001
Medium 14 4.00 0.32 Within Groups 4.51 37 0.12
Low 13 3.58 0.40 Total 6.58 39
Total 40 3.90 0.31

SD: Standard deviation, SS: Sum of squares, MS: Mean of squares

The Effects of Gender on Attitudes Towards Physics

The second research question was about the effect of dialogic
practical work on female and male students’ attitudes towards
physics. An independent sample t-test was performed and the
results were tabulated in Table 4. Table 4 indicated that there
was no statistically significant difference between female
students (M= 3.22, SD= 0.33) and male students (M= 3.21,
0.28) of the treatment group before the intervention, t (44) =
0.12, p>.05. Similarly, female students (M =3.24, SD =0.22)
and male students (M = 3.29, SD = 0.31) of the comparison
group did not show a significant difference, t (43) =—0.73, p>
0.05. The treatment and comparison groups were at the same
level in attitudes toward physics irrespective of gender prior
to the intervention.

After the intervention, the treatment group’s post mean attitude
scores of females (M = 3.84, SD = 0.43) and males (M =3.94,
SD = 0.40) were not statistically significant, t (38) = 4.53,
p>0.05,95% CI[-0.36, 0.17]. Both female and male students
of the treatment group showed an increment in the mean scores
of attitudes toward physics by 0.62 and 0.73, respectively, after
the intervention. For the comparison group, female students
(M =3.50, SD = 0.49) and male students (M =3.40, SD=10.47)
showed no statistically significant difference in attitudes toward
physics, t (36) = 0.62, p > 0.54, 95% CI [-0.23, 0.43].

For the comparison group, female and male students improved
the mean attitude scores by 0.28 and 0.19, respectively. Gender
differences did not have a significant effect on students’
attitudes toward physics. Dialogic practical work in particular,
improved both female and male students’ attitude mean scores
regardless of gender. In other words, dialogic practical work
resulted more positive attitudes toward physics as compared
to the traditional practical work irrespective of gender.

The Effect of Students’ Achievement Levels on Attitudes
Toward Physics

The third research question focused on examining the effects
of students’ achievement levels on attitudes toward physics.
A one-way ANOVA was performed to analyze the effects
of students’ achievement levels (high, medium, and low)
on students’ attitude toward physics. The one way ANOVA
analysis results were presented in Table 5. As shown in Table
5, there was no statistically significant difference among

high, medium, and low achievement levels in their attitudes
towards physics before the intervention, F (2, 43) = 0.73, p
>.05. It means that, before the intervention, students with high,
medium, and low achievement levels showed no attitude mean
score differences towards physics.

As indicated in Table 5, there was a statistically significant
difference in attitudes towards physics at least between two
achievement levels of the treatment group after the intervention,
F (2,37)=8.51, p <0.01. The Bonferroni post hoc test result
indicated that statistically significant difference was observed
between high achievement level M =4.11, SD=0.33) and low
achievement level (M = 3.58, SD = 0.40), p < 0.01, 95% CI =
[0.18, 0.88], d = 1.45 with typically large effect size. Medium
achievement level (M =4.00, SD = 0.32) and low achievement
level (M = 3.58, SD = 0.40) showed a statistically significant
difference, p < 0.05, 95% CI = [0.08, 0.77], d = 1.16 with
typically large effect size.

However, there was no statistically significant difference
between high achievement level (M = 4.11, SD = 0.33)
and medium achievement level (M = 3.58, SD = 0.32) in
post attitudes scores, p > 0.05, 95% CI = [-0.24, 0.45], d
= 0.34 with a small effect size. Dialogic practical work
benefitted high and medium achievement levels more in
developing positive attitudes toward physics than the low
achievement level.

DISCUSSION

The purpose of the first research question was to examine the
effects of dialogic practical work on secondary school students’
attitudes toward physics in Ethiopia. The finding of the present
study indicated that students who conducted dialogic practical
work showed more positive improvements in attitudes toward
physics as compared to the traditional practical work. Despite
the differences in the types of interventions used, there
studies that revealed similar findings with the present study
(Kurniawan et al., 2021; Walker et al., 2012). For example,
Walker et al. (2012) implemented argument driven inquiry
(ADI) approach in General Chemistry I laboratory course to
examine student’s attitudes towards science. These scholars
found that ADI improved students’ attitudes toward science,
with a significant positive gender effect for female students.
In addition, Kurniawan et al. (2021) found that high school
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students learnt by Inquiry and Jigsaw cooperative learning
approaches showed a statistically significant difference in their
attitudes toward physics in Indonesia.

