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In this study, we aimed to improve preservice teachers’ attitudes toward
socioscientific issues through socioscientific issue course. Moreover, we
investigated whether this course influences preservice teachers studying in a
science education and non-science education in a similar way. For this purpose, a
semester-long socioscientific issues course was designed and implemented. Data
were collected from a science education group (preservice science teachers) and
a non-science education group (preservice social-science teachers). In order to
evaluate participants’ attitudes towards socioscientific issues, Attitudes towards
Socioscientific Issues Scale was utilized before and after the course. This scale
evaluates attitudes under three themes: liking of socioscientific issues, interest
and usefulness of socioscientific issues, and anxiety towards socioscientific
issues. The result revealed that socioscientific issues course provided similar
gains for both preservice science teachers and preservice social-science teachers
on interest and usefulness of socioscientific issues, liking of socioscientific

issues, and anxiety towards socioscientific issues. That is both groups derived a
similar benefit from the socioscientific issues course. Specifically, socioscientific
issues course contributed to preservice teachers’ interest and usefulness of
socioscientific issues, and liking of socioscientific issues positively. On the other
hand, their anxiety scores did not change significantly after the course. These
findings imply that, regardless of majors, socioscientific issues course has
potential to favor preservice teachers’ attitudes toward socioscientific issues.

Introduction

"The world today is both an exciting and difficult place in which to live" (Massialas, Sprague, & Hurst, 1975,
p.5). It raises many challenges for citizens. Energy crisis, consumer choices, health decisions, environmental
concerns are some of them on which people have to take responsibility and make decisions. Deboer (2011)
underscores that "As citizens of the world, there are science-based issues that affect us all, and understanding
the science that underlies those issues is critical for effective global citizenship™ (p. 568). These issues will be
prominent in future regardless of citizens' readiness to deal with them (Sadler, 2004). These challenges are
termed as socioscientific issues (SSI) because they have both social and scientific aspects as well as technology
(Sadler, 2004). SSI are "complex, open-ended, often contentious dilemmas, with no definitive answers" (Sadler,
2004, p. 514). Specific examples of SSI include nuclear power plants, global warming, genetically modified
food, abortion, stem cell, cloning, vaccination and experimenting on animals. Citizens learn about these issues
through different mass media (e.g. news, the internet, and TV) and they often participate in public discourse to
reach a decision about them. The research on socioscientific issues suggests that SSI has multiple perspectives
including science, technology, economy, politics, religion, health which makes it debatable (Sadler, Barab, &
Scott, 2007). The ability to discuss and make informed decisions about socioscientific issues are among the
essential characteristics of science literacy. Science literacy has become a goal of science education worldwide
with the aim of preparing people for rapid developments in science and technology. There is no consensus on
the definition of science literacy (Roberts, 2007). Roberts synthesized the views for scientific literacy under two
visions. The vision | of scientific literacy refers to an understanding of scientific concepts, principles, and
processes within a determined science domain. Vision Il, on the other hand, takes into account science-related
issues which students face as citizens in everyday life. It gives importance to the knowledge and skills students
should have to negotiate these issues and participate in decision-making process. A recent view of scientific
literacy also supports Vision Il. The Programme for International Student Assessment (PISA) is defined
scientific literacy as “the ability to engage with science-related issues, and with the ideas of science, as a
reflective citizen. A scientifically literate person is willing to engage in reasoned discourse about science and
technology” (OECD, 2015, p. 20). Scientifically literate individuals are expected to analyze and evaluate data,
claims, and arguments and reach appropriate scientific conclusions (OECD, 2015). These abilities are basics of
high-quality socioscientific argumentation and socioscientific decision-making process.
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SSI are suitable contexts to engage students in discussions of science-related social issues. These issues have
been a part of school curricula since the negotiation of these issues are accepted as an essential characteristic of
citizens in modern democratic societies. There is substantial effort to include SSI in lessons to improve science
content knowledge, nature of science views, argumentation skills, or critical thinking skills. Scholarly papers
emphasize the teaching of SSI as one of the goals of science education for educating scientifically literate
citizens (Hofstein, Eilks, & Bybee, 2011; Lee, Chang, Choi, Kim, & Zeidler, 2012; Sadler, et al, 2007; Zeidler,
Sadler, Simmons, & Howes, 2005). However, SSI has been implemented not only in science education but also
in many different disciplines.

In this study, we focused on preservice science and social science teachers’ attitudes toward SSI because these
two disciplines represent the science and social aspects of SSI. Moreover, they are all citizens of the society and
they all should be responsible members regardless of the major. As citizens, they need to know about local,
national, and global SSI and have the necessary skills for negotiation and decision-making. For those reasons,
their attitudes toward SSI become important. In a general sense, attitude is defined as “a general and enduring
positive or negative feeling about some person, object, or issue” (Petty, & Cacioppo, 1996, p.7). Maio and
Haddock (2009) underlined that attitudes "influence how we view the world, what we think, and what we do"
(p. 4). Teachers’ positive attitudes toward SSI play a crucial role in deciding whether they incorporate SSI into
their lessons. Teachers’ willingness to engage in science-related issues may increase their students’ interest in
SSI. Teachers’ implementation of SSI-based practices in their classrooms requires engaging with SSI
beforehand. Therefore, SSlI-based practices should be a part of their training in teacher education programs.
Preservice teachers’ (PTs) negotiation of SSI is important to improve their personal decisions making skills that
every PTs need to use at some stage in their both daily life as a citizen and professional life as a teacher (Cansiz
& Cansiz, 2015). When PTs are equipped with knowledge and skills about SSI during their teacher training,
they transform these knowledge and skills to their student when they start teaching. As a result, their students
are also engaged in SSI and have necessary knowledge and skills to make informed decisions on these issues. In
light of this, we designed a course on SSI to engage preservice science teachers (PSTs) and preservice social
science teachers (PSSTs) in socioscientific argumentation and decision making.

Incorporating SSI in a classroom environment is an effective way of supporting the development of students to
be more informed and to be engaged citizens, which is one of the fundamental goals of science education
(Sadler, 2011). SSI instructions facilitate students’ learning science by using complicated and socially relevant
issues as contexts (Sadler, 2011). Previous research showed that using SSI in teaching is beneficial for students
to learn science content knowledge; develop interest, attitude, and motivation; understand nature of science; and
use higher order thinking skills such as informal reasoning, problem-solving, scientific reasoning,
argumentation, and critical thinking (Sadler, 2009). Some studies compared the effect of implementations
including SSI with traditional science teaching methods. For example, students who participated in an
intervention considering Science Technology and Society based curricula developed more positive attitudes
towards science than others (Lee & Erdogan, 2007; Yager, Lim, & Yager, 2006). In another study with
university students, Barber (2001) concluded that SSl-related course has a positive influence on students’
interest in science and evaluation of the science content they learned. Thus, in a general sense, it can be
concluded that including SSI in the classroom teaching results in enhancement of students’ positive affective
outcomes (Sadler, 2009).

SSI was integrated into the elementary social science curriculum in 2005 (Ministry of National Education
[MoNE], 2005) and in the elementary science curriculum in 2013 (MoNE, 2013) in Turkey. Developing habits
of mind through the use of socioscientific issues has become a goal of science education (MoNE, 2013). For this
purpose, SSI -such as the use of food additives- were integrated into the curricula for students to discuss and
argue about it. Elementary social science curriculum aims to build student' understanding of the relation
between science, technology and society. Moreover, it intends for students to be able to participate in
discussions related to personal or societal problems and to present their ideas to solve them. Therefore, both
science and social science teachers should be able to teach SSI and also use them as a context for teaching the
course content. However, they may not have enough knowledge and confidence to teach SSI. There is a
substantial body of research investigating preservice teachers' knowledge of SSI and concerns for teaching SSI.
Based on a critical review of related literature in Turkish context (Topcu, Mugaloglu, & Guven, 2014), most of
the studies reported that Turkish preservice teachers have low level of knowledge about SSI and have concerns
about teaching these issues (e.g. Soysal, 2012; Siirmeli & Sahin, 2012) although few reported high level of
knowledge about SSI (e.g. Sénmez & Kiling, 2012). In a study with 169 Turkish PSTs, Cebesoy and Démez-
Sahin (2013) asked participants to rate their level of knowledge about SSI. Most of the participants reported that
they have a low level of knowledge (%53.8) and some even reported to have no knowledge at all (%5.0).
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Similarly, Cansiz and Cansiz (2015) investigated preservice science teachers' views and knowledge about a
specific SSI, nuclear power plant, which has recently been a hot topic on the agenda of Turkey. The results
indicated that PSTs were knowledgeable about some aspects of nuclear energy yet they know little about some
other aspects. For instance, while PSTs are aware of the economic burden of removing nuclear power plants,
they know little about the amount of radiation emitted by nuclear power plants. Another line of research
indicated that Turkish preservice teachers do not feel confident in teaching SSI as well (e.g. Alagam—Aksit,
2011; Kara, 2012). The abovementioned studies point out that PTs' knowledge and concerns about SSI have an
important role in teaching SSI. Therefore, their knowledge and confidence should be improved to prepare them
to teach SSI in their future classroom.

Fostering PTs’ positive attitudes toward SSI may help them to increase their knowledge about SSI as well as to
reduce their concerns about teaching SSI. Having positive attitudes towards SSI means having interest to these
issues, reading and discussing them, and being aware of that SSI does not adversely influence society (Topcu,
2010). People who like SSI and are interested in SSI are more likely to criticize and justify their decisions about
SSI by using scientific reasoning, decision-making, and argumentation skills. Despite the educational
researchers' growing interest in teaching and learning SSI, studies about attitude toward SSI are limited. One of
these few studies was conducted by Topcu (2010): he developed and validated Attitudes towards Socioscientific
Issues Scale, in the Turkish context. In the same study, Topcu compared science education majors and non-
science education majors' attitudes towards SSI and found that science education majors have more positive
attitudes toward SSI than non-science education majors. In another study, Cebesoy and Donmez-Sahin (2013)
examined PTs' attitudes in terms of gender and grade level. The authors found that there is no difference
between PTs' attitudes toward SSI with respect to gender and grade level. These studies addressed PTs' existing
attitudes toward SSI. However, there is a need for studies focusing on how to improve PTs attitudes towards
SSI. Since it takes a long period of time to develop attitudes, PTs' positive attitudes toward SSI should be
improved, before they become a teacher, to achieve the goals of the curricula. Promoting PTs’ attitudes is
possible through the courses which mainly focus on the SSI (Sadler, 2009). Thus, we aimed to design an SSI
course in which students were engaged in role plays and argumentation on different SSI to present their ideas
and refute others’ who advocate a different point of view. We expect to enhance preservice teachers’ interest,
and liking of SSI and decrease their concerns about SSI by this course. Thus, the overarching research question
and corresponding sub-questions guided this study are:
I. Do PSTs and PSSTs benefit from the SSI course similarly in terms of attitude toward SSI?
i. How does SSI course affect PSTs’ attitudes toward SSI?
ii. How does SSI course affect PSSTs’ attitudes toward SSI?

Method

In this study, we used “try something and systematically observe what happens” approach as emphasized by
Fraenkel and Wallen (2006, p. 268). This is also known as establishing cause and effect relationship between
independent and dependent variables. To do this, we manipulated the independent variable (SSI course) to
observe the extent to which our dependent variable (attitudes towards SSI) is affected by it. Manipulating
independent variables makes this study an experimental study which is a type of quantitative research
methodology (Fraenkel & Wallen, 2006).

Sample

We analyzed a total of conveniently-available 86 preservice teachers’ data. Among them, 54 were preservice
science teachers and 32 were preservice social-science teachers. Although females far outnumber males among
preservice science teachers (70% vs. 30%), the number of males exceed the number of females among
preservice social-science teachers (39% females and 61% males). In terms of their average result of all grades
achieved in teacher education program, PST (GPA = 2.51) and PSST (GPA = 2.68) were comparable to each
other. The students’ average age in both groups were similar and ranging from 19 to 28 with a mean of 22.28
(SD = 1.55). It was ensured that none of the participants in both groups had taken a course focusing on SSI
before.
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Instrument

Attitudes towards Socioscientific Issues Scale (ATSIS), developed by Topcu (2010), is a five-point Likert type
scale and its response format is ranging from (1) strongly disagree to (5) strongly agree. In the development
process of the scale, the author conducted exploratory factor analysis (EFA) as well as confirmatory factor
analysis (CFA) with the data from two different samples of undergraduate students. The ultimate result of EFA
yielded three factors named as liking of SSI (7 items), interest and usefulness of SSI (17 items), and anxiety
toward SSI (6 items) with a total of 30 items. The cross-validation of ATSIS using CFA provided evidence that
three-factor structure of the scale has a good model fit to the data. These factors, their description and sample
item for each were given in Table 1.

Table 1. ATSIS factors, their description and sample item (Adapted from Topcu, 2010)

ATSIS Dimension  Description of the Dimension Sample Item

Liking of SSI The extent to which students have feeling “I like conducting research on SSI.”
of enjoyment of SSI or like SSI

Interest and The extent to which SSI arouse students’ “Since SSI is related to daily life, I

usefulness of SSI  interest and the application of SSl is found  would like to learn more details
useful among students about SSI.”

Anxiety toward The extent to which students have concern  “I think that social values suffer from

SSI and worries about SSI the implementation of SSI.”

In addition to EFA and CFA, Topcu (2010) administered reliability analysis to screen the internal consistency of
the scale for each sub-dimension. He found Cronbach alpha coefficients of .90 for interest and usefulness of
SSl, .81 for the liking of SSI and .70 for the anxiety towards SSI, suggesting high internal consistency of the
data. Backed up by literature from attitude studies, based on related reliability and validity evidence, it was
concluded that ATSIS is an appropriate instrument to measure undergraduate students’ attitudes towards SSI.

In order to compare participants’ pre-existing and post-implementation attitudes, we have used ATSIS before
and after the implementation. Internal consistencies for each dimension related to pre-implementation were,
based on Cronbach alphas, .77 for the liking of SSI, .85 for interest and usefulness of SSI, and .72 for anxiety
towards SSI which satisfy the criterion of acceptability. Cronbach alphas obtained from post-implementation
were found to be .85, .92, and .71 for the liking of SSI, interest and usefulness of SSI, and anxiety towards SSI,
respectively. In other words, all dimensions of ATSIS were found to be reliable with our sample.

SSI Course Framework

For the purpose of the study, we designed a semester-long SSI course to promote PSTs’ and PSSTs’ attitudes
towards SSI. Since PSTs and PSSTs were studying at different universities, they were taught by two different
professors who have similar educational backgrounds. In order to ensure the similarity of implementations in
both groups, each week before the course, they skyped to discuss the details of the activities each week before
the course,. They also skyped after the course and discussed the extent to which they reach previously set goals.
These after-course discussions indicated that they had similar activities to a great extent. The course lasted for
14 weeks and 2 class-hour for each week. At the beginning of the course, we assessed both group students’ pre-
existing attitudes using ATSIS. The completion of the classroom activities took 22 classroom-hour (11 weeks
of the total time). The implementation was divided into two parts: teacher-guided classroom activities and
student-directed classroom activities. Teacher guided activities did not include exemplary case of teaching SSI,
instead they were about theoretical ideas about SSI. The details of these activities were discussed below. Right
after the completion of the instruction, we measured participants’ post-implementation attitudes by using ATSIS
once more to be able to compare their pre-existing and post-implementation attitudes. And finally, we conducted
required statistical analysis to find out the possible effect of the instruction on attitudes towards SSI. Table 2
summarizes the main points of the SSI course.
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Table 2. Outline of the SSI course

Timing Application Classroom activities
Week 1 First Meeting Introductions of course objectives, content, resources and process
Week 2 Pretests Administration of Attitudes towards Socioscientific Issues Scale
Week 3-8  Teacher-guided Classroom discussions guided by instructor on different topic

classroom activities  (Epistemology of science, science literacy, nations, what is SSI and etc.)

Week 9-13  Student-directed SSI related classroom activity organized and acted by preservice teachers
classroom activities

Week 14 Posttest Administration of Attitudes towards Socioscientific Issues Scale

Teacher-guided Classroom Activities

In teacher-guided classroom activities, PTs engaged in a variety of activities under the guidance of the
instructors. First of all, they discussed what science is and the life of some of the most influential scientists such
as Leonardo da Vinci. The aim here was to develop PTs’ understanding about the complex epistemology of
science. Following that we let PTs focus on scientific and technological literacy and the status of Turkey
regarding scientific and technological literacy. Then, instructors guided PTs to argue about science and
technology in developed, developing, and underdeveloped countries, as well as the situation in Turkey. The
teacher-guided classroom activities continued with science, technology, and society and the complex
relationship between them. In the context of this topic, PTs watched a documentary film about how science,
technology, and society influence each other and they reflected on it. More specifically the documentary focuses
on how the modern world evolves under the influence of geographical factors as well as technological
developments. Moreover, it includes how the wars among the nations have led and accelerated technological
developments and how scientifically developed nations better take care of epidemic diseases than
underdeveloped nations. Following week, students were introduced SSI for the first time. The classroom
discussions were based on what SSI is, historical fundamentals of SSI, SSI elements in the curriculum, and
teaching of SSI. We completed teacher-guided classroom activities by letting students to discuss if science is
naturally good or bad. That is, when science is used in the good sense, it can be for people's benefit, but it can
also be one of the greatest enemy of mankind when used in the wrong direction. For example, nuclear
technology can be used in cancer treatment as well as nuclear bomb at the same time.

During teacher-guided classroom activities, the aim was not to provide PTs with teacher-centered instruction.
On the contrary, instructors made every effort to avoid it and acted as a guide to make PTs explicitly and
reflectively discuss each and every activity. Both instructors encouraged them to introduce their own ideas,
defense it, listen to others’ ideas, elaborate them, and challenge with counter-claims. While PTs were working
on the activities, instructors followed them that they were active during discussions. In brief, during the first half
of the instruction, discussion and argumentation methods were utilized mainly and students actively participated
in teacher-guided classroom activities.

Student-Directed Classroom Activities

Student-directed classroom activities lasted for five weeks. Each week two groups completed their activities
which were mostly based on role-playing and argumentation. By means of these activities, we anticipated
achieving more than one objectives. Firstly, we aimed to stimulate PTs’ imagination and creativity by role
playing activities. Secondly, we engaged them in argumentation and decision-making process. Moreover, we
expect them to develop social skills such as communication, being empathetic, and cooperative during problem-
solving by group work. Above all, we aimed to improve their socioscientific reasoning skills such as looking at
the same problem from multiple perspectives, understanding the importance of scientific information, and
building arguments and counter arguments in the negotiation of socioscientific issues.

Before role-playing activities, each group chose a specific socioscientific issue that has a direct or indirect effect
on both society and science. We suggested them to handle issues primarily from the city they were born, the city
they live in, or at least from Turkey to facilitate their job in finding plenty of materials and first-hand evidence.
In the context of this activity, students studied as a group of four to five. Members of the group acted their roles
in front of the other class members and the instructor. Each group member behaved like a different stakeholder
of the specific issue under investigation such as a politician, an authorized person in religious affairs, a scientist,
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a physician, or a local person. By providing concrete evidence to support themselves, group members presented
their positions on the issue adhering to their role. Moreover, each PT struggled to refute others’ arguments by
using diverse evidence. During the end of the activity, a whole-class discussion took place by the question-and-
answer method. In the end, each group aimed at reaching a possible solution of that SSI by evaluating each
stakeholders’ positions and evidence. Some of the example SSI were abortion, the death penalty, sperm banks,
and euthanasia. A complete list of SSI was tabulated in Table 3. The selected SSI was quite similar in both
groups as seen in Table 3.

Table 3. The list of SSI role played in both groups (sorted by application order)

Timing  SSI in Science Group SSl in Social Science Group
Week 9  Carrier maternity Organ transplant
Abortion Abortion
Week 10 Mother’s milk banks Nuclear power plants
Nuclear power plants Death penalty
Week 11  Genetically modified foods Face transplant surgery
Cloning Use of animals in experiments
Week 12 Euthanasia Captive breeding
Alternative medicine Global warming
Week 13  Organ Transplant Sperm banks
Global warming Euthanasia

In order to avoid PTs to engage in shallow discussion solely based on their intuitive assumptions and anecdotal
evidence during role play, they were required to prepare a report containing concrete evidence like statistics
reports, government documents, articles, and documentary notes before the activity. To create a deeper sense of
reality, preservice teachers were encouraged to dress similar to whom they were acting during role play as well.

Results

The main objective of this study was to develop PTs’ favorable attitudes toward socioscientific issues through
socioscientific issue course. After a semester-long SSI course, we tested statistically if the course has an effect
on preservice teachers’ attitudes toward SSI as well as if this impact differs for PSTs and PSSTs by using mixed
between-within subjects ANOVA. Further evaluation of assumptions showed that the data did not include any
univariate or multivariate outliers, any serious deviation from normality, and unequal distribution of variance.
The examination of descriptive data indicated that PSTs and PSSTs have similar scores on all three subscales of
ATSIS (i.e. interest and usefulness of SSI, liking of SSI, anxiety toward SSI). For example, PSTs’ anxiety
toward SSI (M = 2.27, SD = .61) and PSSTs’ anxiety toward SSI (M = 2.23, SD = .65) were quite similar before
the course and they both indicated a low level of anxiety toward SSI. Other descriptive statistics are given in
Table 4.

Table 4. Descriptive statistics related to PSTs’ and PSSTs” ATSIS scores

PST PSST
Pretest Posttest Pretest Posttest
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Liking of SSI 3.74(50) 4.06 (.55) 3.89(.61) 4.19(.46)
Interest & usefulness of SSI' 4.12 (.33)  4.31 (.42) 432 (.37) 4.43(.40)
Anxiety towards SSI 2.27 (61) 2.30(.63) 2.23(.65) 2.26 (.61)

Liking of SSI

Regarding liking of SSI, the result of mixed between-within subjects ANOVA indicated that the interaction
between group and time was not statistically significant, Wilks Lambda = 1.00, F (1, 84) = .01, p = .926, partial
eta squared < .001. That is, the influence of SSI course on the liking of SSI is independent of the major. The
interpretation of main effect for time demonstrated that SSI course resulted in significant increase in liking of
SSI (Wilks Lambda = .72, F (1, 84) = 32.37, p <.001, partial eta squared = .28). For in depth evaluation of both
groups' liking of SSI scores, post-hoc comparisons were utilized. In order to reduce inflated Type | error
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resulting from multiple comparisons, Bonferroni adjustment was applied. PSTs' scores on liking of SSI
significantly increased from pre-implementation to post implementation, F (1, 84) = 22.47, p < .001, partial eta
squared = .21. Similarly, there was a statistically significant increase in PSSTs’ scores on liking of SSI, F (1, 84)
=12.47, p = .001, partial eta squared = .13. Namely, both groups showed a significant increase in their liking of
SSI scores after SSI course.

Interest & Usefulness of SSI

In terms of interest and usefulness of SSI, -as evident from the non-significant interaction effect- the course
resulted in similar changes for both PSTs and PSSTs, Wilks Lambda = .99, F (1, 84) = .95, p = .334, partial eta
squared = .01. This means that the impact of the course on interest and usefulness of SSI does not differ in terms
of the majors. The main effect for time signified that SSI course yielded a significant increase in interest and
usefulness of SSI (Wilks Lambda = .85, F (1, 84) = 14.32, p < .001, partial eta squared = .15) in both groups.
Bonferroni-adjusted post-hoc comparison illustrated that PST” interest and usefulness of SSI scores significantly
increased after SSI course, F (1, 84) = 15.21, p < .001, partial eta squared = .15. Although PSSTs’ interest and
usefulness of SSI scores increased after SSI course (mean difference = .11, Cl: -0.01 to 0.23), this increase did
not reach statistical significance, F (1, 84) = 3.15, p = .080, partial eta squared = .04.

Anxiety towards SSI

In terms of anxiety towards SSI, the result of mixed between-within subjects ANOVA demonstrated that the
interaction between group and time was not statistically significant. That is, SSI course yielded similar change
for PSTs and PSSTs on anxiety towards SSI. (Wilks Lambda = 1.00, F (1, 84) = .00, p = .958, partial eta
squared < .001). The main effect for time indicated that SSI course did not change participants’ anxiety towards
SSI scores significantly in either group (Wilks Lambda = 1.00, F (1, 84) = .12, p = .730, partial eta squared <
.001). A summary of mixed between-within subjects ANOVASs are given at Table 5.

Table 5. Summary of mixed between-within subjects ANOVAs

Source df  F  Partialy® p
Interaction Effect
Liking of SSI 1 .01 .00 .926
Interest & usefulness of SSI 1 .95 .01 334
Anxiety towards SSI 1 .00 .00 .000
Error df 84
Within Subjects
Liking of SSI 1 3237 .28 .000
Interest & usefulness of SSI 1 14.32 A5 .000
Anxiety towards SSI 1 A2 .00 .000
Error df 84
Between Subjects
Liking of SSI 1 172 .02 193
Interest & usefulnessof SSI 1 4.60 .05 .035
Anxiety towards SSI 1 1 .00 737
Error df 84

Discussion

In the present study, we aimed to enhance PTs’ attitudes towards SSI. To achieve this, we designed a semester-
long SSI course in which PTs participated in argumentation and role playing on a selected SSI after completing
teacher guided classroom activities. We investigated the effect of SSI course on PTs’ attitudes and examined
whether this effect differs for PTs in science education and non-science education majors. Since SSI was
included in elementary science and social science curriculum, both groups of teachers are expected to provide
sufficient guidance to their students’ while teaching SSI. Therefore, we selected PST as science education group
and PSST as non-science education group to observe the changes in their attitudes towards SSI. Attitude
towards SSI was examined under three dimensions, namely liking of SSI, interest and usefulness of SSI, and
anxiety towards SSI. Preliminary analyses showed that, before taking the course, both groups have moderate
levels of interest and liking of SSI while they have a low level of anxiety.
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The first finding of this study showed that both groups of PTs similarly benefitted from the SSI course. After
taking the SSI course, enhancements were observed in their liking of SSI, and interest and usefulness of SSI
scores, while there was no change in both groups’ anxiety towards SSI scores. To account for this improvement
in their interest and liking of SSI, the nature of activities appears to be the primary reason. In designing SSI
course, we followed the main strategies in a series of research studies that made use of different SSI.
Argumentation, as one of them, is used widely in many studies to enhance individuals' skills on the development
of arguments and justifications to discuss SSI (e.g. Dawson & Venville, 2013; Erduran, Simon, & Oshorne,
2004; Patronis, Potari, & Spiliotopoulou, 1999).

Argumentation is mostly incorporated into decision-making activities in the literature. In Patronis et al.'s (1999)
study, students formed arguments to make decisions about a road construction in their local area. A similar
strategy was also used in the study conducted by Jime nez-Aleixandre (2002) who let the students engage in
argumentation and decision making process about an environmental issue. It is clear from these studies that
argumentation and decision-making activities quite-well accompanied with socioscientific issues. Inspired by
such examples from the literature, the SSI course in this study involved small group activities in which students
formed arguments and try to reach a decision on the SSI they selected. Since Khishfe (2012) suggested that
socioscientific issues that are more relevant to students have more potential to initiate interest, we asked them to
select an SSI which were most relevant to them. On the other hand, while anxiety scores increased in some
amount in both groups, the changes were not statistically significant. At the beginning, we expected that
engaging in SSI through different classroom activities may reduce their anxiety toward SSI because they have
become informed about several of SSI. However, as mentioned, this is not the result that we found. The reason
for the slight increase in anxiety scores can be attributed to the nature of specific SSI. That is socioscientific
issues such as abortion, sperm bank, mother's milk bank, euthanasia, and career maternity are topics that are
very sensitive in terms of religion. Having thought the religious beliefs of Turkish citizens, it is rational that the
anxiety scores did not reduce. However, this finding is not disappointing since they already had low levels of
concern and worry about SSI before the course.

One key finding of this study is that preservice teachers’ interests and liking of SSI increased in both groups
after participating in SSI course. The goal of the course was to educate PTs' as informed citizens about SSI and
to enhance their attitudes towards SSI. Moreover, we aimed to prepare them to argue and form opinions based
on different aspects of socioscientific issues. Thus, within the course, they learned how to present arguments for
and against the issue under discussion. Therefore, we can conclude that the discussions and the activities in the
course were effective in fostering teacher candidates’ interest and usefulness of SSI as well as liking of SSI.
Another reason for this improvement may be due to the fact that they were not involved in student directed
group activities without preparation. Before each group's discussion, group members searched for the SSI they
have chosen. This let them have prior knowledge about the issue. To be knowledgeable about the issue increases
students' interest in the issue and helps them form arguments (Khishfe, 2012; Mason & Scirica, 2006).

We know that SSI is important and has been included in many nation's curricula of different disciplines.
Scholars accept that being able to negotiate and reach a possible solution on SSI are skills that scientifically
literate citizens should have (e.g. Patronis et al., 1999). Therefore, obtaining similar findings for both science
education and non-science education groups is promising for raising scientifically literate citizens. SSI course
nearly equally improved these groups' attitudes towards SSI. Having a higher level of science background may
not be a prerequisite to make investigations about SSI and discuss with others who had different points of views.
Since both groups of participants were adults at undergraduate level, they are expected to have fundamental
skills in searching and discussing the social aspects of scientific phenomena. Thus, regardless of the background
science knowledge, both groups of PTs increased their interest and liking of SSI, and maintain their anxiety
about SSI in low level. According to Topgu (2015), in order to teach SSI teachers should have sufficient subject
matter knowledge, be aware of the social aspects of the SSI, and effectively guide and contribute students'
learning process. With the help of the SSI course, PTs' interest and liking of SSI can be increased within the
teacher education programs before they started to teach SSI in their classrooms. Although teachers are not
expected to know everything about a specific SSl, they should know plenty of scientific concepts related to that
SSI (Topgu, 2015). In this study, PTs had the chance of learning about a wide range of SSI and they were
expected to deeply learn at least one of them during their discussions in the SSI course. Since we did not
measure PTs' subject matter knowledge in the course of the study, we don't know whether this course increased
their subject matter knowledge. However, they had the opportunity to observe and experience an SSI instruction
in which they can take a model and implement similar activities during their inservice teaching to engage
students in class discussions and to develop their critical thinking skills. In order to generalize these findings,
replication of this study in different majors such as physics education, chemistry education, biology education,
primary school education, and math education is needed. As the last word, based on our findings from different
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majors, we can suggest that including SSI course in teacher education program will be beneficial to enhance
different major PTs" interest and liking of SSI and this, in turn, will help them include SSI as a context in their
future classrooms. For this purpose, SSI course can be a part of teacher education programs to make PTs gain
more experiences to discuss and learn about socially relevant issues (Topcu et al., 2014). A teacher is one of the
most important factors among the school related variables to influence students' learning (Sanders, Wright, &
Horn, 1997). Thus teachers' attitudes towards SSI seem important, as it is potential to influence their students’
attitudes.

Implications and Limitations

This study has some implications for preservice teacher education. Firstly, teachers’ attitudes towards SSI is
important for their students to develop positive SSI attitudes. Therefore, while training preservice teachers, their
attitudes should be developed through such courses.

This study showed that science background is not a decisive factor for the effectiveness of SSI course on
increasing attitude towards SSI. It may be because of the education level of the participants of this study. Since
they are university students, they should have some fundamental science content knowledge. Therefore, it can
be expressed that having fundamental science background might be sufficient to understand the science lying
behind the SSI, conduct research about SSI, to analyze the findings, and to participate in class discussions to
defense an idea about SSI against others. Therefore, teacher educators should utilize similar activities while
teaching complex and multidimensional science topics. Moreover, this course can be offered for other teacher
education programs and disciplines. This is promising for increasing the number of scientifically literate people.

Lastly, we have some suggestions for future research. First, this study provided empirical evidence that SSI
course can increase PTs' interest of SSI and liking of SSI. However, further research is needed to figure out how
long this effect will last. Second, longitudinal studies are needed to explore how PTs' attitudes towards SSI will
influence their students in their future classrooms. Lastly, the effect of such SSI courses on younger students
(middle or high school students) may also be investigated to make sound inferences about the effect of such
courses in earlier years.

Although this study has successfully demonstrated that the SSI course has improved PTs' attitudes towards SSI,
it has limitations as well. It is unfortunate that this study did not include a comparison group, we could not
compare the effectiveness of the classroom activities used in the SSI course with a different approach to teach
SSI. Moreover, as we did not have control groups, more evidence is needed to conclude that the SSI course
accounted for the increase in PTs' attitudes towards SSI. Lastly, the instrument used in this study (ATSIS) does
not focus on a specific SSI, instead, it considers SSI in general. Therefore, it is not possible to explore
participants' attitudes on a unique SSI. Their attitudes may change in some degree for specific SSI. We hope that
taking into account these limitations, in future, studies will carry SSI studies one step further.

Note

All authors have equally contributed to this paper.
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Performing the social service professions, to which a profession of nurse
includes, is considered one of the most stress-inducing jobs. The reason behind
this is deep emotional involvement in contact with patient followed by
responsibility for human health and life. The time dedicated to gaining
knowledge and practical skills constitutes both a potential stress source for the
nursing students and provides them with the opportunity to learn how to cope
with it. This study aims at assessing the level of stress in difficult situations,
differentiating the methods of stress coping and difficult situations for the

Keywords nursing studies in the course of practical training. 110 first-year students of
intramural studies at the Nursing Faculty, State Higher Vocational School in

Stress , . .

Coping Tarnéw (southern Poland) were surveyed using the research tools include the

Student author's survey questionnaire, Perceived Stress Scale, Inventory to Measure

Coping Strategies with Stress. Differences between variables were verified using
the chi-square (x2) independence test and Mann - Whitney test. The adopted
significance level was a=0.05. During the first practical training, the nursing
students struggled with multiple difficult situation (and perceived moderate and
high stress and their attempts to cope with stress were diversified. Increase in
stress level was accompanied by higher frequency of stress copying strategies by
avoidance behaviours (y2=7.59; p=0.02). Students in difficult situations have
more frequently applied coping strategies involving focusing on the issue of
concern rather than emotion-based strategies. One should develop active
methods of coping with stress and difficult situations with the nursing students,
including in particular these manifesting helplessness and avoidance behaviours.

Clinical practice

Introduction

Nursing is included in professions associated with service and mission. In many cases, potential nursing
students follow a stereotypical image which may not be verified until the first confrontation, during practical
training in hospital in contact with the patient and therapeutic team. The first contact with a potential future
profession in its natural environment is of a great significance to the students, sometimes even decisive for
continuing their studies. It takes place during practical training in the basics of nursing. The training is held in
the healthcare facilities and aims to optimise nursing skills. The students master their skills, including among
others, welfare and hygiene activities, instrumental activities, interpersonal communication, cooperation with
the therapeutic team, organisation of work on the ward, and performance of duties of the therapeutic team
members. During this first practical training, students become aware that this profession is bound with stress.
Providing social services, which includes the nursing profession, is considered one of the most stress-inducing
jobs. The reason behind this is largely due to the deep emotional involvement in contact with patients, followed
by responsibility for human health and life, and struggling with concerns of the patients and their families.
Predispositions to performing the profession of nursing are associated with relevant personality features and
ability to cope with stress, which in turn involves making the right decisions in difficult situations.

Stress appears in human life in practically all situations, in particular during studies. Striving towards stress
reduction is a natural consequence of such an appearance. We may then speak about coping with stress. Use of
stress coping strategies among humans remains highly diversified; one person attempts to tackle stress, whereas
others confine themselves to managing stress symptoms. The first group takes a proactive/fighting attitude,
whereas the second chooses a more defensive approach. The actions taken depend on multiple biological and
psychical factors and coping with stress is considered an adaptive or preventive process. Study and work are
potential stress sources and so the period of gaining knowledge and practical skills create a perfect opportunity
for learning how to cope with stress. The methods applied by students in difficult situations change with the



J. Educ. Sci Environ Health 13

education process (Fornés-Vives, Garcia-Banda, Frias-Navarro & Rosales-Viladrich, 2016). Lo (2002) agree
that social support counteracts stress effects and ensures the well-being of an individual. It is important to
identify problems which appear during practical training in hospital to prevent the situations that lead to
helplessness and avoidance behaviours. It can also raise awareness of teachers to the problems faced by students
and can guide educators towards specific course design to improve curricula. This study aims to assess the level
of stress and difficult situations, differentiating both the methods of stress coping and the difficult situations, for
nursing studies in the course of practical training.

