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Abstract: The aim of this study was to investigate the effects of using a 5Es
learning model on the pre-service science teachers’ conceptual understanding
and science process skills for “gases and gas laws”. The sample of the study
consisted 49 pre-service science teachers enrolled for the “Science Laboratory
Practices-I” course within the department of science education of a Turkish
state university. Through a quasi-experimental research method (pre- and post-
-test research design), an experimental group was exposed to the 5Es learning
model (engage-explore-explain-elaborate-evaluate) with different conceptual
change methods/techniques (i.e., worksheets, computer animations, analogies
and experiments). A control group was also taught through existing instruction
(e.g., experiments, lecture and question—answer). Data were collected through
the gas laws test and the science process skills test. The results of partial eta
squared (#?) revealed large-size effects for the control (0.61) and experimental
groups (0.73). The 5SEs learning model was more effective than the existing
instruction in overcoming the pre-service science teachers’ alternative concept-
ions of “gases and gas laws”, as well as in improving their science process
skills. The current study recommends that the 5Es learning model be tested
with a larger sample throughout a long-term teaching intervention.

Keywords: chemistry education; conceptual change; science process skills.

INTRODUCTION
The properties of gases are difficult to observe with the naked eye; further-
more, they are explained by abstract ideas and laws, making them difficult for
students to understand.!-2 Conventional teaching methods have shortcomings
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560 KARSLI BAYDERE, AYAS and CALIK

with facilitating students’ learning of fundamental molecular behaviors (e.g.,
interlinks at macroscopic, sub-microscopic and symbolic levels) and developing
graphical skills of “gases and gas laws”.3~4 Similarly, chemistry textbooks have
generally handled the subject of “gases and gas laws” within procedural learning
instead of conceptual understanding.® Since everyday life experiences informally
shape students’ conceptions of the subject of “gases and gas laws”,%7 several
alternative conceptions (see Table S-1 of the Supplementary material to this paper)
have been developed by students from different grades (7th, 10th and 11th grades),
pre-service and in-service teachers.2-3.7-13 Identifying these alternative concept-
ions is critical for determining the steps needed to support conceptual change.

Unfortunately, teachers may be the inadvertent source of students’ alter-
native conceptions, because they either miscommunicate information or have
their own alternative conceptions. It is important that teacher preparation prog-
rams are aware of this issue. Given these arguments, conceptual change res-
earches have employed varied pedagogical approaches related to the subject of
“gases and gas laws”. These include problem-based learning,!3 research-based
approach,!1:14 research-based computer simulations,!5 conceptual change-ori-
ented instruction,%!2 hands-on laboratory activities accompanied with computer
modeling,!® argumentation-based pedagogy,!’ augmented virtual science labor-
atories3-18 and case-based instruction.” Of these studies, only three concentrated
on teacher preparation programs and studied with pre-service teachers.!l:13,17
Pabuccu and Erduran!® called for more studies related to facilitating pre-service
science teachers’ understanding of the gases and gas laws. The current study,
therefore, was undertaken in response to this call.

Even though conceptual change methods used in the aforementioned studies
were somewhat effective in overcoming the pre-service science teachers’ alter-
native conceptions related to “gases and gas laws”, some of their participants
were still resistant to change even after the teaching intervention. Hence, the
implications for future research in these studies recommended enhancing pre-ser-
vice science teachers’ conceptual change levels.20 Furthermore, studies have
shown that using only one type of conceptual change method may limit students’
learning motivation and satisfaction.2021 Previous studies used only one or two
conceptual change method(s)/technique(s)3-7>12:14-17 instead of combining vari-
ous conceptual change methods/techniques within the 5Es learning model. By
doing this, the current study illustrated an alternative pedagogical approach for
gases and gas laws and enriched the learning environment with different con-
ceptual change methods/techniques.

Science process skills (SPS)

School science courses explicitly focus on content knowledge, while SPS
implicitly includes scientific attitudes, scientific communication, scientific arg-
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EFFECTS of 5Es LEARNING MODEL 5 6 1

umentation and so forth as well.22 However, science education literature con-
tinues to debate which is more important: SPS or content knowledge.23 That is,
SPS drives the doing of science, whilst science content is the knowing of sci-
ence.?4 There are basically two ways to develop SPS, either through teaching
SPS solely, and directly or by integrating SPS into content knowledge.24 The
first one designs specific science activities for each of the SPS to help students
learn how to do science, the nature of science and the origin of facts. The second
one integrates SPS into science content knowledge and employs the power of
activity-based learning. The latter approach offers a context for both SPS and
content.24 That is, science experiments/activities deploy SPS while teaching sci-
ence content knowledge. Scharmann?5 supports that teaching science content
knowledge and SPS simultaneously helps them complement each other. This
combined approach is more promising as it leverages regular content teaching
time to develop SPS. We, therefore, adhered to this view while designing the
current study.