Muchai (2016) and Musengimana et al. (2021) also found
that practical work has positive effects on students attitudes
compared to traditional lecture methods. However, these
findings contradicted with the present study. Because the present
study found that traditional practical work did not improve
students’ attitudes toward physics. There are additional studies
that contradicted with the present study. These scholars used
Argument Driven Inquiry; however, this approach did not
improve pre-service teachers and students attitudes toward
science (Demircioglu and Ucar, 2012; Ural and Gengoglan,
2019). A few survey studies which were conducted in Ethiopia
indicated that students had a strong ambition to conduct
practical work, despite, the absence of practical work in
most secondary schools (Nigussie et al., 2018). Getting the
opportunity to do practical work may have an important role in
improving secondary school students’ attitudes toward physics.

The purpose of the second research question was to compare the
effects of dialogic practical work on female and male secondary
school students’ attitudes toward physics. The result of the
current study revealed that dialogic practical work improved
both female and male students’ attitudes toward physics
without statistically significant difference. Some studies
reported consistent findings with the present study (Sakariyau
et al., 2016; Zeidan and Jayosi, 2015). For instance, Zeidan
and Jayosi (2015) found out that the Palestinian secondary
school male and female students’ did not show significant
differences in attitudes toward science. Sakariyau et al. (2016)
also showed that there was no significant difference between
male and female secondary school students’ attitudes toward
science in Nigeria.

There are research findings that contradict with the present
study (Anwer et al., 2012; Heng and Karpudewan, 2015; Kousa
et al., 2018; Walker et al., 2012). Some of these showed that
females had more positive attitudes toward science than males
(Anwer et al., 2012; Heng and Karpudewan, 2015; Walker
etal.,2012). While others revealed that male students had more
positive toward attitudes toward science (Kousa et al., 2018).
Most studies revealed that there was great disparity between
male and female secondary school students’ overall physics
learning outcomes and attitudes toward physics in particular
in the Ethiopian context (Gbre-eyesus, 2017).

The third research question emphasized that dialogic
practical work approach brings an attitudes difference among
achievement levels. Students from the high achievement and
medium achievement levels showed more positive attitude
toward physics compared with low achievement level. There is
limited literature that explicitly describes the effect of students’
achievement levels on attitudes towards physics. There are
studies that revealed a positive relationship between students
overall achievement and attitudes toward physics (Kingir and
Aydemir, 2012).

Others argued that attitudes toward physics and or science had
a positive effect on students’ academic achievement (Cheng
and Wan, 2016; Kousa et al., 2018). For example, Kousa et al.
(2018) showed that attitudes had a positive influence on students’
general academic achievement. However, there are some studies
that contradicted with the present study (e.g., Fulmer et al., 2019;
Osborne and Dillon, 2008; Potvin and Hasni, 2014). For example,
Fulmer et al. (2019) found that the high performing school
students’ attitudes toward science were low compared to the low
performing schools. Potvin and Hasni (2014) and Osborne and
Dillon (2008) reported that students selected from high performing
schools did not show positive attitudes toward physics.

CONCLUSION

This finding favored the implementation of dialogic practical
work over traditional practical work in improving secondary
school students’ attitudes toward physics. Dialogic practical
work improved both female and male students’ attitudes toward
physics with no significant difference observed between them.
The result also revealed that an overall significant difference
on students’ attitude toward physics was observed among the
high, medium, and low achievement levels. Of course, high
and medium achievement levels were more favored by the
dialogic practical work. However, low achievement levels were
not equally benefitted from the dialogic practical work. This
study suggested that there is a need to change the traditional
practical work into a dialogic practical work to bring more
positive improvements on students’ attitudes toward physics.

Despite the sample size of the study being low; this study can
be a beginning to do further study on this area in the Ethiopian
context. These findings can be helpful for policy developers
and teachers to reconsider the existing practical work practices
in secondary schools. It can also be used to make comparative
studies regarding Ethiopian students’ physics attitudes.
Even though, students with low achievement group showed
improvements in their attitudes toward physics; they were
not equally benefited from the intervention. Hence, additional
quantitative is needed to enhance low achievement level
attitudes towards physics by providing appropriate scaffolding
mechanism. Furthermore, a qualitative study is required to
explore the effect of students’ argumentation level on their
attitudes toward physics.

DISCLOSURE STATEMENT

No potential conflict of interest was reported by the authors.

ETHICS STATEMENT

This research was conducted by the approval of Addis Ababa
University, Science and Mathematics Education Department
Ethical Committee. Thus, one of the researchers obtained a
written informed consent from Bahir Dar town district leaders
and Tana Hiak and Fasilo secondary school principals to
conduct this study. Furthermore, the informed consent of all
the individual participants included in the study was obtained.