Method

The research was performed using the diagnostic poll and estimation method, surveying and scaling technique
on 110 first-year students of intramural studies at the Nursing Faculty, State Higher Vocational School in
Tarnow (southern Poland). The applied research tools include the author’s survey questionnaire, Perceived
Stress Scale by S. Cohen, T. Kamarck, R. Mermelstein adapted by Z. Juczynski and N. Oginska-Bulik and
Inventory to Measure Coping Strategies with Stress by S. Charles Carver adapted by Z. Juczynski and N.
Oginska-Bulik (2012). The author’s survey questionnaire consisted of questions related to difficult situations.
Perceived Stress Scale (PSS10) was used to assess the stress pressure related to the individual living situation
throughout the last month. It consisted of 10 questions referring to subjective feelings and perceptions related to
personal problems and events. The respondent answered each question by choosing from a 5-score scale
(ranging from ‘never’ to ‘very often”). The general scores were converted into standardised units (1 — 10 stens)
and interpreted following the Scale key. A score ranging between 1 and 4 stens is considered low, between 7
and 10 stens — high, and between 5 and 6 stens — moderate.

The Inventory to Measure Coping Strategies with Stress (Mini-COPE) was used to assess the typical responses
and perceptions in high stress conditions and difficult situations. It consisted of 28 statements included in 14
strategies for coping with stress and difficult situations, divided into 7 factors i.e. Active Coping (AC); Planning
(PL); Positive Revaluation (PR); Seeking Support including: Searching for Emotional Support (SES) and
Searching for Instrumental Support (SIS); Helplessness including: Use of Psychoactive Substances (UPS),
Cessation of Activity (CA), and Blaming oneself (B); and Avoidance Behaviours including: Dealing with
something (Dea), Denial (De) and Discharge (Di). Strategies such as Turn towards Religion (R), Acceptance
(A) and Sense of Humour (SH) acted as independent factors. As a result of in-depth analysis of the results, the
problem-focused strategies covering: Active Coping, Planning, Searching for Instrumental Support, and
emotion-focused strategies covering Searching for Emotional Support, Turn towards Religion, and Denial were
distinguished. The study covered 110 first-year students of intramural studies at the Nursing Faculty, State
Higher Vocational School in Tarnéw (southern Poland). The research was carried out in 2016 upon completion
of practical training by the students, who participated in the study on a voluntary and anonymous basis.
Differences between variables were verified using the chi-square (32) independence test and Mann — Whitney
test. The adopted significance level was 0=0.05. IBM SPSS Statistics 20 software was used for computation
purposes.

Results and Discussion

Women constituted the vast majority of researched students (97.3%). The age of the researched population
ranged from 20 to 29 years (M= 21.04, SD=1.41). Everyday difficulties during practical training were faced by
5.5% of students while 54.5% of students stated that difficulties occurred quite often, whereas according to
38.2% of them, difficult situations were rare. The PSS-10 scores demonstrated that 10.0% of the researched
group perceived low stress, 30.0% of them perceived moderate stress, whereas as many as 60.0% of the
respondents perceived suffering from high stress. Age of respondents had no impact on the level of perceived
stress (x2=3.24; p=.52), however, it was observed that older individuals obtained a higher score in PSS-10.
According to the Mini-COPE scale scores, when facing a stressful situation, the nursing students most often
chose active coping or searching for emotional support strategies, followed by dealing with something or
searching for instrumental support. Less frequently chosen strategies included planning, acceptance, positive
revaluation, turn towards religion or denial. The least popular strategies covered cessation of actions, sense of
humour or use of psycho-active substances. In difficult situations, students with a low level of perceived stress
significantly more frequently turned towards coping strategies based on positive revaluation (%2=13.88; p=.01)
or sense of humour (¥2=6.71; p=.03). As the stress level grew, the frequency of adapting the coping strategies
focused on discharge increased (x2=7.59; p=.02). The students indicated the following difficult situations:
discrepancy between theory and practice (93.6%), insufficient number of performed nursing procedures
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(76.4%), and inability to master a technique or already gained skills (75.5%). Less frustrating situations
included absence of relevant equipment (74.5%) and performing needless (in their opinion) tasks (72.7%).
These were followed by inability to provide effective aid to the patient (57.3%), poor health condition of the
patient (54.5%), preparation of patient for the procedure (53.6%), patients’ questions on their health condition
(50.0%), and establishing contact with patients and experiencing the suffering of patients (46.4%). 45.5% of
students pointed at lack of patient satisfaction from provided aid and 42.2% mentioned workplace organisation,
whereas, 41.7% of respondents perceived a conversation on private issues of the patient as a difficult situation.
Close physical contact with the patient was difficult for 40.9% of the respondents, 38.2% mentioned contact
with the patient’s family and observing the aseptics and antiseptics rules (38.2%). Establishing cooperation with
medical personnel was difficult for 30.9% of the students.

Difficult Situations Related to Interpersonal Relations and Coping Strategies

The students specifying poor health condition of the patient or conversations about private issues of patients as
difficult situations during practical training more often opted for coping strategies based on searching for
instrumental support or dealing with something, similarly to the students facing difficulties in establishing
contact with the patient.

Table 1. Coping strategies adopted by the researched nursing students in situations related to interpersonal
relations

AC PL PR A SH R SES SIS Dea De Di UPS CA B

boor health M 239 213 157 180 083 126 233 231 230 119 168 058 097 134
conditonofthe ~ p 012 068 032 014 018 094 031 000 001 028 021 01 058 016
patient ¢ 429 077 225 398 346 013 234 1080 855 254 312 000 109 371
- M 254 221 167 18 086 110 242 238 235 117 161 039 090 1725
Establishing
contact with p 000 013 018 040 097 005 001 000 000 004 031 015 001 019
patient ¥ 1210 402 343 183 006 604 794 1450 1200 6,04 229 386 838 331
_ M 250 222 179 198 081 118 243 230 240 124 163 062 106 121
Close physical
contactwiththe ~ p 001 008 025 043 069 040 001 000 000 022 022 049 049 0.12
patient ¥ 799 512 280 168 073 181 948 11,80 13,00 299 298 144 142 4,26
M 241 216 161 194 086 115 248 221 220 113 1,69 061 099 129
Inability to provide 03 934 061 024 069 006 001 011 039 09 027 054 085 011
effective aid
7 504 216 097 287 075 554 997 434 186 020 259 124 034 447
. M 251 229 164 18 083 111 251 245 230 101 1,66 046 093 130
Experiencing the
suffering of p 000 000 09 088 074 001 000 000 003 041 059 047 066 0.76
patients £ 1040 11,90 021 026 059 10,80 11,00 2240 7,04 1,77 1,04 153 084 0,55
M 235 214 157 18 082 128 238 233 240 115 161 061 109 125
Conversationon = 67 977 043 085 009 097 029 001 000 057 073 028 025 0.11
prlvate Issues
2 097 051 168 033 477 007 248 931 1440 113 064 255 276 439
M 241 213 158 176 087 121 244 227 240 116 1,68 058 098 1728
Out at lack of
patients p 016 054 059 011 095 071 009 005 000 059 015 073 080 047
satisfaction ¥ 363 124 106 450 009 068 493 595 1560 103 373 061 044 151
o M 249 223 155 184 074 113 241 233 238 109 1,66 045 101 1722
Patients questlons
on their health p 00l 001 017 063 006 003 006 001 000 057 041 026 088 003
condition ¥ 897 783 352 091 576 683 549 1050 13,60 1,13 181 2,71 025 6,99
M 260 229 173 192 079 110 246 239 242 130 164 048 105 126
Contact with p 000 000 08 083 054 006 00l 000 000 009 045 071 044 0.32
patient’s family
7 2040 1270 036 036 125 1210 1020 1230 1460 476 1,58 069 1,66 226
o M 265 234 169 197 082 109 254 246 243 124 175 043 1,00 1,34
Establishing
cooperationwith ~p 000 001 089 049 023 013 002 000 000 008 005 051 055 0.07
Staff

N}

159 9,01 023 143 293 399 7,78 1340 1050 5,06 578 132 118 521

=
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In addition, they chose the strategies based on active coping and searching for emotional support, followed by
denial, cessation of activities, active coping, and turn towards religion. The students having a problem with
close physical contact with the patient more frequently turned towards the coping strategies based on active
coping, searching for support, and dealing with something. Emotional support was sought by the individuals
perceiving an inability to provide effective aid to the patient as difficult. Lack of patient’s satisfaction from
provided aid resulted more frequently in coping by choosing a strategy based on dealing with something. The
respondents facing stress when asked by the patient about their health condition or experiencing their suffering
significantly more frequently attempted active coping, planning, and seeking support. The students having
difficulties with contacting the patient’s family and establishing cooperation with medical personnel more often
turned towards active coping, planning, searching for emotional and instrumental support or dealing with
something — see Table 1.

Difficult Situations Related to Working Environment and Coping Strategies

The students describing insufficient numbers of performed nursing procedures as difficult significantly more
frequently coped in difficult situations by choosing the strategies based on seeking support. The individuals for
whom inability to master a technique or already gained skills was difficult significantly more often chose the
coping strategy based on active coping, planning, seeking support or dealing with something. Students pointing
at discrepancies between theory and practice as difficult significantly more frequently chose the strategies based
on active coping, planning, acceptance, and seeking support. In addition, the students facing difficulties with
performing needless (in their opinion) tasks significantly more frequently turned towards active coping
strategies, planning, and searching for instrumental support. The respondents describing absence of relevant
equipment as a difficulty significantly more frequently chose a strategy based on searching for instrumental
support or a denial strategy — see Table 2.

Table 2.Coping strategies adopted by the nursing students in difficult situations related to working environment
during practical training

AC PL PR A SH R SES SIS Dea De Di UPS CA B

Insufficient M 233 211 164 185 095 1,35 238 225 222 112 162 059 098 1,32
numer of
nursing p 015 024 070 055 007 02 002 000 007 063 031 063 089 0.79
procedures Z 145 -146 -147 -148 -149 -150 -151 -152 -153 -154 -155 -156 -157 -158
. M 237 214 166 1,81 089 1,28 237 224 222 110 161 054 098 1,34
Inability to
m‘t”‘Stﬁr?Sk'” p 001 004 08 007 087 079 003 000 002 098 07 034 078 068
ecnnique
Z -281 -206 -015 -1.78 -0.16 -0.26 -2.11 -3.67 -2.35 -0.02 -0.38 -0.95 -0.27 -0.41
) M 235 213 165 191 090 1,27 234 217 214 106 159 051 094 1,32
Discrepancy
betweentheory 000 002 080 000 023 034 003 000 091 002 060 000 001 057
and practice
Z 295 -241 025 -275 -119 -0.96 -2.22 -368 -0.11 -241 -052 -329 -2.45 -0.58
M 239 217 159 186 091 1,9 232 222 221 113 162 054 097 131
Performing
needles tasks p 001 002 011 079 029 003 043 001 006 060 038 093 083 062
Z -259 -242 -158 -027 -105 -2.14 -0.79 -261 -1.88 -053 -0.87 -0.09 -0.21 -0.49
M 232 213 160 1,89 094 1,27 230 220 220 119 163 057 103 1,33
Absence of
relevant p 039 007 013 056 006 073 068 005 016 005 008 086 005 090
equipment
Z -086 -180 -152 -058 -1.84 -0.35 -041 -1.99 -1.39 -197 -175 -0.18 -1.92 -0.12

Difficult Situations Related to Instrumental Activities and Coping Strategies

As a result of score analysis, it was clear that the students having difficulties with performing hygienic activities
significantly more often turned towards the strategies based on active coping, seeking support, dealing with
something or denial. The individuals having problems with performing measurements responded more often
with adopting a denial, discharge, or blaming oneself strategies. Students facing difficulties when preparing
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patients for the procedure significantly more frequently chose the strategies based on active coping, planning,
seeking support, dealing with something or discharge. The individuals with difficulties in preparing the
workplace significantly more frequently used the strategy based on active coping, planning, and seeking support
in difficult situations. Among the students having difficulties with observing the aseptics and antiseptics rules, a
significantly more frequent selection of coping strategy based on active coping, planning, seeking support, and
dealing with something was observed — see Table 3.

Table 3. Coping strategies adopted by the researched nursing students in difficult situations related to
instrumental activities during practical training

AC PL PR A SH R SES SIS Dea De Di UPS CA B

M 253 221 171 195 074 126 256 232 248 134 169 066 1,03 1,19
Hygienic activites ~p 002 021 053 052 018 096 000 003 000 005 026 031 049 017
Z 239 -125 -063 -065 -1.35 -0.05 -2.84 -221 -331 -199 -1.12 -1.02 -0.69 -1.37

M 231 192 161 189 094 158 242 228 231 150 194 078 1,28 1,69

Measurements p 066 016 093 096 072 011 037 023 038 002 001 026 008 0.00

Z 044 -139 -0.09 -0.05 -036 -1.58 -0.89 -1.19 -0.89 -2.42 -247 -114 -176 -2.92

Preparing the M 242 222 166 194 080 118 244 236 234 1,22 169 059 100 125

Pa;ir%'ltegourrzhe p 003 001 087 032 015 007 001 000 000 008 003 038 058 007

Z 217 -245 017 -1.00 -144 -181 -258 -414 -323 -1.75 -2.15 -0.87 -056 -1.83

M 255 230 167 185 084 113 249 238 229 1,11 162 043 086 132

Preparing the
workplace p 0.00 0.00 082 064 047 0.05 001 000 006 084 077 023 016 054

-352 -314 -023 -047 -0.72 -199 -266 -345 -189 -0.20 -029 -1.19 -139 -0.61

N

<

. 261 226 156 176 069 105 252 242 236 112 165 039 083 123
Observing the

aseptics and p 000 002 020 006 002 001 000 000 001 073 045 014 009 01
antlseptlcs rules
Z -406 226 -1.22 -1.86 -243 -2.65 -2.94 -359 269 -0.34 -0.75 -147 -167 -1.67

Situations related to interpersonal contacts with the patient, patient’s family, and medical personnel posed the
most difficulties to the students, followed by those related to working environments and instrumental activities.
The widest range of coping strategies was adopted by the respondents for difficulties resulting from
discrepancies between theory and practice, establishing contact with the patient, and observing aseptics and
antiseptics rules. The most common strategies include active coping and searching for emotional and
informational support. Focus on emotions was observed only in the case of inability to provide effective aid to
the patient. Some of the students manifested avoidance behaviours, in particular in the case of difficulties arising
in interpersonal relations. The respondents displayed helplessness in the following difficult situations:
performing measurements, patients’ questions on their health condition, discrepancy between theory and
practice, and establishing contact with the patient. The vast majority of students coped with difficulties by
focusing on the problem rather than focusing on emotions. According to the stressor analysis, the most common
strategy performed by the researchers was seeking suport.

Nursing students face various difficult situations, in particular during their first practical training on the ward.
The diversity of these situations necessitates using different stress coping strategies. Our studies revealed the
following difficult situations for the students: discrepancy between theory and practice (93.6%), insufficient
number of performed nursing procedures (76.4%), inability to master a technique or already gained skills
(75.5%). In studies performed by Bodys-Cupak, Majda, Zalewska-Puchata and Kaminska (2016) among
students, the identified difficult situations included discrepancies between theory and practice, poor health
condition of the patient, experiencing the suffering of the patients or inability to provide effective aid to the
patient. The results of Kaneko and Momino studies (2015) show that the key stressors for Japanese nursing
students were, for the most part, limited contact with teachers and instructors, inability to discuss the activities
taken or receive support, lack of knowledge and skills, performing nursing activities, and interpersonal contact
with the patient and their family or interdisciplinary team members. The authors of other studies (Gibbons,
2010; Jimenez, Navia-Osorio, & Diaz, 2010) confirm that students, apart from struggling with difficulties
resulting from interpersonal contacts with teachers or members of interdisciplinary teams, point out at the
following stressors: lacks of knowledge, uncertainty in performing their nursing activities, care of a dying
patient or fear of failure. In turn, Sayedfatemi, Tafreshi and Hagani (2007), when assessing the stressors for
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nursing students, demonstrated that first year nursing students, when compared to the fourth year students,
identify more interpersonal and environmental stress sources.

Students use different strategies for coping with stress in difficult situations. Our studies revealed that the most
commonly adopted strategies are based on active coping, searching for emotional or instrumental support. The
least frequent method adopted by students to cope with difficult situations was using psycho-active substances.
Similar results were obtained by Fornes-Vives et al. (2016) and Sayedfatemi et al. (2007).

The results of research carried out by Kaneko and Momino (2015) enabled them to state that in difficult
situations, students displayed mood worsening and passive attitudes which manifested in no activity in seeking
support to solve the problems. The results of studies performed by Hirsch, Barlem, Tomaschewski-Barlem,
Figueira, Lunardi, and Oliveira (2015) revealed that nursing students in Brazil manifested avoidance behaviours
in stressful situations. Most of the respondents participating in research performed by Shiferaw, Anand and
Nemera (2015) coped with stress by positive thinking, whereas the most common negative method for getting
over stress was blaming oneself. Similarly,Yildiz Findik, Ozbas, Cavdar, Yildizeli Topcu and Onler (2015)
observed that nursing students in Turkey manifested passive strategies of coping despite high levels of stress.
Also, Alzayyat and Al-Gamal (2016) stated that Jordanian students using the avoidance or displacement
strategies perceived higher stress levels. The vast majority of the students of medical faculties participating in
the studies performed by Niknami, Dehghani, Bouraki, Kazemnejad and Soleimani (2015) in Iran applied a
coping strategy consisting of focusing on a problem.

Our own studies revealed that students in difficult situations seek social and instrumental support. Other authors
(Lo, 2002; Gibbons, 2010; Gibbons, Dempster, & Moutray, M., 2011) confirm that a leading and more positive
strategy for coping with stress applied by students is seeking social support. This is very significant in assisting
students to develop positive coping strategies and to use difficult situations as a source of mobilisation and find
positive factors. The main limitation of this study is that data collection occurred at one point in time, rather
than longitudinally. Also, participants in the study were mainly young women which could cause bias. The
present study significantly extends prior research on associations between different situations for students and
the coping strategies. Future research should also be undertaken at multiple universities.

Conclusions

During practical training in hospital wards, difficult situations appeared relatively frequently in slightly more
than half of nursing students. The most frequent difficult situations for nursing students were in the area of
interpersonal relations with the patient, their family, and personnel; less frequent were in the area of working
environment and instrumental activities. The vast majority of nursing students perceived moderate and high
stress and frequency of manifesting of avoidance behaviours increased significantly with growing stress levels.
Nursing students adopted different strategies for coping with stress in difficult situations, with seeking support
being the most frequent and helplessness the least frequent. Nursing students more frequently applied coping
strategies focused on the problem rather than on emotions.

Recommendations

One should, therefore, develop active strategies for coping with stress and difficult situations in nursing
students, in particular for those students manifesting helplessness in their actions and displaying avoidance
behaviours.
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Keywords

The aim of this study is to examine the personal professional development efforts
of science and technology teachers in their fields with regard to some variables.
These variables were determined as gender, year of seniority and sufficiency
level of the laboratory equipment. Moreover, the relation between the actual
efforts exerted by science and technology teachers and the ideal level of efforts
to be exerted by them for personal professional development in their fields was
examined. In this study, survey model was applied. Research population was
composed of science and technology teachers working in the central district of

Eskisehir, a province in Turkey. Sampling was not made and it was attempted to
Science and technology get in contact wit_h all 189 teachers covered in the population._ However, data
Professional development could not be obtained from some teachers and therefore, sampling of the study
Teacher consisted of 130 teachers. As a data collection tool, “Scale of the Personal
Effort Professional Development Efforts of Science and Technology Teachers in their
Fields” developed by the researchers was utilised in the research. In the
comparison by gender, independent samples t-test was utilised while Anova was
used in the comparison by the year of seniority and sufficiency level of the
laboratory equipment. When the results of the research are examined, it is seen
that female teachers use communication skills more effectively than male
teachers. Also, as the senior years of teachers increased, the frequency of using
and updating the technology decreased.

Introduction

Aim of the teaching profession is to ensure that the future generations are raised as constructive, creative, good
individuals, beneficial for his/her family and environment (Murray, 2012). Professional success of teachers and
raising successful individuals are important for the construction of a better future for our country and for the
promotion of economic welfare (Tekigik, 1987). This can be achieved only through training good teachers who
are at the core of the quality of the education system (Wossmann, 2002; Nye, Konstantopoulos, & Hedges,
2004; OECD, 2005; Hanushek, 2008). Especially from the first day of their professional life, teachers are
expected to refresh their knowledge continuously, keep up-to-date, and realise the tasks and responsibilities
required to be a contemporary teacher (Darling-Hammond, 2006; Cochran-Smith & Lytle, 1999). Surely, a
teacher who cannot adapt oneself to changes will not be able to contribute to the change of his/her students.
According to Ozkan (2003), personal development is the self-improvement process of an individual to advance
or achieve his/her targets and objectives. Personal development is the positive advancement of an individual. As
a person constitutes a whole intellectually, emotionally and stylistically, he/she also advances as a whole during
his/her development process (Ozkan, 2003; Coruk, 2007). Bayram (2010) defines the professional development
of the teachers as an activity or process aiming to create a positive effect on knowledge, skills and behaviours.
Ozden (2001) explains the primary objective of the professional development as keeping up-to-date and learning
the necessary competences to better perform a profession, and improving the knowledge, skills and behaviours
required for that profession. Professional development of an individual affects himself/herself, his/her
organisation as well as his/her colleagues. Individual’s adaptation to the developments and to the changes in
his/her job and efforts to better perform his/her duties as well are addressed under the professional dimension of
personal development.

Ercan (2010) summarises the four main dimensions addressing the professional development in general as
follows:
e  “Personal Development” covers communication skills, stress, time management and similar
activities.
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e “Field-based Development” involves the acquisition and improvement of the knowledge and
skills required for the field.

e  “Organisation-related Development” covers individual’s being informed about his/her
organisation and its functioning; and the importance of feeling a being part of the organisation.
Through this dimension, organisations may be ensured to provide a more qualified service.

e “Educational Development” is a dimension based on the improvement of the in-class
performance of the instructor.

As stated in the study carried out by Ercan (2010) professional development has to cover certain dimensions. It
is noted that personal development, one of these dimensions, is closely related with professional development.
Considering that personal development covers communication skills, stress and time management, and similar
attributes, development of these qualifications has a positive effect on the professional development of teachers.
The reason is that the concepts addressed under personal development are all related to classroom management
skills, required to be observed among teachers. In line with the improvement of these skills, teachers will
enhance their professional development and will also gain professional experience. Accordingly, this experience
will enable teachers to provide their students with more effective and efficient learning options. Therefore, these
two almost interwoven concepts set forth the concept of personal professional development. Personal
professional development is a concept pointing to the activities required to be undertaken by the teachers
personally, in order to advance in their professions and to eliminate their professional shortcomings (such as
reading Turkish or foreign books related to their fields of study, watching national or international TV
programmes, and attending seminars, etc.)

Teaching means ensuring a relatively permanent change in the individual’s behaviours (Fidan, 2012). Upon the
beginning of the first course, the education and training process starts in schools. Teachers who are among the
most crucial parts of a school bear the responsibility of ensuring that the students benefit from this process. In
order to facilitate the learning of the students and enable them to be successful in this process, teachers should
provide the stimuli to ease learning in the educational environment. There are many definitions of the teaching
profession. According to Erdem (1998), “teaching is a profession having contemporary, cultural, scientific and
technological dimensions, based on field-specific expertise, knowledge and skills; and requiring continuous
refreshment of the knowledge and professional practice.” Ozbay (2008) stated three main conditions to be able
to perform the teaching profession. These are listed as having field information about a specific field,
knowledge and skills required to transfer this information to others, and personal characteristics to satisfy these
two conditions together. Accordingly, if teachers bearing important duties in this sense cannot develop
themselves, it is clear that they will fall behind the times and will not be of great benefit to their students and the
society. Especially from the first day of their professional life, teachers should refresh their knowledge
continuously, keep up-to-date, and realise the tasks and responsibilities required to be a contemporary teacher.

There are certain actions to be taken by each teacher qualified as contemporary. Oztop (1994) describes the
actions which should be taken by a teacher to develop himself/herself both personally and professionally as
follows: enhancement of the required academic knowledge; participation to in-service training courses,
seminars, conferences, panels; utilisation of technology in every field of life; keeping up-to-date with the
publications related to his/her profession and the current agenda; reading to have knowledge about philosophy
and arts; personal development; ensuring coordination between the schools and other organisations; and
communicating and interacting with his/her colleagues and students.

Cunningham and Turgut (1996) defined the characteristics of an effective science teacher, and accordingly
he/she:

e promotes learning in the class and encourages good relations among the students, by being
intimate,

e iscreative,

e isinformed about the content of the natural sciences, understands and applies its principles,

e associates the content of the science classes with the interests and experiences of the students,
develops and encourages project work,

e assesses and expresses opinion about the current teaching practices; organises the work
properly either as individually or in groups,

e applies various teaching practices according to the student groups,

e has the sufficient communication skills to enable students understand the science issues and
interact with the scientific materials,

e ensures a balance among the scientific activities of different types (oral, written or applied),
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provides an active learning atmosphere for students,

plans and orders science teaching,

carries out the necessary measures to determine and assess the science learning of the students,
works individually or in small groups and has the teaching skills,

encourages students to ask questions of “How?, Why?, What if ...?”,

guides students to make explanations about the events by considering the cause and effect
relations,

safely plans experimental researches in the laboratory,

associates out-of-class natural events with the science issues.

Although university education on teaching means being a qualified teacher, it is controversial whether this will
be sufficient in the forthcoming years. Therefore, it is necessary that the teachers maintain their education while
also working actively (Glathorn, Jones & Bullock, 2006). It is known and mentioned in various platforms in our
country that the teachers should develop themselves. In the literature, there is not a sufficient number of
scientific studies examining whether this can be achieved by the teachers or not. There is not any sanction in this
regard for the teachers and similarly, the reward mechanism is not functioning effectively. Depending on this, it
is up to conscience of teachers, who are one of the most important and effective parts of education, to achieve
the objectives of enabling students to catch up with the era, opening up their horizons, encouraging and guiding
them. As a result of the limited number of researches on the personal development and competences of students,
it has been concluded that the level of personal development and professional competences of teachers is
insufficient (Oztop, 1994; Balbag, Yenilmez & Turgut, 2017). However, there is not any comprehensive study
on the scope of these deficiencies.

Purpose of the Research

This research aims to determine how the personal professional development efforts of science and technology
teachers in their fields change according to the variables of gender, year of seniority and sufficiency level of the
laboratory equipment. Moreover, the relation between the actual efforts exerted by science and technology
teachers and the ideal level of efforts to be exerted by them for personal professional development in their fields
was examined. The scale utilised in this study was developed by us and the stages of this development process
was published in another study (Bilgin & Balbag, 2016). Therefore, this study was carried out as an application
of another previously-developed scale. However, the results of the application dimension of this scale are rather
important, as it provides information about the personal professional development of science and technology
teachers in Turkey. By this means, it is considered that measures to promote the personal professional
development of science and technology teachers may be taken. In this research, with the aim of determining the
personal professional development efforts of science and technology teachers in primary schools, the variables
of gender, year of seniority and sufficiency level of the laboratory equipment were examined by the below given
sub-dimensions:

What is the difference among the scores of

educational and cultural backgrounds,

specialisation,

keeping up-to-date with scientific developments,

keeping up-to-date with technological developments,

keeping up-to-date with the curriculum,

keeping up-to-date with the media and publications, of science and technology teachers,

How is the relation between the actual efforts and the ideal level of efforts of science and
technology teachers for personal professional development in their fields?

In this research, the variables of gender, year of seniority and sufficiency level of the laboratory equipment were
addressed and their differentiation was examined as per six sub-dimensions of the scale. These variables were
selected specifically on purpose. The variables of gender and year of seniority were selected to be examined due
to the feeling of burnout observed among the teachers in practicing their profession. The feeling of burnout may
differ among people, by gender and by age. A research carried out by Ergin (1992) revealed that the feeling of
burnout is more intense among women than men, and with regard to the personal achievement dimension, the
idea of personal achievement is more intense among men than women. The feeling of burnout among teachers
may be considered as an example of negative reaction to difficult teaching conditions, undisciplined students,
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teaching circumstances and lack of support by the management (Tiimkaya, 1996). Moreover, factors such as
disciplinary problems related to students, insensitivity among students, crowded classrooms, undesired
appointments, role conflicts, and criticisms against the teachers may also lead to the feeling of burnout among
teachers (Farber, 1984). This feeling negatively affects the personal health of the teacher as well as the
education process by causing troubles in the services provided to students (Baysal, 1995). Results of the feeling
of burnout may be exemplified as neglection of work, increasing tendency to quit work, deterioration of service
quality, absenteeism without any permission, tendency to extend the duration of leave by receiving health
report, worsening of the work or personal relations, unconformity, alienation to family members or to spouse,
job dissatisfaction, tendency to feel sick groundlessly, increase in work accidents, etc. (Cam, 1992) The research
carried out by Akcamete, Kaner & Sucuoglu, (1998) revealed a high level of relation between job satisfaction
and the feeling of burnout. High level of enervation and a motivation are observed among those experiencing
dissatisfaction in the workplace. A motivation means the interruption of the professional development by
teachers such as through nonchalance, in a way to negatively affect their students and themselves. From this
perspective, gender and year of seniority are two different variables concerning the professional development of
teachers. Moreover, considering the number of science and technology teachers in Turkey, it is seen that the
number of female teachers is higher than that of male teachers (MEB, 2015). This may be interpreted that the
desire and motivation to become a teacher are higher among women than men. In this regard, it was considered
that the variable of gender may lead to a difference in terms of personal professional development. Sufficiency
level of the laboratory equipment of the schools is another variable addressed in this study. In the previous
years, laboratory practices in schools used to be carried out to prove the accuracy of the scientific information,
but in the recent years, laboratories have begun to be considered as places where new information is discovered,
and where research-based learning takes place (Hofstein & Lunetta, 1982). When laboratories are available in
schools and when they are well-equipped, teachers may further develop their present skills and promote their
personal development through various experiments and practices they will design. Therefore, we consider that
this variable should be addressed in relation to professional development. Indeed, according to the research
results, sufficiency level of the laboratory equipment of the schools affects the professional development of
science and technology teachers. Besides, as the scale has a parallel structure in this study, the relation between
the actual efforts and the ideal level of efforts of science and technology teachers for personal professional
development in their fields was also examined. Although there are many studies for personal professional
development, the key to this study is a detailed study of the personal professional development of science
teachers' fields.

Method
Research Model and Universe Sample

This research was prepared on the basis of a survey model as it aims to determine the personal professional
development efforts of science and technology teachers. “Scale of the Personal Professional Development
Efforts of Science and Technology Teachers in their Fields” developed by the researchers (Bilgin & Balbag,
2016) was utilized in the research. This scale is composed of 6 sub-dimensions and 27 items. Sub-dimensions
are educational and cultural backgrounds, specialization, keeping up-to-date with scientific developments,
keeping up-to-date with technological developments, keeping up-to-date with the curriculum and keeping up-to-
date with the media and publications, respectively. Internal consistency Cronbach Alpha co-efficient of the scale
varies between .64 and .83. Cronbach Alpha co-efficient in the overall scale is .82.

Research population is composed of science and technology teachers working in the primary schools in the
central district of Eskisehir, in 2011-2012 school years. Sampling was not made and it was attempted to get in
contact with all 189 teachers covered in the population. Population covers 189 science and technology teachers.
To address quantitatively sufficient amount of data in the research, sampling was not performed and all the
science and technology teachers in these schools were tried to be contacted. However, it was not possible to
benefit from the whole population due to difficulties in transport, existence of teachers on leave, lack of
willingness of some teachers. Therefore, research population was composed of 130 science and technology
teachers. 82 female and 48 male science teachers participated in the research. This study constitutes a part of a
post graduate research in the field of physical sciences. Accordingly, this research tried to set forth the personal
professional development efforts of science and technology teachers. In developing the scale, items of the scale
were shaped on the basis of the feedback from science and technology teachers. When required, the scale may
be adapted to other branches of teaching. Research was carried out in Eskisehir, a province of Turkey. Eskisehir
was selected as the level of quality and success in education activities there is higher in this province than the
average of Turkey, and as it is located in the Central Anatolia Region, just in the middle of Turkey. Moreover,
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the mentioned post graduate thesis is carried out in a university in Eskisehir, Eskisehir is a more secure province
in comparison to many other provinces in Turkey, educational activities in this province are carried out rather
properly, and the data collection is cheaper and easier than in any other province. Table 1 presents the
population and sample of the central district of Eskisehir, where the research was carried out.

Table 1. Demographic characteristics of the teachers in the sample

Variables n %
Gender Female 82 63.1
Male 48 36.9

5 years and below 26 20
6 - 10 years 30 23.1

Year of seniority 11 - 15 years 26 20
16 - 20 years 16 12.3
21 years and above 32 24.6
L. Very Well 15 11.9
g;szcr:;e:&y level of the laboratory Suffic_ie_nt 73 579
Insufficient or absent 42 30.2

Total number of teachers 130 100

Table 1 displays the demographic characteristics of the teachers participating in the research. The variables here
are gender, year of seniority and sufficiency level of the laboratory equipment.

Data Collection Tool

In this study, “Personal Professional Development Efforts Scale for Science and Technology Teachers
Regarding Their Fields” was used. The scale developed by the researchers is in the form of a parallel form, and
it has been prepared in a way to include the questions for science and technology teachers which request them to
assess their personal professional development regarding their fields both ideally and personally in the same
question. 5 point likert type grading is used in the scale. This grading is as follows: “Always (5), often (4),
sometimes (3), rarely (2) and never (1)”. Language and meaning validity study on Personal Professional
Development Efforts Scale for Science and Technology Teachers Regarding Their Fields has been conducted by
three voluntary Turkish teachers working in primary school. Study on content validity of the scale has been
prepared by voluntary experts working as lecturers in primary education department of education sciences at
education faculty of the university, 4 of whom are working in the curriculum and measuring-evaluation
department at education sciences, and 5 of whom are working in primary school, math and science division at
primary education department. The scale has been observed through varimax rotation method composing of 6
factors and 27 items. Mentioned factors are educational and cultural knowledge, specialisation, following
scientific and technological developments, following curriculum, following media and publications. Internal
consistency of 5 point likert scale has been determined with Cronbach Alpha coefficient. Cronbach Alpha
coefficient of the sub-dimension scale ranges between .64 and .83, which is .82 throughout the scale. Depending
on these, it can be stated that data collection tools are valid and reliable. This work is important in terms of scale
in schools as it is the first application. The sub-dimensions of the scale of personal professional development
efforts towards Science Teachers' Fields; Educational and cultural background, specialisation, keeping up-to-
date with scientific developments, keeping up-to-date with technological developments, keeping up-to-date with
the curriculum, keeping up-to-date with the media and publications and it is considered that the coverage of the
scale with sufficient number of items belonging to sub-dimensions is high. It is thought that the construct
validity of the measurement tool is high because the answers given by science teachers to the data collection
tool can give a general impression of the level of personal professional development efforts.

Analysis of Data

Scales filled in by science and technology teachers in the primary schools in the central district of Eskisehir
were examined one by one. The data obtained accordingly were examined by the genders, years of seniority of
the teachers and the sufficiency level of the laboratory equipment of their schools. Statistical analyses were
carried out through SPSS (Statistical Package for the Social Sciences) 18 package programme.

During the statistical analysis, firstly the normal distribution of data was addressed through Kolmogorov-
Smirnov. Then, independent sample t-test was applied for variables with two categories and one-way ANOVA
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for variables with three or more categories. The differences between the groups in the result of the ANOVA test
were determined using the Scheffe test. Lastly, correlation was established to examine the relation between the
personal professional development expected to be observed in an ideal science and technology teacher and their
actual personal professional development in their fields.

Findings

According to the results of Kolmogorov-Smirnov tests realised, there is a normal distribution of data and the
variables are homogeneous. Accordingly, sub-problems were tried to be answered through independent sample
t-test which was used to make comparisons by gender, scores obtained in the data collection tools, and one-way
ANOVA which was used to make comparisons by the year of seniority, and the sufficiency level of the
laboratory equipment. Moreover, correlation was established to examine the relation between the personal
professional development expected to be observed in an ideal science and technology teacher and the actual
personal professional development in their fields.

Examination of the Variable of Gender of the Science and Technology Teachers by the Sub-Dimensions

Variable of gender of the science and technology teachers was examined by sub-dimensions. Accordingly, there
is not a statistically significant difference (p>.05) between the averages of the scores of educational and cultural
backgrounds, specialisation, keeping up-to-date with scientific developments, keeping up-to-date with
technological developments, keeping up-to-date with the curriculum and keeping up-to-date with the media and
publications both for female and male teachers. Table 2 presents the results of the analysis.

Table 2. Examination of the variable of gender of the science and technology teachers by the sub-dimensions

Sub-dimensions Gender n X SS t p

Educational and cultural background gﬂ\ile gg igég gg? -45 .64
Specialisation gﬂ\ile gg iggi ggg -78 .43
Keeping up-to-date with scientific developments gle?rI\ZIe gg gggg ggg -1.78 .07
Keeping up-to-date with technological developments E/tle?rI\ZIe gg ﬂ?g i?g .16 .86
Keeping up-to-date with the curriculum E/tle?rI\ZIe gg Egi igg -2.60 .01
Keeping up-to-date with the media and publications Male 48 9.79 2,09 -25 .80

Female 82 9.87 1.74

p<.05

It may be stated that the gender variable does not differ by these sub-dimensions. However, in terms of the sub-
dimension of keeping up-to-date with the curriculum, there is a statistically significant difference (p<.05)
between the averages of the scores of female and male teachers. Depending on this finding, it may be said that
the female teachers communicate more frequently with the teachers in their groups and try to learn more about
the acquisitions.