To illustrate the interconnection between content knowledge and SPS, expe-
riments are used to teach SPS development, while SPS is the tools for learning
content knowledge. For example, while students test how temperature affects the
volume of a fixed quantity of gas (Charles Gas Law), they observe, measure,
identify variables, formulate hypotheses, interpret data, define operationally, do
experiments and formulate models. Students will learn by doing and experi-
encing personally how to access information about this process. Hence, SPS
plays a key role in teaching and learning scientific knowledge.20:27 A review of
the literature shows other studies that support the idea of integrating SPS and
content knowledge to: i) improve better understanding of subject/topic/content,
ii) facilitate science learning and ii7) encourage students to take their own respon-
sibility for their learning through the scientific inquiry process.22.24.25,28,29

Furthermore, developing SPS helps to improve higher-order-thinking skills,
such as problem solving, critical thinking, and decision making.2° Along the
same lines, SPS and scientific literacy overlap with each other. SPS promotes
components of scientific literacy, such as the ability to think scientifically, the
ability to use scientific knowledge in problem solving, appreciation of science,
and the ability to think critically about science and scientific expertise.3? Despite
the advantages of developing individuals’ SPS outlined above, pre-service
teachers still have a poor understanding of such skills3!-32 and also possessed
pitfalls in performing the basic and integrated SPS.32 Hence, this necessitates an
alternative pedagogical approach that more directly emphasizes SPS.

Relationship between science curriculum and science process skills

To achieve the targeted goals of science education (i.e., conceptual under-
standing, SPS, critical thinking), science education studies of conceptual change
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562 KARSLI BAYDERE, AYAS and CALIK

and constructivist learning theory have focused on the students’ pre-existing
knowledge to enhance scientific understanding through active engagement and
ensure ownership of the constructed ideas.2!-28.:29 For example, the most recent
versions of the Turkish science curricula emphasize student engagement, creative
thinking, innovative thinking, constructivist learning theory, as well as varied
teaching methods/strategies to stimulate students’ interests in science.29 These
studies claim that the SEs learning model (engage-explore-explain-elaborate-
evaluate), which enriches the learning environment with different conceptual
change methods, significantly increases the probability of achievement gains
(i.e., conceptual understanding, long-term learning, developing SPS, logical-
-creative-reasoning skills) in science classes.2!,28,30.31

Any educational change (e.g., constructivist learning theory) promotes nat-
ional educational systems to update to the needs of new trends (i.e., economic
development, work force). For example, the Turkish science curricula have chal-
lenged traditional or teacher-centered instruction and fostered any innovative
view for science learning and teaching. Even though various learning models of
constructivism have been launched, e.g., 3Es (explore-explain-elaborate, called
learning cycle), 4Es (engage-explore-explain-evaluate), SEs and 7Es (excite-exp-
lore-explain-expand-extend-exchange-examine),>8 the most recent versions of
the Turkish science curricula have especially suggested the S5Es learning
model.20:33 Since each “E” represents a particular part of the learning process
and calls for varied conceptual change methods/techniques (i.e., computer anim-
ation, worksheet, analogy and experiment), the 5Es learning model purposes to
actively assist students in linking their prior knowledge with new concepts. Due
to the aforementioned issues,20-29:33 the Turkish science teacher education pro-
grams have paid more attention to the 5Es learning model. Therefore, pre-service
experiences of teachers (e.g., SEs learning model, SPS and content knowledge)
should be enhanced within teacher preparation programs since qualified teachers
are only able to choose and use proper pedagogical approaches in their class-
rooms. In other words, teacher preparation programs should not only equip pre-
service teachers with these abilities but also pedagogically illustrate how to
integrate these approaches into science classes. Hence, science educators should
look for any alternative pedagogical approach challenging any negative dis-
position towards deeper conceptual understanding and SPS. Given the interaction
between content knowledge and SPS, the current study explored the degree to
which the 5Es learning model makes concepts of abstract chemistry understand-
able and/or meaningful. In summary, the current study integrated content know-
ledge and SPS within the 5Es learning model to facilitate conceptual, procedural
and multidimensional functional levels of scientific literacy.34