-Science Education International | Volume 33 | Issue 2

239




Science Education International
33(2), 232-241
https://doi.org/10.33828/sei.v33.i2.11

Belay et al.: Dialogic Practical work on Students’ Attitudes

REFERENCES

Abrahams, 1., & Millar, R. (2008). Does practical work really work? A study
of the effectiveness of practical work as a teaching and learning method
in school science. International Journal of Science Education, 30(14),
1945-1969.

Abrahams, I., & Reiss, M.J. (2012). Practical work: Its effectiveness in
primary and secondary schools in England. Journal of Research in
Science Teaching, 49(8), 1035-1055.

Akuma, F.V., & Callaghan, R. (2019). A systematic review characterizing
and clarifying intrinsic teaching challenges linked to inquiry[lbased
practical work. Journal of Research in Science Teaching, 56(5),
619-648.

Alexander, R. (2006). Towards Dialogic Teaching: Rethinking Classroom
Talk. Dialogos.

Ametller, J. (2007), Teaching science in a meaningful way: Striking a
balance between opening up and closing down classroom talk. School
Science Review, 88(324), 1-9.

Andersson, J., & Enghag, M. (2017). The relation between students’
communicative moves during laboratory work in physics and outcomes
of their actions. International Journal of Science Education, 39(2),
158-180.

Anwer, M., Igbal, H.M., & Harrison, C. (2012). Students’ attitude towards
science: A case of Pakistan. Pakistan Journal of Social and Clinical
Psychology, 9(2), 3-9.

Babalola, F.E., Lambourne, R.J., & Swithenby, S.J. (2020). The real aims
that shape the teaching of practical physics in Sub-Saharan africa.
International Journal of Science and Mathematics Education, 18(2),
259-278.

Bakhtin, M.M. (1986), The bildungsroman and its significance in the history
of Realism. Speech Genres and Other Late Essays, 10, 21.

Calcagni, E., & Lago, L. (2018). The three domains for dialogue: A framework
for analysing dialogic approaches to teaching and learning. Learning,
Culture and Social Interaction, 18, 1-12.

Cheng, M.H., & Wan, Z.H. (2016). Unpacking the paradox of Chinese
science learners: Insights from research into Asian Chinese school
students’ attitudes towards learning science, science learning strategies,
and scientific epistemological views. Studies in Science Education,
52(1), 29-62.

Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences.
Lawrence Erlbaum Associates.

Cramman, H., Kind, V., Lyth, A., Gray, H., Younger, K., Gemar, A.,
Eerola, P., Coe, R., & Kind, P. (2019). Monitoring Practical Science in
Schools and Colleges. Project Report. Durham University.

Daba, T., & Anbesaw, M. (2016). Factors affecting implementation of
practical activities in science education in some selected secondary and
preparatory schools of Afar Region, North East Ethiopia. International
Journal of Environmental and Science Education, 11(12), 5438-5452.

Daba, T., Anbassa, B., Oda, B., & Degefa, 1. (2016). Status of biology
laboratory and practical activities in some selected secondary and
preparatory schools of Borena zone, South Ethiopia. Educational
Research and Reviews, 11(17), 1709-1718.

Demircioglu, T., & Ucar, S. (2012). The effect of argument-driven inquiry
on pre-service science teachers’ attitudes and argumentation skills.
Procedia-Social and Behavioral Sciences, 46, 5035-5039.

Fulmer, G.W., Ma, H., & Liang, L.L. (2019). Middle school student attitudes
toward science, and their relationships with instructional practices:
A survey of Chinese students’ preferred versus actual instruction. 4sia-
Pacific Science Education, 5(1), 1-21.

Gbre-eyesus, M.T. (2017). Achieving universal general secondary education
in Ethiopia in line with the middle-income country vision: A reality or a
dream? Africa Education Review, 14(1), 171-192.

Goshu, B.S., & Woldeamanuel, M.M. (2019). Education quality challenges
in Ethiopian secondary schools. Journal of Education, Society and
Behavioural Science, 31(2), 1-15.

Heng, C.K., & Karpudewan, M. (2015). The interaction eftects of gender
and grade level on secondary school students’ attitude towards learning
chemistry. EURASIA Journal of Mathematics, Science and Technology
Education, 11(4), 889-898.

Hillman, S.J., Zeeman, S.I., Tilburg, C.E., & List, H.E. (2016). My attitudes

toward science (MATS): The development of a multidimensional
instrument measuring students’science attitudes. Learning Environments
Research, 19(2), 203-219.

