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Inability to link the acid-base concepts with daily life phenomena (as contexts)
highlights the need for further research on the context-based acid-base chemistry. In
this vein, the aim of this study is to investigate the effects of different teaching designs
(REACT strategy, 5Es learning model and traditional (existing) instruction) relevant
with ‘acids and bases’ subject on pre-service science teachers’ conceptions and attitudes
towards chemistry and to compare them with each other. Within quasi-experimental
research design, the sample comprised of 95 pre-service science teachers from Faculty
of Education in Giresun University, Turkey. Three intact groups were randomly assigned
as either experimental and control groups. To gather data, Acid-Base Chemistry Concept
Test (ABCCT), Chemistry Attitudes and Experiences Questionnaire (CAEQ) and semi-
structured interviews were used. The results denote that REACT strategy is effective in
helping the pre-service science teachers retain their gained conceptions in long-term
memory whilst 5Es learning model is efficient in achieving conceptual learning. Finally,
future studies should test the effects of REACT strategy and 5Es learning model on
different variables (i.e. sample, subject, scientific process skills, scientific inquiry) over a
longer period of time (i.e. one semester or one-year).

Keywords: acids and bases, REACT Strategy, 5Es learning model, contextual learning,
constructivism

INTRODUCTION

Constructivist learning theory claims that learning is an interaction between new
knowledge and pre-existing knowledge (e.g. Bybee, Taylor, Gardner, van Scotter,
Powell, Westbrook & Landes, 2006; Driver, 1981). To achieve constructivist
learning, 3Es (Explore-Explain-Elaborate) (called Learning Cycle Model), 4Es
(Engage-Explore-Explain-Evaluate), 5Es (Engage-Explore-Explain-Elaborate-
Evaluate) and 7Es (Excite-Explore-Explain-Expand-Extend-Exchange-Examine)
learning models have been released (e.g. Bybee, 2003; Eisenkraft, 2003). Of these
models, 5Es learning model, which has been adopted for structuring teaching and
learning, is widely used by the science educators (Bybee et al., 2006). However,
some authors point to shortcomings of elaboration stage (forth step in 5Es learning
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model) that asks the students/learners for linking
their gained experiences with daily life or socio-
scientific or science-technology-society issues
(Kurnaz & Calik, 2008). Unfortunately, most of 5Es
learning papers have confused this stage with the
last one (evaluation stage) (e.g. Er Nas, Coruhlu &
Cepni, 2010). Inability to associate daily life or
socioscientific issues with scientific knowledge
(Demircioglu, Demircioglu & Calik, 2009; Gilbert,
2006; Stolk, Bulte, de Jong, & Pilot, 2009a; Ultay &
Calik, 2012) calls for a new learning pedagogy, for
example context-based approach, which centralize
the learning and teaching around one main context.
Because the context-based approach also deploys
constructivist learning theory (e.g. Berns &
Erickson, 2001; Crawford, 2001; Glynn & Koballa,
2005), the student’s pre-existing knowledge
initially has a pivotal role in knowledge-building;
but the context-based approach exploits relevant
contexts that activate student’s pre-existing
knowledge in learning new knowledge. Hence, the
context-based approach creates a “need-to-know”
basis to develop coherent mental maps of
knowledge and to increase the relevance of the
subject (e.g., Ultay & Calik, 2012). Given these
advantages, Bennett and Lubben (2006) report that
the context-based courses have the potential to
improve student engagement in chemistry learning,
and help them to acquire a better understanding of
their environment.
Since  the

context-based  approach to

State of the literature

e A decrease in students’ interests and attitudes

towards chemistry drives chemistry
educators to look for inquiry-based
alternative ways (i.e., REACT strategy and 5Es
learning model) to stimulate these issues.
Inability to link the acid-base concepts with
daily life phenomena (as contexts) highlights
the need for further research on the context-
based acid-base chemistry.

Despite the fact that REACT strategy (as
contextual based approach) stresses its
motivational/attitudinal role, this has also yet
been unexplored.

Contribution of this paper to the literature

e The main contribution of this paper to the

literature relates to how different teaching
designs influence pre-service science
teachers’ (PSTs’) conceptions and attitudes
towards chemistry.

The present study sheds light on feasibility
and insights of popular models/strategies (i.e.
5Es learning model and REACT strategy).
The current study models how to adapt
popular/contemporary learning approaches
(REACT strategy and 5Es learning model) in
pre-service education (especially, science
education).

science/chemistry teaching has become increasingly popular (e.g. Barker & Millar,
1999; Yager & Weld, 1999), a few context-based science curricula have been
developed in many countries, for example Salters Advanced Chemistry in the UK
(Barker & Millar, 2000; Bennett & Lubben, 2006), Chemistry in Context (Schwartz,
2006) and ChemCom (Sutman & Bruce, 1992) in the USA, Industrial Chemistry in
Israel (Hofstein & Kesner, 2006), Chemie im Kontext in Germany (Parchmann et al,,
2006), and the Chemistry in Practice in the Netherlands (Bulte, Westbroek, de Jong
& Pilot, 2006) (see Ultay & Calik, 2012, for further information). Thereby, these
projects have intended to enable the students to conceive how science/chemistry is
related to their daily lives (King, 2012) by actively taking their own learning
responsibility (Stolk et al., 20093, b). To accomplish the context-based approach,
Relating-Experiencing-Applying-Cooperating-Transferring (REACT) strategy has
been launched by going over teachers’ views and their created sample materials
(CORD, 1999). That is, REACT strategy is an output of teachers’ observed
experiences (CORD, 1999; Crawford, 2001; Souders, 1999) instead of that of
theoretically designed issues (i.e., 5Es learning model, see Ultay & Calik, 2011a).
Given a decrease in students’ interests and attitudes towards chemistry (Driel,
2005), science/chemistry educators should look for inquiry-based alternative ways
(i.e., REACT strategy and 5Es learning model) to stimulate these issues.
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Rationale of the study

Various researchers between 1989 and 2014 have contributed towards
understanding of the key ideas about acids and bases (i.e. definitions of acids and
bases, strengh of acids and bases, pH and pOH, and acid-base reactions) (see
Appendix 1) and have highlighted needs for further studies.