The 5Es learning model guides teaching and learning processes in science
classes?1:33:34 by stimulating the pre-service science teachers’ learning capacities
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EFFECTS of 5Es LEARNING MODEL 5 63

of the subject of “gases and gas laws” drawn from the regular general chemistry
curriculum in the science teacher preparation program. Even though some studies
investigated the effect(s) of the 5Es learning model with varied conceptual
change on the pre-service science teachers’ understanding of other science sub-
jects (e.g., electrochemistry),20 none of the earlier studies tested how the 5Es
learning model facilitates the pre-service science teachers’ understanding of the
subject of “gas and gas laws” and SPS. On the other hand, previous studies have
also highlighted that the 5Es learning model directly influences their conceptual
understanding and SPS rather than the content/topic (e.g., gas and gas laws) or
separate techniques (i.e., computer animation, worksheet, and analogy).20.21.28

To address the goal of the current study, the researchers utilized worksheets,
computer animations, analogy/analogical reasoning, experiments, and SPS within
the SEs learning model. For example, while the pre-service science teachers act-
ively discovered the Charles Gas Law (content knowledge) in small groups of
three or four, they employed such SPS as identifying variables, formulating
hypotheses, performing experiments, interpreting data and defining operationally.
In this way, they wrote their observations down on the worksheet (see Appendix
1 of the Supplementary material) and discussed their results to reveal the Charles
Gas Law. Hence, they linked content knowledge (i.e., Charles Gas Law) with
SPS and constructivist learning (i.e., the 5Es learning model). The researchers, in
turn, hypothesized that the 5Es learning model would result in better conceptual
understanding of the subject of “gases and gas laws” and improvements in their
SPS. In addition, their combined pedagogical features (i.e., content knowledge,
SPS and constructive learning) may boost the pre-service science teachers’ learn-
ing capacities in practicum. Therefore, the aim of this study was to investigate
the effects of using the 5Es learning model on the pre-service science teachers’
conceptual understanding and SPS for gases and gas laws. The following res-
earch questions guided the current study:

1. How do the 5Es learning model and existing instructions influence the
pre-service science teachers’ conceptual understanding of “gases and gas laws”
and SPS?

2. Are there any significant differences between the experimental and con-
trol groups’ pre- and post-test mean scores of the gas laws test and SPS test?

EXPERIMENTAL

Through a quasi-experimental research design (with a non-equivalent pretest—post-test
control group),’ the study investigated the effects of independent variables (e.g., the 5Es learn-
ing model and existing instruction) on the dependent variables (e.g., the pre-service science
teachers’ conceptions and development of their SPS). The Department of Science Education
under investigation possessed two regular cohorts (Classes A and B) for the third-year of the
four-year teacher preparation program. Hence, the experimental (15 females and 9 males) and
control (15 females and 10 males) groups were randomly assigned to these two cohorts
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564 KARSLI BAYDERE, AYAS and CALIK

instead of individually assigning the participants to the groups. Each group was exposed to
different teaching designs (i.e., the SEs learning model and existing instruction) for the same
duration (i.e., 8 class-hours). After the teaching intervention, the post-tests were re-admin-
istered to elicit any improvement in conceptual change and SPS.

Participants

The sample of the study consisted of 49 pre-service science teachers (aged 20 to 22
years) from a middle-sized public university in Turkey. The students, who were in the third
year of their four-year program, were of average socioeconomic status and incomes. They had
successfully passed a high-stakes nationwide examination and voluntarily chose this depart-
ment. By this time, they had studied the subject of “gases and gas laws” in the 11% grade and
then again in the first-year of their science education program. As the Turkish science
curriculum follows a top—down model in curriculum development, all students take com-
pulsory science courses in lower and upper secondary schools. They were initially introduced
to gases and the related underlying gas concepts (i.e., gas laws, kinetic theory, diffusion/
/effusion, ideal gases and gas mixtures) in 11™ grade chemistry course. Additionally, in the
first-year of the science education program, they attended General Chemistry I-II including
such topics as structure of matter, solution chemistry, gases and gas laws, chemical bonding,
mole and chemical calculations, periodic table, and redox.

A four-year-science teacher education program, which is an integrated framework of
physics, chemistry, biology, earth science and astronomy, covers 240 European Credit Trans-
fer System (ECTS)-180 ECTS for compulsory courses and 60 ECTS for elective courses. All
Turkish science teacher education programs have to track the same syllabus of any compul-
sory course offered by Higher Education Council (Yiiksek Ogretim Kurumu). These courses
are labeled under four categories: subject matter knowledge (i.e., General Chemistry I-II,
Science Laboratory Practices I-II, Special Topics in Chemistry), pedagogical content know-
ledge (e.g., Science Teaching Methods I-II), general pedagogy knowledge (i.e., philosophy of
education, sociology, guidance and counseling) and general cultural knowledge (e.g., foreign
language — English, German, French).