Examination of the Variable of the Year of Seniority of the Science and Technology Teachers by the Sub-
Dimensions

Variable of the year of seniority of the science and technology teachers was examined by sub-dimensions.
Accordingly, in terms of the year of seniority of female and male teachers, there is not a statistically significant
difference (p>.05) between the sub-dimension scores of educational and cultural backgrounds, specialisation,
keeping up-to-date with the curriculum and keeping up-to-date with the media and publications. Table 3
presents the results of the analysis.



J. Educ. Sci Environ Health

25

Table 3.Examination of the variable of the year of seniority of science and technology teachers by the sub-

dimensions
Year of Seniority n X SsS Var. K. KT Sd KO F p EA
5 years and oo 1954 g5g M o5eg g4 6.42 43 .79
2 4 below groups
‘ﬁ -
TE S 6-10years 30 2027 406 M 188342 125 1507 o
§32 groups 2
=52 11-15years 26 19.92 459 Total 190911 129 >
S° & 16-20years 16 18.88  3.10
W 21 years and g, 1933 372
above
E years and o5 1369 339 M gasg 4 2090 .78 .54
- elow groups
2 Intra-
£ 6-10 years 30 1587 631 3344.44 125 2676 ©
R groups 2
S 11-15years 26 1550 528 Total 342803 129 >
2 1620 years 16 1569 5.8
2l years and g, 4563 504
above
@ 5 years and o6 5190 939 MO 43173 4 3203 48 g0
Boog below? groups 2
S E ¢ b Intra-
<€ g 6-10years 30 21.10 2.66 ; 854.80 125 6.84 ©
285 c groups &
g‘”% 11-15 years 26 21.08 231 Total 986.53 129 it
S 3 16-20 years® 16 1956  2.80
83" 21 vyears and
< Y 32 1928 293
above
_ 5 years and Inter- 2.9
£5, below 2 1277 166 oo 4367 4 1092 7 .02
T o F -
228 610years" 30 1183 223 ™% 46900 125 376
&2 E groups ©
g§% 11-15 years* 26 11.96 2.16  Total 513.57 129 ©
53 16-20 years" 16 1094 1.48
$E 2 yeas and g, q03, g6
above
gg 2 Yrs and oo 999 908 M gy6s 4 292 64 63
gg below groups
2.2 610 years 30 1263 228 "' 56670 125 453 °
S5 groups 2
>  11-15years 26 1219 174 Total 57847 129 3
S5 16-20 years 16 12.63 178
¢35 2l yeas and 55 4505 ous
above
eg O Yersoand oo gg5  g9e MM o574 314 89 47
s&, below groups
5.8 ¢ Intra-
255  6-10 years 30 973 187 44035 125 352 °
227 groups g
> oS 11-15years 26 1035 192 Total 45292 129 3
sca 16-20 years 16 9.25 1.61
¢5 2 yeas and o5 g0 505
above
GAF: Difference among the Groups
p<.05

It may be stated that the scores of teachers with different years of seniority in these sub-dimensions are close to
each other. However, there is a significant difference (p<.05) in terms of the year of seniority between sub-
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dimension scores of keeping up-to-date with scientific developments and keeping up-to-date with technological
developments. As a result of the Scheffe test carried out to determine the reason of this difference, it was found
out that the scores of teachers with 5 years of seniority or below in the sub-dimension of keeping up-to-date
with scientific developments are significantly higher than those of the teachers with 16-20 years of seniority or
above. Similarly, it was determined that the scores of teachers with 5 years of seniority or below in the sub-
dimension of keeping up-to-date with technological developments are significantly higher than that of the
teachers with 16-20 years of seniority or above.

Examination of the Variable of the Sufficiency Level of the Laboratory Equipment of the Schools of
Science and Technology Teachers by the Sub-Dimensions

In terms of the sufficiency level of the laboratory equipment of the schools of science and technology teachers,
there is not a significant difference(p>.05) between the sub-dimension scores of keeping up-to-date with
scientific developments, keeping up-to-date with technological developments; keeping up-to-date with the
curriculum and keeping up-to-date with the media and publications. Table 4 presents the results of the analysis.

Table 4.Examination of the variable of the sufficiency level of the laboratory equipment of the schools of
science and technology teachers by the sub-dimensions

Laboratory n X SS Var. K. KT Sd KO F p EA
a Inter-
—=g Very well 15 2200 436 11622 2 5811 412 .01
ST groups
S = 0 _
8§35  Sufficient® 73 1901  3.49 g?gjps 179280 127 1412 his
=} Q
0T g -
o Insufficient or o 1995 398 Total 190911 129
absent
5 Very well ® 15 1767  7.10 g?geljps 27781 2 13890 560 .00
§ L h Intra- o
= Sufficient 73 1401 3.77 315022 127  24.80 pi
3 - groups
& Insufficient — or 4, 1669 588  Total 342803 129
absent
) %) Inter-
sg L Veyvel 15 2067 258 o0 2641 2 1320 175 17
o= =8 - Intra- 2
S8E5  sufficient 73 2029 282 o 96013 127 756 S
§T 82 Insufficient -
x 2 7 g Insuticient —or 45 5083 268 Total 986.53 129
absent
LewmE  Verywell 15 1187 223 N g 2 33 08 .02
SEEE y ' ' groups ' ' '
@ E gE - Intra- e
S2385  sufficient 73 1175 198 51291 127 404 5
SSEg - groups z
[&]
X 2gg Insufficient or 4190 199 Toal 51357 129
absent
. - E v Il 15 1233 238 Iner 10.48 2 524 117 31
as5 ery we . : groups . ) ) .
2 i § - Intra- 2
S8 E Sufficient 73 12.51 2.05 567.98 127 4.47 o
8353 - groups Z
X 22 Insufficient —or ), 1788 213 Total 57847 129
absent
) Inter-
w2,  Verywell 15 1013 239 1.73 2 86 24 78
LS = = groups
S£2% - Intra- 2
22 8§  Sufficient 73 985 179 % 45119 127 355 5
RS- N group >
[3+
g8 ga Insufficient or . 974 185 Total 45292 129

absent

GAF: Difference among the Groups
p<.05

Accordingly, it may be stated that the teachers working in schools with different sufficiency levels of the
laboratory equipment obtained similar scores in these sub-dimensions. However, in terms of the sufficiency
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level of the laboratory equipment there is a significant difference (p<.05) between the sub-dimension scores of
educational and cultural backgrounds, and specialisation. According to the results of the Scheffe test carried out
to determine the reason of this difference, educational and cultural backgrounds, and specialisation scores of the
teachers working in schools with a high level of sufficiency with regard to the laboratory equipment are
significantly higher than that of teachers working in schools with a sufficient level of laboratory equipment.

Findings Regarding the Relation between the Ideal and Current Condition of the Personal Professional
Developments of Science and Technology Teachers in Their Fields

It is observed that the coefficient between the total scores obtained from the test of personal professional
development efforts ideally expected from science and technology teachers in their fields, and the total scores
obtained from the test of personal professional development efforts currently exerted by science and technology
teachers in their field was .41 (p<.05). Accordingly, a medium-level, positive and significant relation was
determined between the ideal and current condition of the personal professional efforts of science and
technology teachers in their fields. Based on this finding, it may be said that in line with an increase in the actual
personal professional development efforts of science and technology teachers, they get closer to the ideal
personal professional development efforts expected from science and technology teachers in their fields. Table 5
presents the relation between the personal professional development efforts ideally expected from science and
technology teachers in their fields, and the current personal professional development efforts of science and
technology teachers in their fields.

Results and Discussion

According to the results of the research concerning the sub-dimension of “educational and cultural
backgrounds” of science and technology teachers, genders of the teachers are not regarded as a distinguishing
factor. Different years of seniority do not lead to a difference in the educational and cultural backgrounds of
teachers. However, sufficiency of the laboratory equipment of the schools creates a difference. It is seen that in
line with an increase in the sufficiency level of the laboratory equipment, educational and cultural backgrounds
are also enriched. Laboratory work enables understanding the nature of science, observing the practices and
ensuring a more permanent learning among the students. In the overall world, laboratory work is carried out to
introduce and present new information and to ensure conceptual learning (Garnett, 1995).Based on this
perspective, laboratory work is important for the science classes. In order to perform practices in science
laboratories, teachers should be trained well and put their knowledge into practice in the classes. Quality of the
laboratory activities will improve when the teachers actually experience different experiments or develop
themselves in this regard. Each practice will constitute experience for the next trial. By this means teachers will
be able to design more successful and different experiments. Based on these, it may be said that in line with an
increase in the years of seniority and in the number and variety of the experiments, laboratory work may become
more efficient. Geger (2005) carried out a study regarding this issue in his Master's thesis titled “Various
Difficulties Encountered in Laboratory Applications in the Science Classes”. It was stated that teachers became
distant to the laboratory due to their incompetence in these applications, which turned to unwillingness in
students over time. It was also reported that as the year of experience increased and there was a fully equipped
laboratory in schools, teachers' confidence in themselves also increased and they started to become interested in
laboratory activities.

Differences between the genders and years of seniority of the science and technology teachers do not lead to a
difference in the sub-dimension of “specialization”. However, different sufficiency levels of laboratory
equipment of the schools create a difference. It is observed that in line with the increase in the sufficiency levels
of laboratory equipment of the schools, teachers specialize more in their fields. A teacher working in a well-
equipped school may desire to develop himself/herself more. By this means, teachers may feel themselves more
effective and successful. According to the master’s thesis of Ulgener (2010) titled “Obstacles faced by Science
and Technology Teachers during their Practices”, nearly 19% of the teachers marked in the survey that they
cannot practice laboratory work. This high ratio is distressing for both science teachers and students. In order to
diminish this ratio, self-development of the teachers in their fields is very important. In this study, it was
observed that 95% of the schools in the research sample have laboratories. The cases that teachers cannot
practice laboratory work in schools with sufficient and highly sufficient laboratory equipment may be
interpreted as the result of incompetency and lack of knowledge of the teachers in this regard. In his paper on
"the basic problems of our primary education", Demirtas (1988) highlighted the importance of the environment
and tools in instructional practices. According to Demirtas, the problems that should be addressed in terms of
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instruction included arranging the instructional environment, obtaining instructional tools, and making sure that
these tools appeal to students and can be easily understood.

In terms of the sub-dimension of “keeping up-to-date with the scientific developments”, gender and the
sufficiency of laboratory equipment do not create a difference. However, different years of seniority lead to a
difference. Accordingly, teachers with 5 years of seniority or below attach more importance to keeping up-to-
date with scientific developments. In other words, in terms of the sub-dimension of “keeping up-to-date with the
scientific developments teachers with 5 years of seniority or below are more successful than teachers with 6-10
years, 11-15 years, 16-20 years, 21 years of seniority and above. It may be stated that in line with an increase in
the year of seniority, the desire to keep up-to-date with the innovations decreases. The reason of this may be the
feeling of burnout increasing in time and the inadequate promotion and reward mechanisms. Avci and Seferoglu
(2011) obtained similar results in their study on the feeling of burnout among the teachers in the information
society. It is stated that one of the reasons of the lack of technology literacy among the teachers is related with
the feeling of burnout. In his\her study, Unal Bozcan (2010) reported that the difference in the use of technology
among male and female teachers was in favour of the male teachers, which contradicts the results of the current
study.

In the sub-dimension of “keeping up-to-date with the technological developments” of the science and
technology teachers, gender and the sufficiency of laboratory equipment do not create a difference. However,
teachers with 5 years of seniority or below keep up-to-date with the technological developments more than the
other teachers. In line with an increase in the years of seniority, the level of keeping up-to-date with the
technological developments decreases. Today, in an era of communication and information, it is important to be
able to use computer, be informed through internet and make researches in the internet. Moreover, being
informed and keeping up-to-date with the technological developments are also important for catching up with
the era. According to the master’s thesis of Avcu (2011) on the acceptance and usage tendency of the secondary
school teachers towards the Information and Communication Technologies (ICT), anxiety level of the teachers
with 6-11 years of seniority or above for ICT is higher than that of teachers with 1-5 years of seniority or below.
It may be stated that teachers with fewer years of seniority consider themselves more competent and desirous in
the fields related with technology. It is observed that the results of this research are in line with the mentioned
research. In his study on the relationship between educational administrators' attitudes towards computers and
their self-efficacy, Baltaci (2008) found that the administrators whose year of service was 16 years or less had
higher levels of using information and communication technologies than those whose year of service was 21
years and above. Besides, the administrators who worked for 10 years and less differed within their group, and
as the year of service increased, the level of using information and communication technologies decreased.

Within the scope of the sub-dimension of “keeping up-to-date with the curriculum” of the science and
technology teachers, year of seniority of the teachers, and the sufficiency of laboratory equipment do not
constitute a distinguishing factor. However, findings point out that the scores of female teachers for keeping up-
to-date with the curriculum are higher than male teachers. The study of Ozabaci and Acat (2005) on the
perception of personal features related with the teaching profession and the level that the teachers have these
features indicated that female teachers attach more importance to communication skills. Nacar (2010) also
obtained similar results in his research on the communication and inter-personal problem solving skills of the
class teachers. Female teachers benefit from communication skills more, as they compare themselves with the
other teachers and as they have acquired women'’s role since the childhood.

In terms of the sub-dimension of “keeping up-to-date with the media and publications” of the science and
technology teachers, differences in the gender and years of seniority of the teachers and differences in
sufficiency of laboratory equipment of the schools do not create a difference. In other words, fields related with
the media and publications do not constitute a difference among the teachers. The sub-dimension of keeping up-
to-date with the media and publications covers watching national/foreign television programmes related with the
field of work of the teachers, and keeping up-to-date with the scientific periodicals. Accordingly, within this
framework, the fact that there is no difference among the teachers in terms of gender, year of seniority and
different sufficiency levels of laboratory equipment may be addressed in another study. A large majority of the
teachers may not be watching national/foreign television programmes related with their fields, or may not be
keeping up-to-date with the scientific periodicals. Moreover, knowledge of a foreign language may also have an
effect on this topic. In her Master's thesis titled "Teachers' Views on the Necessity of Foreign Language
Education", Karakus (2010) stated that foreign language education was necessary to follow technological
developments. It was reported that the teachers found foreign language education necessary for professional
development. There is a medium-level, positive and significant relation between the personal professional
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development efforts ideally expected from science and technology teachers in their fields, and the current
personal professional development efforts of science and technology teachers in their fields.

Conclusion

When the findings of the research are considered in general, a significant difference is observed between the
genders of the teachers and their scores of keeping up-to-date with the curriculum; year of seniority and the
scores of keeping up-to-date with the scientific developments; the sufficiency level of the laboratory equipment
of the schools and the scores of educational and cultural background and the scores of specialization. A
medium-level, positive and significant relation is observed between the ideal and current condition of the
personal professional efforts of science and technology teachers in their fields.

Accordingly, it is observed that in line with an increase in the personal professional development efforts of
teachers in their fields, they get closer to the personal professional development efforts ideally expected from
science and technology teachers in their fields. This can be interpreted as the result of a parallel improvement in
the experience with the enhancement of the personal professional development in their fields, and the increase in
self-confidence in a way to better promote self-development. As a result of the research, it is seen that female
teachers use communication skills more effectively than male teachers. Also, as the senior years of teachers
increased, the frequency of using and updating the technology decreased. Moreover, teachers working in schools
with very well equipped laboratories are more interested in their field, and more desirous to specialize in their
fields. This study will set a precedent for the examination of the personal professional development efforts of
science and technology teachers in their fields and will be beneficial in revealing and improving the defective
aspects of the Turkish education system.

Recommendations
In accordance with the findings obtained from the research, the below recommendations could be given:

e Promotion and reward mechanisms for teachers in the Turkish national education should be reviewed
and re-structured in an aim to improve personal professional development in their fields.

o Efficient and effective in-service trainings on the rapidly changing technology and its utilisation may
be provided to teachers. These trainings may be rendered more actively.

e Personal Professional developments of teachers in their fields may be examined on the basis of
different variables.

Note

This study has been generated by Aysegiil Bilgin from Master’s Thesis “Personal Professional Development
Efforts of Science and Technology Teachers Regarding Their Fields” submitted at “Institute of Educational
Sciences, Eskisehir Osmangazi University” in 2014.
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The aim of this research is to develop an instrument that measures environmental
attitudes of third grade students. The study was completed in six stages: creating
scale items, content validity study, item total and remaining item correlation
study, determining item discrimination, determining construct validity study and
examining the internal consistency reliability of Cronbach’s Alpha. In this
research, quantitative research methods and techniques were used. According to
the data obtained from exploratory factor analysis, scale came under three sub-
factors as “Positive Environmental Behaviors”, “Environmental Knowledge and
Awareness” and “Negative Environmental Behaviors”. As a result of the
confirmatory factor analysis, it is determined that chi square/df, RMSEA value
and the other statistical significance levels are consistent with the collected data.

analysis Cronbach’s Alpha coefficient was taken between 0.71-0.94 for sub-scales and
Validity 0.93 for the total scale. In the light of these data, it is concluded that the
Reliability environmental attitude scale has the validity and reliability.

Attitude

Environment
Elementary school

Introduction

Environment was basically defined as all of the natural and artificial elements that condition the human life
(Keles and Hamamci, 2005). It is possible to say that environmental problems are one of the most important
problems of today. In order for the current problems to be minimized and the future generations to live in a
healthy place, the role of the educators is huge. Because, as gradually accumulating, wrong behaviors can lead
to bigger problems. For that reason, it is crucial to raise environment conscious individuals, for not doing any
mistakes at early ages, even if they seem minor and unimportant. For the first time in the world history,
humankind seems to become a part of this process as a separate problem other than those originating from the
world itself (Demir, 2016).

It is a fact that the education activities are important in the approaches on permanent solutions on environmental
problems. Because, the easiest, cheapest and firmest way to develop such approaches, is to educate our children
starting from early ages. Accordingly, raising individuals conscious and aware of environment comes out as the
most effective way to solve those problems (Benli, Ay and Kahramanoglu, 2011). It is clear that individuals
with negative attitudes towards the environment will be inconsiderate towards environmental problems and will
continue to pose problems to the environment (Uzun and Saglam, 2006). Environmental condition in long-term,
is related with the future generations to take care of the environment. In a report published by the Childhood
Alliance, it is indicated that the childhood is a critical period in acquiring anxiety, interest, awareness, tendency,
dignification and knowledge acquisition related to natural world. For this reason, it is crucial to start studies
concerning the environment at early ages (Yasaroglu, 2012). Students who cannot develop positive attitudes
regarding the environment at early ages may face the risk of not being able to develop positive attitudes for the
rest of their lives. Provided that the student develops negative attitude at early ages, these negativities become
permanent and lay the foundations of unwanted behaviors in the future. Positive attitude acquired at early ages,
forms the basis of the following years (Chapman&Sharma, 2001; Erten, 2004; Gokce, Kaya, Aktay and Ozden,
2007).

The objective of this research is to develop a valid and reliable instrument that measures environmental attitudes
of third grade students. Within this scope, it is aimed to develop an instrument including the dimensions of
cognition, perception and behavior. Related literature review shows that there are many studies aimed at middle
school, high school and university students, whereas there is no such environmental attitude scale including
dimensions of cognition, perception and behavior aimed at elementary school students. So as to gain
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environment-oriented positive attitudes, the attitudes gained at earlier ages are important. It is emphasized in
researches that the attitudes acquired at early ages will continue to be in the future (Chapman&Sharma, 2001;
Erten, 2004; Gokce and et al. 2007). Thus, it is important to develop such scale in order to emphasize the
environmental education of children at early ages and measure to what extent they develop environmental
consciousness, which is not included in the literature.

Sustainable development which is one of the learning sub-fields of Science-Technology-Society-Environment
of Science lesson contains “enabling future generations to meet their needs by using natural resources
economically, developing conscious on individual, society and economic benefits of an economical usage.”
(MEB, 2013). In order for sustainable development conscious to be improved, students have to hold the
environmental attitude. It will be possible to reach a measuring instrument which shows to what extent this
program succeeded in instilling the objectives of the program in the students. It also will help determine the
environmental attitudes of the students who have not attended Science class since the class is introduced at the
3rd grade. There is a need for a scale that includes the dimensions of cognition, perception and behavior in
regard to the importance of environmental attitude to be acquired at early ages. Individuals, who are conscious
of environmental attitude, have to have the environmental knowledge, recognize the environmental problems, be
sensitive to these problems and act accordingly.

Method

Study Group

Since this study is a scale development study, population and sample method had not been chosen. Study group
was determined by easily accessible sampling method. The study group of the research consists of 416 third
grade students studying in four elementary schools in 2014-2015 academic year in central district of Eskisehir.
Demographic information of 416 voluntary participants of the study can be seen on Table 1.

Table 1. Distributions according to the demographic attributes of the study group

Variables N Mean
F 198 47.6

Gender M 209 50.2
Unspecified 9 2.2

Total 416 100

In the sampling group, there are 198 male and 209 female students. 9 students did not mark the gender selection.
Since 66 students did not fully complete the scale form, they were not included in the study group and thus, the
study group regarded as 416 students. In this study, three point Likert scale was chosen since the study is
conducted among the 3rd grades. Draft scale was prepared as three point Likert as Agree (3), Partially Agree
(2), Disagree (1).

Creating the Scale Items

In order to develop data collection tool, Education Program of Science and 3rd grade Science Lesson books
were examined. In accordance with “Sustainable Development” - one of the sub-learning fields of Science-
Technology-Society-Environment, which includes the acquirements that take place in the educational program
as “Knows the environment and takes active roles in cleaning these places. Understands the importance of
natural habitat on living creatures and takes precautions in order to save the natural habitat. Understands the
importance of economical usage of the resources such as electric and water and acts accordingly. Understands
the importance of the required situations for a healthy life and performs in daily life. Discusses the harms of
waste batteries to the environment and actions to be taken about them.” and enables future generations to meet
their needs by using natural resources economically, develops conscious on individual, society and economic
benefits of an economical usage, a 65-item scale pool was created.

Content Validity Study

The main objective of this study is to provide content validity in order to put forward whether the developed
scale reflects the behaviors of the items sufficiently or not. Within the framework of content validity, expert
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opinions were taken into consideration when determining the scale items whether they are enough by means of
number and quality or not. Scale items were rearranged according to expert’s suggestions. Draft scaling form
consisting of 65 items was asked for three different experts’ opinions. The experts consisted of Associate
Professor of the department of School Teaching who had studies on science and environmental education,
Associate Professor of the department of School Teaching who is a geography teacher and had environmental
education studies and Assessment and Evaluation Expert (Associate Professor). Expert evaluation form was
created and all the experts asked to evaluate the items on the draft form. Evaluations made as “has to be
removed, revised or acceptable). Evaluations of three experts were examined and 5 items decided to be left out
considering that they will not help scaling the environmental attitude.

The Study of Face Validity

“Face validity is defined as scaling the feature aimed to be scaled, the name of the measuring instrument, its
instructions, organization and items and the questions reflecting this.” (Biiylikoztiirk, 2004; p.117). In that study,
two expert opinions were taken for face validity of the draft measuring instrument.
Following the content and face validity, pilot testing was carried out with twenty students which did not take
part in the sample group of the draft form. The unknown words by these students were determined. The
synonyms were used or changes made on draft scaling form by writing the definitions in brackets. Validity and
reliability analyses were performed on 416 primary third grade students. Draft scale was prepared as three-point
Likert scale as Agree (3), Partially Agree (2), Disagree (1). For the item discrimination of scale items and for the
determination of remaining item coefficient, Pearson’s product moment correlation analysis was carried out and
for the comparison of %27 subgroup and super group item points, independent samples t test was performed. In
order to determine the construct validity, exploratory and then confirmatory factor analysis were carried out. For
internal consistency, Cronbach’s alpha coefficient was calculated.
Validity and reliability calculations of the scale were conducted considering the SPSS and LISREL 8 programs.

Data Analysis

In research, before dealing with the data analysis collected by the data collection tool, measuring instruments
were numerated from 1 to 416. After the numbering process, data were transferred to computer environment in
accordance with the given numbers. Following the transfer, environmental attitude scale and validity and
reliability of the sub dimensions were calculated in the SPSS 21 Windows package software. Besides,
descriptive analysis of the scale such as percentage, arithmetic mean and standard deviation, were carried out.
The significance level for statistical analyses on this research was determined as 0,01.

Findings

In order to determine the item scales by means of features to see how effective they are to discriminate the
people, item total and item rest correlations on the collected data obtained from 416 students, were calculated.
The obtained correlation coefficient is the validity coefficient of that item and it indicates its consistency with
the overall test. The correlation coefficients obtained from the item total correlations changes from 0.12 to 0.73,
whereas the correlation coefficients taken from the item rest correlations changes from 0.06 to 0.73. As a result
of item total correlation, item 8 “If there is a recycling box, I throw my garbage on it.” had been removed from
the scale items since it had not regarded as statistically significant. As concluded from the item rest correlation,
item 15 “Pollution of the sea only affects the animals living in the sea.” And item 46 “I should not take part in
cleaning the class.” had been removed from the scale items since it had not regarded as statistically significant.

Table 2. Item total and item rest correlation coefficients of the item scale

Item Item
Total Rest
Item Number r r
1. Itis important for our future to have an economical use of resources (water, 68** B6%*
electricity, natural gas, etc.). : '
2. Clean air is important for our health. J70** .69**
3. Environmental pollution only affects human life negatively. 25%* 21%*

4. Clean environment makes me happy. J0** .69**
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5. Trees and flowers need clean water. .64** 63**
6. Damage to forests affects the natural life negatively. .30** 26%**
7. Environmental pollution is dangerous to all living creatures. 56** S4**
8. If there is a recycling box, | throw my garbage on it. A2 .06

9. I discuss current environmental problems with my family. 50** AT
10. Recycling contributes to the national economy. 52** 49**
11. All living creatures need a clean world. B7** .65**
12. Protecting the nature is important for endangered animals. A45** 42**
13. | separate trashes at home for throwing them on recycling boxes. A48** A45**
14. | feed street animals. 50** AT
15. Pollution of the sea only affects the animals living in the sea. 15* .09

16. Random disposal of used batteries damages the environment. 51** 48**
17. 1 know the plants in my environment. .36** 32%*
18. | love animals. .66** .65**
19. We may have trouble finding clean drinking water in the future. .36** 32%*
20. Recycling is important. .65** .64**
21. We do less harm to environment when we use public transport instead of cars. 26%* 20**
22. 1 know the things that can be recycled. A4** 42**
23. | know where the recycling boxes are for used batteries. 50** AT
24. 1 do not throw garbage on street. .66** .64**
25. It is not my responsibility to protect the environment. A1** .38**
26. The garbage thrown away at school attracts my notice. .50** 48**
27. 1don’t be upset about the pollution in my environment. A6** 43%*
28. | use water economically. A4** 42**
29. Trees and flowers need clean soil. JT3F* T2**
30. 1 do my part regarding the cleanliness of our class. .63** .62**
31. I get upset about fishes living in dirty water. S7** B55**
32. | watch documentaries about living creatures. A43** 40**
33. 1 would like to participate in environmental cleaning activities. .65** .63**
34. 1 do not damage trees. 70** .69**
35. We should protect the nature. 2% J1x*
36. | take part in environmental activities. 49** 46**
37. | talk about current environmental problems with my friends. AB** A2**
38. Environmental pollution affects the habitats of some living things. .36** 32**
39. Unconscious hunting causes some animals to be extinct. 39** 35**
40. I don’t do harm to animals. .69* B67**
41. 1 know the animals in the environment I live. 56** 53**
42. | enjoy watching documentaries about living creatures. A40** 37**
43. The lights left open do not attract my attention 23** 18**
44. People throwing litter makes me sad. .64** 62**
45. | would like to plant trees. .66** .65**
46. | should not take part in cleaning the class. A7** 12

47. Damaging forests do not affect the natural life negatively. 28** 23**
48. Animal extinction makes me sad. 59** S57**
49. When | see a flowing faucet, I close it. .63** 62**

50. I would like to grow plants. S51** A9**
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51. I do harm to animals. ATF* A4
52. | plant trees. 53** 50**
53. Garbage on street attracts my notice. .62** .60**
54. | would like to work for my environment to be clean. .60** 59**
55. | feel sorry when | see the wasted taps. 59** S57**
56. | throw waste pills on waste battery box. .66** .64**
57. Feeding animals makes me happy. B7** .66**
58. | turn off the lights that are left on. J1x* .69**
59. I do not use the water economically. 28** 24**
60. I do not harm the plants. 58** S57**

n=416 *p<.05 **p<.01
Item Discrimination Power
In order to determine the discriminating power of the items on the scale, item analysis was made. For every
item, obtained points were sorted as biggest to smallest and independent group t test was performed for %27 top
and bottom parts. In Table 3, independent group t test results which had been carried out so as to determine the
item discriminating powers are given below.

Table 3. Results of the independent group T test results determining the item discrimination powers

Item No t
1. Itis important for our future to have an economical use of resources (water, 4.806*
electricity, natural gas, etc.).

2. Clean air is important for our health. 5.070*
3. Environmental pollution only affects human life negatively. 17.356™*
4. Clean environment makes me happy. 4.967*
5. Trees and flowers need clean water. 5.114*
6. Damage to forests affects the natural life negatively. 17.525*
7. Environmental pollution is dangerous to all living creatures. 7.016*
9. I talk about current environmental problems with my family. 16.182*
10. Recycling contributes to the national economy. 7.683*
11. All living creatures need a clean world. 5.689*
12. Protecting the nature is important for endangered animals. 1.459
13. | separate trashes at home for throwing them in recycling bins. 16.654*
14. | feed street animals. 11.175*
16. Random disposal of used batteries damages the environment. 7.975*
17. 1 know the plants in my environment. 15.989*
18. I love animals. 7.067*
19. We may have trouble finding clean drinking water in the future. 16.776*
20. Recycling is important. 4.410*
21. We do less harm to environment when we use public transport instead of cars. 24.269*
22. 1 know the things that can be recycled in my environment. 11.535*
23. | know where the recycling boxes are for used batteries. 16.029*
24. | do not throw garbage on street. 6.342*
25. It is not my responsibility to protect the environment. 9.376*
26. The garbage thrown away at school attracts my notice. 8.210*
27.1don’t be upset about the pollution in my environment. 6.742*

28. | use water economically. 8.080*
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29. Trees and flowers need clean soil. 5.145*
30. 1 do my part regarding the cleanliness of our class. 6.459*
31. I get upset about fishes living in dirty water. 7.046*
32. | watch documentaries about living creatures. 15.986*
33. I would like to participate in environmental cleaning activities. 10.621*
34. | do not damage trees. 4.980*
35. We should protect the nature. 4.737*
36. | take part in environmental activities. 16.165*
37. I talk about current environmental problems with my friends. 16.437*
38. Environmental pollution affects the habitats of some living things. 9.586™
39. Unconscious hunting causes some animals to be extinct. 10.278*
40. I don’t do harm to animals. 4.600*
41. 1 know the animals in the environment I live. 15.989*
42. | enjoy watching documentaries about living creatures. 16.062*
43. The lights left open do not attract my attention 13.382*
44, People throwing litter makes me sad. 7.842*
45. | would like to plant trees. 6.517*
47. Damaging forests do not affect the natural life negatively. 19.811*
48. Animal extinction makes me sad. 7.846*
49. When | see a flowing faucet, | close it. 6.183*
50. I would like to grow plants. 6.991*
51. I do harm to animals. 5.529*
52. | plant trees. 10.894*
53. Garbage on street attracts my notice. 8.000*
54. I would like to work for my environment to be clean. 8.112*
55. | feel sorry when | see the wasted taps. 7.704*
56. | throw waste pills on waste battery box. 6.279*
57. Feeding animals makes me happy. 6.630*
58. | turn off the lights that are left on. 5.345*
59. I do not use the water economically. 10.914*
60. | do not harm the plants. 4.778*
n= 230, SD= 124 , *p<.01

According to the values on Table 3, item 12 “Protecting the nature is important for endangered animals.” had
been removed since the item is not p<.01 and do not have statistical significance.

Construct Validity

In order to determine the construct validity of the item, factor analysis was carried out. Factor analysis is
performed in order to find out whether the scale items separated into fewer factors which keep each other out or
not. Items gathering in the same group are named according to their contents (Baloglu, Karadag ve Karaman,
2008). In this study, two factor analyses in literature were used. Primarily, exploratory factor analysis had been
carried out, and then confirmatory factor analysis was performed. Kaiser-Meyer-Oklin and Bartlet values
required for determining the construct validity of the scale were determined. Since KMO= .908 and Barlett
value is p<.01, it is shown that the data set is suitable for factor analysis. This indicates that there are high
correlations between the variables, in other words, Environmental Attitude Scale is suitable for factor analysis.
Since KMO values are over 0.60, it includes the acceptable values. If KMO values are calculated high, Barlett
values will be high accordingly. If the two of them have high values, then it will indicate the utility of the factor
analysis and also show that the correlation values between the items are high (Kalayci 2008). Varimax Rotation
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Technique is preferred since the scale has a multifactor structure and it is aimed at the generalizability of the
data obtained (Acat, Tiiken&Karadag, 2010). According to Biiyiikoztiirk (2004), if the item-total correlation is
positive and high; it indicates that the items on the scale exemplify similar behaviors and that the internal
consistency of the test is high. Generally, item-total correlations valued .30 and higher contribute to the
measurement of the overall measure of the scale. If one variable is below the factor load of 0.30; it is considered
as low level and these items have to be removed from the scale (Kline, 1994). As a result of the factor analysis
carried out, items with inappropriate factor loadings were removed from the scale (factor load <0.30). In Table
4, three sub-factors and item loadings that came out as a result of the exploratory factor analysis are given.

Table 4. The results of exploratory factor analysis related to the scales

Item 1. Item 2. ltem 3.
35. We should protect the 85
nature. '
40.1don’t do harm to animals .79
34. | do not damage trees. .78
58. | turn off the lights that are
.76
left on.
2. Clean air is important for our
.75
health.
4, Clean environment makes 75
me happy. '
49. When | see a flowing
. g4
faucet, | close it.
24. 1 do not throw garbage on
73
street.
11. All living creatures need a
73
clean world.
57. Feeding animals makes me 70
happy. '
60. 1 do not harm the plants. 69
5. Trees and flowers need clean 69
water. '
56. | throw waste pills on waste
.68
battery box.
20. Recycling is important. 67
30. | do my part regarding the 66
cleanliness of our class. '
1 It is important for our future
to have an economical use of
o .63
resources (water, electricity,
natural gas, etc.).
18. I love animals.. 62
48. Animal extinction makes
.59
me sad.
31. | get upset about fishes 55
living in dirty water.. '
54. 1 would like to work for my
. 54
environment to be clean.
53. Garbage on street attracts 50

my notice.
50. I would like to grow plants. 51

7. Environmental pollution is

dangerous to all living .48
creatures.
55. | feel sorry when I see the

46
wasted taps.
26. The garbage thrown away a1

at school attracts my notice.
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28. | use water economically. 38

38. Environmental pollution
affects the habitats of some ° 5
living things.
37. | talk about current
environmental problems .65
with my friends.
17. 1 know the plants in
my environment.
32. | watch documentaries
about living creatures.
23. | know where the
recycling boxes are for .54
used batteries.
41. | know the animals in

.62

.56

the environment | live. 48
21. We do less harm to
environment when we use 48
public transport instead of
cars.

14. | feed street animals. A7

19. We may have trouble

finding clean drinking .46

water in the future.

22. | know the things that

can be recycled in my .44

environment.

16. Random disposal of

used batteries damages .40

the environment.
47. Damaging forests
do not affect the .68
natural life negatively.
59. | do not use the
water economically.
43. The lights left
open do not attract my .65
attention.
27. 1 don’t be upset
about the pollution in .61
my environment.
25. It is not my

.66

responsibility to 54
protect the
environment.

51. | do harm to 48

animals.