The acid-base studies cover middle school (e.g., Bilgin & Yahsi, 2006; Botton,
1995; Oversby, 2000; Sisovic & Bojovic, 2000), secondary school (e.g., Cokelez &
Dumon, 2009; Hand, 1989; Yaman, Demircioglu & Ayas, 2006; Wilson, 1998),
undergraduate (e.g., Bradley & Mosimege, 1998; Yildiz, Yildirim & ilhan, 2006), pre-
service education (e.g., Uce & Saricayir, 2002; Ozmen, 2003), in-service education
(e.g., Cho, 2002; Drechsler & Driel, 2008), and post-graduate education (e.g., Wilson,
1998). Further, of these sample groups, Grades 8 (e.g. Bilgin & Yahsi, 2006; Burhan,
2008; Ozmen, Demircioglu, Burhan, Naseriazari & Demircioglu, 2012) and 10 (e.g.
Ekmekgcioglu, 2007; Geban, Tasdelen & Kirbulut, 2006; Ouertatani, Dumon, Trabelsi,
& Soudani, 2007; Tamer, 2006) and pre-service education have been the most
popular due to several reasons. For example, in Turkey, the grade 8 students firstly
introduce the acid-base concepts through science curriculum. Also, the grade 10
students encounter the acid-base chemistry at an advanced level. Further, the pre-
service education (especially for science/chemistry student-teachers) purposes to
get them to have subject matter and/or pedagogical content knowledge of the acid-
base concepts that shape their future teaching careers as well as their students’
conceptions of these concepts. In fact, it is obvious that the teachers that do not fully
understand the content of science (i.e. acid-base chemistry) (as uncompleted
conceptual understanding) may transmit their alternative conceptions to their
students or cause new alternative conceptions (Calik & Ayas, 2005; Kolomug & Ayas,
2012; Quiles-Pardo & Solaz-Portole’s, 1995). For this reason, remedying pre-service
science teachers' alternative conceptions of the acid-base chemistry would be
worthwhile for their future teaching experiences (Calik & Ayas, 2005). Hence, they
may have an opportunity with acquiring related subject matter knowledge (Calik &
Aytar, 2013; Calik et al., 2015; Pfundt & Duit, 2000) that is a pre-request for effective
teaching (Garnett & Tobin, 1988). Given this opportunity in mind, a few studies (see
Appendix 1) have focused on remedying and/or identifying pre-service and/or in-
service teachers’ alternative conceptions of the acids-bases subject (e.g. Cho, 2002;
Uce & Saricayir, 2002; Wilson, 1998).

A great variety of data collection instruments has been employed in the acid-base
studies. However, concept test as a cognitive measure (Bradley & Mosimege, 1998),
interviews (Drechsler & Driel, 2008; Hand, 1989; Kala et al., 2013; Uce & Saricayir,
2002), and attitude or aptitude scales (i.e.Kilavuz, 2005; Uce & Saricayir, 2002) have
been widely preferred to measure the sample’s views/attitudes and their conceptual
understanding of the acid-base concepts. Following these three data collection
trends, we deployed them in this current study.

The experimental acid-base studies have reported that the treatment group with
a new teaching design (i.e., cooperative learning, REACT strategy, 5Es learning
model, conceptual change text, concept maps, computer-assisted instruction, and
analogies) indicated better performance in conceptual understanding of the acid-
base concepts than did the control one. Also, several of these studies emphasized
that some alternative conceptions were still robust to change even after the
instruction (Kala et al., 2013; Ozmen, Demircioglu, & Coll, 2009). For chemistry
attitude studies, some found positive attitudinal change towards chemistry (Botton,
1995; Feng & Tuan, 2005) but others elicited no attitudinal change towards
chemistry (Uce & Saricayir, 2002). This inconsistency needs still to be clarified.
Furthermore, inability to link the acid-base concepts with daily life phenomena (as
contexts) (e.g. Ozmen, 2003; Bozkurt et al., 2005) highlights the need for further
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research on the context-based acid-base chemistry. Only one study by Demircioglu
et al. (2012), which is only limited to the neutralization concept in Grades 7-8,
supports this need. Despite the fact that REACT strategy (as context-based
approach) stresses its motivational/attitudinal role, this has also yet been
unexplored. Similarly, all experimental acid-base studies, except for Demircioglu et
al. (2012), compared their experimental groups with control groups. However, none
of the acid-base studies has compared 5Es learning model and REACT strategy (as
popular models/strategies) with each other. Also, because the acid-base chemistry
studies with 5Es learning model have conducted with Grade 10 (e.g. Kilavuz, 2005)
and Grade 11 (e.g. Pabuccu, 2008) students, the current study proposes to model
how to adapt popular/contemporary learning approaches in pre-service education
(especially, science education). A Turkish idiom illustrates our position in this
research: ‘if everybody clears up his or her home front, there is no need to use a street
sweeper’! For example, Pinarbasi, Sozbilir, and Canpolat (2009), who determined
chemistry student-teachers’ misconceptions of colligative properties, suggested that
a substantial review of teaching strategies at tertiary education is needed. Overall,
we hypothesize that practical experiences with REACT strategy and 5Es learning
model will be an important indicator in enhancing the pre-service science teachers'
conceptions of the acid-base chemistry and positively changing their attitudes
towards chemistry.

The aim of this study

The aim of this study is to investigate the effects of different teaching designs
(REACT strategy, 5Es model and traditional (existing) instruction) relevant to ‘acids
and bases’ subject on the pre-service science teachers' (PSTs’) conceptions and their
attitudes towards chemistry, and to compare them with each other. The following
research questions, in turn, guide the current study:

1. Are there any statistically significant differences between the experimental
(taught by REACT strategy and 5Es learning model) and the control groups’
conceptions of ‘acids and bases’ subject?

2. Which of the teaching designs have the greatest effect on the PSTs’ long-term
memory (as retention of conceptual understanding) of ‘acids and bases’

subject?
3. Which of the teaching designs positively affect the PSTs’ attitudes towards
chemistry?
RESEARCH METHODOLOGY

Because the current study investigates the effects of independent variables (the
teaching interventions--REACT, 5Es learning model and traditional/existing
instruction) on dependent variables (student conceptions and attitudes towards
chemistry), it follows a quasi-experimental research design (Creswell, 2003).

Sample

The sample of the study comprised of 95 PSTs (aged 17-20 years) drawn from
three intact classes (as convenient sampling) from Department of Science Education,
Giresun University, Turkey. Within a quasi-experimental research design (Creswell,
2003), the sample was devoted to two experimental (REACT strategy, n = 30, 18
females and 12 males; 5Es learning model, n = 32, 17 females and 15 males) and one
control (n = 33, 16 females and 17 males) groups for existing/traditional teaching
design. All PSTs were informed that their assessments would be used as data for a
research project, but only if they agreed and signed the consent forms. Further, the
authors emphasized assurances of confidentiality.
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The PSTs are placed into the universities in regard to their orders of preference
and their nation-wide scores administered by Assessment, Selection and Placement
Center (Olgme, Se¢me ve Yerlestirme Merkezi—OSYM). That is, the sample under
investigation listed Giresun University and science teacher education programme in
their orders of preference (maximally 30 universities/programmes amongst 179
Turkish universities—69 of them have science teacher education programme-- and
various programme options). A four-year science teacher education programme,
which somewhat includes all discipline based science courses (i.e. chemistry,
physics and biology), covers a total of 240 European Credit Transfer System (ECTS)
(180 ECTS for compulsory courses and 60 ECTS for elective courses). All science
teacher education programmes in Turkey have to follow the same syllabus of any
compulsory course suggested by Higher Education Council. For example, because
Year 1 does not contain any elective course, it includes only such compulsory
courses as General Chemistry I-II, General Chemistry Laboratory I-II, General
Physics I-11, General Physics Laboratory I-1I. Of these courses, General Chemistry I-11
cover topics such as gases, reactions in solution, atomic structure, electronic
structure, periodic table, chemical bonds, theory of chemical bonding, oxidation-
reduction reactions, chemical equilibrium, acids and bases, chemical equilibrium,
chemical thermodynamics, chemical kinetics, electrochemistry and stoichiometry. In
point of the ‘acids-bases’ subject, the PSTs are principally expected to learn
‘definitions of acids and bases, strength of acids-bases, meanings and calculations of
pH and pOH, and acid-base reactions’.