All the participants were currently enrolled in the “Science Laboratory Practices-I1”
course in which they actively implemented several tasks and experiments with gases. Before
the teaching intervention, all official permissions were completed. In addition, the pre-service
science teachers were informed about the teaching intervention and invited to sign a consent
form. The first author informed them that they were not obliged to participate in the study and
would not get any extra points for their participation. Furthermore, they could freely leave the
study if they felt uncomfortable. Consequently, the current study evaluated and only reported
data from the pre-service science teachers who had signed the consent form and participated
voluntarily.

Teaching intervention

The subject of “Gases and gas laws” covers the effects of temperature, volume, pressure
and mole on gases. The researchers developed the SEs lesson plans and then sent them to a
group of experts (four chemistry educators and one science educator) to ensure content
validity. To assure further validity, the SEs lesson plans and related guide materials were
pilot-tested with 28 pre-service science teachers, who were not participants for the actual
study. The reviews resulted in some minor revisions (i.e., typographical errors and images).
The first author firstly asked them to generate their own small groups of 3—4 and then carried
out all teaching sessions in a science laboratory (a total of 8 class-hours—eight 50 min) for
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EFFECTS of 5Es LEARNING MODEL 5 65

both groups. Overall, the experimental group pursued the SEs learning model, whilst the
control one followed the existing instructions (see Appendices 2 and 3 of the Supplementary
material).

In the experimental group, the worksheets purposed to revise and reinforce their gained
knowledge by directly challenging the alternative conceptions 1, 3, 5-8 of gases and gas laws
(see Table S-I). Furthermore, these worksheets requested them to use explicitly such SPS as
observing, measuring, classifying, identifying variables, formulating hypotheses, interpreting
data, defining operationally and doing experiments. Moreover, the analogy used in the current
study intended to familiarize unfamiliar concepts by dealing with the alternative conceptions
5, 11 and 15 (see Table S-I). For example, a “sumo wrestler” analogy was used to make the
relationship between the temperature and volume of a fixed quantity of gas familiar. Later, the
pre-service science teachers were asked to compare analogue features (i.e., sumo wrestling
ring) with target ones (e.g., Charles Gas Law, and the particulate nature of matter) via analogy
mapping. Furthermore, it directly asked them to exploit “interpreting data” as an SPS. The
computer animations helped them visualize sub-microscopic issues of movements of gas
molecules and link macroscopic level with sub-microscopic one by handling the alternative
conceptions 2, 4, 9-14 (see Table S-I). Hence, the computer animations required them to
employ such SPS as identifying variables, defining operationally and formulating models. The
SEs learning model highlighted class/group discussion, therefore, the pre-service science
teachers were encouraged to share their ideas/results with peers through real life examples and
to negotiate the foregoing alternative conceptions. In addition, discussion processes engaged
them in such SPS as communicating, predicting and inferring.

Lessons for the control group were comprised of existing laboratory activities (e.g.,
experiments, lecture and question—answer, see Appendix 3 of the Supplementary material).

Instruments

To collect data, the researchers developed the gas laws test with 12 two-tier items. In
developing the instrument, they firstly decided relevant concepts to ensure content validity.
Later, they examined the literature to learn common alternative conceptions (see Table S-I)
and wrote multiple-choice questions by taking these alternative conceptions into account.?0-2!
All multiple-choice questions included one correct answer and four distracters including alter-
native conceptions. A multiple-choice question was the first-tier of the question, while the
second-tier asked the pre-service science teachers to write down the reason for their selection.

A group of experts (three chemistry educators and two chemistry teachers) ensured face
validity, readability and content validity of the gas laws test. The instrument was further valid-
ated when the participants in the pilot of the 5Es lesson plans (28 pre-service science teachers)
were asked to read the gas laws test and depict any unclear point. Thereafter, they suggested
some minor revisions (i.e., typographical errors). Finally, the test was pilot-tested with 115
pre-service science teachers in the third-year of their four-year science education program,
who were not participants of the actual study. The reliability coefficient for the gas laws test
was found to be 0.603 (see Appendix 4 of the Supplementary material).

This sample question, which measured the relationship between the volume and tempe-
rature of a fixed quantity of gas (Charles Gas Law), took the following alternative conceptions
into account: “An increase in the temperature does not change the volume of gas”, “Changes
in the pressure and volume affect the temperature of a compressed gas” and “Cold environ-
ment increases the volume of the balloon and decreases its pressure”. In other words, related
alternative conceptions led the researchers to develop and administer the gas laws test.
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The researchers also used the science process skills test (SPST, with 25 multiple-choice
and 11 open-ended questions).3> Multiple-choice questions focused on recalling the SPS and
could quickly be scored (time-efficient) by the participants. The open-ended questions, on the
other hand, concentrated on their understanding of SPS, and the use of scientific language
(i.e., scientific terminology). Hence, the researchers were able to combine the advantages of
multiple-choice and open-ended questions within the same instrument (see Appendix 5 at
Supplementary material).