As a result of factor analysis, three subfactors as “Positive Environmental Behaviors”, “Environmental
Information and Awareness”, “Negative Environmental Behaviors” were created. “Positive Environmental
Behaviors” subfactor consists of 27 completely positive items, “Environmental Information and Awareness”
subfactor consists of 10 completely positive items and ‘“Negative Environmental Behaviors” subfactor consists
of 6 completely positive items. Their item loads valued between .32 and .85.
In Table 8, eigenvalue and variance values that represented by scales are given. The eigenvalue of “Positive
Environmental Behaviors” subfactor is 14.70, eigenvalue of “Environmental Information and Awareness”
subfactor is 2.53 and “Negative Environmental Behaviors” subfactor’s eigenvalue is 2.11. Total variance
percentages were founded as 44.56. It can be said that the scale is consisted of three factors since it’s variance
rate is over the acceptable value of %41 (Kline, 1994).
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Table 5. Eigenvalues and variances explained by the scale factors

Subscales Eigenvalues Variance
1. Positive Environmental Behaviors 14.70 34.19
2. Environmental Information and Awareness 2.53 5.47
3. Negative Environmental Behaviors 211 4.90
Total 19.34 4456

Bogner and Wiseman (2006) and Costello and Osborne (2005) propose a confirmatory factor analysis to test the

correctness of the model which resulted from the exploratory factor analysis. Table 9 shows the results of
confirmatory factor analysis.

Table 6. Compliance parameters related to the confirmatory factor analysis model of the scale

Conformity Parameter Index
GFI (Goodness of Fit Index) 0.65
AGFI (Adjusted Goodness of Fit Index) 0.62
RMSEA (Root Mean Square Error of Approximation) 0.089
Df 857
x> 2120.64
(Chi-square) x¥/df 2,47

In Figure 1, the standard value diagram of the proposed model is presented:
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Figure 1. Standard value diagram related to the confirmatory factor analysis model



J. Educ. Sci Environ Health 41

The results of confirmatory factor analysis and exploratory factor analysis were verified. x*/df value was found
significant. If x*df ratio is below 3, it is the perfect fit, whereas below 5 is satisfactory. In this case, x*/df
ratioof the scale is a perfect fit (Simsek, 2007).

RMSEA is acceptable between .05 and .08 and it is regarded as perfect fit when the value is between .00 and
0.50 (Brown and Cudeck, 1993). According to these values, RMSEA value was considered acceptable.
Pearson’s product-moment correlation analysis was used. Correlations between subscale points of the scale are
changed between 0.26 and 0.59 and statically significant. Table 7 shows the correlations between all subscales.

Table 7.Correlation coefficients between the subscales

Subscales 1 2 3
1. Positive Environmental Behaviors ) 0.59™* 0.35**
2. Environmental Information and - 0.26**

Awareness
3. Negative Environmental Behaviors
** p<.01

Findings Related to the Reliability of the Scale For the reliability, Cronbach’s Alpha coefficient was calculated.
In Table 8, subfactors of scale and Cronbach’s Alpha coefficient values of all are given.

Table 8. Cronbach’s alpha coefficients of scale subscales

Subscales Alpha
Positive Environmental Behaviors 0.94
Environmental Information and

0.75
Awareness
Negative Environmental Behaviors 0.71
Total 0.93

Cronbach’s Alpha coefficient was determined between 0.71-0.94, and 0.03 for all of the scale. These values
indicate that the scale can measure consistently. According to Biiyiikoztiirk (2004) reliability coefficients over
0.70 and above is acceptable, whereas Sencan (2005) stated that although this value is acceptable in scientific
studies, interest and talent type of researches requires scales to have at least 0.85 reliability coefficient.

Discussion and Suggestions

As a result of this study, three point Likert scale consisting of 43 items, in order to measure the third grade
students environmental attitudes, was developed. In that scale, “Positive Environmental Behaviors” subfactor
consists of 27 items, “Environmental Information and Awareness” subfactor consists of 10 items and “Negative
Environmental Behaviors” subfactor consists of 6 items. When examining the studies concerning environmental
attitudes in literature, it is seen that these studies were performed mostly with the teacher candidates, high
school students and middle school students (Alp, Ertepinar, Tekkaya and Yilmaz, 2006; Altinéz, 2010; Atasoy,
2005; Atasoy, 2012; Atasoy and Ertiirk, 2008; Beklan Cetin, 2002; Erdogan and Ok, 2008; Ergezin and Cetin
Teke, 2013; Karatas, 2013; Okur and Yalgin Ozdilek, 2012). It is seen that there is not much weight given to
environmental education in literature for early ages. More importance should be given to environmental
education in primary school. Moreover, it is seen that the studies concerning the environmental attitude (Alp,
Ertepinar, Tekkaya and Yilmaz, 2006; Atasoy, 2005; Atasoy, 2012; Atasoy and Ertiirk, 2008; Beklan Cetin,
2002; Erdogan and Ok, 2008; Ergezin and Cetin Teke, 2013; Uzun and Saglam, 2006) deal with the
environmental attitude as different components (knowledge, behavior, attitude). Atasoy (2005) examined the
knowledge and attitude of primary second grade studens. While there are differences of environment knowledge
among 6™ and 8", 7" and 8™ grade students, it is seen that there is a difference of environmental attitude among
6th and 8th grade students. Alp, Ertepinar, Tekkaya and Yilmaz (2006) found that primary school students'
attitudes and knowledge towards the environment, class level and gender influence on their knowledge and
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attitudes, and the relationship between useful behaviors towards the environment and intentions, emotions,
information and internal-external control focus. Kuhlemeier, Bergh and Lagerweij (1999) examined the
relationship between environmental knowledge, environmental attitude and behavior in their studies. Uzun and
Saglam (2006) dealt with the “behavior” and “thought” of attitude’s three dimensions, and left “emotion”
dimension to their next study. Beklan Cetin (2002) examined environmental information, environmental
attitudes and environmental behaviors. It was found that environmental knowledge has a significant influence
on environmental attitudes.

In scale development studies, performing analysis as exploratory factor analysis with induction, confirmatory
factor analysis with deductive contributes to the theoretical foundation to be steady (Okur and Yal¢in-Ozdilek,
2012). In this respect, besides the exploratory factor analysis in scale development studies, using other factor
analyses in literature  will contribute to studies to build on strong  foundations.
The environmental attitude scale developed for primary school students, was prepared to include cognition,
perception and behavior dimensions of environmental attitudes of the third grade students. Moreover, while
developing the scale, exploratory and confirmatory factor analyses were used. For that reason, scale
development study is important.

Teachers can use the scale in their classrooms in order to determine the environmental attitudes of the students.
With this developed scale, survey studies can be carried out in province, region or throughout Turkey. In
surveys, joint studies can be carried out with the help of the academicians and form teachers in order to raise
individuals who have positive attitude for environment, in schools and classes that the scale gives low results.
The scale can be used by the teachers implementing educational programs and also by program developing
experts in an attempt to determine the situation and the needs. Being individuals having positive attitudes
towards the environment is a prior condition required for health of today’s world and its continuity. It is
significant to acquire this attitude at early ages. Changing the acquired wrong attitudes is harder than acquiring
new attitudes. It is important to spend less energy and resources, and try to acquire environmental attitude at
early ages so that nature gets least harm.

Note

This article was produced from a postgraduate thesis entitled "A Study of Developing an Environmental
Attitude Scale for Primary School Students”.
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Appendix
Environmental Attitude Scale

Note: The original scale has been developed in Turkish. It is necessary to ensure the language validity for using
in different languages.

A. Positive Environmental Behaviors Agree Partially Agree | Disagree
We should protect the nature.

I don’t do harm to animals.

I do not damage trees.

I turn off the lights that are left on.
Clean air is important for our health.
Clean environment makes me happy.
When | see a flowing faucet, | close it.

I do not throw garbage on street.

All living creatures need a clean world.

Feeding animals makes me happy.
I do not harm the plants.

Trees and flowers need clean water.

I throw waste pills on waste battery box.
Recycling is important.
I do my part regarding the cleanliness of our class.

It is important for our future to have an economical
use of resources (water, electricity, natural gas, etc.).
I love animals.

Animal extinction makes me sad.

I get upset about fishes living in dirty water.

I would like to work for my environment to be clean.
Garbage on street attracts my notice.
I would like to grow plants.

Environmental pollution is dangerous to all living
creatures.

| feel sorry when | see the wasted taps.

The garbage thrown away at school attracts my notice.
| use water economically.

Environmental pollution affects the habitats of some
living things.

B. Environmental Knowledge and Awareness Agree Partially Agree | Disagree
I talk about current environmental problems with my
friends.

I know the plants in my environment.

I watch documentaries about living creatures.

I know where the recycling boxes are for used
batteries.

I know the animals in the environment | live.

We do less harm to environment when we use public
transport instead of cars.
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| feed street animals.

We may have trouble finding clean drinking water in
the future.

I know the things that can be recycled in my
environment.

Random disposal of used batteries damages the
environment.

C. Negative Environmental Behaviors

Agree

Partially Agree

Disagree

Damaging forests do not affect the natural life
negatively.

I do not use the water economically.

The lights left open do not attract my attention

I don’t be wupset about the pollution in my
environment.

It is not my responsibility to protect the environment.

I do harm to animals.
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a pretest and posttest. First tier of the test consists of multiple-choice items and
the second tier consists of open-ended items. Students were asked to find the
Teaching of plasma state correct answer in the first tier and write the reasons (justifications) for their
Science education answers in the second tier. Pretest and posttest mean scores of first and second
Gifted students tier scores were compared with statistical analyzes. Also the students’
justifications for the second tier of the test was used to make content analyzes.
From pretest to posttest an increase was found in open-ended tier scores. The
difference between pretest and posttest wasn’t statistically significant for
multiple-choice tier scores. From the findings it can be concluded that the
experiment system was effective on the gifted middle school students’
understanding on the subject of the plasma state.

Keywords

Introduction

The success in the physics courses depends on most variables such as teacher, the content of the course,
availability of the devices for the laboratory experiments, an applicable schedule and open learning philosophy
to meet the requirements of the students, making critical efforts to achieve the learning goals. The researches
show that the experiments play an effective role in understanding the physical phenomena in physics and in our
world (Psillos & Niedderer, 2002). The learning strategies containing the experiments ensure that the students
associate the theory to the practice and gain an ability to do experiments and to think scientifically and aim their
cognitive developments (Hofstein & Lunetta, 2004). The students must take an active role in all stages of the
process to ensure that the experiments are considered as most important training tools in the physics course
especially to teach difficult or abstract concepts. Any tools and equipment required by the experiments that are
expected to be conducted in the scope of the physics course curriculum are in general accessible easily. But, if
there are any technical or physical limitations, it is proposed that different techniques such as the demonstration
experiments or simulations are used. It is highly difficult to realize the experiments related to plasma state of the
matter, which constitutes the subject of this study, in a classroom environment due to the technical limitations
and working at a high voltage.

The plasma defined the first time by Irwin Langmuir in as an ionized gas containing a free particle in 1928
constitutes more than 99% of the universe (Langmuir, 1928). Examples of the plasmas in the universe include
sun, stars, solar winds, supernovas and nebulas. Examples of the plasmas in our earth include polar lights
(Aurora), lightning, flash, fire, ionospheric region of the earth, magma layer of the earth and Van Allen belts.
Moreover, the plasmas are keys to understanding the behaviors of all structures from the plasmas filling the
interstellar environment to the extra galactic jets dispersed from the disks encircling the black holes.

Also, as stated in the reports of the American National Council on Plasma Science, the plasmas plays an
important role in the development of most of today’s advanced technologies (National Research Council [NRC],
2007). Although they are not known very well by the public, the plasmas are used in most of the high
technological devices. One of the basic applications of the plasma technology relates to the micro and nano
technologies. More than 50% of the equipment consists of the plasma reactors in a clean manufacturing room,
where the integrated circuits used in the memories or microprocessors that take up a lot of room in the daily are
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manufactured. The plasma technologies are also used in many different applications in the chemical industry
(e.g. gas mitigation, gas production, etc.), medical industry (e.g. plasma sterilization, plasma treatment, etc.),
material industry (etc. coating, functionalization, etc.) and other most industries (Liebermann and Lichtenberg,
1994). Furthermore, examples of the plasmas produced in vitro include the neon advertisement lamps brought
by the modern technology, Xenon headlights of vehicles and sodium vapor lamps (Contemporary Physics
Education Project [CPEP], 2014; Elizer & Eliezer, 2001; Eskisehir Osmangazi University [ESOGU], 2014;
Grill, 1993). Although the plasma application fields are highly broad, it is essential that the basics of the plasma
physics are taught by the new generation scientists early as possible (O'Brien, Zhu, & Lopez, 2011). Recently,
any various training practices led by universities for this purpose stand out. For example, the education
programs and cooperation projects between the plasma laboratories such as the Princeton University, Plasma
Physics Laboratory (PPPL) and Tokyo University, Institute of Frontier Sciences (Graduate School of Frontier
Sciences) are started, and the scientists, who work on plasma, work with graduate and postgraduate students to
teach the main properties of plasma and plasma technologies (Tillocher et al., 2015; Prager & Ono, 2014). It is
seen that, although they are included in the high school curriculum, such education practices are limited to high
school students. A limited number of students, which meet a high criteria, are admitted to a few plasma
education programs that may also be utilized by high school students. For example, only the high school
students from the New Jersey region admitted to the Saint Peter’s University, Center of Microplasma Science
Technology (CMST), and these students then describe the plasma subject to their friends in their schools
(CMST, 2016).

Plasma state, which takes up a large place both in the universe, where we live, and in our daily life, takes a place
in the physics course curriculum of the secondary education of the Ministry of National Education in our
country. It is aimed that the students adopt the principle “describing the general properties of the plasma by
giving examples” on the plasma subject as the final subject the “Matter and Its Properties” unit, which is the
second unit of the ninth-grade curriculum, and for which 12 course hours. Expression of the subject must be
supported by the experiments to ensure that the students may gain any achievements on plasma like almost all
physics subjects. The literature review shows that the experiments concerning plasma state are limited only to
the plasma sphere, and knowledge and experience of the student on the plasma phenomena are highly limited
for secondary education students.

We realized any studies, both with the secondary school students and with candidate science teachers by using
the experiment system as a demonstration experiment concerning plasma state (Korkmaz, 2015; Korkmaz,
Aybek, & Pat, 2015). These studies show that the basic properties of the plasma cannot be perceived very easily
and the designed experiment system is effective in understanding the plasma subject. In these studies, that we
also support with the discharge tube simulation as a plasma environment, it is determined that the students must
understand and have an ability to apply dynamic, electrics, magnetism and modern atom theory for them to able
to deceive the plasma and its basic properties. Such acquisitions are possible for secondary education students,
for whom the physics course curriculum of the secondary education in Turkey, only, when they come to the
twelfth-grade level. To the best of our knowledge, previously, no one has reported such a study included
demonstration experiments concerning plasma state which is a state that exists widely in the universe and that is
used to produce new products and generate energy today, conducted with gifted students. Therefore, the purpose
of this study was to investigate the effectiveness of the experimental system design related to plasma state on the
gifted students’ understanding on the subject of the plasma state.

Method
Study Group

The study group of the study 18 eighth-grade students (7 girls and 11 boys), who continue the Education
Program for Gifted Students (EPGS) of the Anadolu University. The EPGS is an afterschool weekend program
designed to serve the gifted middle school students in mathematics and science fields. The students are admitted
by the identification process, where the specific identification tools for mathematics and science fields, are used
(Mathematical Ability Test [Sak, 2009] and Scientific Productivity Test [Ayas & Sak, 2014]). An academically
accelerated and enriched curriculum in science and mathematics is submitted to the students, who are admitted
to the program (Sak, 2013). Therefore, the EPGS students have reached their knowledge level on any subjects
such as dynamics, electrics and modern atomic theory, which are in a nature of prerequisite to understand the
plasma subject, in 8" grade of the primary school. In this respect, the eighth-grade EPGS students, who are
enrolled in the program in 6" grade as a result of the identification process, and continues the third year of the
program, are included in our research.
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Data Collection Tools
Plasma Achievement Test

The Plasma Achievement Test (PAT) developed in 2015 by the Korkmaz (2015) for the purpose of collecting
data (Korkmaz, 2015; Korkmaz, Aybek, & Pat, 2015) is used as a pretest and posttest in the study. PAT is a test
which consisting of 10 multiple-choice and 10 open-ended items to purpose of determining the knowledge level
of the students on plasma. With the open-ended items in the test, the students are required to justify their
answers to the multiple-choice items.

In the developing process of PAT a 20 item pilot test form was prepared. The pilot test was presented to two
measurement and evaluation specialists, two physics teachers, one physical science specialist and one science
teaching-specialist for expert opinion. In accordance with the opinions of the experts, necessary corrections
were made in the test items and the final form of the test was given. Item analysis and reliability study of the
PAT were carried out with 80 students studying in the two different high schools in Eskisehir in the 2014-2015
academic years. Item difficulty and item discrimination indices were calculated. The most appropriate 10 items
were selected according to the item analysis results. The detailed validity and reliability study of PAT can be
found in the Korkmaz (2015).

The maximum score that can be taken each tier was 100. Each open-ended item scored polytomously between
1-10 with a rubric developed to grading open-ended items, and each multiple-choice item is scored
dichotomously as 0 or 10. Then, students’ test scores for each tier calculated separately by summarizing the
item-scores.

In the scope of this study, PAT is applied to the eighth-grade EPGS students, and the reliability coefficient is
calculated as .69 according to the split-half method for this group. It is expected that the reliability coefficient is
higher in the achievement tests, whereas the students in the study group are selected according to the same
identification test, which means the group was very homogenous, may be caused that the reliability coefficient
is calculated lower than the expected (Turgut & Baykul, 2010).

Process

The study is conducted in the scope of the EPGS science course. The plasma achievement test is applied
primarily to the study group as a pretest. A plasma demonstration experiment supported by the simulation is
conducted one week after the plasma achievement test is applied.

The discharge tubes filled with the low pressure and various gasses (Ar, Neon, etc.) are used in the experiment
system. The gas atoms are transformed to plasma state by using the low frequency (10 kHz) power supply and
electrodeless discharge method (Korkmaz, 2015). The first phase of plasma state is the ionization of atoms. The
ratio of the number of particles ionized in the tube to total number of particles is between 0.1% and 1%. The
number of electrons is equal to the number of ions. Upon initiation of ionization, ions and electrons are forced to
collide with non-ionized gas atoms and with each other. Electricity and heat conduction within the plasma are
provided by electron due to their high speeds. Masses of the electrons with a high energy are highly less that the
ions and ionized particles within the plasma. Because pressure of a gas with plasma generated is low, electrons
cannot collide many times with particles having masses larger than electrons, and therefore cannot transfer
energy to these particles. Therefore, the Kinetic energies, thus temperatures of the electrons in the low pressure
plasmas are always larger than the particles having larger masses than the electrons. As known, the Kinetic
energies of the particles in the microscopic medium are perceived as a temperature in the macroscopic medium.
Because the number of electrons is less than the total number of particles; energies, namely temperatures of ions
and neutral atoms are highly low, the temperature of the medium never rises at a sensible degree. In the
literature, this method is called cold plasma.

The plasma generation method is explained during the demonstration experiment, and any differences between
the plasma obtained from the experimental system and the plasmas observed in nature are examined. Upon the
demonstration experiment, Neon Lights & Other Discharge Lamps simulation is monitored (Phet, 2014). The
achievement test is applied again immediately after the demonstration experiment.

The pretest and posttest papers of the students are scored by two independent scorers, and in cases of indecision,
a mutual decision is made and the papers are scored by a consensus way.
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Data Analysis

The answers of the students to the multiple-choice and open-ended items on the plasma achievement test are
reviewed descriptively. The correct answers of the students in the multiple-choice items are multiplied by 10 to
get a score range between 0 to 100. Thus, it is ensured that they may be compared to the open-ended items.
Then, pretest and posttest scores are compared as follows:

1. Pretest multiple-choice scores and pretest open-ended scores;

2. Posttest multiple-choice scores and posttest open-ended scores;

3. Pretest multiple-choice scores and posttest multiple-choice scores; and

4. Pretest open-ended scores and posttest open-ended scores.
Because the research group consists of 18 students, a non-parametric Wilcoxon-Signed Rank Test is used for the
paired comparisons. To interpret whether the test result is significant or not, the determined significance level
.05 is divided by the number of comparisons (4 comparisons) by making the Bonferonni adjustment. Therefore,
it is accepted that a is equal to .0125, and the significance of the statistical test results are interpreted according
to this value.

Findings

Distribution of correct, wrong and empty answers to the multiple-choice items in the pretest and posttest is
given in Table 1:

Table 1. Variation of the correct, wrong and empty answers to the multiple-choice items

Items
Variations* 1 2 3 4 5 6 7 8 9 10
TT 17 6 11 12 3 1 14 13 12 7
TF 4 2 3 1 2 4
FT 4 2 10 2 1
FF 1 6 1 5 14 1 1 4
ET 3 1
TE 1 1
EE
EF 1 1
FE 1

*TT: Correct in the pretest and correct on the posttest; TF: Correct in the pretest and wrong on the posttest; FT: Wrong in the pretest and
correct on the posttest; FF: Wrong in the pretest and wrong on the posttest; ET: Empty in the pretest and correct on the posttest; TE: Correct
in the pretest and empty on the posttest; EE: Empty in the pretest and empty on the posttest; EF: Empty in the pretest and wrong on the
posttest; FE: Wrong in the pretest and wrong on the posttest.

As reviewed in Table 1, it is seen that, although some of the students give correct answers to items 2, 4, 6, 9 and
10 in the pretest, they give wrong answers in the posttest, and give wrong answers to items 2, 5, 6 and 10 in both
pretest and posttest. When the justifications of the students, who give wrong answers, are examined, it is seen
that the students state that plasma never transmits heat. During the demonstration experiment, the students are
allowed to touch the discharge tubes as a media created by plasma. The students may interpret that, the plasma
samples used in the demonstration are not hot, plasma never transmits heat. Another reason is that students may
have previous knowledge. In both cases, since the fluorescent lamps give light, the plasmas conduct electricity.
Fluorescent lamps do not generate too much heat. The polar lights are formed by magnetism. The student’s
previous knowledge about fluorescent tubes and polar lights lead him/her to the wrong answer. The similar
situation is also observed in a plasma globe.

Another finding to be considered in Table 1 is that 14 students give wrong answers to 6" item in both pretest
and posttest. When the answers of those 14 students are checked, it is observed that 12 and 14 students selected
the option A (distractor) respectively in the pretest and posttest. Probably the cause of this situation is that the
distractor is very strong. To create a plasma state in the experimental setup, first step primarily includes
ionization of gas in the experiment tubes. lons and electrons, which increase suddenly within the tube as
initialization of ionization, are forced collide with non-ionized atoms and with each other within the tube due to
uneven electrical field. As a result of collisions, excitations and ionizations begin in gas atoms. After the excited
atoms emit photons to return to the base position, radiation is observed within the tube. Therefore, plasma state
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is a situation, when the ionized atoms, electrons, exited atoms, photons and neutral atoms exist together. In
option A of 6™ question, plasma is stated as “it is an exited gas state of the matter”. However, when the
simulation that is shown to the students is reviewed, it is observed that the demonstration in the simulation may
cause a misconception in the students, because atoms are excited as a result of an electron bombardment in lieu
of ionization. Therefore, the students may think that plasma state is an excited state of atoms by being under the
influence of the simulation, and thus select the option A which is a strong distractor. The answer “...plasma is
an excited gas state, it emerges as a result of an electron bombardment.” given by a student to the respective
open-ended item confirm this opinion. The statements of the students that “it is an excited gas” or “it happens as
a result of excitation of gases” are also not deemed correct.

Distribution of numbers of the students, who leave unanswered and give wrong answers to the open-ended items
(0 justification score) by pretest and posttest is given in Table 2.

Table 2. The number of the students, who leave empty and give wrong answers to the justification items in the
pretest and posttest

Empty Wrong

Item Pretest Posttest Pretest Posttest
1 0 0 1 1
2 4 2 7 2
3 9 3 6 3
4 5 3 3 0
5 7 4 9 7
6 3 2 13 14
7 5 4 10 6
8 3 2 3 0
9 5 4 6 1
10 5 3 12 8
Average 4.6 2.7 6.7 4.2

In Table 2, it is seen that number of students who give empty and wrong answers were reduced compared to the
pretest.

The pretest and posttest scores of the students for the multiple-choice and open-ended items on the Plasma
Achievement test are given in Table 3.

Table 3. The descriptive findings for PBT pretest and posttest scores

Minimum Maximum Mean SD
Multiple-choice Pretest 40.00 80.00 63.38 13.34
Posttest 40.00 80.00 67.77 11.14

Open-ended Pretest 10.00 34.00 20.38 7.55
(ustification) oot 16.00 68.00 37.83 16.82

In Table 3, it is seen that the pretest score average is 63.38 and the posttest score average is 67.77 for the
multiple-choice items. Although an increase in the scores of the students is observed in the posttest, it is seen
that the standard deviation of the group also reduces a little bit. When the scores of the open-ended items are
reviewed, it is seen that the mean score of the students increased by approximately 17.5 points in the posttest.
Standard deviation also has increased in the posttest. The cause of this increase in the standard deviation may be
the facts that number of the students, who never state any justification in the pretest, are high and the pretest
justification scores were low.

To determine whether there is a significant difference between pretest multiple-choice and open-ended scores
and between the posttest multiple-choice and open-ended scores or not, the Wilcoxon-Signed Rank Test is used
and the test results are given in Table 4.
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Table 4. The results of the wilcoxon-signed rank test for the pretest multiple-choice — pretest open-ended
and posttest multiple-choice — posttest open-ended items

Mean Rank Sum of Ranks
N Median Negative Positiv Negative Positiv 4 p
e e
Pretest MC 18 65 9.50° .00 171.00° 00> -3.725 .000
Pretest OE 18 18
Posttest MC 18 70 9.50° .00 171.00" 00> -3.724 .000
Posttest OE 18 36

N = 18; °N = 0; MC: Multiple-choice items; OE: Open-ended items.

It is determined that a significant difference between the pretest multiple-choice and open-ended mean scores in
favor of the multiple-choice items (Z = -3.725, p < .0125). When the students’ answers are examined, it is seen
that the students who give correct answers to the multiple-choice items in the pre-test, cannot justify their
answers. According to the Table 4, there is also a significant difference between the posttest multiple-choice and
open-ended mean scores in favor of the multiple-choice items (Z = -3.724, p <.0125). Namely, the students give
correct answers to the multiple-choice items, but cannot justify their answers in the same manner.

Wilcoxon-Signed Rank Test conducted to determine whether there is any significant difference between the
pretest and posttest multiple-choice scores and between pretest and posttest open-ended scores. The results of
the Wilcoxon signed rank test can be found in Table 5.

Table 5. Wilcoxon-signed rank test results for pretest — posttest multiple-choice and open-ended scores

Mean Rank Sum of Ranks
N  Median Negative Positiv Negative Positiv Z p
e e

Pretest MC 18 65 6.83" 5.69°  20.50°  4550° - 256

1.137

Posttest MC 18 70

Pretest OE 18 18 10.50°  9.44*  1050° 16050 - .001

4 3.268

Posttest OE 18 36
IN =3;°N =8;°N =1; °N = 17; MC: Multiple-choice questions; OE: Open-ended items.

According to the Wilcoxon-Signed Rank Test, there is no significant difference between pretest and posttest
multiple-choice scores (Z = -1.137, p > .0125). However, that there is a significant difference between pretest
and posttest scores for open-ended items (Z = -3.268, p < .0125). Accordingly, it may be said that the students
may justify the questions asked to them better in the posttest.

Conclusion

In this study that the plasma demonstration experiment is presented to the students, who continue to the EPGS,
and the change in the knowledge levels of the students on plasma is examined. There is no significant increase is
found from the pretest to the posttest according to multiple-choice items. In the open-ended tier, where the
students justify their answers, it is determined that the students had given better justifications in the posttest, and
accordingly, there is a significant increase in the mean score. In this scope, it may be said that the use of the
experimental setup increases the knowledge level of the students significantly. Also in similar researches
(Korkmaz, 2015; Korkmaz, Aybek, & Pat, 2015), the same finding is reported and this shows the significance of
the experiment setup in learning the concepts especially such as plasma in the science education. Furthermore, it
may be thought that use of the open-ended tests or two-tier tests such as PBT is more useful in the measurement
and evaluation stages in the science course.

When the results of this study are compared to the results of the past research, where the same plasma
achievement test and experiment system are used, and which was conducted together with the 9" grade students
(Korkmaz, 2015), it is remarkable that the posttest mean score of the 8" grade students, who continue to the
EPGS program, is 67.77, while the multiple-choice tier mean score of the 9" grade students were 42.10 in the
posttest. A similar situation is also observed in the mean scores of the open-ended tier. It is found that the
posttest mean score of the 9™ grade students is 14.69, and the posttest mean score of the 8" grade students, who



52 Korkmaz, Ayas, Aybek, & Pat

continue to the EPGS program, is 37.83. This may be arisen from the properties of the students, who continue to
the EPGS program, and contents of the program, because an accelerated curriculum is submitted to the gifted
students in the EPGS science and mathematics fields (Sak, 2013). In this scope, it may be said that that the
preliminary knowledge level of the EPGS students is higher than one of the 9" grade students. Hence, when the
pretest multiple-choice and open-ended tier scores of both student groups are compared, it is seen that the mean
score of the EPGS students (63.38 in the multiple-choice tier, and 20.38 in the open-ended tier) is higher than
the ones of the 9" grade students (25.4 in the multiple-choice tier, and 10.46 in the open-ended tier (Korkmaz,
2015)).

When the answers of the students to each question are reviewed, it is observed that they come to an incorrect
conclusion, especially with the items related heat conduction of plasma and submit the experiment setup as a
proof in their justifications. For example, a student states his/her justification that “If it transmits heat well, no
energy saving may be obtained in fluorescent lamps, and the fluorescent lamps are more hot that the filament
lamps. Furthermore, no heat conduction happens in our hands in the experimental setup and plasma globe,
once we conduct.” for the second question. If the students reached such a conclusion as a result of the
experiment, may be its main cause includes a plasma generation method in this system. Since the low pressure
discharge tubes are used in the experiment system, the temperature of the medium never rises at a sensible
degree. It is observed that the student shows, an excessive interest to the experimental setup and it may be
supposed that the students, who contact the discharge tubes, concluded that the tubes never transmit heat,
because the discharge tubes are not hot.

It is remarkable that the majority of the students give wrong answers at item 6 in both Pretest and Posttest. It is
observed that the students tend to the wrong option A (distractor) in this item. The simulation shows the
excitation of atoms as a result of an electron bombardment, not ionization stage. Therefore, maybe the students
thought that plasma state is an excited state of atoms of being under the influence of the simulation, and thus
chosen the option A.

Recommendations

As if a mediocre reliability coefficient obtained in the plasma achievement test used in the research may be
arisen from homogeneity and small size of the group. Yet, the development of a new plasma achievement test
shall be useful for the researchers, who intend to work on a similar subject. Furthermore, standardization of this
test is useful to compare the results that may be obtained in future studies.

It is supposed that the plasma generation method used in the experimental system creates a perception in the
students that plasma never transmits heat. To determine whether this perception of the students is caused really
by the experiment setup or not, a qualitative research may be conducted together with up the students. This shall
be a guide for both development of the experimental system and future developments of new achievement tests
based on plasma state subject.

It is understood that the demonstration of the simulation after the experiment could cause a misconception in the
students from this study group. Therefore, it can be examined in future studies whether the simulation causes
any other misconceptions in similar groups. Furthermore, future researches could be conducted on with the
updated simulation in accordance with the findings of this study.
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Students’ attitudes

Introduction

Physics is the science of experimental evidence, criticism, and rational discussion where knowledge and
understanding of its concepts depends on the perception of the physical phenomena. Among many researchers
in Physics education, Halloun and Hestenes (1985) and McDermott (2001) have shown the ineffectiveness of
traditional instructional methods, and shed the light on the lack of understanding science content and processes
when students were subjected to conventional teaching of lecture and demonstrations. Resorting to laboratory
experiments is one of the main efficient means to make the comprehension of difficult theories simpler and
clearer (McDermott, 2001). Meaningful learning, can be achieved when laboratory activities become an integral
part of the science curriculum (NSTA, 2007). According to Onyesolu (2009) learning science has been
restrained by the deficiency or inadequacy of laboratory equipment in schools. From this standpoint, there is a
need for a new unconventional alternative laboratory environment where students can conduct the different
required experiments at any time and in safe conditions. One of the solutions that may help in overcoming these
obstacles can be the use of virtual laboratories. According to Halloun (1996) resorting to progressively
sophisticated software endorses a constructivist approach to learning. Pedagogical principles of inquiry-based
learning, exploration, and genuine activities in science support the use of technology in an attempt to provide
basic instruction mainly due to the increasing importance of enhancing students’ motivation and engagement in
science instruction. Virtual laboratories offer students the opportunity to achieve the learning objectives, while
overcoming the aforementioned constraints. Virtual laboratories have therefore arisen in schools and universities
as being powerful efficient tools that may offer wide-range alternatives as learning environments that attract
students’ interests and may be a great incentive to them (Onyesolu, 2009).

In Lebanon, the Center for Educational Research and Development (CERD), established and categorized
competencies that must be developed in science into four domains: Using acquired knowledge, practicing
scientific reasoning, mastering experimental techniques, and mastering communication techniques (CERD,
1995). The experimental techniques depend extremely on laboratory work and experiments that unfortunately
are not used in most Lebanese schools, particularly the public ones, due to a number of barriers (Zgheib, 2013).
As a physics teacher for secondary classes in Lebanon since 2008, the first researcher has tried to resort to
laboratory experiments in her teaching approach. However, she was able to realize only few experiments due to
the lack of laboratory equipment on one side and the inexpertness of students on the other. Some of the main
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problems she has encountered during her experience in the secondary teaching were: The insufficiency or
absence of laboratory facilities; the time factor in planning and performing experiments; and the inability to
keep tracking of students’ performance during the activities. Based on this approach, and in order to solve the
problems faced, experiments were conducted by replacing the real lab with a virtual lab. According to Aldrich
(2005) virtual labs help students conduct experiments and explore phenomena that cannot be conducted in
traditional laboratory surroundings, either because it is not feasible or because of the unavailability of essential
laboratory equipment.

Virtual Laboratories

Virtual laboratories provide simulated versions of traditional laboratories referring to a learner-centered
approach in which the learner is provided with objects that are virtual representations of real objects used in
traditional laboratories. Virtual laboratories may contribute to teaching and learning processes by giving
students the opportunity to learn by doing, providing them with intriguing and enjoyable activities urging them
to discover, and guaranteeing an active classroom interaction by means of discussions and debates (Lkhagva,
Ulambayar, & Enkhtsetseg, 2012). The use of virtual laboratories can offer students the opportunity to
investigate situations that cannot be tested in real time by speeding up or slowing down time (Aldrich, 2005).
They are also beneficial to study advanced concepts such as relativity and experimentation that would not be
studied or realized in traditional laboratory settings (Aldrich, 2005, Reese, 2013, Scheckler, 2003). Virtual
laboratories offer a visual context for numerous abstract concepts and provide notable visualization and
graphical analysis abilities (Wieman & Perkins, 2005).

Virtual lab instruments are used to save space and time. They can be more easily assembled and more properly
used than real laboratory equipment, and therefore are more time efficient than traditional hands-on laboratories
(Reese, 2013). They may resolve the problem of crowded groups and help the non-visual or auditory learners to
interact with their learning environment (Mestre, 2006). In addition, they are cost effective since up-to-date lab
equipment and supplies, in addition to their shortage, can have high operational cost in traditional laboratories
(Ma & Nickerson, 2006). Dangerous experiments can be safely conducted through virtual laboratories
(Scheckler, 2003). Despite all advantages, some researchers highlighted certain disadvantages such the lack of

students’ hands-on approach, the lack of lab partner which may facilitate peer-learning (Scheckler, 2003).

Review of Research Comparing Virtual and Traditional Laboratories

The latest modifications and progresses in educational delivery, especially in the field of technology have raised
many questions concerning the effectiveness of the virtual laboratory as an instructional tool. One of the studies
done in Lebanon in this domain is the one done by Zoubeir (2000). The researcher explored the impact of a
constructivist approach through the use of computer projected simulations and interactive engagement
approaches. The analysis of the data collected showed an improvement in the conceptual understanding of
Newtonian mechanics exclusively in the experimental group that taught with the use of projected simulations.
However, the research did not find a statistically significant difference between the two groups neither in
students’ views about physics, nor in their performances in the exams (Zoubeir, 2000).

Ma and Nickerson (2006) accomplished a literature review, of 20 articles, regarding comparative usefulness and
perceptions of simulated, remote, as well as hands-on laboratories. The findings revealed that educators could
not consent on the efficiency of each lab type in comparison to one another, claiming that each study had
different educational outcomes and instruments/methods to measure the effectiveness. Finkelstein et al. (2006)
compared the usage of PhET simulations with the usage of traditional educational resources in all the settings of
teaching introductory college physics including laboratory, lecture, recitation and informal settings. They
demonstrated the utility of PhET simulations in a wide array of environments in teaching undergraduate physics,
and concluded that under favorable conditions those simulations could be as profitable and even more, than the
traditional educational tools including textbooks, live demonstrations, and even real equipment. To document
the efficiency of the use of a computer simulation, specifically the (CCK) developed by the PhET, Keller,
Finkelstein, Perkins, and Pollock (2007) made a comparison between students viewing CCK and those viewing
a traditional demonstration during Peer Instruction. Results showed that students viewing CCK presented a
larger relative gain in conceptual understanding measures in comparison with traditional demonstrations. In a
study conducted by Tiiysiiz (2010) on 341 chemistry students from the high school level, the influence of virtual
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lab on the students’ achievements and attitudes were investigated. Results showed that students’ attitudes
towards chemistry have varied according to teaching methods used in the study, and that virtual laboratory
practice had a positive influence on students’ achievements and their attitudes toward chemistry when compared
to traditional instruction method. Tiiystliz (2010) argued that using computer in science teaching is appropriate
and convenient, particularly when the content is well employed.