Data collection tools

Data was gathered by using, Acid-Base Chemistry Concept Test (ABCCT),
Chemistry Attitudes and Experiences Questionnaire (CAEQ) (see Appendix 2), and
semi-structured interviews. Because the current study attempted to overcome the
PSTs’ alternative conceptions, an in-depth literature review was used to shape
statements/distacters and reasons in the ABCCT rather than adopting
items/questions (see Table 1). The ABCCT contained two-tier items within three
different parts. That is, the first part of the ABCCT comprised of multiple-choice
tiers. The first tier necessitates to be circled whether the statement with alternative
conception is true or false, and the second tier requests to indicate the reason for the
first tier response (i.e. see sample item--Item A2). Likewise, the second part of the
ABCCT consisted of a multiple-choice first tier and an open-ended second tier that
calls the PSTs for indicating their reasons of the first tier response (i.e. see sample
item--Item B4). Similar procedure was followed in the third part of the ABCCT (i.e.
see sample item--Item C3). Table 1 shows the characteristics of the ABCCT items.

Table 1. Characteristics of the ABCCT items

Principal Concepts Item Number of Item
Definitions of Acids-bases A2,A3,A7,A10,A11,B1, B2,B6,B12, 15
(Theories of Arrhenius, Brgnsted-Lowry and Lewis; C1,C2,C8,(C9,C11,C12

Conjugate acid-base pairs, Autoprotolysis of water;

Polyprotic acids; lons pairs in polyprotic acids; Acidic,

basic and amphoteric oxides)

Strength of acids-bases A1, A2, A4, A8, A9, B3, B4, B5, B7, B10, 15

(Strong and weak acids-bases; Relationship between the (3, C4, C5, C8, C10
strength of chemical bond and acidicity/basicity;

Strengths of oxoacids and

organic acids)

Meanings and Calculations of pH and pOH A1, A5, A9, B4, B7,B10, C4, C7 8
(Definitions of pH and pOH; Relationship between
pH/pOH value(s) and strength of acid /base)

Acid-base reactions

A6, B8, B9, B11, C6 5

(Definition of hydrolysis; Hydrolysis of acids-bases;

Neutralization)
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Three sample items are presented in the following:
A2. HCl and NH3 are acids. But NH3 is stronger acid than HCI.
a) True
b) False*
c) Noidea
Please select your reason of choosing the option;
a) NH3 has more hydrogen atoms.
b) The pOH value of NH3 is greater.
c) NH;z has hydrogen bonds.
d) NH3z, which includes hydrogen atoms, is a base.*
B4. Which of the solutions is a weak acid?
a) pH=1b) pH=3 c) pH=7 d) pH=10 e) pH=12*
Please explain your reason of choosing the option; ...............
C3. The acid strength depends on the number of H atom, whilst the base
strength relies on the number of OH molecule.
a) True b) False* c¢)Noidea
Please explain your reason of choosing the option; ..................

CAEQ, with 69 items in three parts, was improved by Dalgety, Coll, and Jones
(2003). Given the current study’s context and specialized chemistry courses in the
first-year of the study, only the first part of the original survey was adapted into
Turkish setting. The original CAEQ used a 7-point Likert scale in the first part,
included 21 items in 7 subgroups (chemists, chemistry research, science
documentaries, chemistry web sites, chemistry jobs, talking to my friends about
chemistry and science fiction movies). This survey was adapted into Turkish context
by Ultay and Calik (2011b). Confirmatory factor analysis with AMOS 18™ denoted
three sub-groups in a total of 14 items; chemists (Items 1-6), chemistry research
(Items 9-12) and chemistry jobs (Items 16-19) (see Ultay & Calik, 2011b, for further
information).

Semi-structured interviews were used for data triangulation. Interview protocol
consisted of 20 principal questions. The first 14 interview questions, which were in
harmony with the ABCCT, were asked to all interviewees. The last 6 interview
questions probed REACT and 5Es groups’ ideas and attitudes about the teaching
intervention and were only directed to the experimental groups. The control group
was excluded from the last 6 interview questions in that they were exposed to
traditional/existing teaching design. Also, if necessary, the researchers asked follow-
up questions to elaborate any idea depicted by the interviewee. Interviews were
conducted with 18 volunteer PSTs (6 for each group) who applied for the authors’
announcement of volunteer interviewee selection. Each interview session lasted 20-
25 minutes and was tape-recorded. In brief, all data instruments, except for semi-
structured interviews, were administered through pre-, post-, and delayed post-test
design in fall semester of 2010-2011 academic year. That is, the ABCCT and CAEQ
were administered as the pre-tests one week before the teaching intervention and
immediately re-administered as the post-tests after the teaching intervention. Also,
they were employed as the delayed-post-tests ten weeks after the teaching
intervention. The semi-structured interviews were conducted after the teaching
intervention.

Validity and reliability of data collection instruments

A group of experts (two chemistry educators and one science educator for the
ABCCT; a chemistry educator, a science educator, and a language specialist for
CAEQ; two chemistry educators for the semi-structured interview protocol) ensured
the data collection instruments’ face validity, readability, and content validity. Also,
five student-teachers, who were not part of the PST sample under investigation,
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were used for a test study to determine validity and clarity. This test phase resulted
in some minor revisions the instruments. Further, all instruments then underwent a
comprehensive pilot-test with the PSTs (ABCCT, n = 91; CAEQ, n = 279; semi-
structured interviews, n =6).The reliability coefficients (Cronbach alpha values)
were found to be 0.78 for ABCCT and 0.82 for CAEQ, which are higher than the
acceptable reliability coefficient (0.70) suggested by Hair, Black, Babin, Anderson,
and Tatham (2006). Further, two chemistry educators separately categorized the
PSTs’ responses to the ABCCT. The inter-rater reliability co-efficient was found to be
74% and any disagreement was solved through negotiation. Overall, these values
and procedures indicate that the instruments are able to reliably measure the PSTs’
conceptions and their attitudes towards chemistry.

Data analysis

In analyzing responses to the ABCCT, the researchers adapted criteria
recommended by Abraham, Gryzybowski, Renner, and Marek (1992). That is, the
first-tier of each item was classified under True (2 points), False (one point) and
Blank (zero point) whilst the second-tier of each item was labeled under Sound
Understanding (SU) (3 points), Partial Understanding (PU) (2 points), Partial
Understanding with Specific Alternative Conception (PUSAC) (1 point) and Blank or
No Understanding (Zero point). Hence, because maximum score of each item was 5
points (as a combination of the first- and second tiers), the PSTs maximally took 175
points for the ABCCT. Further, in calculating effect of each teaching design on
conceptual change, the PSTs’ responses to the ABCCT were exposed to count on
frequency of each alternative conception. Later on, the percentage is found in the
following formulate: (frequency of each alternative conception/total counted
responses)*100.

A 7-point Likert scale was used through a strongly negative response (1 point)
and a strongly positive response (7 points) for each of 14 CAEQ items. After
evaluating the PSTs’ responses to the ABCCT and the CAEQ, their total scores for the
pre-test (PrT), the post-test (PoT), and the delayed post-test (DT) were imported
and statistically analyzed with SPSS13™. To measure the effects of independent
variables (the teaching interventions--REACT, 5Es learning model and
traditional/existing instruction) on dependent variables (student conceptions and
attitudes towards chemistry), the pre-test and post-test mean scores of the ABCCT
and the CAEQ were exposed to one-way ANOVA. Further, to go over retentional
effect of the teaching interventions, the delayed-post-test mean scores of the ABCCT
and the CAEQ underwent to ANCOVA by holding the post-test scores as covariate.