This sample question (Question 19) measured “formulating hypothesis and identifying
variables (e.g., independent, dependent and controlled variables)” of SPS with which students
and pre-service teachers had difficulties.282932 That is, the SPST paid more attention to the
SPS difficulties depicted by the relevant literature. The instruments were administered as pre-
tests one week before the teaching intervention. After the teaching intervention, the same ins-
truments were re-administered as post-tests. Furthermore, the researchers did not give any
information about the data collection tools and their possible responses to the participants. For
this reason, they did not know that the data collection tools would be employed as post-tests
after the treatment. However, they may have considered their responses and discussed them
with their peers. This may be seen as the effect(s) of the teaching intervention on building
their own knowledge and facilitating their science learning.

Data analysis

In analyzing the gas laws test, the responses were ranked from the most scientifically
accepted ones to scientifically incorrect ones. Given the framework of the expected responses
and context of the current study, the researchers had made changes in the scoring criteria pro-
vided in the related literature.202! That is, the first-tier of each item in the gas laws test was
scored using the following criteria: “Correct option (4 points), incorrect option (one point),
and blank (zero point)”. The second-tier of each item in the gas laws test was assessed with
the criteria: “sound understanding (8 points), partial understanding (6 points), partial under-
standing with alternative conception (2 points), and no understanding (zero point, see Table
S-1I for details)”.2%21 To highlight their explanations in the second-tier of each item, the
researchers decided to give higher points to the open-ended questions and calculated total
scores to run statistical and inferential analysis.20-2

The responses of pre-service science teachers to the multiple-choice questions in the
SPST were scored with either one point (correct response) or zero point (incorrect response).
The open-ended questions in the SPST were analyzed through rubrics adapted from related
literature (see Table S-III for a sample rubric).3® Since the one-sample Kolmogorov Smirnov
test did not show a normal distribution of the data, this study employed non-parametric statis-
tical methods (i.e., the Mann Whitney U test and the Wilcoxon signed rank test).

RESULTS AND DISCUSSION
Results from the gas laws test

As seen from Table I, there was no statistically significant difference
between the mean scores of the experimental and control groups in the pre-gas
laws test (U = 289.000, p > 0.05, 2 = 0.13). Their rank average values showed
that the pre-gas laws test scores were similar. In the post-gas laws test, the
Mann—Whitney U test indicated a statistically significant difference between the
groups (U = 80.500, p < 0.05, 2= 0.66) in favor of the experimental group. This
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EFFECTS of 5Es LEARNING MODEL 5 67

revealed that the 5Es learning model assisted the pre-service science teachers in
improving their conceptual understanding of gases and gas laws better than the
existing method. The closer the #2 value is to 1, the more the experimental group
out-performs the control group. The results of partial eta squared (#2) indicated a
small-size effect for the pre-gas laws test (0.13) and a large-size effect for the
post-gas laws test (0.66).

TABLE 1. The results of the Mann—Whitney U test for the pre- and post-gas laws tests; CG:
control group, EG: experimental group; note: U means a derived statistic to compare a specific
value in a Mann—Whitney distribution table for statistical significance

Group Type of test N Rank average  Rank total U p 7>
CG Pre-test 25 18.15 614.00 289.000 0.82 0.13
EG 24 17.46 611.00

CG Post-test 25 20.86 540.50  80.500 0.00 0.66
EG 24 34.52 828.50

As can be seen from Table II, both groups had statistically significant dif-
ferences between their mean scores in the pre- and post-gas laws test in favor of
the post-gas laws test (control group; z = 3.05, p < 0.05, #2 = 0.61; experimental
group; z = 3.57, p < 0.05, n2 = 0.73). Rank averages of the pre- and post-gas laws
test scores showed positive ranks in favor of the post ones. The results of partial
eta squared (#2) revealed large-size effects for both the control (0.61) and expe-
rimental groups (0.73). The partial eta squared (12) values denote that the teach-
ing interventions in the experimental and control groups were effective in facil-
itating the conceptual understanding of pre-service science teachers (e.g., a
medium-size effect for the control group and, a large-size effect for the experi-
mental group). However, as compared with the existing instruction, the 5Es
learning model was more efficient. This may stem from macroscopic and sub-
microscopic representations in the computer animations. Furthermore, the experi-
mental group’s engagements with the relational variables and graphics (i.e., the
effects of temperature, volume, pressure and mole on gases) may have resulted in
their improved performances. In addition, having yielded any mathematical
equation between the relational variables seems to have evolved their concept-
ions of symbolic representation(s) of gases.