Hoddinott, J., lyer, P., Sabates, R., & Woldehanna, T. (2019). Evaluating
Large-scale Education Reforms in Ethiopia. RISE Working Paper
Series. 19/034. pp. 1-21.

Hodson, D. (1991). Practical Work in Science: Time for a Reappraisal.
Taylor & Francis.

Holmes, N., Olsen, J., Thomas, J.L., & Wieman, C.E. (2017). Value added
or misattributed? A multi-institution study on the educational benefit of
labs for reinforcing physics content. Physical Review Physics Education
Research, 13(1), 1-12.

Joshi, R., & Verspoor, A. (2012). Secondary Education in Ethiopia:
Supporting Growth and Transformation. World Bank Publications.
Kaur, D., & Zhao, Y. (2017). Development of physics attitude scale (PAS):
An instrument to measure students’ attitudes toward physics. The Asia-

Pacific Education Researcher, 26(5), 291-304.

Kind, P., Jones, K., & Barmby, P. (2007). Developing attitudes towards
science measures. International Journal of Science Education, 29(7),
871-893.

Kingir, S., & Aydemir, N. (2012). An investigation of the relationships among
11" grade students’ attitudes toward chemistry, metacognition and
chemistry achievement. Gazi University Journal of Gazi Educational
Faculty (GUJGEF), 32(3), 823-842.

Kousa, P., Kavonius, R., & Aksela, M. (2018). Low-achieving students’
attitudes towards learning chemistry and chemistry teaching methods.
Chemistry Education Research and Practice, 19(2), 431-441.

Kurniawan, D.A., Sukarni, W., & Hoyi, R. (2021). Assessing students’
attitudes towards physics through the application of inquiry and Jigsaw
cooperative learning models in high schools. International Journal of
Instruction, 14(4), 439-450.

Liou, P.Y. (2021). Students’ attitudes toward science and science achievement:
An analysis of the differential effects of science instructional practices.
Journal of Research in Science Teaching, 58(3), 310-334.

Mercer, N. (1995). The Guided Construction of Knowledge: Talk Amongst
Teachers and Learners. Multilingual Matters.

Mercer, N., & Dawes, L. (2014). The study of talk between teachers and
students, from the 1970s until the 2010s. Oxford Review of Education,
40(4), 430-445.

Millar, R. (2004). The Role of Practical Work in the Teaching and Learning
of Science. Commissioned Paper-committee on High School Science
Laboratories: Role and Vision. National Academy of Sciences. p. 308.

Ministry of Education. (2010). National Educational Assessment and
Examinations Agency (NEAEA). First National Learning Assessment of
Grade 10 and 12 students. Ministry of Education.

Ministry of Education. (2014). National Educational Assessment and
Examinations Agency (NEAEA). Second National Learning Assessment
of Grade 10 and 12 Students. Ministry of Education.

Ministry of Education. (2015). Education Sector Development Programme V'
(ESDP V), 2008-2012 EC; 2015/16-2019/20 GC. Ministry of Education.

Mortimer, E., & Scott, P. (2003). Meaning Making In Secondary Science
Classroomsaa. McGraw-Hill Education.

Muchai, A. (2016). Effects of Practical Work on Students’ Achievements
in Physics at Secondary School Level in Murang’a East Sub-County.
Kenyatta University.

Musengimana, J., Kampire, E., & Ntawiha, P. (2021). Factors affecting
secondary schools students’ attitudes toward learning chemistry:
A review of literature. EURASIA Journal of Mathematics, Science and
Technology Education, 17(1), 1-12.

National Research Council. (2012). A Framework for K-12 Science
Education: Practices, Crosscutting Concepts, and Core Ideas. National
Academies Press.

Navarro, M., Forster, C., Gonzalez, C., & Gonzalez-Pose, P. (2016). Attitudes
toward science: Measurement and psychometric properties of the test
of science-related attitudes for its use in Spanish-speaking classrooms.
International Journal of Science Education, 38(9), 1459-1482.

Nigussie, A., Mohammed, S., Yimam, E., Wolde, W., Akalu, N., Seid, A.,
Shiferaw, G., Teka, T., & Mulaw, S. (2018). Commenting on effective
laboratory teaching in selected preparatory schools, North Shewa Zone,
Ethiopia. Educational Research and Reviews, 13(4), 543-550.

Science Education International | Volume 33 | Issue 2 -




Science Education International
33(2), 232-241
https://doi.org/10.33828/sei.v33.i2.11

Belay et al.: Dialogic Practical work on Students’ Attitudes

Osborne, J., & Dillon, J. (2008). Science Education in Europe: Critical
Reflections, 13. United Kingdom: The Nuffield Foundation.