After verbatim transcription of the interviews, the PSTs’ responses about the
acid-base concepts (for the first 14 questions) were labeled into three categories:
Sound Understanding (SU) that included all components of the validated response;
Partial Understanding (PU) that included at least one of the components of validated
response, but not all the components; and Partial Understanding with Specific
Alternative Conception (PUSAC) that showed understanding of the concept, but also
made statement which demonstrated a misunderstanding. The PSTs’ responses to
the remaining interview questions (the last 6 questions) were thematically analyzed
in regard to their similarities and differences as suggested by Merriam (1988) and
Yin (1994).

Teaching intervention

A total of the teaching intervention lasted an eight-class period (eight 50 min
classes over four weeks). Because the first author, as a teaching assistant, regularly
teach the ‘acids-bases’ subject within ‘General Chemistry’, she was the lecturer for
all groups. Since her research interests cover design and implementation of teaching
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designs (e.g. 5Es learning model, REACT Strategy) to challenge the students’
(alternative) conceptions, she is competent with the teaching designs under
investigation. Also, because of her active participation in developing the teaching
designs, she learned how to follow and implement them. Hence, it is believed that
such a continuum minimizes any direct effect resulting from the instructor.

First phases of REACT and 5Es learning model intend to attract the PSTs’
attention towards the related topic and to stimulate their pre-existing knowledge
via different teaching materials (i.e. “acid rain” reading text in REACT strategy and
“acid rain” picture in 5Es learning model). However, the first phase (Relating) of
REACT strategy initially asks the PSTs to elicit “context(s)” for further learning.
Indeed, this is optional for 5Es learning model. Also, the first phase (attention and
motivation) of traditional/existing instruction asked the PSTs to give examples from
daily life that pose their pre-existing knowledge (i.e. examples of the acids-bases).
Second phases of REACT and 5Es learning model request the PSTs to conduct
inquiry-based (hands-on) activities (e.g. recognizing acids-bases and measuring
their pH values for REACT strategy; Let’s identify acids and bases task for 5Es
learning model) so that they are able to use their own pre-existing knowledge in
order for discovering and building the new one. However, the second phase
(experiencing) of REACT strategy needs to be linked to the context(s) at the first
phase (e.g. preparing a pH scale task of the ‘acid rain’ reading text). This is again
optional for 5Es learning model. The second phase (explanation) of the
traditional/existing instruction includes a whole-class discussion and didactical
teaching in which the lecturer takes an active role in knowledge building (e.g.
addressing the acid-base theories--Arrhenius, Bronsted-Lowry and Lewis—and
otoprotolysis of water). Their thirds phases are precisely different from each other.
Third phase (applying) of REACT strategy calls the PSTs to apply their knowledge to
projects, problem or laboratory tasks by connecting to the context at the first phase
(i.e. Acid-base reactions in acid rain). That (explanation) of 5Es learning model asks
the lecturer to (dis)confirm the PSTs’ gained knowledge claims (i.e. Didactically
explaining reactions in acid rain). Further, the same phase (Individual learning
activities) of traditional/existing instruction includes clarification of any unclear
point and solving some procedural questions (e.g. illustrating how to solve pH
calculation questions). That is, the lecturer’s role in REACT strategy is always
mentor but ‘Explanation’ phase in 5Es learning model and ‘Individual learning
activities’ in traditional/existing instruction involve in a teacher-centred procedure.
Also, fourth step (cooperating) of REACT strategy contains cooperative learning on
real life based problem or socio-scientific issues or science-technology-society-
environment cycle given the context in the first phase (e.g. searching the question
“what happens if pH value of blood increases or decreases?”. The same phase
(elaboration) of 5Es learning model asks the PSTs to deepen their acquired
knowledge within interdisciplinary or interrelated concepts (e.g. determining acid-
base strengths by electrical conductivity). Last step (Transferring) of REACT
strategy engages the PSTs in transfering their knowledge into novel issues/cases
(i.e. finding creative solutions for preventing the acid rain). The last phases
(evaluate) of 5Es learning model and traditional/existing instruction require them
to evaluate their own learning. For instance, 5Es learning model includes
complementary measurument and assessment (e.g. administering a diagnostic tree
of the ‘acid-base’ concepts) and traditional/existing instruction involves in
traditional measurement and assessment (e.g. please classify each of the species as
an acid or a base at the given conjugate acid-base reactions) (see Appendix 3 for an
example teaching design for each group).

Because the aforementioned strategy/model include several techniques,
that is, conceptual change text, hands-on activity, free writing activity,
problem solving, discussion, and worksheet/experimental sheet, someone
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may perceive that such a teaching design could explicitly threaten measuring
the effects of REACT strategy and 5Es learning model on the PSTs’
conceptions and attitudes towards chemistry. However, each strategy or
model is essentially alike an umbrella that covers several techniques, but any
effect is directly pertaining to strategy or model instead of the techniques
used (e.g., Calik, 2013). For this reason, in this current study, it is believed that
any apperant effect explicitly belongs to REACT strategy, 5Es learning model,
and existing/traditional instruction.

RESULTS

Results of the first two research questions

To answer the first two research questions ‘Are there any statistically significant
differences between the experimental (taught by REACT strategy and 5Es learning
model) and the control groups’ conceptions of ‘acids and bases’ subject? and ‘Which
of the teaching designs have the greatest effect on the PSTs’ long-term memory (as
retention of conceptual understanding) of ‘acids and bases’ subject?’, data from the
ABCCT and semi-structured interviews are displayed in this section.

As seen in Table 2, the pre-test mean scores of three groups (Xreacr= 93,3, Xses=
91,9, XcontroL= 88,0) were close to each other. As expected, the post-test mean
scores of these groups increased to 106.8, 107.7 and 97.1 respectively. Also,
standard deviation values were narrower for the post-test than the pre-test of the
ABCCT. For the delayed post-test, REACT and control groups’ mean scores slightly
increased (by 107.7and 97.7, respectively) and 5Es group’s mean score slightly
decreased (by 107.3) as compared with the post-test mean scores. Further, all
delayed post-test mean scores were higher than those in the pre-test. Interestingly,
the standard deviation values were lower for the delayed post-test than those of the
pre- and post-tests of REACT and 5Es groups, however, the standard deviation value
for the control one was greater for the delayed post-test than the post-test but
narrower than the pre-test. The reduction in the standard deviation implies an

Table 2. Descriptive statistical analysis of the ABCCT”

PrT PoT DT
Groups Mean Star.lda!rd Mean Star.ldzgrd Mean Standard Deviation
Deviation Deviation
REACT 93.3 10.7 106.8 121 107.7 9.9
S5Es 91.9 16.4 107.7 15.6 107.3 12.9
Control 88.0 14.5 97.1 7.1 97.7 13.4
PrT: Pre-test, PoT: Post-test, DT: Delayed-post-test
*: Maximum score for the ABCCT is 175 points
Table 3. One-way ANOVA results of the ABCCT and the CAEQ
degree of Type III Sum of
Test Source freedom (df) Squares Mean Square F p
PrT Between groups 2 481.5 240.8 1.2 0.3
= Within groups 92 18388.3 199.9
8 Total 94 18869.8
2] PoT Between groups 2 22393 1119.6 7.7 0.0
< Within groups 92 13424.2 145.9
Total 94 15663.4
PrT Between groups 2 232.1 116.0 0.4 0.7
Within groups 92 26299.1 285.9
= Total 94 26531.2
S PoT Between groups 2 60.3 30.1 0.1 0.9
Within groups 92 31572.5 343.2
Total 94 31632.7
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increase of group homogeneity.