Although not as pronounced as the experimental group, the control group did
show improvements after participating in regular (existing) teaching methods.
The existing experiments and lecturing might have allowed them to imagine
mentally complex/abstract dynamic processes at the sub-microscopic level and
molecular behaviors of gases. Furthermore, medium-size effects in the concep-
tual understanding of the control group may have come from the question—ans-
wer processes and feedbacks in their regular learning. Moreover, the fact that the
existing instruction somehow resulted in remedying some of the alternative con-
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568 KARSLI BAYDERE, AYAS and CALIK

ceptions in the pre-test may stem from the engagement of the control group with
the regular experiments (see Table S-1V).

TABLE II. The results of Wilcoxon signed rank test for the pre- and post-gas laws tests; CG:
control group, EG: experimental group; the z value is compared with the critical z value to deter-
mine the null or research hypothesis

Group Post-test—Pre-test N Rank average  Rank total z P 7>
CG Negative rank 4 8.42 26.50 3.05 0.00 0.61
Positiverank 21 16.74 298.50
Equal - - -
EG Negative rank ~ — - - 3.57 0.00 0.73
Positive rank 24 12.50 300.00
Equal - - -

?Based on negative ranking

Percentages of the alternative conceptions of the pre-service science teachers
of gases and gas laws were calculated through their responses to the pre- and
post-gas laws test. As observed in Table S-IV, the pre-gas laws test drew out 9
alternative conceptions for the control group and 6 alternative conceptions for the
experimental group. After the treatments in both groups, the control and expe-
rimental groups accomplished positive conceptual change for 8 and 6 alternative
conceptions, respectively. Furthermore, the control group showed one negative
conceptual change for the ninth alternative conception and one neutral conceptual
change for the fourth alternative conception. This means that the experimental
group demonstrated a better performance in achieving conceptual change than
did the control one. For example, the percentages of the experimental and control
groups holding the first alternative conception were 40 and 48 for the pre-gas
laws test; and 13 and 32 for the post-one, respectively. Decreases in the post-test
percentages of the experimental and control groups showed that the students
remedied their alternative conceptions after the teaching intervention. In this
case, the positive conceptual change (CC) was indicated with (+). For instance,
the conceptual change rates of the control and experimental groups for the first
alternative conception (+8 and +27, respectively — see Table S-IV) mean that the
teaching intervention in the experimental group had a greater impact on remedy-
ing the first alternative conception than that in the control one. On the other hand,
the control group’s percentages of the ninth alternative conception (4 % in the
pre-test and 8 % in the post-test) showed an increase in their post-test percentage.
In this case, this negative CC was signaled with (-). For the ninth alternative con-
ception, the control group revealed a negative conceptual change (—4).

The results from the post-gas laws test showed that the 5Es learning model
helped the pre-service science teachers to overcome their alternative conceptions
and significantly improved their conceptual understanding of the subject of
“gases and gas laws”. Phrased differently, the 5Es learning model, which took
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EFFECTS of 5Es LEARNING MODEL 5 69

common alternative conceptions of ‘gases and gas laws’ into consideration, seems
to have enhanced the pre-service science teachers’ learning capabilities20-28 and
to have resulted in a better understanding of scientific concepts.!2

Even through the experimental and control groups’ alternative conceptions
of “gases and gas laws” decreased in the post-gas laws test, the experimental
group performed better in remedying relevant alternative conceptions than did
the control one. For instance, the computer animations and experimental acti-
vities, which afforded the pre-service science teachers to imagine Gay—Lussac
Gas Law at the sub-microscopic level and its processes,!® overcame the third
alternative conception (see Table S-IV). Similarly, the fact that the computer
animations, experimental activities and analogy explicitly challenged such alter-
native conceptions as “Students possess pitfalls at understanding relationships
amongst pressure, temperature, volume, and mole” seems to have somewhat
overcome the first four alternative conceptions (see Table S-1V). The analogy
and experimental activities handling the fifth alternative conception (see Table
S-1V) may have dealt with their misunderstanding of the particulate nature of
matter (i.e., gas molecules expand or shrink when heated or cooled, respect-
ively).37 Similarly, the worksheets and computer animations clearly seem to have
remedied the seventh alternative conception since the 5Es learning model took
common alternative conceptions into account. However, the teaching inter-
ventions in the experimental and control groups were unable to remedy com-
pletely the first alternative conception of “gases and gas laws”.