Similarly, Bozkurt and Ilik, carried out a research on 152 physics students at the University level aiming to
assess the influence of the use of interactive computer simulations in teaching on students’ achievements and
beliefs about physics. For this aim, lessons were taught according to traditional instruction methods for the
control group and resorting to computer simulations prepared by PhET for the experimental group. Students
were subjected to a pre and post success test, as well as a 5-point Likert scale test (CLASS) used to identify their
beliefs on physics and learning physics. The results showed enhancements in the students’ beliefs before and
after the treatment. In addition, it was noticed that groups who studied by means of computer simulations had
better achievements than those who learned through traditional methods (Bozkurt & Ilik, 2010).

Shegog et al. (2012) conducted a randomized clinical control design study on a sample of 44 students from two
high schools to evaluate the skills and knowledge about the molecular labs processes as well as students’
attitudes towards science and computers by using HEADS UP Virtual Molecular Biology Lab as an
instructional tool. The Virtual Lab was found to lead to a significant development in students’ knowledge with
time; however, the researcher did not notice any significant differences in science attitude scores. Similar results
were found by Tsihouridis et al. (2014) who conducted a study in which students were able to use both real and
virtual lab according to their educational needs. The results showed that the use of the virtual lab, as a mobile
School-Lab, during teaching considerably enhanced the students’ conceptual understanding of certain physics
concepts. Recently, Brinson (2015) presented a review 56 articles published in and after 2005 that emphasized
on comparing learning achievements by using traditional and non-traditional lab participants as experimental
groups. Results proposed that most of the reviewed studies (n=50, 89%) have shown that student learning
outcomes were equal or higher in “Non-traditional Lab” in comparison with “Traditional Lab” concerning all
learning outcome types (knowledge and understanding, practical skills, inquiry skills, perception, analytical
skills, as well as social and scientific communication).

In contrast, Quinn, King, Roberts, Carey, and Mousley (2009) found that students in some conditions could
reach a better understanding of topics after hands-on laboratories, when compared to virtual labs. They
concluded that it was due to the fast distraction of students while working with simulations, whereas in hands-on
laboratories, students were able to maintain focus throughout their involvement. Similarly, specialized
establishments for science education, like the National Science Teachers Association, emphasized the roles of
hands-on activities in improving students’ interest and acquisition of science skills (NSTA, 2007).

Tsihouridis, Vavougios, and loannidis (2013) compared the effectiveness of virtual lab and real school-labs in
teaching electric circuits at Upper High-School. The analysis of the collected data showed that there was no
significant difference between the two groups in their conceptual understanding of the basic concepts of electric
circuits. However, some individual non-significant differences in favor of the real-lab group were observed in
the 3 out of 12 teaching objectives. These results led to the conclusion that the two teaching approaches used
would decisively help students to develop an investigative attitude relating to everything scientific, their
cooperative skills, and their ability to express important queries with clarity and precision.

The unison of the two types of lab was tested by Zacharia (2007) who examined the worth of joining real and
virtual lab experiments concerning the modification in students’ conceptual understanding of electric circuits’
concepts; the researcher discovered that this arrangement improved students’ conceptual understanding more
than the use of real lab experiments solely. Supporting the same standpoint, the American Chemical Society
(ACS) stated in 2011 that computer simulations mimicking laboratory processes are likely to be valuable
supplements to student hands-on activities, but could not substitute them (ACS, 2011). Tsihouridis et al. (2015)
investigated the effect of the use of real and virtual lab in changing order in the teaching of the electric circuit
concepts for third year high school learners. The results revealed that the order of the real and the virtual lab in
the teaching process affected the understanding of the scientific concepts related to electric circuits. Tsihouridis,
Vavougios, and loannidis (2016) found that the cyclical process of virtual and real lab, without seeming to be a
straight repetition, maintained learners’ interest by enhancing their critical thinking and improving the learning
process.
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The review of literature lacks important studies on Arabic students in general and on Lebanese ones in
particular, except those done by Zgheib (2013) and Zoubeir (2000). Lebanese students rarely used the virtual lab
and the new technology in their learning process due to many barriers (Zgheib, 2013). This study was conducted
on Lebanese secondary school students to investigate the effect of virtual physics labs on Lebanese learners.

Purpose of the Study

Based on the above, this study aimed to investigate the effect of using virtual laboratory on grade 10 students’
conceptual understanding of the direct current electric circuit and their attitudes towards physics in terms of
students’ confidence, beliefs, and teacher perception.

Research Questions

By choosing the teaching method as an independent variable, and by choosing the students’ conceptual
understanding and their attitudes towards physics as dependent variables, the following questions were raised:
1) Does the use of virtual laboratory affect the conceptual understanding of the direct current electric
circuit of grade 10 students?

1.1) Is there any significant difference in students’ conceptual understanding as measured by the pre
and post-test scores before and after the implementation of virtual laboratory?

1.2) Isthere any significant difference in students’ conceptual understanding of direct current electric
circuit as measured by the pre and post-test scores before and after the implementation of the
interactive demonstrations using real laboratory equipment?

1.3) Is there any significant difference in students’ conceptual understanding, as measured by the
post-test scores, between the group performing experiments using virtual laboratory and the
other group taught by interactive demonstrations using real laboratory equipment?

2) Does the use of virtual laboratory produce positive attitudes towards Physics?

2.1) Does the use of virtual laboratory enhance the students’ confidence to learn and to perform well
on physics tasks?

2.2) Does the use of virtual laboratory affect the students’ beliefs about the usefulness of physics and
its relation to their future education?

2.3) Does the use of virtual laboratory enhance students’ perception of their teachers’ attitudes
towards them, as learners?

Method

Design

This study used a quantitative experimental pre-test versus post-test control-group design (table 1) in which
students were randomly assigned into experimental and control group. The two groups were pre-tested on the
dependent variables before the implementation of the study and then post-tested after the treatment has been
administered.

Table 1. The experimental design of the study

Control group 0, 0, T, O3 0,
Experimental group 0, 0, T, O3 0,
Variables

In this study, the independent variable was the teaching method (virtual lab versus interactive demonstrations
using real lab equipment). The dependent variables were the students’ conceptual understanding of the direct
current electric circuit and their attitudes towards physics.



58  Faour & Ayoubi

Sample

The sample of this study consisted of 50 students of grade 10 from the English department of a public secondary
school in Mount-Lebanon, during the academic year 2015-2016. Among the participants of this study, 26 were
females and 24 were males. The sample was randomly assigned, using random number generator from SPSS
statistical software, into experimental group “A” and control group “B”, of 25 students each (Table 2).

Table 2. Characteristics of the participants

Group Total Experimental Control group B
group A

Number of students 50 25 25

Age average 15 years 4 months 15 years 6 months 15 years 3 months

Average of the previous year grades in physics 125 12.25 12.75

Standard deviation of the previous year grades in 4.725 4.95 4.5

Physics

Data Collection Instruments

The instruments used in this research included an electricity conceptual understanding test “Determining and
Interpreting Resistive Electric circuits Concepts Test” (DIRECT) and the Physics Attitude Scale (PAS).

Determining and Interpreting Resistive Electric Circuits Concepts Test (DIRECT version 1.0)

DIRECT is a diagnostic test developed by Paula Vetter Engelhardt (Engelhardt & Beichner, 2004). This test was
used as pre-test and post-test in order to assess students’ conceptual understanding and to compare the efficiency
of virtual lab and interactive demonstrations using real lab equipment. The test is based on 11 objectives as
appears in table 3. For the purpose of this research, and because two of the objectives were beyond the scope of
grade 10’s physics curriculum, only nine objectives were taken into consideration. The eliminated objectives
were covered by four questions, which implied the omission of these questions from the test. However, this
omission did not affect the validity of the test as these questions only covered the eliminated objectives and did
not integrate with other objectives of the instrument. Moreover, one of the concepts that objective nine deals
with is the electric field that is beyond the scope of grade 10 physics’ curriculum. Therefore, the question related
to electric field concept was eliminated. Hence, only 24 questions were used from this test. To test the reliability
of the test after eliminating the five questions, the researcher used Kuder- Richardson formula 20. The
established reliability was 0.702. To test the content validity and to ensure that the test actually measures what is
intended to measure, the researcher presented the test and the corresponding objectives to two physics teachers
having long experiences in the secondary teaching. They asserted that the test was valid and adequate to grade
10 physics’ curriculum.

The Physics Attitude Scale (PAS)

To measure students’ attitude, an attitude scale was adapted from the modified Fennema-Sherman attitude scale
(Doepken, Lawsky & Padwa, n.d.). PAS was used in this study to evaluate students’ attitude towards physics.
Participants had to answer these statements on a 5-point Likert scale. The original test included four subscales: a
confidence scale, a usefulness scale, a scale measuring physics as a male domain, and a teacher perception scale
(Doepken et al., n.d.). For the purposes of this study, gender-related questions were eliminated, so the used PAS
included 36 questions and three subscales of 12 questions each. The items in each of the scales were divided
equally between statements that measure positive and negative attitude. The confidence scale (Co) measured
self-confidence to learn and to achieve well on physics tasks. The usefulness scale (U) measured beliefs about
the usefulness of physics and its relationship to students’ future education. Finally, the teacher perception scale
(T) measured students’ perception of their teachers’ attitudes towards them as learners. Items of the three scales
were randomly arranged in the test (Doepken et al., n.d.). The maximum possible score on each subscale was 60
(Doepken et al., n.d.). Thus, the maximum total score that could be achieved on the PAS was 180. The
reliability and validity of the physics attitude scale were established by the developer and many other
investigators. The researcher recalculated the reliability (Alpha coefficient) of the 36 items of PAS that was
found to be 0.981.



J. Educ. Sci Environ Health 59

Table 3. The objectives of the direct test used

Obijectives:

Physical Aspects of DC electric circuits (objectives 1-5):

1) Identify and explain a short circuit (more current follows the path of lesser resistance).

2) Understand the functional two-endedness of circuit elements (elements have two possible points with which
to make a connection).

3) Identify a complete circuit and understand the necessity of a complete circuit for current to flow in the
steady state (some charges are in motion but their velocities at any location are not changing and there is no
accumulation of excess charge anywhere in the circuit).

Obijectives 1-3 combined

4) Apply the concept of resistance (the hindrance to the flow of charges in a circuit) including that resistance is
a property of the object (geometry of object and type of material with which the object is composed) and
that in series the resistance increases as more elements are added and in parallel the resistance decreases as
more elements are added.

5) Interpret pictures and diagrams of a variety of circuits including series, parallel, and combinations of the
two.

Circuit layout (objectives 1-3, 5)

Current (objectives 6-7)

6) Understand and apply conservation of current (conservation of charge in the steady state) to a variety of
circuits.

7) Explain the microscopic aspects of current flow in a circuit through the use of electrostatic terms such as
electric field, potential differences, and the interaction of forces on charged particles.

Potential difference (Voltage) (objectives 8-9)

8) Apply the knowledge that the amount of current is influenced by the potential difference maintained by
the battery and resistance in the circuit.

9) Apply the concept of potential difference to a variety of circuits including the knowledge that the potential
difference in a series circuit sums while in a parallel circuit it remains the same.

Current and voltage (objectives 6 and 9)

Energy (Eliminated objectives)

= Apply the concept of power (work done per unit time) to a variety of circuits.

= Apply a conceptual understanding of conservation of energy including Kirchhoff’s loop rule (V=0 around a
closed loop) and the battery as a source of energy.

Procedures

To achieve the goal of this research, the sample was randomly assigned into two equal groups of 25 students
each. Group “A” was chosen to be the experimental group while Group “B” was chosen to be the control group.
The first researcher taught both groups the same content over 10 weeks for three periods per week, of 55
minutes each. The two classes were videotaped, and a randomly selected sample of the videotapes was observed
to insure authenticity of the treatment, and to make sure the teacher was implementing the activities as described
in the lesson plans. At the beginning of the academic year 2015-2016, each student of each of the two groups
completed as pre-tests the DIRECT and the PAS, during 40 minutes and 20 minutes respectively, to investigate
their conceptual understanding and attitudes towards physics before the research started. A computer training
session was conducted for all students of the experimental group during one period of 55 minutes in which the
teacher introduced the PhET simulation software, which will be discussed in the next paragraph, and directed
students to some sample laboratory activities.

Both control and experimental groups were taught using structured inquiry activities where both problem
matters and procedures were presented. Each two students of the experimental group performed in a virtual
laboratory environment, using PhET simulations, a series of experimental activities that were compatible with
the curriculum objectives and the DIRECT test objectives. Based on the objectives of the taught chapters, six
experiments were conducted in chapter two, four experiments in chapter three, and four experiments in chapter
four. For the control group “B”, the teacher conducted interactive demonstrations of the same experiments in
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traditional laboratory settings using real equipment. To carry out the required experiment in the control group,
the researcher provided some of the unavailable equipment needed to conduct the experiments. The lack of
laboratory equipment from one side and the students’ skills from the other side and many other reasons
aforementioned in the rationale of this study obliged the teacher to carry out the experiments by herself. Finally,
at the beginning of April, the researcher realized the post-tests. Students of both groups were retested, for 40
minutes, using the same DIRECT test. Also, both groups recompleted, during 20 minutes, the same PAS
questionnaire.

PhET Simulation

Physics Education Technology (PhET), are one example of the virtual laboratories’ software and was
established by the University of Colorado that covered the curriculum of introductory physics. All simulations
are gratis, and can be accessed online or by downloading for off-line use (Finkelstein et al., 2006). PhET
simulations create a highly-interactive atmosphere when it comes to user control, active feedback, and use of
multiple representations (Podolefsky, Perkins, & Adams, 2010). The simulations are scientifically accurate, and
offer highly illustrative, dynamic representations of principles of physics. At the same time, these simulations
play a role in building links between students’ daily understanding of the real world and the underlying
principles of physics, by making clear the physical models (Finkelstein et al., 2006). They also offer balanced
challenges and embedded puzzles that are achievable according to the level of student, thus promoting students’
inquiry (Podolefsky et al., 2010). One of the PhET simulations is the Circuit Construction Kit (CCK). Perkins et
al (2006) asserted that the use of the CCK may enable students to carry out experimentations in a similar way to
real laboratories. Electric components have default parameters that can be regulated by the user to see the
simultaneous changes produced. The CCK simulation’s model is based on Kirchhoff’s laws to accurately
describe current and voltage in direct current circuits (Perkins et al., 2006). One of CCK’s most noticeable
features is its explicit and clear visual illustration of current flow, which is symbolized by small blue spheres
that model the behaviour of electrons. This visual model for current may allow the user to visualize and
understand how current flows in a circuit just like experts think about the current flow (Perkins et al., 2006).
Upon the features discussed above, the researcher used the PhET simulation to perform experiments in virtual
laboratory. Special, CCK was used in this study to perform virtual experiments.

Results and Discussion
Results Related to Research Question One

To answer the first research question, an independent T-test was conducted on the pre-test scores of DIRECT.
The results of table 4 showed that there was no significant difference between the mean scores of the two groups
(p = 0.750), revealing that the two groups do not differentiate at the beginning of the study. To test whether the
contribution of virtual lab and interactive demonstrations using real lab equipment produces a conceptual
understanding of the direct current electric circuit of grade 10 students, a comparison between the pre and the
post-test score was done each group. Figure 1 displays the mean scores for each group (A and B) on the pre-test
and the post-test, as well as the improvement score. In addition, the researcher conducted a paired T-test to
compare the pre and the post-test scores of both groups. Table 5 shows that there was a significant difference in
the scores of pre and post-test for the control group (p = 0.000) and for the experimental group (p = 0.000).

Bl The scores of the pretset
Bl the scores of the post test
] Improvement

Mean

& B

group

Figure 1. Mean scores of pre and post DIRECT test
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Table 4. Independent samples t-test comparing DIRECT pre-test scores

Levene's T-test for Equality of Means
Test for
Equality
of
Variances
F Sig T df Sig. Mean Std. 95% Confidence
. (2- Differen Erro Interval of the

taile ce r Difference
d) Diff Lower  Upper
eren
ce
Equal 31 i
The variances 1.048 321 48 750 -.240- 748 1.263
1 1.743-
scores  assumed -
of the  Equal - 46.60 i
pre-test variances 321 ' 750 -.240- .748 1.264
5 1.744-
not assumed -
Table 5. Paired t-test conducted on DIRECT pre and post-test
Paired Differences t Df Sig.
(2-
tailed)
Mean Std. Std.  95% Confidence Interval
Devi Error of the Difference
ation Mean Lower Upper
The scores of the
experimental group "A"
.. onthe pre-test - The 4.06 - wox
Pair 1 scores of the -7.280- 7 813 -8.959- -5.601- 8.949- 24 .000

experimental group "A"
on the post-test
The scores of the
control group "B" on 387 i
Pair 2 the pre-test - The scores -4.560- *° 775 -6.159- -2.961- 24 .000
4 5.886-
of the control group
"B" on the post-test

*k

In the aim to compare the conceptual understanding of the direct current electric circuit of the students in the
control group to that in the experimental group, the researcher conducted, an independent T-test on the scores of
the DIRECT post-test. A significant difference was found between the scores of the two groups (p = 0.031) as
appear in table 6.

Table 6. Independent samples t-test comparing groups’ DIRECT post-test scores
Levene's Test T-test for Equality of Means
for Equality

of Variances
F Sig. T df Sig.  Mean Std. Error 95% Confidence

(2- Differe Difference Interval of the
tailed) nce Difference
Lower Upper
Equal
the score variances .340 563 2.217 48 031" 2.480 1.119 231 4729
of the assumed
post-test EUa! .
variances not 2217 47934 031 2.480 1.119 231 4729
assumed

", Significant at the 0.05 level (2-tailed).
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Further analysis on the scores of each objective was done. The score of each objective was calculated as the sum
of the scores of the questions that covered it. The result of the independent T-test conducted on the scores of the
objectives of the DIRECT post-test (Table 7), showed that there was a significant difference between the two
groups only on the scores of the objective 7 (p = 0.001) and the scores of objective 8 (p = 0.014).

Table 7. Independent samples t-test comparing DIRECT objectives post-test scores
Levene's T-test for Equality of Means

Test for
Equality of
Variances
F Sig. t df Sig.  Mea Std. 95%
(2- n Erro Confidence
tailed) Diff r Interval of the
eren Diff Difference
ce eren | ower Upper
ce
Equal variances 1247 4y 755 48 454 160 212 -266- .586
the score of assumed 3
the objective 1 Equal variances not 755 32116 456 .160 212 -.272- 592
assumed
the score of  Coualvariances 55, 263 000 48 1.000 000 .165 -332- 332
-~ assumed
the objective 2 Equal variances not
&3 g .000 45280 1.000 .000 .165 -.332- .332
assumed
thescoreof — Equalvariances g5y 100 g5 4 1000 000 123 -248- .248
the objectives  assumed 0
1&3 Equal variances not 000 48000 1.000 .000 .123 -248- 248
combined assumed

Equal variances

the score of assumed

the objective 4 Equal variances not
assumed
Equal variances

the score of assumed

the objective 5 Equal variances not
assumed
Equal variances

the score of assumed

the objective 6 Equal variances not

193 663 .894 48 376 .240 .269 -.300- .780

894 47996 .376 .240 .269 -.300- .780

2912 .094 491 48 626 120 .244 -371- 611

491 47362 .626 120 .244 -372- 612

3.646 .062 .687 48 496 120 175 -231- 471

687 45382 496 .120 .175 -.232- 472

assumed
Equal variances 2395 128 3.494 48 001" 680 .195 289 1.071
the score of assumed
the objective 7 Equal variances not 3494 44471 001" 680 195 288 1.072
assumed
Equal variances 020 .889 2558 48 014" 680 266 .146 1.214
the score of assumed
the objective 8 Equal variances not *

2.558 47.956 .014 .680 .266 .145 1.215
assumed

Equal variances

the score of assumed

the objective 9 Equal variances not
assumed

the score of Equal variances

the objectives ~ assumed

6&9 Equal variances not

combined assumed

*. Significant at the 0.05 level (2-tailed).
. Significant at the 0.01 level (2-tailed).

.860 .358 1.155 48 254 400 .346 -.297- 1.097

1.155 47852 .254 400 .346 -.297- 1.097

1.137 292 568 48 573 .080 .141 -203- .363

568 47946 573 .080 .141 -.203- .363




J. Educ. Sci Environ Health 63

Results Related to Research Question Two

First, an independent T-test was conducted to compare the PAS pre-test total scores and scores of the subscales,
for the two groups. The results of the total score (p = 0.720), the confidence subscale score p = 0.879, the
usefulness subscale score (p = 0.911), and the teacher perception subscale score (p = 0.409) did not present any
significant difference between the two groups as shown in table 8. These results revealed that the two groups did
not differentiate regarding the attitude before the implementation of the study.

In the aim of investigating whether the contribution of each teaching method (virtual lab versus interactive
demonstrations using real lab) produced a better positive attitude towards physics, the researcher compared the
means of the total score of PAS as well as the score of each of its subscales, before and after the implementation
of the study, for both control and experimental group. Figure 2 displays, for each of the two groups, the mean of
the total score of PAS of the pre-test and the post-test as well as the mean score of each subscale. Comparing the
pre and the post-test scores of PAS, the result of the paired T-test (table 9) for the experimental group (p =
0.000) presented a significant difference. However, no significant difference was presented for the control group
(p=0.238).

Table 8. Comparison between PAS and its subscales pre-test scores

Levene's Test T-test for Equality of Means
for Equality
of Variances
F Sig. t df Sig. Mean Std.  95% Confidence
(2- Differenc Error Interval of the
tailed) e Differ Difference

ence  Lower Upper

Equal variances
the score of assumed
the pre-test Equal variances
not assumed

1.124 294 -.361- 48 720  -1.920- 5319 -12.614- 8.774

-361- 45.079 .720 -1.920- 5.319 -12.632- 8.792

the total of Equal variances
subscale g 1.699 .199 -.153- 48 .879 -.400- 2.610 -5.649- 4.849
Co assumed

Equal variances
not assumed
the total of Equal variances
subscale U  assumed
Equal variances
not assumed
the total of Equal variances
subscale T assumed
Equal variances
not assumed

-153- 46.561 .879  -.400- 2.610 -5.653- 4.853

1.688 .200  -113- 48 911 -.240- 2126 -4514- 4.034

-113- 44438 911  -.240- 2.126 -4.523- 4.043

341 562 -.833- 48 409 -1.280- 1537 -4.370- 1.810

-833- 47933 409 -1.280- 1537 -4370- 1810

the score of the pretest
120 i the pretest’ score of the
subscale Co

— the pretest' score of the
subscale U

the pretest' score of the
subyscale T

the score of posttest

B0 the posttest score of the
subscale Co

the posttest score of the
subscale U

the posttest score of the
subscale T

10—

Mean

40—

20

a4
- B

group

Figure 2. Means of the PAS and each subscale scores
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Table 9. Paired t-test conducted on PAS pre and post-test

Paired Differences

t  df Sig (2-

tailed)
Mean Std. Std.  95% Confidence Interval
Deviati  Error of the Difference
on  Mean | gwer Upper
the total score of the pre-test of
Pairl the group A - the total score of  -21.360- 23.668 4.734  -31.130- -11.590- -4.512- 24 .000™
the post-test of the group A
the total score of the pre-test of
Pair 2 the group B - the total score of -5.920- 24447 4.889 -16.011- 4171 -1.211- 24 .238

the post-test of the group B

™. Significant at the 0.01 level (2-tailed).

In order to investigate whether the use of virtual laboratory produced positive attitudes towards Physics, the
total scores and the subscales scores of the PAS post-test were analysed. The mean of the experimental group
was slightly greater than the mean of the control group as appears in table 10. On the other hand, as shown in
table 10, the mean scores of the subscales of the experimental groups were slightly higher than those of the
control group. However, as shown in table 11, the result of the independent T-test conducted on the total scores
of the PAS post-test did not present significant difference nor regarding students’ attitudes towards physics
between the two groups, neither regarding the subscales, except in the teacher perception subscale (p = 0.046).

Table 10. Descriptive statistics of the PAS post-test scores

group N Mean Std. Deviation Std. Error Mean
A 25 121.00 31.278 6.256
the score of the PAS post-test
B 25 107.48 34.328 6.866
the score of post-test of the A 25 38.88 10.948 2.190
subscale Co B 25 36.08 12.430 2.486
the score of post-test of the A 25 39.40 11.225 2.245
subscale U B 25 34.76 11.837 2.367
the score of post-test of the A 25 42.72 10.188 2.038
subscale T B 25 36.64 10.743 2.149
Table 11. Comparison between PAS post-test and its subscales scores
Levene's T-test for Equality of Means
Test for
Equality of
Variances
F Sig. t df Sig.  Mean Std.  95% Confidence
(2- Differ Error Interval of the
tailed ence Differ Difference
) ence  Lower Upper
the score of Equal variances
post-test of q d 535 468 1.456 48 152 13520 9.288 -5.155- 32.195
PAS assume
Equal variances not 1456 47590 .152 13520 9.288 -5.150- 32.199
assumed
the score of  Cual variances not 1456 47500 152 13520 9.288 -5.150- 32.199
assumed
post-test of the Equal variances not
subscale Co q 845 47247 402 2.800 3.313 -3.863- 9.463
assumed
the score of  Cqual variances 161 690 1422 48 161 4.640 3263 -1.920- 11.200
assumed
post-test of the Equal variances not
subscale U q 1.422 47.865 .161 4.640 3.263 -1.920- 11.200
assumed
the score of  =qual variances 301 586 2053 48  .046° 6.080 2961 .126  12.034
assumed
post-test of the = ual variances not
subscale T asclumed 2.053 47.866 .046° 6.080 2.961 .126 12.034

*. Significant at the 0.05 level (2-tailed).
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Discussion
Discussion Related to the First Research Question

Data collected from the DIRECT test were addressed to answer the first research question. The analysis of the
DIRECT post-test results showed that students of the experimental group that used the virtual laboratory
performed significantly better than those of the control group who were taught through interactive
demonstrations using real lab equipment. In spite of the small size of the sample, testing by the DIRECT test
showed clearly that the use of virtual laboratory induced a considerable change in students’ conceptual
understanding of the direct current electric circuit. The significant difference between the two groups appeared
mainly in the questions of the objective 7 and the objective 8 that are related to the microscopic aspect of the
electric current and the relation between the current, the resistance in the circuit, and the potential difference
applied. This result may be due to the property of the Circuit Construction Kit (CCK) simulation of PhET that
explicitly explains the microscopic aspect of the direct current. The CCK represents the invisible electrons with
blue spheres and shows their supposed motion inside the circuit, and how this motion can be affected with the
resistance in the circuit of the potential difference of the source; therefore, it demonstrates how the light of the
bulb changes and then how the amount of current changes with the previous mentioned factors. Such
visualizations cannot be done by means of traditional real lab (Perkins et al., 2006). Therefore, the importance of
virtual laboratories has lied in its ability to introduce the concepts by referring to the microscopic level in
contrast to the real lab that only shows the macroscopic properties (Wieman & Perkins, 2005).

The findings of this research affirm the ones of previous studies such as Finkelstein et al. (2006), Shegog et al.
(2012), Tiysiiz (2010), Tsihouridis, Vavougios, and loannidis (2013), and Zoubeir (2000). However, the results
of this research are not compatible with some previous researches such as those done by ACS (2011), NSTA
(2007), Quinn et al. (2009), Tsihouridis et al. (2014), and Zacharia (2007). The inconsistency in this study’s
findings with some earlier researches may be due to the type of the concepts taught, type of the virtual
laboratory used, the intervention of extraneous variables, the size of the sample, the various designs used, the
statistical analysis and many other reasons. Consequently, more researches are needed in this domain.

Discussion Related to the Second Research Question

To assess the effect of the use of virtual laboratory on students’ attitude towards physics, data collected from
PAS were analysed. Results indicated that attitudes of the experimental group students towards physics
significantly improved after the treatment in a general perspective, and in subscales perspective. However,
except for the usefulness subscale, there was no significant improvement in the attitudes of the control group
students in general, neither in the other two subscales. However, there were no significant differences between
the experimental and the control group regarding students’ attitudes towards physics. This finding is similar to
the results of some studies such as Shegog et al. (2012), and Zoubeir (2000). However, it contradicts the results
of the study done by Bozkurt and Ilik (2010), and Tiiysiiz (2010), where attitudes of students towards chemistry
have improved and positively influenced when compared to those of the traditional teaching. The lack of
significant difference between the experimental group and the control group regarding students’ attitudes
towards physics may be due to many reasons. One of these reasons can be attributed to language problems. It
may be difficult for non-English speakers to understand the questions of PAS that are related to their confidence
to learn physics, to their beliefs about usefulness of physics, and to students’ perception of their physics teachers
and what their teachers think of the students’ physics levels.

Regarding the subscales of PAS, there was no significant difference between the two groups in the confidence
and the usefulness subscales. However, in the experimental group, the third subscale that measures the students’
perception of their teachers’ attitudes towards them as learners was significantly better than that of the control
group. This may be due to the previous teaching approaches used in the former classes. Most of the participating
students came from public schools that, according to Zgheib (2013), lack the presence of integrated technology
system. The use of virtual laboratory might have stimulated the students to realize experiments. Many students
conducted at home various un-required experiments and activities, using the various PhET simulations that were
installed on their own laptops, and had discussed it in the next day with the teacher who continuously
encouraged them to seek new knowledge by all the possible means. Students showed, through this discussion,
an enthusiasm to learn and to explore. All this may have affected their perception about the teacher and thus
have produced the remarked significant different in the teacher perception subscale.
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Conclusion

The analysis of the gathered data clearly presents that after 10 weeks of treatment, students significantly
improved in term of conceptual understanding of the direct current electric circuit in both experimental and
control groups. Moreover, the mean score of the experimental group students was better and showed some
difference compared to that of the control group. Regarding the attitudes towards physics, the collected data did
not show any significant difference between the two groups except in the teacher perception subscale. These
results led to the conclusion that:

» The use of either teaching method (virtual laboratory or interactive demonstrations using real lab) enhances
the conceptual understanding of students.

» The use of virtual laboratory has a better effect than the interactive demonstrations using real lab equipment
regarding the conceptual understanding of the direct current electric circuit.

» the use of virtual laboratory does not influence the attitudes more than the real lab does.

» the use of virtual laboratory promotes the students’ perception of their teachers’ attitudes towards them as
learners.

Recommendations
The findings of this study may be a platform for further future researches.

First, three chapters of the electricity unit were the fertile fuel of this study. In order to be able to generalize the
results it is important to investigate the effect of virtual laboratory on other domains like mechanics, waves,
optics, or in the domains where experiments cannot be conducted in the school lab like relativity and
radioactivity.

Second, the DIRECT post-test was administrated to the students directly after the implementation of the study.
It is highly recommended to detect the degree of the retention this sample of students will still have after a long
period of time by testing the long term retention of the gained concepts, for the same sample of students, at the
end of the academic year or even at the beginning of their next academic year in grade 11.

Third, many researchers highlighted the point related to students’ practical laboratory skills that may be
negatively affected by using virtual laboratory. It is necessary to guide a research that investigates how the use
of virtual laboratory may affect these skills.
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The purpose of the research was to investigate the effects of think pair share
(TPS) instructional strategy on students' conceptual learning and epistemological
beliefs on physics and physics learning. The research was conducted with two
groups. One of the groups was the experimental group (EG) and the other group
was the control group (CG). 35 students in the experimental group were
instructed with think pair share instructional strategy while 36 students in the
control group were instructed with conventional, teacher-centered teaching. Data
were collected using "Mechanics Baseline Test (MBT)" which is used to monitor
the conceptual learning of the students, "Colorado Learning about Science
Survey (CLASS)" which is used to search for the epistemological beliefs on
physics and physics learning of the students and students' opinions about think
pair share instructional strategy. The results of the research revealed that think
pair share instructional strategy had more positive effect on students’ conceptual

learning and epistemological beliefs on physics learning than conventional
teacher-centered teaching. The students in the experimental group also changed
their perspective on conceptual learning and found the instructional strategy
enjoyable. Besides, some suggestions based on the findings were presented at the
end of research.

Introduction

Learning physics is quite difficult and a complex process thus many students do not generally like to learn the
fundamental principles and concepts regarding physics course (Gok, 2015; Hake, 1998; Madsen, McKagan, &
Sayre, 2015; Mazur, 1997). Students may learn the fundamental principles and concepts of the physics
individually while instructor teaches the learning materials with the help of conventional, teacher centered
teaching in the classroom but the usage of this teaching approach might not improve the learning physics of the
students. Students may need to take an active role in learning physics. Therefore they should interact with their
classmates, discuss the learning materials, and teach the fundamental principles and concepts of the physics each
other.

Conventional, teacher centered teaching is generally considered to comprise of a course syllabus, textbooks
covered chapters and standard problems, and predefined or prepared manuals for various laboratories
(McDermott, 1991). This teaching method is based on teacher centered approach and students do not usually
think about the fundamental concepts because everything based on the knowledge is readily given to the
students by the instructors. The students begin to memorize concepts, formulas, and fundamental principles
without scientific reasoning (Gok, 2013). It could be said that conventional, teacher centered teaching is not
sufficient to comprehend the fundamental principles of the physics for learners. One of the leading physics
education researchers is McDermott (2001) reported the inefficacy of the conventional teaching in her reputable
research as follows: 1) "facility in solving standard quantitative problems is not an adequate criterion for
functional understanding™, 2) "connections among concepts, formal representations, and the real world are often
lacking after traditional instruction”, 3) "certain conceptual difficulties are not overcome by traditional
instruction”, 4) "a coherent conceptual framework is not typically an outcome of traditional instruction”, 5)
"growing in reasoning ability often does not result from traditional instruction”, finally 6) "teaching by telling is
an ineffective mode of instruction for most students" (p.1130-1133). This research and many others
(McDermott, 1993; Puente & Swagten, 2012; Redish, Saul, & Steinberg, 1998; Seung, 2013; Van Heuvelen,
1991) were indicated that the conventional, teacher centered teaching is not sufficient to understand scientific
knowledge effectively, to solve quantitative and qualitative problems, to enhance scientific reasoning skills, and
to improve critical and analytical thinking skills for learners (Fraser et al. 2014; Gok, 2012; Gok, 2015; Kuo &
Wieman, 2016).
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Several studies (Caballero et al., 2012; Domert, Airey, Linder, & Kung, 2007; Hake, 1998; Hammer, 1994;
Hammer, 1995; Lising & Elby, 2005; May & Etkina, 2002; Roth & Roychoudhury, 1994; Sharma, Ahluwalia,
Sharma, 2013; Stathopoulou & Vosniadou, 2007) revealed that the conceptual development of the students have
a strong relationship between cognitive understanding of the students and students' epistemological beliefs about
physics and physics learning with the help of interactive engagement methods instead of conventional, teacher
centered teaching. Thus many interactive engagement methods and effective instructional strategies based on
active learning have been steadily developed by the researchers (Hake, 1998; Mazur, 1997; McDermott, 1993;
Redish, 2003). One of the effective instructional strategies is think pair share (TPS). Think pair share
instructional strategy is an active learning and teaching strategy. The theoretical framework of think-pair-share
instructional strategy depends on Bandura's social cognitive theory. The cognitive theory explains the
relationships between behaviors, personal factors, and environmental factors (Trent, 2013).

Kothiyal, Majumdar, Murthy, & lyer (2013) also asserted that think pair share instructional strategy consists of
several theoretical bases including interactive engagement, cooperative learning, and wait-time. Cooperative
learning is the heart of many active learning strategies (Johnson, Johnson, & Smith, 1991). Cooperative learning
provides students the opportunity to work together, it allows students to establish relationship between new
information and existing knowledge, and it fosters the sense of responsibility of the students between pairs in
order to fulfill targeted goals and objectives (Trent, 2013).

Think pair share instructional strategy like “peer instruction™ (Mazur, 1997) is cooperative learning. Johnson &
Johnson (1999) determined the five main components of cooperative learning. The first component is positive
interdependence. This refers to a strong relationship between pairs for completing the groups' task. The second
component is face-to-face promotive interaction. It shows that students encourage and motivate each other's
learning by helping. The students explain and teach the learning materials each other. The third component is
individual accountability. This means that the performance of each student is generally evaluated and the results
are given to the group and/or the individual. The fourth component is interpersonal and small group skills. It
indicates that students need to communicate with each other effectively. The small group skills refer to
leadership, decision-making, trust-building, communication, and conflict-management skills. The last
component is group processing. This means that students in groups and/or pairs need to determine targeted
academic achievements and objectives. These components may also be valid for think pair share instructional
strategy.