Table 3 indicates that no meaningful statistical differences was found between
the pre-test mean scores of the ABCCT (F=1.2; p >.05). Moreover, the statistical
meaningful difference between the groups for the post-test mean scores (F=7.7; p
<.05) reveals that the PSTs in the experimental groups outperformed those in the
control group. As seen in Table 4, ANCOVA results show no significant statistical
difference between the delayed post-test mean scores of the ABCCT (p >.05). Table 5
summarizes multiple comparison results for the pre-, post-, and delayed-post-test
scores of the ABCCT.

There was a statistically significant difference between the post-test mean scores
of REACT and the control groups; and of 5Es and the control groups in favor of
REACT and 5Es groups (p <.05) (Table 5). Significant differences between the post-
and the delayed-post-test mean scores of REACT and control groups; and of 5Es and
control ones emerged in favor of REACT and 5Es groups (p <.05).

Table 6 summarizes the percentages of the PSTs’ alternative conceptions and

Table 4. ANCOVA results for the delayed-post-tests of the ABCCT and the CAEQ

Source Type Il Sum of df Mean Square F Sig.
Squares

Dependent variable: DT of ABCCT
55 Adjusted Model 6244.4(a) 5 12489 11.7 0.0
@  Groups 89.3 2 44.6 0.4 0.7
< a RSquare =.396

(Adjusted R Square=.362)

Dependent Variable: DT of CAEQ
o  Adjusted Model 5427.6(a) 5 1085.5 7.9 .
=
S Groups 94.5 2 47.2 3 7

a RSquare=.3
(Adjusted R Square =.3)

Table 5. Multiple comparison results for the ABCCT’s and the CAEQ’ pre-test, post-test and delayed-post-
test scores

(I) factor1l ()) factor1 Mean difference (I-]) Std. error Sig.
REACT PrT 5Es PrT 1.4 3.6 0.9
Control PrT 5.3 3.6 0.3

5Es PrT Control PrT 3.9 3.5 0.5

= REACT PoT 5Es PoT -0.9 3.1 0.9
§ Control PoT 9.7 3.0 0.0
< 5Es PoT Control PoT 10.6 3.0 0.0
REACT DT 5Es DT 0.5 3.1 1.0
Control DT 10.0 3.1 0.0

5Es DT Control DT 9.6 3.0 0.0
REACT PrT 5Es PrT 3.7 4.3 0.7
Control PrT 2.9 4.3 0.8

5Es PrT Control PrT -0.8 4.2 1.0

o REACT PoT 5Es PoT -0.3 4.7 1.0
= Control PoT 15 4.7 0.9
“©  5EsPoT Control PoT 1.8 46 0.9
REACT DT 5Es DT 11 35 0.9
Control DT 4.7 3.5 0.4

5Es DT Control DT 3.6 3.4 0.5

PrT: Pre-test; PoT: Post-test; DT: Delayed post-test
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their conceptual change rates in regard to type of the group (REACT, 5Es and
control). Less than 10% of the alternative conceptions are not presented as this falls
within the level of random error (e.g., Calik, 2005). Table 7 presents the frequencies
of the PSTs’ responses to the interview questions.

Results of the third research question

To respond the third research question ‘which of the teaching designs positively
influence the PSTs’ attitudes towards chemistry? the CAEQ results and semi-
structured interviews are presented in this section. There was no statistically
significant difference between the groups for the pre- and post-test mean scores of
the CAEQ (F=0.4, p =.7 for the pre-test and F=0.1, p = .9 for the post-test) (see Table
3). Table 8 summarizes the frequencies of the PSTs’ responses of REACT strategy
and 5Es learning model.

DISCUSSION

Discussion of the first two research questions

As seen in Table 2, REACT seems to achieve slightly better retention of
understanding of the acid-base concepts. This may stem from linkages to the daily
life and/or the PSTs’ duties in the teaching intervention, for example, first-hand
experiences, searching, and presenting data/information. For example, an increase
or decrease in pH value of the blood may have attracted their attention to make
sense of pH values and its importance for our healthy life. Given the post-test mean
scores of the groups, it can also be deduced that any intervention somewhat
influences the PSTs’ conceptions of the acid-base chemistry.

Table 6. Percentages of the PSTs’ alternative conceptions in the pre-, post- and delayed post-tests of the

ABCCT

Alternative Conceptions

REACT Group 5Es Group Control Group
PrT PoT CC DT PrT PoT CC DT PrT PoT CC DT

Acids contain H and bases contain OH. 433 333 10.0 323 51.0 26.0 250 323 473 463 10 473
Acids have the opposite properties of bases. 200 9.0 110 143 187 137 50 187 173 9.0 83 14.0
Acids conduct electricity but bases do not. 60.0 45.7 143 423 573 33.7 237 387 69.7 527 17.0 587

Strength of acid-base depends on the number 69.0 71.0 -20 67.7 687 697 -1.0 603 717 827 -11.0 787
of H and OH in their molecules.

Strong acids have greater
ones.

pH value than weak 47.7 41.0 6.7 310 387 39.7 -1.0 240 463 413 50 263

All acids make substances corrosive. 61.0 60.0 1.0 51.0 44.7 563 -11.7 520 453 483 -3.0 63.7
Plants or seeds survive unless soil is acidic. 11.0 123 -13 143 73 127 -53 137 6.0 80 -2.0 14.0
Acidity or basicity is not valid for pH=0 level. 43 15.7 -11.3 143 13.7 9.3 4.3 93 223 183 4.0 16.0
At pH=0, equal amounts of H* and OH-ionsare 15.7 9.0 6.7 100 16.7 137 3.0 93 10.0 8.0 2.0 16.0

available in the medium.

Bronsted-Lowry only interests in conjugate 6.7 133 -6.7 110 93 127 -33 113 70 70 00 9.0

acid-base pairs.

H+ and OH- ions determine the acid-base 3.3 6.7 -33 43 9.3 7.3 20 103 3.0 80 -50 9.0

theory of Lewis.

Concentrated acids are always stronger than 29.0 43.3 -14.3 300 353 39.7 -43 500 323 343 -2.0 343

dilute ones

Strong acids do not dissolve because of their ~ 27.7 27.7 00 343 363 260 103 303 353 323 3.0 403

strong bonds.
All salts are hydrolysable.
All acid-base reactions do

2000 133 6.7 123 170 63 107 93 150 183 -33 173
not produce salts. 43 123 -80 77 43 113 -70 113 50 140 -9.0 13.0

Molecules/Compounds with H and OH are 200 123 7.7 133 103 177 -73 230 120 80 4.0 4.0

always called neutral.

All acids have the same molecular structure. 6.7 143 -7.7 11.0 9.3 12.7 -33 113 10.0 3.0 7.0 8.0
H20, which is a well-known solvent, does not 5.7 5.7 00 11.0 9.3 13.7 -43 127 80 213 -13.3 17.3

act as an acid or base.