Results from the science process skills test (SPST)
The results of the pre- and post-SPST are given in Table III.
TABLE III. The results of Mann—Whitney U test for the pre- and post- SPST; U means a

derived statistic to compare a specific value in a Mann—Whitney distribution table for statistical
significance

Group Type of test  Rank average  Rank total U p 7>
Control group Pre-test 23.08 577 252 033 0.12
Experimental group 27 648

Control group Post-test 13.82 345 20.5 0.00 0.79
Experimental group 36.65 879

As seen from Table III, there was no statistically significant difference
between the mean scores of the pre-SPST of the experimental and control groups
(p > 0.05). This means that the experimental and control groups were very sim-
ilar to each other. Furthermore, there was a statistically significant difference
between the mean scores of the post-SPST in favor of the experimental group
(p <0.05). This showed that the 5Es learning model was more effective in imp-
roving their SPS than the existing instruction. The results of partial eta squared
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(7?) indicated a small-size effect for the pre-SPST (0.12) and a large-size effect
for the post-SPST (0.79). The results of Wilcoxon signed rank test for the pre-
and post-SPST are presented in Table IV.

TABLE IV. The results of Wilcoxon signed rank test for the SPST; the z value is compared
with the critical z value to determine the null or research hypothesis

Group Post-test—Pre-test N  Rank average z* p 7>
Control Group Negative rank 2 3.25
Positive rank 23 13.84 3.19 0.00 0.53
Equal - -
Experimental Group Negative rank 0 .00
Positive rank 24 12.50 4.29 0.00 0.88
Equal — —

?Based on negative ranking

As observed in Table IV, the rank averages of the pre- and post-SPST scores
of the experimental and control groups revealed positive ranks in favor of the
post-SPST ones (p < 0.05). That is, both groups had changes in the SPS after the
treatment. The results of the partial eta squared (52) indicated a medium-size
effect for the control group (0.53) and a large-size effect for the experimental
group (0.88).

The results indicated that the 5Es learning model was also more effective in
improving the SPS scores of pre-service science teachers. This result complies
with related studies.?8:29 The SPS scores of the control group, which were signi-
ficantly lower than those of the experimental group, supported the idea that con-
cept-related experiments are insufficient in improving the SPS levels of students.
These findings provide further evidence that an interaction between content
knowledge (e.g., gases and gas laws) and SPS not only improve SPS25.28.29 byt
also make abstract chemistry concepts more meaningful.

The partial eta squared (12) values revealed that the teaching interventions in
the experimental and control groups were efficient in developing their SPS (e.g.,
a medium-size effect for the control group and a large-size effect for the expe-
rimental group). However, as compared with the existing instruction, the SEs
learning model was more effective. This may stem from the engagements of the
experimental group with the relational variables, graphics (i.e., the effects of tem-
perature, volume, pressure and mole on gases) and computer animations. Further-
more, a medium-size effect in SPS of the control group may arise from the quest-
ion—answer processes and feedbacks in their regular learning (see Table S-V for
the descriptive parameters).

CONCLUSIONS

The present study revealed that the 5Es learning model resulted in better
gains in the conceptions of pre-service science teachers of “gases and gas laws”
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and improved their SPS. This means that pedagogical interlinks amongst con-
ceptual change methods (e.g., worksheets, computer animations, and analogies),
content knowledge (e.g., gases and gas laws) and SPS increase their learning
capacities of conceptual understanding and SPS.

The study found, however, that there were alternative conceptions that were
resistant to change in both groups. This implies that the SEs learning model and
existing instruction seem to have mainly influenced soft-core alternative con-
ceptions. Fortunately, it appears that neither the SEs learning model nor the exist-
ing instruction resulted in any new alternative conception after the teaching inter-
vention. This may come from the 5Es learning model directly handling common
alternative conceptions of “gases and gas laws”.

Although the existing instruction did not concentrate specifically on com-
mon alternative conceptions of “gases and gas laws”, the alternative conceptions
of pre-service teachers were somewhat reduced and showed improvements. This
may be because the lecturer might intuitively address these alternative concept-
ions during the question/answer sessions. Phrased differently, the lecturer who
taught the subject to both the experimental and control groups may have trans-
ferred her awareness of common alternative conceptions to the existing instruct-
ion (control group). This may be seen as an uncontrolled variable (limitation) of
the current study.

Even though the pre-service science teachers held some common alternative
conceptions reported by the related literature (see Table S-I), the current study
elicited several new alternative conceptions (i.e., the first, fourth, sixth and tenth
alternative conceptions — see Table SI-V). This may stem from their pre-existing
experiences or learning/class cultures or contextual differences in various countries.