Think pair share instructional strategy provides students the opportunities to check their learning by means of
formative assessment with their partners. It also may enable students to focus on concepts, to discuss around a
concept or a quantitative and qualitative problem, to exchange the ideas and thoughts with each other of the
students, to solve the problems, to promote higher-level thinking, to improve critical and analytical thinking
skills during the discussion between pairs/partners, to be active throughout a class period, and to increase the
attention (Cortright, Collins, & DiCarlo, 2005; Gok, 2015; Sampsel, 2013; Smith et al. 2009).

Think pair share instructional strategy is quite simple, flexible, and economical method. Preliminary works for
the courses in the instructional strategy are generally easy and do not take a long time of the instructors. The
instructional strategy can easily be conducted with the small groups or the large groups and used during any
stage of teaching and learning in many disciplines (Allen & Tanner, 2002; Kothiyal et al. 2013; Prahl, 2017;
Raba, 2017; Trent, 2013).

The application procedure of think-pair share instructional strategy consists of three steps. Students study on a
question posed by the instructor, initially individually, secondly in pairs or groups and finally together with the
entire class (Allen & Tanner, 2002; Kothiyal et al. 2013). The instructor does not directly present the knowledge
to the class but instead the instructor guides and helps students with learning process as the students work
cooperatively with their partners (Barkley, Cross, & Major, 2005; Johnson et al. 1991; Silberman, 1996). The
instructor also evaluates the understanding of the students by listening and observing many groups during
discussion and then the instructor interprets their responses before s/he explains an effective summative
assessment to the class (Gok, 2013).

There is not sufficient studies performed on think pair share instructional strategy based on active learning in
Turkey. Therefore the researcher examined and reported the effects of think pair share instructional strategy on
Turkish university students' academic performance and epistemological beliefs on physics and physics learning
in order to make a contribution in the literature. The purpose of the present study was to examine
epistemological beliefs of the students on physics and physics learning and conceptual learning of the students
by using different instructional strategies (think pair share instructional strategy in the experimental group,
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conventional, teacher centered teaching in the control group). The conceptual learning of the students and
epistemological beliefs on physics and physic learning of the students were evaluated with two different
instruments. The conceptual learning of the students was evaluated with Mechanics Baseline Test (MBT) and
the epistemological beliefs on physics and physics learning of the students were evaluated with Colorado
Learning about Science Survey (CLASS). Also the opinions of the students in the experimental group
concerning the applied instructional strategy were collected with an essay. The research questions examined
were:

1. Are there any difference between the experimental group and the control group students’ conceptual
learning?

2. Are there any difference between the experimental group and the control group students'
epistemological beliefs on physics and physics learning?

3. Does the teaching of think pair share instructional strategy change students' perspectives about
conceptual learning and epistemological beliefs on physics and physics learning?

Method

A two group, pre-test and post-test, quasi-experimental design with a control group was conducted in the present
study. Complete sections of an introductory calculus-based physics course were assigned to treatment and non-
treatment conditions. In this section, firstly the participants of the research could be presented, secondly the
applied instructional approaches could be explained and finally the data collection and data analysis of the
research could be detailed as follows.

Participants

The study was performed at Dokuz Eylul University in Izmir, Turkey. The study sample consisted of 71 first-
year students from two different sections of an introductory calculus-based physics course where the sections
were randomly assigned to two groups. One of them was the experimental group (EG). This group consisted of
35 students. The other section was the control group (CG). This group comprised of 36 students. This course for
science and engineering students covers vector displacement, uniform and accelerated motion, force,
momentum, energy, rotating systems, oscillations, and an introduction to thermodynamics. The researcher
examined the academic background of the students including the experimental group and the control group (by
their GPA "Grade-Point Average" and University entrance scores), and the differences in these scores were not
statistically significant.

Instructional Approaches

The research was conducted with two groups during nine weeks. The students in the experimental group were
instructed with think pair share instructional strategy while the students in the control group were instructed
with conventional, teacher-centered teaching. The students in the groups were taught by the same instructor. The
main purpose of the course was to accustom the students with the scientific thinking skills which enhance their
skills to examine, explore, analyze, and evaluate the principles of kinematics, Newton's Laws, energy
conservation, impulse-momentum, and work. The application procedures of the think pair share instructional
strategy and conventional, teacher-centered teaching were explained in detail as follows.

The procedures of the instructional strategy on a few sample activities before instruction were explained to the
students in the EG. The procedure of think pair share instructional strategy in the experimental group could be
listed as follows:

e The instructor initially performed short presentations on the notable points/concepts (e.g., force,
velocity, acceleration, gravity, torque, momentum, energy, work, etc.) and fundamental principles
(such as Newton's Laws of Motion, Conservation of Mechanical Energy, Conservation of Momentum
(Linear and Angular), etc.) in each course instead of presenting the details covered in the textbook (10
minutes for each short presentation).
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e The instructor presented a concept test or problem after each short presentation (1-2 minutes). Concept
tests and/or problems based on Bloom's Taxonomy should especially be simple and comprehensible.
These concept tests and problems were generally multiple choice questions. It was significant to give
the students enough time to identify the key points of the concept tests or problems and to think about
the students' answer. Open-ended questions might be asked to the students during the activity at times.
More complicated questions might be given extra 1 or 2 minutes the students to think about answers.

e The students were given time to think about their solution concerning problems and concept tests
silently. Then they recorded and wrote their answers individually (1-2 minutes).

e The students freely discussed and compared their individual responses and thoughts with their neighbor
"partner/pair" before selecting a final answer. The students could arbitrarily be asked to study in the
groups of 2 or 3. Finally they came to a conclusion on response of the question after the discussion.
Meantime, the instructor determined misunderstanding on concepts, followed their solution ways, and
listened carefully the discussions by walking around the pairs and observing to the class (1-2 minutes).

e The pairs' responses were voluntarily shared and discussed for finding a solution on the concept test or
problem in the classroom. Then, the students revised their answers after the discussion. The instructor
came across two circumstances for their answers as follows. a) If the majority of the answer was
correct in the pairs, the instructor could summarize and examine the answer, if it was necessary, or this
step could quickly be passed and moved on the other concept test or problem. b) If the majority of the
answer was not correct, the students could discuss about the question with their partners under the
instructor's guidance. Finally, the instructor provided a general feedback concerning correct answer.
The students were allowed to record the final answer and solution (2-4 minutes).

Shortly, the instructor could give 10 minutes for each short presentation and s/he could give students the time
between minimum 5 and maximum 10 minutes for each concept test and/or problem during the application of
the instructional strategy. The application procedures may be changed to different disciplines and courses.

Conventional, Teacher-Centered Teaching

The same concept tests and problems were conducted to the control group students by means of conventional,
teacher-centered teaching. The instructor performed the short presentations before each concept test or problem
and the instructor asked the questions (concept tests and problems) to the control group students. They answered
the questions in the classroom. Eventually, the instructor evaluated the students' responses. The instructor used
the same amount of time as in the experimental group during learning and teaching.

Data Collection

The data of the research were collected with "Mechanics Baseline Test-MBT" and "Colorado Learning about
Science Survey- CLASS" quantitatively. The data of the study was collected by pre-and post-test at the
beginning and end of the research. Besides, the opinions of the voluntary students in the experimental group
concerning think pair share instructional strategy were received qualitatively. These tools were thoroughly
explained as follows.

Mechanics Baseline Test (MBT)

The MBT assessing students' understanding about classical mechanics (kinematics, general principles, specific
forces, work, energy, and impulse-momentum) contained 26 five-option, multiple choice questions. The test was
originally developed by Hestenes & Wells in 1992. The test was modified by conducting some statistical
analysis (difficulty index, discrimination index etc.) by Cardamone, Abbott, Rayyan, Seaton, Pawl, & Pritchard
(2012). The final test was consisted of 15 items concerning classical mechanics.

The validity and reliability of MBT were tested by using classical test theory. The analysis of validity and
reliability of MBT were performed for Turkish version. The test initially was translated into Turkish and then
reviewed in terms of reasonableness and appropriateness by three physics professors. Later the final version for
the pilot study was applied to 127 voluntary engineering students who had taken the introductory calculus-based
physics course. Finally the collected data was calculated statistically and the reliability coefficient of the pilot
test was found to be 0.77 using the Kuder-Richardson 21 formula. The reliability coefficient is acceptance for an
instrument of this type (Fraenkel & Wallen, 2009).
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Colorado Learning about Science Survey (CLASS)

CLASS was developed to assess epistemological beliefs on physics and physics learning of students by Adams
et al. 2006. The purpose of CLASS was to examine students' beliefs about physics and physics learning by using
think pair share instructional strategies in the present study. The scale consists of 42 items with five-point Likert
scale (i.e. "5=strongly agree", "4=agree", "3=neutral", "2= disagree", and "1=strongly disagree"). The scale was
originally separated into eight factors according to statistical analysis results. These factors were named as
"personal interest”, "real world connection”, "problem solving general”, "problem solving confidence",
"problem solving sophistication"”, "sense making/effort", "conceptual understanding”, and "applied conceptual
understanding"”. The analysis of validity and reliability of the scale were performed for Turkish version. First of
all, the scale was translated into Turkish and then reviewed by Turkish language experts. Secondly, the final
version for the pilot study was applied to 160 voluntary engineering students. Finally, the collected data was
calculated statistically. "Exploratory Factor Analysis-EFA™ using "Principal Component Analysis- PCA " with
"Varimax Rotation- VR" was analyzed. Before starting the study, some items (4, 7, 9, 31, 33, and 41) were
excluded in the scale. These items in the first version of the scale were not scored by Adams et al. 2006. The
researcher removed indicated these items during the analysis. According to EFA, the exploration of the CLASS'
validity revealed that "Bartlett's Test of Sphericity" was 1.333,43 (p<0.01), "Kaiser-Meyer-Olkin- KMO" value
was 0.92 (KMO>0.60) and three factors were extracted with eigenvalues greater than 1.00. The sixteen items
with "Factor Loadings" below 0.40 were excluded. Item loadings of selected 20 items ranged from 0.87 to 0.41.
The factors accounted for 57% of total variance. 14 of these items have positive statements and 6 items have
negative statements. Negative items were reversed while being coded.

These factors were named as PSG "problem solving general”, CU "conceptual understanding” and SM/E "sense
making/effort” by thinking the original scale. PSG consisted of seven positive items (e.g., "If I get stuck on a
physics problem on my first try, | usually try to figure out a different way that works"). CU composed of two
positive items and four negative items (e.g., "a significant problem in learning physics is being able to memorize
all the information | need to know"). SM/E comprised five positive items and two negative items (e.g., "l am not
satisfied until | understand why something works the way it does") although Adams et al. (2006) reported that
PSG was eight items, SM/E was seven items, and CU was 6 items. The findings of both studies nearly adjusted
on three factors including many items.

The Cronbach's alpha values of these factors were calculated as 0.79 for PSG, 0.79 for CU, and 0.74 for SM/E.
The CLASS reliability was calculated to be 0.92. According to Hutcheson & Sofroniou (1999), these findings
for an instrument showed that the calculated values were reasonable to use in low-risk study.

Qualitative Data Source

The students' opinion in the experimental group were documented by writing an anonymous essay on think pair
share instructional strategy. VVoluntary students (n=14) were asked to determine positive and negative aspects of
the applied instructional strategy at the end of the application with the following question: "What do you think
about the teaching of think pair share instructional strategy? Please state positive and negative aspects of think
pair share instructional strategy." The students were given 10 minutes to write the essay.

Data Analysis

The students' responses to MBT and CLASS pre-test and post-test were calculated and analyzed. Descriptive
statistics (M "means", and SD "standard deviations™), FG "Fractional Gain", and ANOVA "analysis of variance"
for the collected data were calculated. Fractional gain equation developed by Hake (1998) was used to prevent
the limitations in normal gain scores. Hake (1998) specially determined three gains. These gains are "high-
gain"g = 0.7, "medium-gain” 0.7 > g = 0.3, and finally "low-gain” 0.3 > g.

posttest% — pretest%

Fractional Gain); g =
( )i g maximum score% — pretest%

An ANOVA was calculated to test the main treatment effect of the post-test means of the groups, after
determining that the difference between the groups' pre-test means was not significant (p>0.05).
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The voluntary students' opinions in the experimental group (14 of 35) were read, coded and classified by the
researcher as being positive or negative. The majority of the students (approximately 80%) had positive
opinions while 20% of the students held a negative opinion. The positive opinions focused usually on verbs
(e.g., think, understand, like, enjoy, enhance, improve etc.). The students' negative opinions were combined with
adjectives (e.g., redundant, time-consuming, nonsense, etc.)

Results and Discussion

The two way repeated measures ANOVA was conducted to identify any significant differences between the EG
and the CG mean results on the post-test of MBT. Table 1 shows that the results from 2x2 (groups “EG and
CG” x tests “pre-test and post-test”) two way repeated measures ANOVA confirmed the performance

differences of experimental and control groups.

Table 1. The results of ANOVA testing for differences between group' mean results

Repeated Measures ANOVA F df p

Group 200.16 1,69 0.000
Test 734.81 1,69 0.000
Test x Group 156.86 1,69 0.000

The main treatment effect and interaction (test x group) between EG and CG were calculated to be statistically
significant in favor of EG. Besides, the fractional gains (learning gain) of the groups were calculated. The
learning gain of EG was found to be ggc=0.67 “medium” and the learning gain of CG was calculated to be
0cc=0.25 “low™. Figure 1 represents the interaction between the groups and the tests for MBT. The difference
between the mean results of the students before the instruction revealed no statistically significant while the
difference between the mean results of students after the instruction was found to be statistically significant in
favor of the experimental group.

12,00

GROUF
10,007 aescg

—EG

4,00

PPE"EEST POST‘TEST
Figurel. The mean score differences between group mean results for MBT

The scores of the students in the control group were in the range of 4 and 8 while the scores of the students in
the experimental group were in the range of 9 and 13 on the post-test. Figure 2 shows the minimum-maximum
score distributions of the experimental and control groups on the post-test.
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Table 2. The results of ANOVA testing for differences between groups' score

F df p
CLASS 813.73 1,69 0.000
Group PSG 190.43 1,69 0.000
SM/E 643.20 1,69 0.000
CuU 461.57 1,69 0.000
CLASS 1456.26 1,69 0.000
Test PSG 351.14 1,69 0.000
SM/E 849.93 1,69 0.000
CuU 599.14 1,69 0.000
CLASS 1353.41 1,69 0.000
Test x Group PSG 347.45 1,69 0.000
SM/E 724.79 1,69 0.000
CuU 566.85 1,69 0.000

Table 2 shows the results of two way repeated measures ANOVA for the groups' CLASS score. The results
were found to be statistically significant in favor of the experimental group. Figure 3 demonstrates the
interaction between the groups and the sub-factors (PSG, SM/E and CU) of CLASS. The difference between the
mean scores of the students before the instruction revealed no statistically significant while the difference
between the mean scores of the students after the instruction was found to be statistically significant in favor of
the experimental group.
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Figure 3. The differences between group mean scores for CLASS

Figure 4 represents the interaction between the groups and the sub-factors (PSG, SM/E, and CU) of CLASS.
The difference between the mean scores of the students before the instruction for sub-factors (PSG, SM/E, and
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CU) revealed no statistically significant while the differences between the mean scores of the students after the
instruction found to be statistically significant in favor of the experimental group.
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Figure 4. The mean score differences between group mean scores for (a) PSG, (b)SM/E, and (c) CU factors
The scores of the students in the control group were in the range of 52 and 64 while the scores of the students in

the experimental group were in the range of 84 and 92 on the post-test. Figure 5 shows the minimum-maximum
score distributions of the experimental and control groups on the post-test.

EG-CLASS CG-CLASS

=
o
1
@
1

™
|

=

s
1

3
1

THE FREQUENCY DISTRIBUTION OF STUDENTS

Mean =87,31
Std. Dev. =1,BI7
N =35

M=an =57,50
Std. Dev. =2,923
W =3¢

THE FREQUENCY DISTRIBUTION OF STUDENTS

o
I

82,50 85,00 87,50 50,00 52,50
50,00 52,00 54,00 56,00 58,00 £0,00 £3,00 £4,00
THE MIN-MAX SCORE DISTRIBUTION
THE MIN-MAX SCORE DISTRIBUTION
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Students' Opinions about Think Pair Share Instructional Strategy

The general opinion of the students was collected with the student essays. Approximately 80% of the voluntary
students represented their positive opinions about the teaching of think pair share instructional strategy as
follows:

Think pair share instructional strategy was really useful to comprehend relationships

between new information and existing knowledge.

They began to have interest in physics because they realized that they could understand fundamental
concepts.

They liked cooperative working during the implementation.

They participated the courses more when working in pairs/partners.

They began to think creatively.

Think pair share instructional strategy enhanced self-confidence and responsibility of the students
toward their own learning.

They fostered positive attitude toward conceptual learning.

The negative opinions of the students (20%) were listed as follows:

They could easily understand fundamental concepts. So, think pair share instructional
strategy was time-consuming and unnecessary.

They did not like to study in a group.

They found the instructional strategy nonsense.

Conclusion

The present study revealed the positive effects of think pair share instructional strategy on students' conceptual
learning about classical mechanics and the epistemological beliefs on physics and physics learning of the
students relative to conventional, teacher centered teaching. The conceptual learning performance of the
students instructed with think pair share instructional strategy was higher than the conceptual learning
performance of the students instructed with conventional, teacher centered teaching. The factors affecting
students performance during think pair share instructional strategy application could be summarized as follows:
a) according to multiple-choice questions, the students meaningfully comprehended the fundamental principles
and concepts of the subjects with the help of general feedback by the instructor, b) the students in the
experimental group more participated in group discussion, c¢) they felt more comfortable when sharing their
thoughts and ideas and they more communicated with pairs during discussions, d) think pair share instructional
strategy proved to help the students in organizing the ideas and thoughts they had while working in the
interactive classroom, €) the stress and embarrassment of the students in interactive learning environment
diminished by cooperative working and finally f) the students took more responsibility toward their own
learning between pairs. The researcher also observed that the students were more engaged in thinking,
discussing and sharing in a group from in the beginning of the implementation to at the end of the
implementation.

The results of the similar studies in the literature (Gok, 2014; Gok, 2015; Lasry, Mazur, & Watkins, 2008;
Lasry, Charles, & Whittaker, 2016; Suppapittayaporn, Emarat, & Arayathanitkul, 2010) supported the results of
the research. These studies reported that peer instruction like think pair share instructional strategy was effective
on decision-making skills, meaningful learning, conceptual learning, quantitative and qualitative problem
solving of the students. The conceptual understanding of the students instructed with peer instruction was
evaluated with the help of the some standardized tests (Force Concept Inventory-FCI, Force and Motion
Conceptual Evaluation-FMCE, Conceptual Survey of Electricity and Magnetism-CSEM etc.) (Fagen, Crouch, &
Mazur, 2002; Gok, 2012; Kalman, Milner-Bolotin, & Antimirova, 2010; Lasry et al. 2008; Redish, Saul, &
Steinberg, 1998; Suppapittayaporn et al. 2010). These studies revealed that the conceptual learning performance
of the students instructed with peer instruction was higher than the conceptual learning performance of the
students instructed with conventional, teacher-centered teaching methods. The findings of examined studies
supported the findings of the present study. When the results of the research were generally evaluated, it could
be said that the students in the experimental group correlated strong relationships between new information and
existing knowledge, they interpreted taught fundamental concepts/principles, and they began to interrogate the
concepts.
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The epistemological beliefs on physics and physics learning of the students instructed with think pair share
instructional strategy were more positive and higher than the epistemological beliefs on physics and physics
learning of the students instructed with conventional, teacher centered teaching. The results in the literature
(Adams et al. 2006; Crouch & Mazur, 2001; Gok, 2012; Kortemeyer, 2007; Lasry et al. 2016; Madsen et al.
2015; McDermott, 1991; Sharma et al. 2013; Stathopoulou & Vosniadou, 2007) supported the results of the
research. These studies reported that peer instruction like think pair share instructional strategy was effective on
epistemological beliefs on physics and physics learning of the students. The beliefs and attitudes of the students
instructed with peer instruction was evaluated with the help of the some instruments (Maryland Physics
Expectations-MPEX, Colorado Learning Attitudes about Science Survey-CLASS etc.). These studies revealed
that the beliefs and attitudes of the students instructed with interactive engagement methods more enhanced than
the beliefs and attitudes of the students instructed with conventional, teacher-centered teaching methods. The
findings of examined studies supported the findings of the present study. Many studies revealed the positive
correlations between the experience students' and inexperience students' epistemological beliefs and academic
performances (Chu, Treagust, & Chandrasegaran, 2008; Domert et al. 2007; May & Etkina, 2002). When the
results of the research were generally evaluated, it could be said that the students in the experimental group
improved the view toward problem solving and conceptual understanding and began to make sense the learning
materials based on fundamental principles/concepts. Besides the perception of the students having
epistemological beliefs and attitudes on physics and physics learning changed with think pair share instructional
strategy.

Recommendations
Some suggestions based on the findings of the results could be presented as follows:

There were a few challenges of think pair share instructional strategy in the application procedure. One of the
challenges was to get the students to really be engaged during the discussion. The other drawback was the noise
level during the discussion with each other of the students. Therefore some precautions on the mentioned
challenges may be taken as follows: the instructor may walk around amongst pairs in the class during the
activity and the instructor may encourage the students to focus on the concept tests and/or problems. Besides,
the high digital technology called as “classroom response systems"” for evaluating of the student results and
managing time of the instructors may be effectively used in small and/or large groups.
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The purpose of this study is to investigate the effect of Malaysian Kimia
(Chemistry) Digital Games (MyKimDG) module on students’ achievement and
motivation in chemistry as well as 21* century skills. Chemistry education in
Malaysia should put greater emphasis on combination of cognitive, sociocultural
and motivational aspects to ensure that students are well-equipped with
knowledge, skills and values relevant to the new global economy. Previous
studies have reported that digital game-based learning (DGBL) provides
opportunities for increasing students’ motivation in learning while enhancing
their academic achievement and 21st century skills. Based on the DGBL
approach as well as constructivist-constructionist learning theories, MyKimDG
was developed as a mechanism for achieving the desired goals. In this study,
students were provided opportunities to take on the role of game designers,
developing digital games while learning chemistry. This study employed quasi-

Learning through experimental with non-equivalent control group pretest-posttest control group

designing design. Subjects were composed of 138 secondary students. Results showed that
the treatment group outperformed the control group in the chemistry
achievement test. In addition, students’ self-efficacy and high productivity scores
improved significantly between pretest and posttest for treatment group. The
findings imply that the inclusion of student as game designer approach in
chemistry learning is able to help students develop an in-depth knowledge on
chemistry and foster their 21% century skills as well as increase students’
motivation in chemistry.

Introduction

Science, technology and innovation (STI) has been recognized as a vital driver of economic and social
development (UNCTAD, 2017). People are key for the creation, diffusion and use of knowledge through STI
(OECD, 2016). For science and technology innovators it is important to master chemistry knowledge because
chemistry is essential for comprehending most of the fields of science, technology and engineering (Balaban &
Klein, 2006). Indeed, chemistry is often called the central science (Brown, LeMay, Bursten, Murphy, &
Woodward, 2011; Chang, 2007). Apart from knowledge, innovation in the 21st century requires a new range of
skills known as 21st century skills. For instance, effective communication and collaboration problem solving
skills are crucial for success in today’s complex world. Increasing levels of complexity require expertise
communicate effectively and working together to solve problems or create novel products. For that reason,
chemistry education in the 21% century should be given simultaneously on enhancing students’ knowledge
acquisition as well as nurturing of 21st century skills to produce students who are capable of generating science
and technology innovation. Meanwhile, students must be highly motivated so that the learning becomes more
efficient. According to Deci, Vallerand, Pelletier and Ryan (1991), the acquisition of knowledge is insufficient.
At the same time, students also need to be passionate about learning and engage voluntarily in the learning.

Unfortunately, studies (e.g. lksan, Halim, & Osman, 2006; Osman, lksan, & Halim, 2007) showed that
Malaysian students had a moderate level of motivation in science. The studies also revealed that students’
motivation in science decreased with increasing of educational stages. Furthermore, Malaysian students’
achievement in chemistry is also not encouraging. Based on the performance analysis of Malaysian Certificate
of Education (SPM) Chemistry from 2010 to 2013 revealed that approximately 40 percent of the candidates
were unable to master chemistry concepts to earn good grades. Chemistry is usually perceived as a difficult and
unpopular subject due to the abstract nature of chemical concepts. Studies (e.g. Lay & Osman, 2015; Lee &
Osman, 2014) revealed that the Salt chapter is considered the toughest chapter in the Malaysian Chemistry
Curriculum. The problem which causes difficulty in the Salt chapter is that students lack of understanding of the
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reactions occurred (Tan, Goh, Chia, & Treagust, 2002). In the chapter of Salt, chemical reactions and physical
changes involved include solubility, precipitation, displacement, thermal decomposition and acid-base reaction.
In term of 21st century skills, studies (e.g. Amin, Jaffar, Hood, Saad, & Amin, 2013; Ariffin, 2005; Hew &
Leong, 2011; Sukor, Osman, & Abdullah, 2010) have reported that the 21* century skills of Malaysian students
are unsatisfactory. It is therefore not surprising that the results of PISA 2012 assessment on creative problem-
solving (OECD, 2014) showed Malaysian student performance ranked 39" out of 44 participating countries.

Thus, 21st century chemistry education in Malaysia should put greater emphasis on combination of cognitive,
sociocultural and motivational aspects to ensure that students are well-equipped with knowledge, skills and
values relevant to the new global economy. In this case, a change in chemistry instructional approaches is
critical. This is especially more crucial when educating today’s students who are ‘digital wisdom’ (Prensky,
2012). The teaching and learning approaches must befit the needs of these digital natives and subsequently
achieve the desired aspiration (i.e. promote students’ conceptual understanding and motivation in chemistry)
while provide opportunities for 21st century skills development.

Digital Games and Chemistry Learning

One approach suggested by researchers to educate the digital native generation is digital game-based learning
(DGBL). Nowadays, DGBL is gaining popularity parallel with their popular reputation among students (Osman
& Bakar, 2013). In general, the studies on DGBL were carried out through two approaches, namely (i) student
as game consumer or player, and (ii) student as game designer. In the first approach, the students were involved
in playing commercial digital games in the market or educational digital games developed by educators.
However, there are many obstacles to implementing the student as game consumer approach. For instance, the
contents of commercial digital games are inaccurate or incomplete as they are not designed to teach (Van Eck,
2006); and the development of educational digital games is time-consuming because effective learning strategies
need to be developed as an integrated part of professional educational digital games (Hwang, Sung, Hung,
Yang, & Huang, 2013). One alternative of DGBL approach that has been proposed by some scholars (Jung &
Park, 2009; Kafai, 1996; Osman & Bakar, 2013; Papert, 1998) is for students to design their own digital games.
Many studies have reported that this approach provide opportunities for students to explore ideas according to
their own interests (Kafai & Ching, 1996); become active participants and problem solvers, engage in social
interaction by sharing their designs and helping each other and take ownership of their own learning (Baytak &
Land, 2010). In addition, the student as game designer approach is a better way to increase students’ motivation
and deep learning compared to the student as game consumer approach (Vos, van der Meijden, & Denessen,
2011). According to them, this might be due to constructing a game demands more student activity than playing
a game, which is to some extent a more passive learning activity. Scholars, such as Lim (2008) and Prensky
(2008), also recognized the potential of this approach in improving student motivation and engagement.
Therefore, an innovation has been initiated to take advantage of the student as game designer approach to
support the acquisition of chemical concepts and 21 century skills as well as increase students’ motivation in
chemistry. A module known as Malaysia Kimia (Chemistry) Digital Game, MyKimDG, has been developed in
order to assist students in the learning of the Salt chapter and achieve the desired goals.

MyKimDG Module

The MyKimDG was developed based on Kemp Instructional Design Model (Morrison, Ross, Kalman, & Kemp,

2013). Principles derived from constructivist and constructionist learning theories play an important role in

guiding MyKimDG development. The authors identified six guiding principles that should be incorporated in

MyKimDG:

e Knowledge construction: Student constructs new understanding pursuant to his/her existing knowledge
(Piaget, 1977).

e Collaboration: Peer collaboration may trigger cognitive conflict and this may result in reconstruction of
ideas (Vygotsky, 1978).

e Exploration: Understanding is lifted when students discover new knowledge themselves (Bruner, 1962).

e Learning through designing: Learning can be enhanced if students are involved in design projects (Papert,
1991).

e Motivation: Motivation is recognized as a factor affecting conceptual change and reconstruction of ideas
(Palmer, 2005).
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e Technological literacy: Leverage contemporary technologies efficiently and effectively to communicate,
collaborate, solve problems, accomplish tasks and as construction material (Papert, 1999). However, the
focus is not on the technology alone, but on the promoting technological literacy.

Based on these principles, activities in MyKimDG were designed so that students engage in discovery activities
through teamwork. In addition, they were required to design digital games using ICT to teach their peers who
faced problems in the learning of the chemical concept. To assist students in carrying out discovery activities
and digital game design projects, they were guided to go through the IDPCR phases (Inquiry-Discover-Produce-
Communicate-Review) (see Figure 1). The IDPCR phases are illustrated below with reference to a chemistry
unit which involved precipitation reaction. To assist students understand why precipitation reaction used in the
preparation of insoluble salt, they were engaged in discovery activity. Figure 2 shows the Inquiry and Discover
phases of the discovery activity. To extend students’ understanding about the observed phenomenon (i.e.
precipitation reaction), they were given tasks to design digital games using ICT to teach their peers who faced
problems in the learning of the chemical concept. The game-design activities are presented in Figure 3. Students
were engaged in designing PowerPoint games to represent the phenomenon at the sub-microscopic level. It was
expected that the learning environment created by implementation of MyKimDG would improve students’
conceptual understanding, motivation in chemistry and 21* century skills. Apart from that, it was expected that
the acronym IDPCR could help students remember the five important domains of 21% century skills, i.e.
Inventive thinking, Digital-age literacy, high Productivity, effective Communication and spiritual values (nilai

keRohanian).
o Inquiry

Review ' E
I nventive Digital Age . Discover
Thinking, Literacy
Nilai
KeRohanian
Effective High
Comrnunication P roductivity

Figure 1. IDPCR

Tnguiry - Cuba _fikirkan

INQUIRY-DISCOVERY  In order to prepare lead(II) sulphate, Ahmad suggested two
reactions. Which reaction is more suitable for preparing lead(II) sulphate?

Reaction Observation Chemical equation
A Lead(IT) nitrate solution +
potassium sulphate solution
B Excess solid lead(IT) carbonate
+ dilute sulphuric acid

Discover - Mari kita meneroka

How can Ahmad obtain the lead(Il) sulphate formed from the mixture in Reaction A or
B?

(a) Draw the set-up of the apparatus involved.

(b) In vour opinion, which reaction 1s more appropriate in preparing insoluble salts

such as lead(II) sulphate? Explain yvour answer.

{c) Plan and carry out investigation to test vour hypothesis.

(d) Make a conclusion about the reaction used to prepare insoluble salts.

({e) Share vour findings with other groups.

(f) Explain the strategy used in this activity.

Figure 2. Discovery activities in MyKimDG
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AKTIVITI 8.7 MyEKimDG

1. Students play a game related to the precipitation reaction.

2. Students are asked to differentiate between a good game and a bad game.

3. Students are asked to improve the game they plaved to make it more educational
and entertaining following the IDPCE. phases, in order to help their peers who face
difficulty 1n learning the concept.

31 Inquiry: Students brainstorm the design of the game 1n groups and select
a favourite design from their brainstorming session and sketch their
chosen design.

32 Discover: Students create their designs using PowerPoint. Students are
encouraged to test frequently and think critically about their designs, and

rebuild as needed.

33 Produce: Students produce their PowerPoint games based on
improvements suggested through testing.

34 Communicate: Students share their designs and PowerPoint games and
get input from other groups.

3.5 Review: Students describe the kev strengths and weaknesses of their

designs and PowerPoint games. Students create their own PowerPoint
game in groups that incorporates the best aspects of all the designs.

Figure 3. Game-design activities in MyKimDG

Objective of Study

The authors developed the MyKimDG and carried out the study for several objectives as listed below:
e  Identify the effectiveness of MyKimDG on students’ achievement in Salt chapter.
e Identify the effectiveness of MyKimDG on students’ 21* century skills.
e Identify the effectiveness of MyKimDG on students’ motivation in chemistry.

Method

The study is a quasi-experimental study with a non-equivalent control group pretest-posttest design. There were
two intervention groups: the treatment group and the control group. Students in the treatment group learned the
Salt chapter using the MyKimDG developed by the authors. On the other hand, the control group students were
instructed in conventional method using learning materials (i.e. text book and practical book) mandated by the
national curriculum for Chemistry.

Subjects of Study

A total of 138 (56 males and 82 females) Form Four students (16 years old) from four secondary schools in one
of the districts in Malaysia were involved in the study. Two schools were randomly selected as the treatment
group and another two schools were assigned as the control group. Three classes with some similar
characteristics (e.g. the ratio of male and female students; the experience of the Chemistry teacher who taught
the class) were chosen from each group. There were 24 males and 35 females in the control group, and 32 males
and 47 females in the treatment group. Both groups were taught by chemistry teachers who have more than five
years of experience in teaching chemistry. The students then completed the pre-test to ensure that students from
the both groups were homogenous in terms of existing knowledge in the Salt chapter, 21% century skills and
motivation in chemistry. Independent-samples t-test results (see Table 1) showed that both groups had no
significant difference in prior knowledge in the Salt chapter, 21% century skills and motivation in chemistry.

Table 1. Descriptive statistics and results of independent-samples t-test for pretest

Test Group N M SD t Sig.(2-tailed)

Achievement test Control 59 10.65 4,73 -0.34 0.732
Treatment 79 10.93 4.70

21 century skills Control 59 3.76 0.28 -0.66 0.510
Treatment 79 3.79 0.29

Motivation in chemistry  Control 59 3.71 0.24 1.24 0.217
Treatment 79 3.65 0.27

o=0.05
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Instruments of Study
Achievement Test

The achievement tests were administered in the form of a pretest and posttest before and after the intervention.
Items in the pretest and the posttest were equivalent in terms of the level of Bloom’s taxonomy and the concepts
tested. The pretest was used to identify students’ existing knowledge before interventions. The posttest scores
were used to compare the effectiveness of interventions (i.e. conventional method and MyKimDG) in increasing
students’ achievement in the Salt chapter.

SMTSL Questionnaire

This questionnaire is a Likert scale questionnaire. The original version of the questionnaire, Students’
Motivation towards Science Learning (SMTSL), was developed by Tuan, Chin and Shieh (2005). The word
‘science’ in the original SMTSL was substituted for the word ‘chemistry’. There are six domains of motivation
involved: self-efficacy, active learning strategies, science learning value, performance goal, achievement goal,
and learning environment stimulation. The Cronbach’s alpha of each domain ranged from 0.72 to 0.81. The
overall Cronbach’s alpha of the SMTSL was 0.85. The questionnaire was given to the samples before and after
the interventions. The pretest was used to measure students’ existing motivation level before interventions. The
pretest and posttest scores were used to evaluate the impact of the interventions in increasing students’
motivation in chemistry.

M-21CSI Questionnaire

This questionnaire is a Likert scale questionnaire developed by Soh, Osman, and Arsad (2012). There are five
domains of 21st century skills involved: digital age literacy, inventive thinking, effective communication, high
productivity, and spiritual values. The five domains of 21* century skills were identified by Osman and
Marimuthu (2010). The Cronbach’s alpha of each domains ranged from 0.80 to 0.93. The overall Cronbach’s
alpha of the M-21CSI was 0.97. The questionnaire was given to the samples before and after the interventions.
The pretest was used to measure students’ existing 21* century skills level before interventions. The pretest and
posttest scores were used to evaluate the impact of the interventions in increasing students” 21% century skills
level.

Results
Students’ Achievement in the Salt Chapter

Data screening was carried out prior to statistical procedure. No missing data or outliers were found in the
control group. On the other hand, two samples of treatment group in the original sample had missing data on
either pre or post achievement test. Five outliers were detected on pretest, posttest or both among the sample in
the treatment group. After deletion of cases with missing data and outliers, the numbers of samples in treatment
group reduced to 72. Assumption regarding the normality of sampling was met for both pre and posttest scores
of control and treatment groups.