Average Conceptual Change 0.53 1.97 0.15

CC: Conceptual Change.
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Table 7. Frequencies of the PSTs’ responses to the interview questions

Interview Question Categories REACT 5Es Control Sample quotations for PUSAC
What is the acid? What is . .
SU 5 4 1 Ions that can receive H electrons are called as acids. The
the base? How do you :
substances that can donate electron ions are named as
understand  whether a PU 0 0 2 . . o -
. . bases. If the litmus paper is red, it is called as an acid. If the
substance is an acid or a . : o s
base? PUSAC 1 2 3 litmus paper is blue, it is called as a base.
PU 1 1 0 In Arrhenius, the substance that can receive H* ions is
What can you say about named as an acid whereas the one that can donate OH- ions
such acid-base theories as to the water is called as a base. In Bronsted-Lowry, the
Arrhenius, Bronsted-Lowry  pPyUSAC 4 4 3 substance that donates electron pairs is called as a base
and Lewis? whilst the one that receive the electron pairs is named as an
acid.
How do you measure the PU 2 1 3 .Ifwe .g.et acids and bases reacted, the number of.OH' ions
‘1 .. identifies pOH value. Further, the number of H* ions
acidity and basicity? What .
. PUSAC 3 3 3 determines pH value, and so we can learn strength of
does this measure mean? L1
acidity and pH value.
; ; SU 1 1 0
How does an increase }n.pH The pH value affects the acidity. There is a direct
value affect the acidity? PU 5 2 3 . . . <
proportional relationship between acidity and pH value.
Please defend you response PUSAC 0 3 3
How does an increase in . - o
PU 1 0 1
pOH influence the basicity? 'CI")I;Ie ilz)(t)ll;lt\;aiﬁz :Iléfllttéernces basicity because it gives more
Please defend you response ~ PUSAC 5 5 5 )
What is the relationship
between pH and pOH? PU 6 6 6 i
PU 2 2 0 They have different acidity strengths. The strength of H3PO4
Please compare the acidity is greater because it contains more H* ions that make more
strengths of H3PO4 and HI. PUSAC 4 4 6 bonds. The more it contains H* ions the more the acidity
strength enhances.
Could you compare the
acidity strengths of 1M HCI PU 1 1 0 The acidity strength of 3M HCl is greater because acid-base
and 3M HCL. What does the strength depends on the groups at the periodical table. For
strength of acidity-basicity PUSAC 4 2 3 example, strength of group 1A is greater.
depend on?
What is polyprotic acid? PU 3 3 0
Could you give a few sample The polyprotic acid can react more. We can determine the
polyprotic acids? How do polyprotic acid using Lewis and Arrhenius acid-base
you determine the  PUSAC 0 0 3 theories.
polyprotic acid?
clecrical conducivity of PV * S 4
. ty Acids do not conduct electricity but bases do. It depends on
acid-base  How  does the element’s conductivit
electrical conductivity of PUSAC 2 1 2 Y.
acid-base count on?
Where do you encounter
the acids-bases in your daily SU 4 5 4 Spring water sold in bottle has pH values, e.g. 7, 7.8 or 8.
life? Do you know any food 1
. . Shampoos are acidic. I could not remember completely
that contains acid or base? . SO
. whether an apple and a grape have sugar acids or folic acid.
If Ok, could you give some PpUSAC 2 1 2
examples?
Do you think that the acids- SU 2 1 0
bases are dangerous? Please -
defend you response PU 4 5 3
Could you explain what PU 4 6 3
happens in the acid-base The acid-base reaction forms salt and water. Neutralization
reaction? What is the means equal amount of OH- and H* ions. When the salt is
neutralization? What is the  PUSAC 2 0 0 dissolved, it can be hydrolyzed.
salt?
What is the hydrolysis? Do PU 3 4 1
you think that all salts are Hydrolysis is an electrical decomposition. All salts are not
hydrolysable? Please defend hydrolysable. For example neutral salts, NaCl
your response with  PUSAC 3 2 4 ydroly ' p ’ )
examples?

SU: Sound understanding; PU: Partial understanding; PUSAC: Partial understanding with specific alternative conception
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Table 8. Frequencies of the PSTs’ responses of REACT strategy and 5Es learning model

Question Themes REACT SEs
Group Group

What do you think about the Active student engagement 3 1

difference(s) between REACT Enjoyable and/or funny 1 1

strategy/5Es learning model and . .

traditional instruction? Please explain Formative assessment via worksheets 1 )

your response. [lustrative activities that work for conceptual 1 2
understanding /permanent learning
Intensive treatment of the acid-base topic 2 -
Preliminary preparation - 2
Dismal measurements with pre-, post- and delayed 1 )
post-tests

Given the teaching designs (REACT/5Es Student-centered 5 3

and traditional/existing instruction), which

one would you like to follow? Please explain Dependent on the context/situation 1 3

your response.

Would you like to learn your ongoing Yes, because it is so fruitful 6 5

chemistry classes via REACT strategy .

or 5Es learning model? Please explain Yes, because it encourages students to study ) 1

your response. themselves

Do you think the teaching intervention No pitfall 3 4

(REACT strategy or 5Es learning model) Revising student role in finding the experiment tools 1

includes any pitfall that needs to be instead of prepared one °

revised? Please explain your response. Increasing the number of collaborative presentations 1 -
More guidance in doing experiment 1 -
Improper for my learning style - 1
Increasing student responsibility, e.g. preliminary ) 1
preparation

What do you think about the advantage(s) Awareness of my own learning potential 3 -

of the teaching intervention you had Linking the chemistry topics to everyday life 1 1

attended? Please explain your response. Learning how to learn 2 1
Experiencing group work 1 -
Conceptual/ permanent learning - 2
Revising any missing/unclear point - 2

What do you think about the (dis)advantage Knowledge construction 3 5

of the group work in your class? Please e

explain your response. Socialization 2 2
Cooperation problem through our group work 1 -

Because no meaningful statistical difference was found between the pre-test
scores (see Table 3), this may also be viewed as a significant advantage for
comparing any effect of independent variable on dependent one, specifically, the
effects of teaching designs on the PSTs’ conceptions. This also indicates that the
PSTs brought their previous conceptions to the learning environment (e.g. Novak,
1988). In a similar vein, this means that the PSTs almost had similar pre-existing
knowledge. The statistical difference between the groups in post-test scores may
likely have been caused by the frameworks of REACT strategy and 5Es learning
model, for example, the student-centered teaching design and context-based issues.
Likewise, this suggests that any teaching intervention different from the
conventional or existing instruction seems to stimulate the PSTs’ attention/interest
to the topic under investigation (e.g. Marks, Bertram & Eilks, 2008; Saka, 2011;
Ultay, Durukan & Ultay, 2015).

As seen in Table 4, no significant statistical difference between the delayed post-
test mean scores implies that the teaching interventions were effective at enabling
the PSTs to retain their conceptions of the acid-base chemistry in long-term
memory. The fact that REACT strategy and 5Es learning model had positive effects
on conceptual understanding (see Table 5) is consistent with previous studies, for
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example, CORD (1999) and Ozmen, Demircioglu and Coll (2009). No significant
difference between the post-test mean scores of REACT and 5Es groups may shed
light on the PSTs’ curiosity of varied teaching designs that differ from their familiar
ones. That is, the PSTs seem to have paid more attention to student-centred teaching
designs that trigger their inquisitiveness to learn. In addition, REACT strategy and
5Es learning model have resulted in better retention of the acid-base concepts.