Since the 5Es learning model engaged the pre-service science teachers in
actively building their own understanding, they should be confronted with pos-
sible alternative approaches/pedagogies suggested by the Turkish science curri-
culum. Future studies may investigate how student-generated-animations influ-
ence their imagination of macroscopic, submicroscopic and symbolic represent-
ations. The current study recommends that the SEs learning model be tested with
a large sample size throughout a long-term teaching intervention. In addition, to
challenge effectively alternative conceptions of students, future studies should
exploit alternative conceptions elicited in the pre-test/treatment rather than com-
mon ones reported in the literature.

SUPPLEMENTARY MATERIAL

Additional analytical and crystallographic data are available electronically from
http://www.shd.org.rs/JSCS/, or from the corresponding author on request.

Acknowledgement. We would like to thank Dr. Jennie Farber Lane from Bilkent Uni-
versity, Turkey for her kind help in language polishing.

Available on line at www.shd.org.rs/JSCS/

(CC) 2020 SCS.



572 KARSLI BAYDERE, AYAS and CALIK

U3BO
E®EKTHU 5Es MOJEJIA YUHEHA HA KOHL[EIII'[TYA)'[HO PA3YMEBAKE U HAYUYHE
BEIITHUHE BYOAYRUX HACTABHUKA HAYKE: CJTYYAJ TACOBA U TACHUX 3AKOHA
FETHIYE KARSLI BAYDERE', ALIPASA AYAS® 1 MUAMMER (;ALIK3
'Giresun University, Faculty of Education, Department of Science Education, Giresun, Turkey, *Bilkent

University, Graduate School of Education, Ankara, Turkey u *Trabzon University, Fatih Faculty of Education,
Department of Elementary Teacher Education, 61335 Trabzon, Turkey

[Ium oBOT HCTpakKBamwa OMO je UCIIUTHBamke edekata npumeHe 5Es monena yuema (eHi.,
engage-explore-explain-elaborate-evaluate) Ha KOHLENTyalHO pasyMeBame M HayuyHe Bell-
THHe Oymyhux HacTaBHMKAa Hayke y BE3W C racOBUMa U raCHUM 3aKOHHMMa. Y30pPKOM HCTpa-
KuBama odyxBaheno je 49 crynenara, Oyayhux HacTaBHHKA Hayke, yIIMCAaHUX Ha Kypc Hayune
nadopatiiopujcke tipaxce - I, y OKBUPY Karenpe 3a HaydyHO odpa3oBame Ha TypckoM ApKaBHOM
yHuBep3uTeTy. [IpUMeHOM KBasH-eKCIepuMeHTa (Ou3ajH Koju je 0dyXBaTHO WHHULMjaJIHO U
(uHaNHO TecTHpame), ekCllepUMeHTaIHa Irpyna duia je usnoxeHa 5Es Monerny yuyema ¢ pas-
JTMYUTUM KOHLENTYaJTHUM IIPOMEHaMa MeTosa/TeXHUKa (Ha MpUMep, PaSHU JTUCTOBH, KOMII-
jyrepcke aHuMauuje, aHayloruje U excrepumenTtH). KoHTponHa rpyna duma je mopydyaBaHa
Kpo3 yoduuajeHy HacTaBy (Ha MpUMep, eKCIIEPUMEHTH, ITpelaBamka U OJTOBapame Ha MUTama).
[Mopany cy MpUKYT/beHW IPUMEHOM TEeCTOBa (TeCT KOjU Ce ONHOCHO Ha racHe 3aKOHE U TeCT Y
BE3W C Hay4yHHM BEUITHHAMa). PesynTaTy mapuumjajiHe KBajapupaHe eTe (n2) ykasamu cy Ha
BenuKke edexre 3a KOHTponHy (0,61) u ekciepumenTanuy rpymny (0,73). Mogen y4yewa 5Es
noxasao ce epuKacHMjUM ofi mocrojehe HacTaBe y NpPEBa3sHIAXKEWY aITEPHATUBHUX KOH-
nenaTa Oynyhux HacTaBHUKA HayKe y Be3M C racOBMMa M raCHUM 3aKOHMMA, Kao U Y yHaIpe-
huBamy HHBOA HUXOBHX HAYYHHX BEIITHHA. IIpermopyka H3BeNeHOr HCTPaKHBama je na ce
mopen yuema 5Es Tectwpa Ha BeheM y30pKy yKpydyjyhu AyKH BpeMEHCKH IepHOJ HHTep-
BEHIIHje.

(ITpummeno 29. mapT, peBuaMpaHo 28. okTobpa, mpuxsaheno 22. Hoembpa 2019)
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