T-tests were conducted to evaluate the impact of the interventions on students’ scores in the achievement test.
Table 2 shows the descriptive statistics and results of the independent-samples t-test for achievement pretest and
posttest. The results showed that there was no significant difference in pre-test scores for the treatment (M =
11.20, SD = 4.75) and the control groups (M = 10.65, SD = 4.73); t(129) = -0.67, p = 0.507. However, there was
a statistically significant difference in posttest scores for the treatment (M = 37.15, SD = 12.70) and the control
groups (M =19.29, SD =10.99); t(129) = -8.50, p < 0.001.

The magnitude of the differences in the means (mean difference = 17.86, 95% CI: 13.70 to 22.01) was large (eta
squared = 0.36). Descriptive statistics showed that students who learned the Salt chapter with the MyKimDG
module were achieving higher results compared with the control groups who learned the same chapter using the
conventional method. Hence, the MyKimDG developed in the study was proven to have ability to help students
produce better content achievement in the Salt chapter. Figure 4 shows the changes of achievement test scores
across time point by intervention groups.



86  Lay & Osman

Table 2. Descriptive statistics and results of independent-samples t-test for achievement pretest and posttest

Test Group N M SD t Sig.(2-tailed)
Pre Control 59 10.65 4.73 -0.67 0.507
Treatment 72 11.20 475
Post Control 59 19.29 10.99 -8.50 0.000
Treatment 72 37.15 12.70
a=0.05
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Figure 4. Achievement test scores across time point by intervention group

Students’ 21st Century Skills

Table 3 shows the descriptive statistics for the five domains of 21 century skills by group and time point.

Table 3. Descriptive statistics for the five domains of 21* century skills by group and time point

Domain Group N Pretest Posttest
M SD M SD
Digital age literacy Control 59 3.68 0.31 3.65 0.31
Treatment 79 3.64 0.34 3.72 0.25
Inventive thinking Control 59 3.72 0.33 3.76 0.33
Treatment 79 3.78 0.36 3.87 0.32
Effective communication Control 59 3.70 0.37 3.88 0.34
Treatment 79 3.86 0.39 3.90 0.40
High productivity Control 59 3.60 0.38 3.63 0.36
Treatment 79 3.55 0.33 3.77 0.36
Spiritual value Control 59 4.08 0.48 4.15 0.41
Treatment 79 411 0.48 4.22 0.47

A doubly-multivariate analysis of variance was performed to investigate the group differences in 21st century
skills at two time points (pre and post interventions). No data were missing. Preliminary assumption testing for
normality, univariate and multivariate outliers, homogeneity of variance-covariance matrices, linearity and
multicollinearity showed that no violations were found. Results (Table 4) showed that the interaction between
group and time is statistical significant for high productivity [F(1, 136) = 5.375, p = 0.022; partial eta squared =
0.038]. Figure 5 shows the changes of high productivity scores across time point by intervention groups.

Table 4. Univariate test for each domain of 21 century skills

Effect Domains SS df MS F Sig.  Partial #°

Time*Group Digital age literacy 0.192 1 0.192 2.497  0.116 0.018
Inventive thinking 0.034 1 0.034 0.342  0.560 0.003
Effective communication 0.258 1 0.258 2246  0.136 0.016
High productivity 0.586 1 0.586 5.375 0.022 0.038
Spiritual value 0.040 1 0.040 0.178 0.674 0.001

oa=0.05
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Figure 5. High productivity scores across time point by intervention group

As shown in Table 5, further analyses of the interaction between group and time for high productivity scores
revealed that there was no significant differences between groups at pretest [t(136) = 0.782, p = 0.436], but there
was a significant differences between groups at posttest [t(136) = -2.266, p = 0.025]. An inspection of the
posttest mean scores indicated that treatment group reported slightly higher levels of high productivity (M =
3.77, SD = 0.36) than control group (M = 3.63, SD = 0.36). The magnitude of the differences in the means
(mean difference = 0.14, 95% CI: 0.02 to 0.26) was small (eta squared = 0.04).

Table 5. Descriptive statistics and results of independent-samples t-test for high productivity

Time Group N M SD t Sig. (2-tailed)
Pre Control 59 3.60 0.38 0.782 0.436
Treatment 79 3.55 0.33
Post Control 59 3.63 0.36 -2.266 0.025
Treatment 79 3.77 0.36
0=0.05

Further analyses as presented in Table 6 also showed that the high productivity scores improved significantly
between pretest and posttest for treatment group, t(136) = -3.949, p < 0.001. These findings showed that
students who used the MyKimDG were achieving higher in high productivity skill compared with the control
groups who were taught in conventional method. Hence, the MyKimDG was proven to have the ability to
increase students’ high productivity skills.

Table 6. Descriptive statistics and results of paired-samples t-test for high productivity

Group Test N M SD t Sig. (2-tailed)
Control Pre 59 3.60 0.38 -0.680 0.499
Post 59 3.63 0.36
Treatment Pre 79 3.55 0.33 -3.949 0.000
Post 79 3.77 0.36
a=0.05

Students’ Motivation in Chemistry

Descriptive statistics for the six domains of motivation by group and time point are in Table 7.
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Table 7. Descriptive statistics for the six domains of motivation in chemistry by group and time point

Domain Group N Pretest Posttest
M SD M SD
Self-efficacy Control 59 3.55 0.57 3.34 0.67
Treatment 79 3.44 0.50 3.66 0.50
Active learning strategies Control 59 3.97 0.33 3.92 0.45
Treatment 79 3.86 0.38 3.92 0.40
Science learning value Control 59 3.99 0.40 3.96 0.52
Treatment 79 4.01 0.39 4.17 0.45
Performance goal Control 59 2.86 0.78 2.96 0.67
Treatment 79 2.83 0.55 3.01 0.80
Achievement goal Control 59 4.01 0.42 4.05 0.59
Treatment 79 4.05 0.50 4.14 0.44
Learning environment stimulation Control 59 3.87 0.41 3.82 0.45
Treatment 79 3.72 0.45 3.84 0.43

A doubly-multivariate analysis of variance was performed to investigate the group differences in motivation at
two time points (pre and post interventions). No data were missing. Preliminary assumption testing for
normality, univariate and multivariate outliers, homogeneity of variance-covariance matrices, linearity and
multicollinearity showed that no violations were found. Results (Table 8) showed that the interaction between
group and time is statistical significant for self-efficacy [F(1, 136) = 10.96, p = 0.001; partial eta squared =
0.075]. Figure 6 shows the changes of self-efficacy scores across time point by intervention groups.

Table 8. Univariate tests for each domain of motivation

Effect Domain SS df MS F Sig. Partial #°
Time* Self-efficacy 2.98 1 2.98 10.96 0.001 0.075
Group Active learning strategies 0.20 1 0.20 1.35 0.248 0.010
Science learning value 0.60 1 0.60 3.43 0.066 0.025
Performance goal 0.11 1 0.11 0.25 0.618 0.002
Achievement goal 0.05 1 0.05 0.22 0.638 0.002
Learning environment stimulation 0.51 1 0.51 2.51 0.116 0.018
a=10.05
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Figure 6. Self-efficacy scores across time point by intervention groups

As shown in Table 9, further analyses of the interaction between group and time for self-efficacy scores
revealed that there was no significant differences between groups at pretest [t(136) = 1.12, p = 0.265], but there
was a significant differences between groups at posttest [t(136) = -3.06, p = 0.003]. An inspection of the posttest
mean scores indicated that treatment group reported higher levels of self-efficacy (M = 3.66, SD = 0.50) than
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control group (M = 3.34, SD = 0.67). The magnitude of the differences in the means (mean difference = 0.32,
95% CI: 0.11 to 0.53) was moderate (eta squared = 0.06).

Table 9. Descriptive statistics and results of independent-samples t-test for self-efficacy

Test Group N M SD t Sig. (2-tailed)
Pre Control 59 3.55 0.57 1.12 0.265
Treatment 79 3.44 0.50
Post Control 59 3.34 0.67 -3.06 0.003
Treatment 79 3.66 0.50
oa=0.05

Further analyses as presented in Table 10 also showed that the self-efficacy scores improved significantly
between pretest and posttest for treatment group, t(136) = -3.40, p = 0.001. These findings showed that the
MyKimDG was proven to have the ability to increase students’ self-efficacy.

Table 10. Descriptive statistics and results of paired-samples t-test for self-efficacy

Group Test N M SD t Sig. (2-tailed)
Control Pre 59 3.55 0.57 1.70 0.095
Post 59 3.34 0.67
Treatment Pre 79 3.44 0.50 -3.40 0.001
Post 79 3.66 0.50
o=0.05
Discussion

The findings suggested that learning through MyKimDG was more effective than the conventional method at
supporting a higher achievement in the Salt chapter, 21st century skills and motivation in chemistry. In
particular, it is proven that MyKimDG may improve students’ high productivity skills and self-efficacy. The
high productivity skill in this study consists of three dimensions: (i) prioritize, plan, and manage for results, (ii)
effective use of real-world tools, and (iii) ability to produce relevant and high-quality products. Self-efficacy
refers to the people’s beliefs about their ability in producing designated levels of performance (Bandura, 1997).

Generally, the practice in Malaysian science classroom is very much bounded by conventional method that
generally focus on knowing content in the learning materials for summative assessment purpose (Ministry of
Education Malaysia, 2013). In some science classroom, teachers’ practices do not reflect the real constructivist
learning approach that required by the Malaysian Science Curriculum (Sim & Arshad, 2015; Tan & Arshad,
2014). Teachers normally begin teaching the Salt chapter by explaining the facts in the text book before students
engage in experiments. Afterwards, students followed the procedures in practical book to carry out experiments.
Teachers then led students to draw conclusions. In this process, students were not given opportunities to
discover ideas or concepts for themselves nor think about the chemical concept behind a chemical procedure. In
this partially student-centered approach, rote memorization was generally still dominant. As a result, students
did not understand the procedures meaningfully. Therefore, students were unable to apply the memorized facts
to complete assignments that involve higher order thinking skill — synthesizing salts and qualitative analysis of
salts.

Contrary to the conventional method, MyKimDG created learning environment that allows students to work
together to learn and discover ideas or concepts (see Figure 2). Activities in MyKimDG were designed to
engage students in communicating their ideas and making decisions based on the group’s consensus. They were
also engaged in design justification and argumentation (see Figure 3). In these processes, students also listen to
input from peers and defend their ideas. Peer’s input may trigger cognitive conflict and this may result in
reconstruction of existing ideas, and hence towards deeper level of understanding. Collaborative and argument-
driven classroom were reported to be more successful than the traditional classroom for improving academic
achievement (Balci & Yenice, 2016; Capar & Tarim, 2015; Demircioglu & Ucar, 2015). Besides, students were
given opportunities to visualize the concepts in the sub-microscopic level, and explained or represented the
macroscopic experience at the sub-microscopic and symbolic levels. The triplet relationship is the key model
used in chemical education (Gilbert & Treagust, 2009) to increase students’ conceptual understanding. Figure 7
shows example of dissolution model created by students. Therefore, students in treatment group were more
likely to demonstrate better improvement in the Salt chapter then the control group.
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In MyKimDG, students were also given opportunities to engage in collaborative PowerPoint Game modifying
and designing projects. They were required to carefully plan, utilize time and 21st century tools and resources
toward the goal — creating PowerPoint game to help their peers who face difficulty in learning a particular
chemical concept. The task were challenging but achievable with reasonable efforts and scaffolding. To help
students in developing the PowerPoint game designing skills, the development phases proposed by Rieber,
Barbour, Thomas and Rauscher (2008) was used as a guide in MyKimDG (see Figure 3). First, students played
an existing game. Afterwards, they were asked to improve the game they played to make it more educational
and entertaining. Students then designed their own digital game collaboratively. At the final stage, they were
asked to improve and produce higher quality PowerPoint games that incorporate the best aspects of other
groups’ designs. The findings showed that this approach was able to increase students’ perceived self-efficacy
because students were given opportunities to experience successes. Repeated mastery experiences had led to a
greater sense of competence (or self-efficacy). The findings also showed that this approach was able to increase
students’ high productivity skill because students were able to immerse themselves in the real-world practice.
Besides, the IDPCR phases in MyKimDG can provide students a foundation in engineering design. As students
become more fluent with the phases, they are expected to develop more complex projects. Students are also
expected to practice the phases in everyday life and in the workplace, and hence, develop not only STEM-
literate workforce, but also STEM-literate citizenry.

10 g garam natrium klorida, NaCl dimasukkan ke dalam
200 g air.

Perhatikan fenomena ini: EELAY
- Click Here -
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Figure 7. Example of dissolution model created by students

For other domains of 21* century skills (digital age literacy, inventive thinking, effective communication, and
spiritual value), descriptive statistics (see Table 3) presented that students in the treatment group showed
improvement in all these domains, even though not statistically significant. On the other hand, the application of
conventional method was able to increase three domains of 21* century skills (inventive thinking, effective
communication, and spiritual value), but there was a decrement in digital age literacy scores after intervention.
Similarly, based on descriptive statistics (see Table 7), students in the treatment group showed improvement in
other five domains of motivation (active learning strategies, science learning value, performance goal,
achievement goal, and learning environment stimulation) even though not statistically significant.

By contrast, the application of conventional method was able to increase two domains of motivation (i.e.
performance goal and achievement goal). The active learning strategies, science learning value, and learning
environment stimulation scores for control group decreased after intervention. The results indicated that the use
of the MyKimDG has the potential to further foster 21st century skills and motivation in chemistry compared to
the conventional method. In order to draw firm conclusions, however, longitudinal studies are needed to
determine long-term effect.

Conclusion

The findings suggested that learning through MyKimDG was more effective than the conventional method at
supporting a higher achievement in the Salt chapter, 21st century skills and motivation in chemistry. In
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particular, it is proven that MyKimDG may improve students’ high productivity skills and self-efficacy.
However, MyKimDG can likely be improved to increase students’ achievement in other domains of 21 century
skills and motivation in chemistry. Notwithstanding, this study provide some evidence that the inclusion of
student as game designer approach in chemistry learning is able to increase students’ achievement and
motivation in chemistry as well as their 21* century skills.
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The focus of this study was to evaluate the impact of model-based inquiry on
pre-service physics teachers’ conceptual understanding of dynamics. Theoretical
framework of this research was based on models-of-data theory. True-
experimental design using quantitative and qualitative research methods was
carried out for this research. Participants of this study were 22 senior pre-service
physics teachers. The instructional strategy in the experimental class was model-
based inquiry (MBI) while it was inquiry in the control class. Data were
collected by using Force Concept Inventory (FCI), video recordings, inquiry
reports and the instructor’s field notes. The results of Mann-Whitney U tests for
two classes’ pre-tests and post-tests indicated that there was not any significant
difference between two classes’ performances before and after the treatment. On
the other hand, the results of Wilcoxon signed-rank test showed that the
experimental class’s post FCI scores were better than their pre FCI scores. The

Pre-service teachers following conclusions can be drawn from the study: Putting modelling explicitly
into the center of inquiry facilitates conceptual learning. Therefore, model
building and formation in inquiry can be seen as a way not only to represent
what learners have already known but also to generate new knowledge. Making
associations with other phenomena under the framework of epistemic characters
of knowledge and expanding on these associations with discussions in inquiry
learning environment promote students’ understanding. Finally, model quality
may stimulate science learning; however, more research is needed to extend this
conclusion.

Introduction

Since there was not consensus in the literature about the specific components of scientific inquiry, Minner,
Levy, Century (2010) looked for similarities across existing definitions of inquiry by reviewing literature that
had been written over the course of the past 30 years and concluded that scientific inquiry instruction could be
characterized as having three aspects: (1) the presence of science content, (2) student engagement with science
content, and (3) student responsibility for learning, student active thinking, or student motivation within at least
one component of instruction—question, design, data, conclusion, or communication. However, scientific
inquiry teaching and learning approaches pose challenges for students such as failures to focus on the scientific
merit of questions generated and to systematically collect and analyze data (Krajcik et al., 1998). Moreover,
Mumba, Banda and Chabalengula (2015) have been categorized challenges of inquiry according to students as
difficulties in written expressions, ability to link ideas in chains of reasoning, difficulties working with numeric
data, and difficulties in spoken expressions.

While standards are advocating inquiry as an instructional strategy, it is also seen as problematic by many
science teachers and has not been widely accepted or enacted (Campbell, Zhang & Neilson, 2011). The
problems that teachers identify when seeking to employ inquiry as an instructional strategy are as follows: lack
of clarity with respect to what constitutes inquiry, lack of examples of how inquiry is facilitated as an
instructional strategy in real classrooms, and lack of the explicit association of inquiry with science content
(Windschitl, Thompson and Braaten, 2008a).

Models are representations of a system to make its central features explicit while model formation is the
construction of a model of some phenomenon by integrating pieces of information about the structure,
function/behavior, and causal mechanism of the phenomenon, mapping from analogous systems or through
induction (Gobert & Buckley, 2000). Models are essential as both content products of science (Gilbert &
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Osborne, 1980) and in the process of coming to understand the world scientifically (Boulter, 2000; Crawford &
Cullin, 2003; Harrison & Treagust, 2000; Viennot, 2001). Consequently, involving learners in modeling
practices can help them build subject matter expertise, epistemological understanding, and expertise in the
practices of building and evaluating scientific knowledge (Ogan-Bekiroglu, 2007; Schwarz et al., 2009). An
important meaning in the context of model-based learning is the idea that students must learn to be able to think
with chains or networks of causal relationships that are larger than a single A causes B relation (Clement, 2000).
Modelling can be embedded in inquiry to overcome some of the concerns about inquiry.

The scientific modeling involving construction, use, evaluation, and revision of models embedded in the inquiry
process can be generally defined as the model-based inquiry (Schwarz et al. 2009). Thus, the focus of this study
was to evaluate the effect of model-based inquiry on pre-service teachers’ conceptual understanding. Since most
science teachers have never directly experienced authentic scientific inquiry during their education in the
sciences or within teacher education programs (Hahn & Gilmer, 2000) and professional development must not
only teach inquiry knowledge, but it must also assess and address teachers’ core teaching conceptions (Lotter,
Harwood & Bonner, 2007), pre-service teachers were the target in this study.

Theoretical Framework

Models-of-data theory developed by Chinn and Brewer (2001) frames this research. Based on this theory, an
experiment or other forms of research can be represented as a model that integrates theoretical explanations with
the observations and with the details of the data gathering procedures. Authentic scientific inquiry refers to the
research that scientists actually carry out; however, many current classroom inquiry tasks bear little resemblance
to authentic scientific reasoning (Chinn & Malhotra, 2002). Models-of-data theory helps us understand the
difference between authentic inquiry and simple classroom inquiry. According to Chinn and Malhotra (2002),
while scientists aim to develop and refine theoretical models in response to evidence in authentic inquiry;
students aim to uncover a simple surface-level regularity and to understand a provided theory. That is, scientists
engage in inquiry other than controlled experiments, use existing models in their inquiries, engage in inquiry
that leads to revised models, use models to construct explanations, use models to unify their understanding, and
engage in argumentation (Passmore, Stewart, Cartier, 2009).

Windschitl and his colleagues (2008a) offer an alternative vision for investigative science—model-based inquiry
(MBI)—to capture the features of authentic science because authentic forms of inquiry for school science can be
grounded in the following five epistemic ideas: testability, conjecture, explanation, principled revision, and
generativity. MBI is an instructional strategy whereby learners are engaged in inquiry in an effort to explore
phenomena and construct and reconstruct models in light of the results of scientific investigations (Campbell,
Oh & Neilson, 2012). Campbell et al. (2011) point out that MBI is valuable because it offers some clarity with
respect to defining inquiry, provides an example of how inquiry can be facilitated as an instructional strategy in
an authentic context, and reveals how inquiry and science content learning can be juxtaposed to show a more
realistic model of the processes of science.

Model construction and revision is fostered by building, critiquing, changing, and expressing one’s conceptions
of phenomena and modeling can occur through inquiry (Khan, 2007). Therefore, engaging learners in modeling-
centered inquiry enables them to revise their own conceptual models and to use those revised models in
reasoning (Passmore, 2009) as well as helps them deepening their scientific knowledge (Schwarz et al., 2009).

Literature Review on the Role of Inquiry in Science Learning

Minner and her colleagues asserted that the term inquiry refers to at least three distinct categories of activities—
what scientists do (e.g., conducting investigations using scientific methods), how students learn (e.g., actively
inquiring through thinking and doing into a phenomenon or problem), and a pedagogical approach that teachers
employ (e.g., designing or using curricula that allows for extended investigations). Inquiry instruction could
make abstract concepts more concrete, and by providing a valuable context, could position students better to
acquire, clarify, and apply an understanding of scientific concepts (van der Meij, van der Meij & Harmsen,
2015). Some studies looking into the effectiveness of inquiry as an instructional strategy (Apedoe, 2008; Brown
& Campione, 1994; Hakkarainen, 2003; Wallace, Tsoi, Calkin & Darley, 2003) presented positive results for
increasing students’ understanding. For instance, the question that Hakkarainen (2003) addressed in his study
was whether 28 Grade 5/6 students, collaborating within a computer-supported classroom, could engage in
inquiry. Results of the study indicated that with teacher guidance, students were able to produce meaningful
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intuitive explanations about biological phenomena and to engage in constructive peer interaction that helped
them go beyond their intuitive explanations and toward theoretical scientific explanations. Wallace, Tsoi, Calkin
and Darley (2003) investigated how five non-major biology students learned from an inquiry experience.
Findings indicated that students with constructivist learning beliefs tended to add more meaningful conceptual
understandings during inquiry activities than students with positivist learning beliefs. In addition, Hofstein,
Navon, Kipnis and Mamlok-Naaman (2005) focused on the ability of asking meaningful and scientifically
sound questions of high-school chemistry students, who learned chemistry through inquiry. Students enrolled in
a laboratory course that utilized inquiry instruction asked more frequent higher-level questions during a
chemistry lab practical than did their counterparts enrolled in a traditional course.

The conceptual benefits of engaging in inquiry are well documented. Nevertheless, Furtak (2006) stated that
while meta-analyses suggested a positive influence on student learning, more recent studies comparing scientific
inquiry classrooms to more traditional classrooms did not find positive results. For instance, Germann (1989)
conducted his research in four high-school biology classes to test the inquiry approach to learning science
process skills and scientific problem solving curriculum. In the 11-month intervening time, the experimental
group received the inquiry instruction while the comparison group received a more traditional approach.
Analysis of covariance revealed that the inquiry instruction had no significant effect on the learning of science
process skills or on cognitive development. Pine and his colleagues (2006) studied the degree to which students
could do inquiries by using four hands-on performance assessments, which required one or three class periods.
The students were from 41 classrooms in nine school districts. Their results presented little or no curricular
effect and there was no difference on a multiple-choice test, which used items released from the Trends in
International Mathematics and Science Study (TIMSS).

Moreover, in a case study, Maxwell, Lambeth and Cox (2015) examined the effects of inquiry instruction on the
academic achievement of 42 fifth-grade science students. After six-week instruction, students in the inquiry
group scored higher than students in the traditional group on the academic achievement posttest; however, the
result was not statistically significant. Furthermore, Minner et al. (2010) compared the studies done between
1984 and 2002. In looking more specifically at the 101 studies of student science conceptual understanding, they
found that there was no statistically significant association between amount of inquiry saturation and increased
student science conceptual learning. Therefore, they concluded that the evidence of effects of inquiry instruction
from the synthesis was not overwhelmingly positive.

Because of the fact that researchers identified difficulties in students’ generating knowledge during inquiry
(Edelson, Gordin, & Pea, 1999) and the challenges of inquiry for both teachers and students mentioned in the
introduction section have directed researchers to spend efforts on creating effective support in inquiry learning
environments. MBI was proposed as a result of these efforts to support learning. Some researchers have
explored technology’s potential as a model based inquiry to overcome barriers in implementing classroom
inquiry (Kim, Hannafin & Bryan, 2007).

Literature Review on Model-Based Inquiry

Although researchers argue that situating modelling in inquiry frames is effective for learning science content
and understanding scientific practices (Campbell et al., 2012), there are relatively small number of studies that
have closely examined effects of MBI on learning. For instance, Lohner, van Joolingen, Savelsbergh & van
Hout-Wolters (2005) studied 42 secondary school students’ reasoning during modeling in an inquiry learning
environment from three schools, who had chosen to participate in the experiment as part of their regular
coursework. The experiment took three hours in total. Students worked on their task in small groups of two or
three. They found that students spent most of their time during inquiry modeling on scientific reasoning
activities, but not in a systematic temporal order. In Khan’s (2007) study, a one-semester introductory chemistry
course was offered to 33 first-year science and non-science majors. In-depth problem-solving sessions were
designed to document student learning by capturing and elaborating on students’ model-based inquiries in rich
detail. Results of the study showed that students’ mental models of molecular structures enriched. On the other
hand, Campbell and his colleagues (2011) studied the effect of MBI as an instructional strategy in comparison to
a traditional lecture and demo (TLD) instructional strategy on a variety of student outcomes. The class that
would serve as the MBI and TLD classes were assigned randomly. The MBI class consisted of 28 students
while that TLD class consisted of 26 students. The Repeated Measurement of Variances analyses revealed that
no significant differences were found in student outcomes for any of the domains when comparing physics
classrooms facilitated with differing instructional strategies. In their research, Campbell et al. (2012) explored
the emergent discursive modes and their pedagogical functions found in model-based inquiry (MBI) science
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classrooms. A sample of four high school physics classrooms was video-recorded and analyzed. Their results
indicated that exploring was one of the most frequently used discursive modes in the MBI classrooms. Sun and
Looi (2013) designed a web-based science learning environment for model-based inquiry. The participants
included 46 students from two secondary classes and studied some electricity concepts. Their analysis
demonstrated that the system could have a positive effect on students’ conceptual understanding. Additionally,
in a research conducted by Barab et al. (2000), three-dimensional animations and modeling tools enabled
students to find evidence and manipulate variables efficiently by visualizing scientific concepts dynamically and
authentically.

Though a few studies indicate the contributions of enactment of models and modelling explicitly in inquiry on
students’ outcomes, research that investigates the effectiveness of model-based inquiry by constructing a control
group where the instruction is inquiry is not a commonly used approach. This study adds to the current research
by exploring whether model-based inquiry facilitates conceptual knowledge of science by comparing it with
inquiry.

Purpose of This Study

Even if ample time is allotted to authentic reasoning tasks, there will be serious instructional challenges for
fostering the development of complex strategies (Chinn & Malhotra, 2002). Since, much of what pre-service
teachers learn about inquiry and about teaching also comes from their experiences as undergraduates, there have
been calls to integrate more authentic inquiry experiences into not only undergraduate science courses but into
teacher education courses as well (Windschitl, 2003). An important aspect of addressing these experiences is
enabling pre-service teachers to experience learning and teaching science by using model-based inquiry in a
productive learning community (Schwarz et al., 2009). Therefore, the research question explored in this current
study is as follows: Are there measurable differences in pre-service teachers’ conceptual learning of dynamics
when comparing two physics classes instructed with model-based inquiry and inquiry? In order to make sure
that the participants revised their models as an aspect of modelling process, the following research question was
also set: Do pre-service physics teachers revise and change their initial models into final models? How?

Methodology

True-experimental design using quantitative and qualitative research methods was carried out for this study
(Krathwohl, 1997). A pretest/posttest control group design was conducted to monitor the change in pre-service
teachers’ understanding of the concepts of dynamics over time and to measure the effect of implementation of
modelling during inquiry on their conceptual learning. For the quantitative aspect of the study, the researchers
compared participants’ learning statistically. The purposes of the qualitative part were to validate the
quantitative results, to examine participants’ learning during instruction to provide justification for the
quantitative research, and to evaluate their models.

Participants and Settings

The research was conducted in two classrooms, one was experimental and one was control. Participants of this
study were 22 senior pre-service physics teachers, 13 of whom were females. Ages of the participants ranged
from 22 to 24 years. The participants were distributed randomly to the experimental and control classes. The
experimental class was randomly selected by drawing lots. The instructional strategy in the experimental class
was model-based inquiry (MBI) while it was inquiry in the control class. There were six females and five males
in the experimental class. Anonymity was preserved by using codes for the participants; therefore, MB1 through
MB11 represented the pre-service teachers in the model-based inquiry class and 11 through 111 represented the
pre-service teachers in the inquiry class.

The study took place in an elective course called Conceptual Physics in the physics teacher education program
at a state university. The course aimed to develop participants’ conceptual knowledge of dynamics and help
them reformulate their views of effective science teaching. The pre-service physics teachers in both classes took
the course for 2 hours per week and worked as groups when it was necessary. In the experimental class, MB1
worked with MB2, MB3 worked with MB4, MB5 worked with MB6, MB7 worked with MB8, and MB9
worked with MB10 and MB11. The students constructed their models and conducted experiments as groups;



J. Educ. Sci Environ Health 97

however, they designed their initial models, wrote their inquiry reports, and made their presentations about daily
life events or scientists’ models individually.

Treatment and Instructional Context

Both the experimental and control classes studied the same dynamics concepts with the same instructor. Since
the pre-service teachers in the program knew the traditional laboratory activities but were not familiar with
inquiry (Arslan, Ogan-Bekiroglu, Suzuk & Gurel, 2014), the instruction in the first and second weeks of the
semester focused on implementation of inquiry in the control class and implementation of model-based inquiry
in the experimental class. The model-based inquiry class was requested to generate initial models, develop
inquiry questions, propose hypotheses, do investigations and conduct experiments to test their models. They
constructed three-dimensional models and revised their models. The inquiry class was also requested to develop
inquiry questions, propose hypotheses, do investigations and conduct experiments to test hypotheses. However,
they were not asked to generate initial models in the beginning of the inquiry. Models were not the center of the
inquiry in the control class. Five epistemic characteristics of scientific knowledge stated in the theoretical
framework were considered to make a difference in both classes. Therefore, in the inquiry class, hypotheses
were tested and conclusions summarized patterns in the data. On the other hand, in the model-based inquiry
class, models were tested and revised, hypotheses were evaluated based on the models, and models were used
for explanations. Table 1 demonstrates the similarities and differences in two classes.

Table 1. Inquiry and model-based inquiry implementations in the control and experimental classes
Control Class - Inquiry Experimental Class — Model-Based Inquiry
Worksheet for the activity was distributed. The ~ Worksheet for the activity was distributed. The
students were started to work as groups. They students were started to work as groups. They
determined the problem and developed inquiry generated initial models suggested processes or
questions. structures potentially explanatory of the
phenomenon. They developed inquiry
questions in tandem with their models.

The students stated potential relationships The students stated potential relationships

between variables and proposed hypotheses. between variables and used their models to

They conducted experiments and took propose hypotheses. They conducted

measurements to test the hypotheses. experiments and took measurements to test the
models.

The students collected data and recorded The students used models to collect data and

measurements. They started to write their evaluated the hypothesis. They modified their

inquiry reports. models if it was necessary. They started to
write their inquiry reports.

The students discussed and analyzed the data The students used patterns in the data and

and drew conclusions in conjunction with models to explain the phenomenon. They

patterns in the data. discussed and revised their models by taking

into account additional evidence or aspects of
the phenomenon.

The students presented their experiments as The students presented their models as groups
groups and discussed how their experiments and discussed how their models could generate
could be used to test different hypotheses. They  different hypotheses. They argued about if their
argued about if their conclusions could be models could apply to other phenomena. They

explanations for other phenomena. They handed  handed their inquiry reports in.
their inquiry reports in.

The participants in both classes worked on two inquiry activities during the course period. Each activity lasted
five weeks. The first activity was about a half pipe in a skate park. The question was as follows: The person
sitting on the deck of the half pipe showing in the picture wants to send a ball to his friend sitting on the
opposite deck by rolling it in the pipe instead of throwing the ball. If height, transition and flat bottom of the
half-pipe can be changed, how can the person send the ball as fast as possible?

The second activity was based on the difference between Galileo’s and Aristotle’s ideas about falling objects.
The participants were given a discussion in an unfinished dialogue among three people and asked to explain
who was right and who was wrong by providing evidence. They were also asked to complete the unfinished
dialogue. The dialogue given in appendix was taken from the book written by Galileo Galilei, which was
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translated by Crew and Salvio in 1914. The names in the dialogue were changed. The participants in both
classes involved with thought experiments and conducted free fall experiments in air, non-air and viscous liquid
mediums. They argued about whether the knowledge they generated could be used to explain other phenomena
such as some sports activities including bungee jumping, zorbing and cliff diving. Group and class discussions
were carried out in both classes whenever needed. Instructional context in two classes is given in Table 2 week
by week.

Table 2. Instructional context in two classes

Weeks Inquiry Class Model-Based Inquiry Class

1-2 Inquiry was explained as a teaching Model-Based Inquiry (MBI) was
strategy and some cases were given explained as a teaching strategy and
as examples. some cases were given as examples.

3 Force Concept Inventory (FCI) was FCI was applied as the pre-test.
applied as the pre-test.

4-8 Inquiry was implemented for the first MBI was implemented for the first
activity. Experiments were related to  activity. Experiments were related to
an inclined plane. an inclined plane.

9-13 Inquiry was implemented for the MBI was implemented for the second
second activity. Experiments were activity. Experiments were related to
related to free fall of various objects  free fall of various objects with
with different features in various different features in various mediums.
mediums.

14 FCI was applied as the post-test. FCI was applied as the post-test.

Role of the Researchers

The authors of this paper were physics educators. The first author was the instructor of the course; therefore, she
had two roles. One was as a teacher and the other one was as a researcher. Two researchers prepared the lesson
plans and worksheets together both for the control class and for the experimental class to make sure that the
only difference between the classes was modelling. The first author observed and guided the groups, started and
led discussions, and prevented irrelevant talk during the activities. Her behaviors were the same during the
administrations of the FCI in both classes. Both authors had roles in planning the activities, conducting the
research, and analyzing the data.

Data Collection Methods

Data were collected from the control and experimental classes by using the same methods. The Force Concept
Inventory (FCI) was administered in the pre- and post-tests during the third and fourteenth weeks of the course.
The FCI was developed by Hestenes et al. (1992) and revised by Halloun et al. (1995), as cited in Mazur (1997).
This inventory has been translated to many languages and used in much international research to measure
learning of dynamics concepts (Savinainen & Scott 2002). The FCI measures the following six fundamental
concepts in general: kinematics, Newton’s First Law, Newton’s Second Law, Newton’s Third Law,
superposition principle, and kinds of force. Some of the questions measure more than one concept. There are 30
multiple-choice questions in the FCI.

In order to understand the students’ reasoning and to assess their conceptual learning in detail, the students were
required to write their justifications for their choices of the questions during both applications of the inventory.
The 11-week duration between the pre- and post-tests helped the researchers to control the effect of retesting
(Krathwohl 1997). Internal consistency computed by the Kuder Richardson formula 20 was high (Salvucci,
Walter, Conley, Fink, & Saba, 1997) with reliability coefficients of 0.75 for the pre-test and 0.79 for the post-
test. Furthermore, the participants in both classes and the instructor were videotaped during the instruction.

The groups were also tape-recorded while they were working on the activities. The groups’ inquiry reports and
the instructor’s field notes were also data sources. These multiple data sources were used to be make sure that
the participants followed the inquiry and model-based inquiry processes, to assess their conceptual
understanding, and to evaluate their models.

Data Analysis
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A bidimensional coding scheme developed by Hogan and Fisherkeller (1996) was used to analyze the
participants’ responses in the pre- and post-tests. In order to do statistical analysis, scores from 0 to 6 were
assigned to the codes. If a student chose the correct answer, her explanation was consistent with scientific
knowledge and it was detailed or adequate, her response was coded as “compatible elaborate” and given “6”. If
a student chose the correct answer, her explanation was consistent with scientific knowledge but it was
superficial or inadequate, her response was coded as “compatible sketchy” and given “5”. If a student chose the
correct choice but her explanation was not scientific, her response was coded as “compatible/incompatible” and
given “4”. On the other hand, if a student’s choice was not correct, her explanation was inconsistent with
scientific knowledge and it was shallow, her response was coded as “incompatible sketchy” and given “3”. If a
student’s choice was not correct, her explanation was inconsistent with scientific knowledge and it was detailed
with unrelated concepts, her response was coded as “incompatible elaborate” and given “2”. If a student made a
choice, whether it was correct or not, but she did not explain the reason, her response was coded as “no
evidence” and given “1”. If a student neither made a choice nor gave an explanation, her response was coded as
“no response” and given “0”.

Question 28 is provided as an example for each response code. The question is as follows: Student “a” has a
mass of 95 kg and student “b” has a mass of 77 kg. They sit in identical office chairs facing each other. Student

a” places his bare feet on the knees of student “b”. Student “a” then suddenly pushes outward with his feet,
causing both chairs to move. During the push and while the students are still touching one another:

A. Neither student exerts a force on the other.

B. Student “a” exerts a force on student “b,” but “b” does not exert any force on “a.”
C. Each student exerts a force on the other, but “b” exerts the larger force.

D. Each student exerts a force on the other, but “a” exerts the larger force.

E. Each student exerts the same amount of force on the other.

Compatible elaboration: “The correct answer is “E” because mass does not have any effect here. Based on
Newton’s Third Law of motion, when student “a” exerts the force on student “b,” student “b” exerts the equal
and opposite force on student “a”.