The alternative conception “acids contain H and bases contain OH” (see Table 6)
(e.g. Cetingiil & Geban, 2005; Nakhleh & Krajcik, 1994; Uce & Sarigayir, 2002) may
stem from their daily life experiences and/or textbooks (i.e. Hazer, 1995; Petrucci,
1989) that tend to exploit such acid-base examples as HNOs;, CH;COOH, HCOOH,
NaOH, KOH. The PSTs’ responses to the first interview question (see Table 7)
support this proposition. Phrased differently, the PSTs seem to have integrated the
acid and/or acidity with the existence of hydrogen. For instance, a molecule or
compound with hydrogen atom(s) is always called acid in that molecular structures
of the acids should be the same. In point of this view, NH3 is an acid, not a base. The
conceptual change rates of REACT strategy and 5Es learning model indicate a
significant improvement in overcoming this alternative conception, but does not
completely diminish it. This means that the teaching interventions change the
conflict in the mind between the scientific and alternative conceptions, however, a
new cognitive balance between them requires more time. Hence, the dominant
conception in this cognitive process identifies the balance in favor of the scientific or
alternative conception. For this alternative conception, the balance in the cognitive
process seems to be in favor of the scientific conception from REACT strategy and
5Es learning model. In a similar vein, the PSTs’ responses to the first interview
question were more satisfied for REACT and 5Es than the control group. Also, given
their percentages of the delayed post-test, the alternative conception ratio shifts
were the same for the traditional/existing instruction, a slightly decrease for REACT
strategy, and a slightly increase in 5Es learning model. This may indicate that the
hard-core alternative conceptions are too robust to change via any teaching design
(e.g., Guzzetti, Williams, Skeels & Wu, 1997; Kolomu¢ & Calik, 2012). This may
further indicate that the hard-core alternative conception tend to cause the PSTs to
be closed-minded (instead of open-minded) to scientific concepts (e.g., Calik & Coll,
2012; Calik, Turan & Coll, 2014; Lakatos, 1970). The high conceptual change rate for
5Es group may be an outcome of the activities and function of third step
(explanation) in which the lecturer actively discussed the acid-base concepts (e.g.
Kilavuz, 2005). Likewise, discussion function in 5Es learning model may have acted
as a significant role in achieving the conceptual understanding of the acid-base
chemistry. Zhang (2014, p. 8) addresses functional role of discussion with this
statement: “With discussion functions, the probability of achieving gains in scientific
explanations is about 7 times greater than without this feature”. However, such a gain
seems to have somewhat lost in the delayed post-test (see Table 6).

The alternative conception ‘acids have the opposite properties of bases’ may
stem from misinterpretation of the neutralization process. Another reason may be
their existing alternative conceptions, for example, the alternative conception ‘acids
conduct electricity but bases do not’ (e.g. Cetingul & Geban, 2005) may come from
the idea ‘electrical conductivity depends on H* ions in acids or acid solutions’. These
alternative conceptions in the post-test significantly decreased for all groups, but
were not completely eliminated. A conceptual improvement in 5Es and REACT
groups may result from the ‘determination of strengths of acids and bases with
electrical conductivity’ activity. Also, the high performance for the control group
may have stemmed from knowledge construction role of the whole-class discussion
(e.g., Calik, Ozsevgeg, Ebenezer, Artun, & Kiiciik, 2014; Zhang, 2014). Given Cleghorn,
Shumba, and Peacock’s (2002) study that learning revolves through several
characteristics, for example, prior understanding, interaction style, social class
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position, views of authority, and ethnicity, the PSTs in the control group may already
have learned the focal topic prior to the test. Percentages of these alternative
conceptions in the delayed post-test (see Table 6) showed an inconsistent trend
depending on the type of alternative conception.

The alternative conception ‘strength of acid-base depends on the number of H
and OH in their molecules’ (e.g. Cetingiil & Geban, 2005; Ozmen et al.,, 2009) may
have derived from the idea that ‘the more hydrogen and hydroxide in the molecules
increase, the more their strengths do’. This means that the PSTs seem to have
confused the number of H* or OH- ions in the solutions with those in the molecules.
The interview results also support this confusion (see Table 7). During interviews,
most of the PSTs implied that H3PO4 was stronger because it contained more H* ions.
Interestingly, all teaching interventions used in the current study triggered this
alternative conception in the post-test (see Table 6). The PSTs might think that all
acids and bases completely (100%) ionize (e.g. Gokcek, 2007). This also confirms
that hard-core alternative conceptions tend to be dominant in the cognitive learning
process (Lakatos, 1970) and resistant to change (e.g. Guzzetti et al., 1997). REACT
strategy and 5Es learning model reduced this alternative conception in the delayed
post-test in comparison to the pre- and the post-tests, however, the resistance to
change in the control group was still high in regard to the pre-test. This means that
REACT strategy and 5Es learning model via ‘determination of acid-base strength by
the electrical conductivity’ activity at least had the potential to influence the PSTs’
retention of the ‘strength of acid-base’ concept. Similarly, as seen in Table 7, a few
interviewees in these groups tended to link the strength of the acid-base with
ionization.

Another alternative conception ‘strong acids have greater pH value than weak
ones’ may stem from correlating pH scale with the strength of acid. That is, the PSTs
may have considered that the greater the strength of acid is, the higher the pH value
is. Such a result is supported by Cetingiil and Geban (2005), and Ozmen et al. (2009).
For example, some interviewees perceived a direct proportional relationship
between the acidity and pH value (see Table 7). But the PSTs-created pH scale (for
REACT group) and procedural learning, for example, algorithmic problem solving
(for the control group) seem to have assisted the PSTs in remedying this alternative
conception. For the control group, the procedural learning may somehow have
underpinned the conceptual understanding. Surprisingly, 5Es learning model had
unsuccessful dealing with this alternative conception after the teaching intervention.
REACT and control groups achieved the conceptual change to some extent. But their
retentional effects appeared better in the delayed post-test. The other alternative
conception ‘all acids make substances corrosive’ (e.g. Cetingilil & Geban, 2005) may
result from their daily life experiences, for example, the news/media about house
accidents, effect of acid rain on the wildlife and crops, and movies on volcanic
explosion/eruption. In the interview data (see Table 7), even though the PSTs
grasped the usages of acids and bases in daily life, they still thought that all acids
were corrosive. Unfortunately, except for REACT strategy, the other teaching
interventions enhanced this alternative conception in the post-test and delayed
post-test. This depicts that 5Es learning model and traditional/existing instruction
were ineffective at overcoming this alternative conception. Another alternative
conception ‘because plants or seeds survive unless soil is acidic’ may have come
from interactions with such alternative conceptions as ‘all acids make substances
corrosive’. Notably, any teaching intervention did not reduce its percentages in the
post-test and delayed post-test, rather it seemed to have reinforced this alternative
conception. This indicates that if the alternative conceptions are reinforced with
daily life experiences, its resistance to change strengthens (e.g. Ozmen, 2003;
Bozkurt et al.,, 2005). That is, such a process may hammer the alternative conception
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in the mind/cognitive learning process as a hard-core issue (Ross & Munby, 1991).
Overall, daily life examples in the teaching interventions (as context) may have
made this alternative conception inadvertently resistant to change.

The alternative conception ‘acidity or basicity is not valid for pH=0 level” (e.g.
Cetingiil & Geban, 2005) may stem from the idea ‘H* or OH- ions are absent in this
medium’. In a similar vein, PSTs may have an inability to imagine or algorithmically
calculate the pH=0 issue (Banerjee, 1991). Likewise, some PSTs’ responses to the
questions 4-5 (see Table 7) reveal inability to visualize how the pH values are
relevant with the concentration of H+* ions in the solution. Taking percentages of the
post-test scores and conceptual change rates into consideration, REACT strategy
enhanced this alternative conception but 5Es learning model and
traditional/existing instruction reduced this one. In fact, this may have resulted
from the teaching intervention. For example, the lecturer solved several algorithmic
problems in the Explanation step of 5Es learning model and traditional/existing
instruction but the PSTs were required to solve such problems themselves for
REACT strategy. This highlights the link between conceptual understanding and
algorithmic learning/procedural learning (see Table 6).