Osborne, J., Simon, S., & Collins, S. (2003). Attitudes towards science:
A review of the literature and its implications. International Journal of
Science Education, 25(9), 1049-1079.

Potvin, P., & Hasni, A. (2014). Interest, motivation and attitude towards
science and technology at K-12 levels: A systematic review of 12 years
of educational research. Studies in Science Education, 50(1), 85-129.

Regmi, K.D. (2015). Can lifelong learning be the post-2015 agenda for the
least developed countries? International Journal of Lifelong Education,
34(5), 551-568.

Reznitskaya, A., & Gregory, M. (2013). Student thought and classroom
language: Examining the mechanisms of change in dialogic teaching.
Educational Psychologist, 48(2), 114-133.

Riaz, M., Marcinkowski, T.J., & Faisal, A. (2020). The effects of a DLSCL
approach on students conceptual understanding in an undergraduate
introductory physics lab. EURASIA Journal of Mathematics, Science
and Technology Education, 16(2), 1-8.

Royal Society. (2010). The Scientific Century: Securing Our Future
Prosperity. Royal Society.

Sakariyau, A., Taiwo, M.O., & Ajagbe, O.W. (2016). An investigation on
secondary school students’ attitude towards science in Ogun State,
Nigeria. Journal of Education and Practice, 7(28), 125-128.

Sani, S.S. (2014). Teachers’ purposes and practices in implementing
practical work at the lower secondary school level. Procedia-Social and
Behavioral Sciences, 116, 1016-1020.

Sawyer, R., Smith, A., Rowe, J., Azevedo, R., & Lester, J. (2017). Is More
Agency Better? The Impact of Student Agency on Game-based Learning.
Vol. 10331. Paper presented at the International Conference on Artificial
Intelligence in Education. pp. 335-346.

Sesen, B.A., & Tarhan, L. (2013). Inquiry-based laboratory activities in
electrochemistry: High school students’ achievements and attitudes.
Research in Science Education, 43(1), 413-435.

Tadesse, T., & Gillies, R.M. (2015). Nurturing cooperative learning pedagogies
in higher education classrooms: Evidence of instructional reform and
potential challenges. Current Issues in Education, 18(2), 1-18.

Tanenbaum, C. (2016). STEM 2026: A Vision for Innovation in STEM
Education. US Department of Education.

Teferra, T., Asgedom, A., Oumer, J., Tassew, W., Aklilu, D., & Berhannu, A.
(2018). Ethiopian Education Development Roadmap (2018-30): An
Integrated Executive Summary. Ministry of Education, Education
Strategy Center.

Teo, P. (2019). Teaching for the 21% century: A case for dialogic pedagogy.
Learning, Culture and Social Interaction, 21, 170-178.

The African Union Commission. (2015). Agenda 2063. The African Union
Commission.

Ural, E., & Gengoglan, D.M. (2019). The effect of argumentation-based
science teaching approach on 8" graders’ learning in the subject of acids-
bases, their attitudes towards science class and scientific process skills.
Interdisciplinary Journal of Environmental and Science Education,
16(1), €02207.

Vilaythong, T. (2011). The Role of Practical Work in Physics Education in
Lao PDR. Institutionen for Fysik, Umea Universitet, Department of
Physics, Umea University.

Vygotsky, L.S., & Cole, M. (1978). Mind in Society: Development of Higher
Psychological Processes. Harvard University Press.

Walker, J.P., Sampson, V., Grooms, J., Anderson, B., & Zimmerman, C.O.
(2012). Argument-driven inquiry in undergraduate chemistry labs: The
impact on students’ conceptual understanding, argument skills, and
attitudes toward science. Journal of College Science Teaching, 41(4),
74-81.

Webb, S., Holford, J., Hodge, S., Milana, M., & Waller, R. (2017). Lifelong
learning for quality education: Exploring the neglected aspect of
sustainable development goal 4. International Journal of Lifelong
Education, 36, 509-511.

Wilcox, B.R., & Lewandowski, H.J. (2017). Developing skills versus
reinforcing concepts in physics labs: Insight from a survey of students’
beliefs about experimental physics. Physical Review Physics Education
Research, 13(1), 1-9.

Zeidan, A .H., & Jayosi, M.R. (2015). Science process skills and attitudes
toward science among palestinian secondary school students. World
Journal of Education, 5(1), 13-24.

-Science Education International | Volume 33 | Issue 2

241