Compatible sketchy: “The correct answer is “E” because both students exert the same amount of force on each
other”.

Compatible/incompatible: “The correct answer is “E” because the same amount of force during the interaction
makes the students stop”.

Incompatible sketchy: “The correct answer is “D” because slim people lose rope-pulling contests.

Incompatible elaboration: “The correct answer is “D” because student “a” was heavier than student “b” and also
because there was a pushing force, student “a” exerts the larger force”.

No evidence: “The correct answer is “E”. No reason is given.

The coding scheme of the students’ knowledge before and after the instruction was made by the first author. To
assess the reliability of this coding, the second author randomly selected 10 questions from the pre- and post-
tests and coded the participants’ knowledge. Then, the two authors compared their coding and were able to
reach 92 % agreement. The reliability measured by Cohen’s k was 0.76. There seems to be general agreement
that Cohen’s x value should be at least 0.60 or 0.70 (Wood 2007). Consequently, the coding done for the
participants’ knowledge had adequate reliability. The authors reviewed the knowledge levels that they could not
have agreement on and the final coding scheme was constructed by reaching consensus. The first author then
revised all the codes of the participants’ conceptual knowledge one more time. Mann Whitney U tests were used
to compare the experimental class’s performances with the control class’s performances. Wilcoxon signed-rank
tests were performed in order to make comparisons within the classes.

Tape and video records were transcribed. Then, content analysis approach was used to analyze the instructor’s
field notes, transcripts and the participants’ inquiry reports to identify any conceptual change in the participants’
mental models and the justifications for that. The students’ initial and final models were examined from three
perspectives: the nature of models, the function of models, and the role of models in inquiry (Windschitl,
Thompson & Braaten, 2008b). Their models were rated based on each of these perspectives and the criteria
listed in Table 3. A rating of “3” represented models that were most congruent with those of experts, a rating of
“1” represented models that were least congruent with those of experts, and “2” represented an intermediate
level of sophistication for models. The participants constructed their initial and final models as groups.
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Results and Discussion

The results of Mann-Whitney U tests for two classes’ pre-tests showing in Table 4 and post-tests showing in
Table 4 indicate that there was not any significant difference between two classes’ performances before and
after the treatment. This finding is in line with the result of the research done by Campbell et al. (2011), who
compared MBI with traditional instructional strategy. Table 5 illustrates that the difference between the control
class’s pre- and post-test performance based on Wilcoxon signed-rank test was not significant, either.

Table 4. The results of Mann-Whitney U test for the classes’ pre-test and post-test scores

Groups N Mean Rank Sum of Ranks MwWU z p
Inquiry Pre-Test 11 12.73 140.00 )

MBI Pre-Test 11 10.27 113.00 47.000 887 401
Inquiry Post-Test 11 12.27 135.00 )

MBI Post-Test 11 10.73 118.00 52.000 558 606

On the other hand, according to Table 5, the results of Wilcoxon signed-rank test for the experimental class
were in the expected direction (z = -2.667) and sum of positive ranks was significantly higher than the sum of
negative ranks (p<.01). That is, the experimental class’s post FCI scores were better than their pre FCI scores
(mean rank of 6.30 vs. mean rank of 3.00). These findings present that model-based inquiry supported the
learning process. When the students were given a chance to generate and revise models, they tended to select the
scientific choices of the questions from the FCI, made better explanations for their choices and reached higher
level of conceptual understanding. This result is consistent with the results that emerged from the research by
Khan (2007) and Sun and Looi (2013).

Table 5. The results of Wilcoxon signed-rank test for the control (inquiry) and experimental (MBI) classes

Cont. Post-Test — Cont. Pre-Test N Mean Rank Sum of Ranks z p
Negative Ranks 4 3.75 15.00 -1.602  .109
Positive Ranks 7 7.29 51.00

Ties 0

Total 11

Exp. Post-Test — Exp. Pre-Test N Mean Rank Sum of Ranks z p
Negative Ranks 1 3.00 3.00 -2.667  .008
Positive Ranks 10 6.30 63.00

Ties 0

Total 11

Table 6 enables to analyze participants individually by providing their mean scores of the fundamental six
concepts measuring in both pre- and post- administrations of the FCI and their differences. Regarding Table 6,
nine students in the model-based inquiry class and nine students in the inquiry class revealed overall conceptual
progression from pre-test to post-test considering the sum of differences in mean scores of the fundamental
concepts (see the last column). Overall improvement of seven students (MB1, MB2, MB5, MB6, MB7, MB9,
and MB11) in the experimental class and overall improvement of five students (I, 12, 14, 110, and 111) in the
control class were higher than the score of 3. On the other hand, there was a decay in conceptual knowledge of
the following students: MB8, MB10, 16, and 18. Two activities did not directly cover all the subjects such as
centripetal force in the questions. As a result, the students in both classes could not construct much new
knowledge in every concept and did not establish remarkable significant differences between pre- and post-tests.

Table 7 shows mean values of ratings of the groups’ initial and final models that they constructed in two
activities based on three perspectives and also gives mean of these mean values. According to the table, the
students in the model-based class revised and changed their models with regards to their nature and function as
well as their roles in inquiry. Apart from Group 4, all the groups improved their models’ roles in inquiry.
Unfortunately, Group 4 whose members were MB7 and MB8 did not recognize model development as part of
scientific inquiry. This finding illustrates that situating modelling in inquiry frames helped the participants
understand building and testing of models was inquiry. It can be seen that all the groups increased their mean of
mean values when they constructed final models. This finding is parallel with the finding that the students
excepting for MB8 and MB10 in the model-based class increased their FCI scores (see Table 6). There might be
a relation between students’ model improvement and their conceptual development.
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Most of the participants in the experimental class showed great progression for the fourth concept i.e. Newton’s
Third Law. The reason for this finding might be that these students discussed Newton’s models of motion. They
demonstrated force diagrams on their models and came to a conclusion that action and reaction forces did not
exert on the same object. Additionally, MB5’s, MB6’s, MB7’s, and MB11’s knowledge of Newton’s Second
Law (third concept) developed well from pre-test to post-test. The questions assessing the knowledge of
Newton’s Second Law in the FCI were associated with motion of an object under various forces. These students
spent much time discussing the ball's trajectory while they were working on their models for the duration of the
first activity, so that they wrote scientific explanations for their choices in the post FCI administration. These
findings support Lohner et al. (2005)’s idea that in an inquiry-modeling task, learners can learn about the
domain by doing experiments and by expressing their acquired ideas in a model.

Table 7. Mean values of ratings of the groups’ initial and final models that they constructed in two activities
based on three perspectives and mean of mean values

Groups and Initial Models Final Models

Members Nature  Function  Inquiry Mean Nature  Function Inquiry  Mean
1(MB1,MB2) 15 1.5 1.5 15 2 2 2.5 2.17
2(MB3,MB4) 2 2 2 2 2.5 2.5 2.5 2.5
3(MB5, MB6) 2 1.5 1.5 1.67 2 2 3 2.67
4 (MB7,MB8) 1 1 1 1 15 15 1 1.34
5 (MB9, 15 15 15 15 15 15 2 1.67
MB10, MB11)

MB1, MB2, MB5, and MB6 enhanced not only their conceptual knowledge but also their models. For example,
Figure 1 presents initial model of MB1 and MB2 for the second activity while Figure 2 illustrates their final
model for the same activity. Revising their initial models might cause revising their mental models.

MB11 provided more correct answers with their scientific explanations for the questions related to the concepts
of kinematics, Newton’s First, Second, and Third Laws during the post-test. His answers to the FCI questions
were more detailed and supported with visual diagrams during the post-test. He was very active during the
discussions.

Figure 1. . Initial model of MB1 and MB2 for the second activity

He was the only one in the class who could generate mathematical model of acceleration. Besides, he could
indicate in their initial model and explain how two objects having different masses drop on the floor at the same
time in a frictionless medium.
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Figure 2. Final model MB1 and MB2 for the second activity

MB3 and MB4 were in the same group and they showed little conceptual growth. The first model they created
focused on the relationship between friction and heat. They tried to make a correlation between free fall and
height in their second model. Since they did not analyze force diagrams in none of their models and could not
take much measurement on their models, they might not improve their understanding. These findings seem to be
in agreement with Lohner et al. (2005)’s expectation that the different representations used in modeling tools
may have differential effects on students’ reasoning processes. Likewise, Ogan-Bekiroglu (2007) concluded that
the closer students’ models were to the real situations, the more scientific conceptions they gained. The
limitations of their models might not facilitate conceptual progress of MB3 and MB4. While MB3 and MB4
were presenting their second model, the following conversation occurred between them and the instructor:

Instructor: If action and reaction is equal to each other, why do we not fly? Or why does this glass stand on the
table?

MB3: Because there is a gravitational force as an extra force.

MB4: To me it has an initial velocity.

Instructor: There is no movement. Can you explain to me what you are saying?

MB3: Our action force is not equal to our reaction force. Gravitational force is heavier.

Unfortunately, MB10 was not in the class most of the time. His mean scores of six concepts generally dropped
or they increased very little from the pre-test to post-test of the FCI (see Table 6). He provided much
explanation for his nonscientific choices during the pre-test. His choices were different but again nonscientific
in the post-test. Moreover, this time he did not give detailed explanation for them. Moreover, the researcher
realized that MB10 had some misconceptions during their informal conversation while the students were
working on their models. An excerpt from the conversation is given below:

MBQ9: This is a reaction force. What would happen if this force does not exist? What would happen to the object
if the reaction force does not exist?

MB10: The object would not exist.

MB11: One second! The object would not move; it would stand still.
MB10: It would be flying.

MB9: N = mg. There is a reaction force exerting on the object.
MBI11: Yes, it’s true.

Instructor: Is the object standing still?

MB10: Yes.

MBZ1: The net force on the y axis is zero.

Instructor: Why?

MB1: Action and reaction forces are in balance.

Instructor: Do the action and reaction forces cancel each other?
MB9: Exactly

MB10: They are equal but they are in opposite directions.
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MB7 and MB8 were in the same group and generated their models together. However, MB7 did most of the
work while MB8 did not contribute much. MB8’s involvement with modelling process might affect her
conceptual development so that her overall scores fell by 1.05 points.

11 and 12 demonstrated conceptually higher performance in the post-administration of the FCI for the concept of
kinds of force (sixth concept) than in the pre-administration of the FCI. This result is compatible with the result
presented by Hakkarainen (2003). 11 generally gave detailed explanations for her choices even her choices were
scientific or not. Due to the fact that her choices were more scientific during the post-test, there appeared a big
difference between her pre- and post-test scores. She was a teaching assistant in lab sections and could define
dependent and independent variables correctly. She produced nine research questions for the first activity and
five research questions for the second activity.

Both 11 and 12 participated in the class discussions enthusiastically. 11 related her second experiment with
bungee jumping and explored the importance of tension of the rope as well as gravity. 12 could make fault
analyses in their experiment and revised it. She expanded on Felix Baumgartner’s jumping to Earth from a
helium balloon in the stratosphere while examining free fall and gravity. These daily life connections and active
participation might enable them to make improvement in their conceptual knowledge. The dialog given below
passed between 11 and 12 during their first experiment:

11: We considered coefficient of friction. It is important for us. Height of the point where the ball is held by the
child is also important because the ball has a potential energy due to the fact that it does not have any initial
velocity. If it has initial velocity, it is important too. We think that mass of the ball is negligible.

12: Yes, mass of the ball is not taken into consideration.

Instructor: Why is that?

12: When we construct an energy equation, the masses on the left and right cancel each other out.

111 left his misconceptions and gained scientific knowledge for the concepts of Newton’s First and Second
Laws as well as kinds of force during the post-administration of the FCI. He searched for g-max experience and
elucidated the physics laws working during this experience. Although he chose the scientific answer in the pre-
test, he did not explain the reason behind his answer. He focused more on theory during the inquiry process and
examined the system of a catapult by himself to perform his experiment. His research question was in line with
his hypothesis unlike most of other students. Finally, he offered detailed statements for his scientific choices
during the post administration of the FCI.

On the other hand, 16’s scores decreased from pre-test to post-test for all the concepts apart from kinds of force.
She always passed the deadline for handing inquiry reports in and could not attend most of the classes. She
made connections with her past experiences but did not consider theoretical propositions and formulas during
the inquiry activities. She could try to explain cliff diving but her explanations were weak in terms of including
scientific schemes. These situations might cause regress in her reasoning.

Examination of Table 6 also allows us to compare experimental and control classes’ performances based on the
fundamental concepts assessed in the FCI. The number of students who gained scientific knowledge was equal
in both classes for the concepts of Newton’s Second Law, superposition, and kinds of forces. Regarding the
concepts of kinematics and Newton’s First Law, more number of participants in the inquiry class improved their
understanding then the number of participants in the model-based inquiry class. The participants in the inquiry
class extended their conclusions to the sportsmen’s movement, their trajectory and the forces exert on them.
These examples might cause shift in some of the students’ misconceptions so that their answers in the post-test
became more scientific. The students in the inquiry class also elicited buoyancy and drew force diagrams during
the sports activities including jumping. In addition, 111 presented mathematical models allied with a catapult
and rotational motion. These generations might cause the cognitive improvement for the students in the inquiry
class for the concepts of kinematics and Newton’s First Law.

The model-based inquiry class discussed Galilei’s model and discovered how he reached the concept of
acceleration by changing the angle of inclination. Moreover, they compared Aristotle’s question “what causes
an object to move” to Descartes’s question “what causes an object to stop moving”. These discussions might
help some students’ progress conceptually. On the other hand, more number of students in the model-based
inquiry class gained knowledge of Newton’s Third Law than the number of students in the inquiry class. This
concept was argued in both activities in the experimental class. There might be a chance that the more time
students involve in modelling process the more their mental models improve.
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Conclusions

Keselman (2003) states that inquiry learning cannot be achieved merely by placing students in the midst of a
complex scientific domain for free-reign investigation. Since simple inquiry tasks may fail to help students learn
to reason scientifically (Chinn & Malhotra, 2002), it has been argued in this research that the process of revising
models that learners themselves constructed through inquiry activities to reflect advances in their understanding
was more effective than traditional inquiry activities. This argumentation is based on Passmore et al. (2009)’s
hypothesis about model-based learning. The following conclusions can be drawn from the study: Putting
modelling explicitly into the center of inquiry facilitates conceptual learning. Therefore, model building and
formation in inquiry can be seen as a way not only to represent what learners have already known but also to
generate new knowledge. Keselman (2003) also claims that it is important that teachers conclude classroom
inquiry learning activities with discussion and clarification sessions, ensuring that students do not walk away
from these activities with incorrect conceptual information. To reconceptualize school science inquiry,
researchers (Smith, Maclin, Houghton, & Hennessey, 2000; Windschitl, Thompson, & Braaten, 2007) advocate
for coordinating the language and activities in classrooms around five epistemic features of scientific
knowledge. Consequently, making associations with other phenomena under the framework of epistemic
characters of knowledge and expanding on these associations with discussions in inquiry learning environment
promote students’ understanding. In addition, if students involve in model-based inquiry activities in an
adequate duration, their conceptual knowledge of science would reinforce. Finally, model quality may stimulate
science learning; however, more research is needed to extend this conclusion because it comes from the group
results.

Implications and Further Study

In this research, the students engaged in authentic inquiry like scientists do with the help of model-based
inquiry. The current study contributes to the science education literature toward a better understanding of
model-based inquiry as an instructional strategy in an authentic context. Model-based inquiry would be
embedded in science teacher education programs to improve teacher candidates’ science content knowledge and
inquiry skills. For teachers and instructors, activities in this study would be examples of how inquiry and model-
based inquiry can be implemented in science classrooms.

Further research would make comparison between learning and model quality in an individual basis. Moreover,
studies would focus on how model-based inquiry capture the features of authentic science by examining
participants’ science process skills. Examination of participants’ model understanding in a model-based inquiry
environment would also make contribution in the area.
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APPENDIX

Dialogue used in the Second Activity

Jack: The argument is, as you see, ad hominem, that is, it is directed against those who thought the vacuum a
prerequisite for motion. Now if | admit the argument to be conclusive and concede also that motion
cannot take place in a vacuum, the assumption of a vacuum considered absolutely and not with
reference to motion, is not thereby invalidated. But to tell you what the ancients might possibly have
replied and in order to better understand just how conclusive Aristotle’s demonstration is, we may, in
my opinion, deny both of his assumptions. And as to the first, | greatly doubt that Aristotle ever tested
by experiment whether it be true that two stones, one weighing ten times as much as the other, if
allowed to fall, at the same instant, from a height of, say, 100 cubits, would so differ in speed that when
the heavier had reached the ground, the other would not have fallen more than 10 cubits.

William: His language would seem to indicate that he had tried the experiment, because he says: We see the
heavier; now the word shows that he had made the experiment.

George: But I, William, who have made the test can assure you that a cannon ball weighing one or two hundred
pounds, or even more, will not reach the ground by as much as a span ahead of a musket ball weighing
only half a pound, provided both are dropped from a height of 200 cubits.

Jack: But, even without further experiment, it is possible to prove clearly, by means of a short and conclusive
argument, that a heavier body does not move more rapidly than a lighter one provided both bodies are
of the same material and in short such as those mentioned by Aristotle. But tell me, William, whether
you admit that each falling body acquires a definite speed fixed by nature, a velocity which cannot be
increased or diminished except by the use of force or resistance.

William: There can be no doubt but that one and the same body moving in a single medium has a fixed velocity
which is determined by nature and which cannot be increased except by the addition of momentum or
diminished except by some resistance which retards it.

Jack: If then we take two bodies whose natural speeds are different, it is clear that on uniting the two, the more
rapid one will be partly retarded by the slower, and the slower will be somewhat hastened by the
swifter. Do you not agree with me in this opinion?

William: You are unquestionably right.

Jack: But if this is true, and if a large stone moves with a speed of, say, eight while a smaller moves with a
speed of four, then when they are united, the system will move with a speed less than eight; but the two
stones when tied together make a stone larger than that which before moved with a speed of eight.
Hence the heavier body moves with less speed than the lighter; an effect which is contrary to your
supposition. Thus you see how, from your assumption that the heavier body moves more rapidly than
the lighter one, I infer that the heavier body moves more slowly.

William: | am all at sea because it appears to me that the smaller stone when added to the larger increases its
weight and by adding weight | do not see how it can fail to increase its speed or, at least, not to
diminish it.

Jack: Here again you are in error, William, because it is not true that the smaller stone adds weight to the larger.

William: This is, indeed, quite beyond my comprehension.
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Introduction

In recent years, limited higher education resources have made it difficult for Taiwan to keep up with the
advancement of the global economy; this in turn, widened the knowledge-action gap in college education and
caused disequilibrium in the supply and demand of undergraduates. Relative issues have been explored by many
researchers (Chang & Kuo, 2008; Chang & Li, 2014; Chang & Tseng, 2014; Chang & Yuan, 2014; Chen & Lin,
2012; Kuo, 2014; Lai & Sheu, 2016; Lai, Tsai, & Yeh, 2015; Niu, 2014; Wu, 2014). Chen (2014) emphasized
that rapid social changes, industrial transformation, and rapid expansion in higher education had created a
knowledge-action gap and supply-demand disequilibrium in Taiwan’s talents cultivation. This problem needs to
be solved immediately.

Taiwan’s Ministry of Education strongly advocates the streaming of the curriculum; a system which stresses
that a university or college should offer not only academic disciplines but also practical ones. This course
system aims to achieve knowledge-action integration in college education (Lai & Sheu, 2016) by closing the
knowledge-action gap between academic training and industrial requirements for undergraduates, and reducing
retraining that college graduates have to take when they enter the job market. Kuo (2014) pointed out that
colleges and universities should strengthen students’ international competitiveness and sustainably produce
senior talents who can apply what they have learned.

In order to implement the knowledge-action integration initiative in higher education and to improve students’
professional knowledge and skills, this study used industry-academy collaboration, which is an inquiry-based
teaching model, to explore college students’ academic performances in STEM courses.

Literature Review
The Development of Higher Education

Zhu (2013) pointed out that, in the era of globalization, the change of vacancies in job markets is accelerated by
innovation, rapidly changing industry structure, and the increasingly frequent and complicated mobility of
talents. For this reason, colleges and universities must innovate or reform teaching contents and methods in
order to enhance students’ competitiveness in job markets. He further emphasized that colleges and universities
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should enhance students’ practice-oriented skills to meet enterprises’ demands for innovative and professional
talents. This may help college students smoothly start their careers upon graduation, reduce the ever-widening
knowledge-action gap, and lessen the disconnection between education and industrial demands.

In 2012, the Council for Economic Planning and Development of Taiwan (2012) proposed a special scheme:
Plan for Reducing the Gap between Learning, Training, Examination and Employment to fill the knowledge-
action gap. In addition, Chen (2014) stated that observing overseas educational policies and practices may be
helpful in solving this problem. For example, the European Union’s human resources development established a
program that mainly aims to: (1) urge the European people to have continuing education and to promote the
quality of lifelong education; (2) promote the quality of career training and strengthen the multinational
cooperation in career training; (3) help European youth develop professional knowledge and skills that the new
era needs; (4) integrate academic research and social needs; (5) promote the collaboration between higher
education institutes and enterprises.

Several researchers have proposed that colleges and universities should increase industry-academy collaboration,
offer practice-oriented courses, and improve teachers’ practical ability by enhancing their communication to
effectively mend the knowledge-action gap (Chang & Li, 2014; Chen, 2014; Lai & Sheu, 2016; Lai, Tsai, &
Yeh, 2015; Lee, 2013; Vinson, Reardon, & Rertoch, 2014; Wang, Huang, & Hsu, 2017; Yang, 2013). Yang
(2013) suggested that to assist students’ to find a job upon graduation, the design of practice-oriented courses
should be based on industrial demands and social expectation, and the content of courses should help students
develop their professional quality and innovation capability. In this way, colleges may closely combine
schooling and employment and obtain greater educational and economic benefits.

Zhu (2013) held that when offering practice-based courses, an educational institution must first determine what
competencies these courses can develop to help students in their chosen career after graduation. After that,
various practice models including workplace experience, technical training, research participation and
development, or establishment of a business should be used to promote the teaching.

Yu (2013) pointed out that practice-based courses could be taught and researched in the following two ways: (1)
actively encourage teachers to observe and intern in enterprises to allow better understanding of their latest
equipment, technology, industrial profile, and demands for talents, and closely integrate them to theories and
practices; (2) invite industry experts to participate in team teaching. This may help enhance students’
understanding of current industry trends which may aid in deciding their future career direction, and promote the
benefits of industry-academy integration.

Chiu, Hsu, and Teng (2015) further stressed that higher education institutions should establish an industry-
academy alliance with enterprises to provide an environment for practice-oriented courses learning and an
opportunity to increase students’ project experience and professional practice. Practice-based learning can help
cultivate students’ various abilities such as problem solving, communication, innovation, and interdisciplinary
learning, which can transform learned information to professional knowledge.

In recent years, a growing number of researches have been conducted on the promotion of practice-oriented
courses. The results showed that practice-oriented courses could improve college students’ professional
knowledge and skills (C. C. Chang, 2013; C. F. Chang, 2013; Chiu, Hsu, & Teng, 2015; Lo & Lee, 2014; Wang,
2013; Yu, 2013). Wang (2013) explained that long-term cooperation between academic departments and
industry alliance could expand the added value of industry and academy, create new driving force for industry
development, and foster an industry-oriented learning environment. This will help students gain industry
information, develop technical skills, and improve employment competencies.

In summary, the problems brought by the knowledge-action gap and the supply-demand disequilibrium in the
development of higher education in Taiwan require an immediate solution. The above literature review shows
that increasing industry-academy collaboration and offering practice-oriented courses, two effective strategies to
bridge the knowledge-action gap, are worth further exploration.

STEM (Science, Technology, Engineering, and Mathematics) Education
Human resource in science and technology is a fundamental aspect to a country’s economic development;

college students as future professionals in the field of science and technology are its important source. In recent
years, due to the rapid change in the field of science and technology and the rise of interdisciplinary integration,
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STEM (Science, Technology, Engineering, and Mathematics) education has been in the limelight. Fan & Yu
(2016) pointed out that STEM education was not only an issue that has aroused the attention of American
educational circles, but also the focus of curriculum reform in many countries. This is because a humber of
advanced countries like the United States, have fully realized that students’ academic performances in science,
technology, engineering and mathematics determines a country’s economic development and competitiveness.

STEM education is an integrated education that combines scientific inquiry, technology, engineering design,
and mathematical analysis into a cohesive learning paradigm, including curriculum content, teaching activities,
and educational policy. It aims to cultivate a country’s future STEM talents and enhance its competitiveness. In
addition, interdisciplinary courses may help increase students’ interest in science, technology, engineering, and
mathematics and keep students in line with modern science and technology (Chang & Yang, 2014; Duran, Hoft,
Lawson, Medjahed, & Orady, 2014; Fan & Yu, 2016; Liu, Wu, Hsieh, & Shen, 2013; Lou, Tsai, & Tseng, 2011;
Oyana, Garcia, Haegele, Hawthorne, & Morgan, 2015; Reeve, 2015).

Chang and Yang (2014) pointed out that STEM was highly valued in American science education because it is
an interdisciplinary approach that integrates science, technology, engineering and mathematics. The curriculum
design can be linked to the development of modern science. Classroom discussions and hands-on training in this
curriculum allow students to understand conceptual and procedural knowledge, and promote teamwork skills
and creativity. Fan and Yu (2016) explained that STEM education emphasizes the cultivation of new abilities in
the 21* century, aimed at developing knowledge, attitudes, skills and abilities needed for Taiwan solving real-
world problems and for adapting into the ever-changing modern society. Fan and Yu (2016) also summarized
five targets of STEM education in the United States: (1) construct integrated STEM literacy; (2) improve
American competitiveness in the 21% century; (3) prepare America’s STEM labor force (career exploration); (4)
foster learning interest and stimulate participation willingness; and (5) develop the ability to connect STEM
interdisciplinary knowledge.

Chang and Yang (2014) further noted that the former American president, Barrack Obama, had launched a plan
to create the STEM Master Teaching Corps which aimed to applaud and award excellent STEM educators in
America and improve the teaching of STEM practice. The plan was designed to improve students’ performances
in science and mathematics, develop their critical thinking, and promote their career competitiveness. In 2014,
Obama expanded the plan and put forward a strategy to cultivate STEM talents across the United States.

Fan and Yu (2016) stated that STEM education focuses on guiding students to develop their ability to integrate
interdisciplinary knowledge, stimulating their interest in STEM learning, and in helping them develop skills for
future employment in STEM jobs as well as STEM literacy a global citizen should have in the 21% century.
They further pointed out that STEM programs often have the following essential attributes: (1) using real-world
issues or problem situations; (2) designing a project-based, problem-oriented, or inquiry-based learning
curriculum; (3) having explicit course objectives, content domains and learning indicators; (4) providing
student-centered learning experiences; (5) stressing the connection and integration of STEM knowledge; (6)
valuing the cultivation of high-level thinking such as logical thinking, problem solving, and critical thinking;
and (7) emphasizing the connection between curriculum and job markets.

In terms of the implementation of STEM as a teaching method, Bybee (2010) suggested that challenging tasks
or questions can be utilized to stimulate students to use STEM to find solutions. In addition, the knowledge
students acquired in the process of problem inquiry and the abilities they developed in the process of seeking
solutions can be measured by common core standards or other national competence standards (i.e. the
Technology and Engineering Literacy Assessment developed by the National Assessment of Educational
Progress (NAEP)).

With regards to the promotion of STEM teaching activities, scholars suggested that inquiry-based teaching
strategy should be used to promote technology exploration, to practice teaching at a higher level, and strengthen
the effect of STEM teaching (Barry, 2014; Chang & Yang, 2014; Cheng, Yang, Chang, & Kuo, 2016; Lai &
Sheu, 2016).

Chang and Yang (2014) and Barry (2014) unanimously recommended adopting the 6E instructional model to
improve the effect of STEM teaching. The model is an inquiry-based teaching strategy whose major teaching
procedures include: (1) engaging, (2) exploring, (3) explaining, (4) engineering (elaborating), (5) enriching, and
(6) evaluating.
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To sum up, the purpose of STEM education lies in helping students improve their learning motivation for STEM
courses and enhance STEM literacy, and in understanding how STEM knowledge can be utilized to solve real-
life problems. Since human resources in science and technology is the basis of a nation’s economic development,
students should be encouraged to explore STEM fields and be supported to improve their academic performance
in science, technology, engineering, and mathematics to promote economic growth and competitiveness of
Taiwan.

Methods

This study utilized both quantitative and qualitative methods. A total of 73 undergraduates majoring in
Information Technology (IT) in an academic institution were chosen as participants. Based on the literature
review, the curriculum design and arrangement used emphasized the implication of industry-academy
collaboration and practice-oriented courses, and introduced inquiry-based instructional strategy. The holistic
course included lectures, game script planning, discussions and interactions with experts in IT, practical
exploration and procedural design, and presentation of project results. The entire program was run for two
semesters and about 21 instructors participated in this study.

The courses were implemented and measured in three stages: (1) curriculum planning, (2) teaching and learning,
and (3) practice and examination. For curriculum planning, the core teaching objectives and content outlines of
the courses offered in this study were determined by college instructors who had consulted industry experts. For
teaching and learning, the practice-oriented courses were taught through team teaching or seminars coupled with
teaching activities conducted by instructors in corresponding departments. Lastly, for practice and examination,
learning outcomes were measured jointly by the industrial and educational circles based on students’
performances during internship or final presentation.

This study collected and analyzed both quantitative and qualitative data. Based on the evaluation model
proposed by Kirkpatrick and Kirkpatrick (2007), a course satisfaction survey was administered (measured using
a 5-point Likert-type scale with 1 being the lowest point and 5 being the highest point; Cronbach’s a is
equivalent to .89) to gather quantitative data and utilized frequency distribution and means to analyze the data.
The course satisfaction survey has 8 items and 3 open-ended questions. In addition, students' learning feedback
and instructors’ teaching feedback were collected for qualitative data analysis. During qualitative data analysis a
triangulation and cross-case inductive analysis was conducted to confirm the reliability and consistency of the
data analyses and results (Bogdan & Biklen, 1982; Guba & Lincoln, 1999; Patton, 1999; Silverman, 2000).

Results and Discussion

During the implementation of the IT program, this study integrated cloud computing technology and the
implication of the living smart course, and trained students in functional requirement analysis, specification,
program development, and software-hardware integration to cultivate their system integration and innovation
ability. Competition and practical projects were utilized as a learning outcome measurement. Instructors were
asked to plan the teaching content and paradigm for their lectures in advance to help students understand the
structure of application systems and the use of function modules. To measure the learning outcome, students
were encouraged to design questions by themselves or discuss them with the instructors. This trained students to
design function modules on their own or develop new application systems. After they finished their work, they
were given an opportunity to learn from each other before the presentation of the final results which were rated
by industry experts.

Feedback from students and instructors on practice-oriented courses were collected after the implementation of
the holistic course program. All participants respond to the survey and qualitative questions, and the response
rate is 100%. The Means and the Standard Deviations of program satisfaction by students and instructors are
shown in Table 1. The students’ and instructors’ satisfaction were rated 4.15 and 4.20 (based on a 5-point
Likert-type scale) respectively. The results showed that both students and instructors approved of the IT
program.

Table 1. The means and the standard deviations of program satisfaction by students and instructors
Group N Mean SD
Students 73 4.15 0.67
Instructors 21 4.20 0.59
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In addition to the formal curriculum, two industry-academy interaction workshops were held to deepen students’
professional practice and inquiry ability. The practical courses taught by industry experts could expand students’
various practical abilities, improve their understanding of the application of smart cloud monitoring and the
trend of cloud computing industry, and promote their abilities to establish ties with enterprises.

The Means and the Standard Deviations of workshops satisfaction by students are shown in Table 2. The
average students’ satisfaction rate was 4.35 (based on a 5-point Likert-type scale), which indicates that students
were satisfied with the industry-academy interaction workshops. In addition, instructors also showed positive
responses to the training method. Instructor Benjamin stated:

This program not only presented how practical products are developed in the industrial circle, but also
provided students with the chance to practice the whole production process of remotely controlled
aircraft, and allowed them to finish the trial flight. Further, inviting industry experts as lecturers was
conducive in learning practical abilities because their experiences could help students understand work
ethics better and adapt to various work pressure.

Table 2. The means and the standard deviations of workshop satisfaction by students
Group N Mean SD
Students 73 4.35 0.72

Moreover, the course plan also included a trip to visit the industry. Students were organized to visit an
exhibition center. The on-site visit aimed at helping students understand the industrial environment, equipment,
and products. The staff on duty was tasked to explain workplace processes which enhanced students’
understanding of what occurs in the industry and the developmental trends. During industry visits, students
experienced many applications for the Internet of Things in the SIGMU’s exhibition center (SIGMU is a
security enterprise group in Taiwan) at the Neihu District, Taipei, including smart e-mail, intelligent parking
system, earthquake early warning service system, and various interesting devices for smart living.

The Means and the Standard Deviations of field trips satisfaction by students are shown in Table 3. The average
students’ satisfaction rate on the tour was 4.70 (based on a 5-point Likert-type scale), which indicates that
students were highly satisfied with the industry visit. Some of the feedback provided by the students included: "I
now know SIGMU better and the Internet of Things makes life very convenient", "I learned how to use mobile
devices and the Internet to manage my life "'; "I understood the use of the Internet of Things in the market". In
addition, instructor Robert stated, "The knowledge shared by the industry can enhance students' understanding
of enterprises, increase the probability for industry-academy cooperation, and strengthen the communication
between the academy and the industry.” It is clear that both the quantitative and qualitative feedback from
students and instructors were concurrent; both approved of the above industry visits.

Table 3. The means and the standard deviations of field trips satisfaction by students
Group N Mean SD
Students 73 4.70 0.78

An exhibition was held at the end of the term for students to display their achievements in practice-oriented
courses and projects. This open method provided an opportunity for them to observe others' results and learn
from each other, and helped them improve their learning outcome. A total of 15 groups presented mobile game
applications as projects in the exhibit. This hands-on training could help students effectively integrate theory
and practice. In addition, both students and instructors showed affirmative and positive responses to the results-
sharing training method. Instructor William mentioned:

The project-oriented achievement exhibition utilized in this study enabled students to learn by through
action. They were allowed to design the mid-term and final projects on their own, including the designs
and functions of the applications. This shows that through appropriate curriculum articulation and
applied design, design and programming can be integrated as one course.

Apart from attending the project achievement exhibition, students also joined and presented their works in the
competition held by enterprises and achieved good results. For example, one project entitled “The Study and
Establishment of Pseudo-Hologram System”, won the second prize in the SYSTEX Cup Apps Creativity Contest.
In addition, another project also achieved second place in the Wheeled Mobile Robot Tracking-Lego Group A
category in the 2016 Asia Intelligent Robots Competition. This means the practical training can significantly
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enhance students’ knowledge and skills in Information Technology. One of the students who participated in the
intelligent robots competition stated:

With the injection of project funds, we were able to use the latest Lego Mindstorms to conduct
experiments. This helped us improve our practical ability and integrate electro-mechanical knowledge
and skills which enabled us to obtained good results in the robot competition.

As can be observed from the above discussion, this curriculum program utilized a practice-oriented and inquiry-
based teaching method. After taking practical courses and participating in relevant activities, students were able
to create excellent works and achieved good results in a professional competition. The findings are consistent
with the findings of Chang & Yang (2014), Cheng, Yang, Chang, & Kuo (2016), Lai & Sheu (2016), and Lo &
Lee (2014). The recognition from the industry field indicates that the program could improve not only students’
practical ability but their willingness to learn and take responsibility for their own learning. In addition, through
industry-academy interaction and industry visits, students could contact the industry in advance and have a
chance to communicate with enterprises and learn from them. This experience could help them decide future
career development and could stimulate their eagerness to be employed upon graduation. The results showed
that the curriculum program provided benefits for students and improved their STEM knowledge and skills.

Conclusion

The purpose of this study was to explore whether or not the inquiry-based teaching method is effective in
improving undergraduates’ STEM academic performances. A curriculum program that employed industry-
academy collaboration and an inquiry-based teaching method was utilized in this study to help implement
knowledge-action integration in higher education and improve students’ knowledge and skills in industry-
academy practice. The results showed that students had affirmative and positive feedback on the program.
Additionally, they were also satisfied with industry-academy interaction workshops and industry visits.

After completing the program, students were able to design a mobile game application which was an indication
that students’ performances in acquiring knowledge and skills in Information Technology and STEM have
enhanced. Furthermore, improvements in practical exploration, and the willingness to learn and take
responsibility for their own learning were also observed. Based on the results, this study held that the training in
practical exploration was indeed conducive in advancing college students STEM academic performances.
Therefore this study recommended the use of industry-academy collaboration and an inquiry-based teaching
method should be further promoted.
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