The alternative conception ‘at pH=0, equal amounts of H* and OH- ions are
available in the medium’ may stem from their use of a pH scale that starts with pH=1
level. For this reason, the conceptual change achieved may result from the PSTs’
curiosity of meaning of pH=0 level. Our informal observation reveals that some of
the PSTs asked and explored this issue further after the pre-test.

As can be seen in Table 6, the PSTs possessed two principal alternative
conceptions of the acid-base theory addressed by earlier studies: Bronsted-Lowry
only interests in conjugate acid-base pairs; H* and OH- ions determine the acid-base
theory of Lewis (e.g. Carr, 1984; Furi6-Mas, Calatayud, Jenaro Guisasola, & Furio-
Goémez, 2005).This may result from a lack of remembering or confusing the names of
the acid-base theory (Bronsted-Lowry and Lewis). That is, they may have paid more
attention to what the acid-base theories describe rather than their names. The
alternative conception ‘concentrated acids are always stronger than dilute ones’ (e.g.
Ozmen et al, 2009; Uce & Sarigayir, 2002) may have resulted from confusion
between the concepts of ‘strength and concentration’. Similarly, this seems to
resonate in the interview data where the majority of the interviewees (see Table 7)
still thought that the acid-base strength depended on the concentration.
Interestingly, any current teaching intervention used did not enable the PSTs to deal
with this alternative conception. This may stem from a decrease in their motivation
and interests towards the teaching interventions.

Another alternative conception ‘strong acids do not dissolve because of their
strong bonds’ (i.e. Ozmen et al, 2009) may result from a lack of understanding
interrelated concepts (e.g., dissolution, chemical bonding and acid). In parallel with
the ABCCT, the interviewees addressed that the more bonds the acid possessed the
greater its strength was (see Table 7). This suggests that REACT strategy and 5Es
learning model of the acid-base chemistry should have taken interrelated alternative
conceptions into account. The alternative conception ‘all salts are hydrolysable’ (e.g.
Calik, 2005) may come from confusion with the concept of ‘hydrolyze and
dissolution’. Further, this alternative conception seems to have grown into a new
alternative conception of ‘H,0, which is a well-known solvent, does not act as an acid
or base’. That is, they may consider that water has only one role in
dissolving/dissolution phenomenon, not in the acidity and basicity. In regard to the
post-test scores and conceptual change rates, REACT strategy and 5Es learning
model reduced the PSTs’ alternative conceptions. For instance, involving a
conceptual change text in Elaboration phase of 5Es learning model may explicitly
have helped the PSTs remedy this alternative conception to some extent.
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Another alternative conception ‘molecules/compounds with H and OH are always
called neutral’ and ‘all acid-base reactions do not produce salts’ may have resulted
from a lack of understanding of ‘strong acid, weak acid, strong base, weak base and
neutralization’ concepts. That is, they may have considered that all acids and bases
reactions produce neutral salts without considering acidic and basic salts. REACT
strategy and traditional/existing instruction somewhat eliminated this alternative
conception but 5Es learning model posed it in the post-test and delayed post-test.
The whole-class discussion and presentation in REACT group seem to have
facilitated the PSTs’ conceptual change of this alternative conception. Moreover, an
increase in this alternative conception for 5Es group may come from acetic acid
(CH3COOH) used in the activity.

To sum up, average conceptual change values were found to be 0.53 for REACT
group, 1.97 for 5Es group and 0.15 for control group. Positive average changes for
all groups indicate that the teaching interventions somewhat helped the PSTs
remedy their alternative conceptions of ‘acid-bases’ topic. Phrased differently, even
though REACT strategy and 5Es learning model resulted in better conceptual change
than did traditional/existing instruction, their effects were dramatically limited to
replace the PSTs’ alternative conceptions with the scientific ones.

Discussion of the third research question

The teaching interventions used in the current study were ineffective in
positively changing the PSTs’ attitudes towards chemistry (see Tables 3-5). This may
be caused by the structure of the CAEQ, which is more sensitive than a 4 or 5 Likert
type scale (e.g. Geban, Ertepinar, Yilmaz, Altan & Tahpaz, 1994; Sunger, 2007). Also,
the CAEQ measures specific factors (e.g, chemists, chemistry research, and
chemistry jobs) rather than general attitudes towards chemistry/science.
Furthermore, this may stem from Turkish PSTs’ school culture or habits of teacher-
centered instruction (as passive receptors) instead of constructing their own
knowledge (at student-centered learning) via scientific inquiry. It was observed that
the PSTs appeared ‘bored’ with such an active learning environment and
complained about their responsibilities of the teaching interventions at the
experimental groups.

No statistically significant difference was found between the groups for the
delayed post-test of the CAEQ (Tables 5-6). This may result from ongoing
instruction which was not systematically planned within 5Es learning model and
REACT strategy. This calls for a long-term teaching period with inquiry-based
learning (REACT strategy and 5Es learning model).

A lack of enhancing the PSTs’ attitudes towards chemistry is inconsistent with
the related literature reporting that 5Es learning model (e.g. Gerber, Cavallo &
Marek, 2001; Ozsevgeg, 2007) and context-based approach (e.g. Bennett & Lubben,
2006; Demircioglu et al, 2009; Graber, Erdmann & Schlieker, 2002) tended to
positively change the student attitudes and motivation towards science/chemistry.
In contrast of the results of the CAEQ, majority of the interviewees from REACT and
5Es groups (see Table 8) indicated positive attitudes about the teaching
interventions. This contrast may have stemmed from the CAEQ structure with more
specific statements that differ from standard scales with ordinary statements (i.e.,
like science/chemistry; | enjoy studying on science/chemistry). It may also stem
from the freshman sample’s study habits. For example, most of the PSTs may have
lacked of working systematically as suggested by REACT strategy and 5Es learning
model. In a similar vein, their principal concerns may have been the exam and its
content, not learning acid-base chemistry. The interview themes ‘Intensive
treatment of the acid-base topic’, ‘Dismal measurements with pre-, post- and
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delayed post-tests’, 'Preliminary preparation’, and ‘Improper for my learning style’
indicates this possibility of the PSTs’ study habits (see Table 8).

In parallel with previous context-based and 5Es studies (e.g. Bennett & Lubben,
2006; Graber et al., 2002), most of the interviewees under investigation tended to be
particularly keen on learning the subsequent chemistry lessons through the student
centered learning environments (e.g., REACT strategy and 5Es learning model) (see
Table 8). Overall, all themes, except for a few attitudes/experiences/feelings,
denoted the PSTs’ positive attitudes towards chemistry. Such an inconsistency
between the CAEQ and the interview data may stem from the data collection
instruments. For example, face-to-face structure of the interview protocol may have
been more effective at uncovering the PSTs’ real attitudes towards chemistry.
Alternatively, the PSTs may have held dual perceptions/attitudes that were similar
to dual conceptions stated by Gilbert, Osborne and Fensham (1982) or apartheid by
Cobern (1996). That is, their attitudes may be dependent on the type of data
collection instruments.

CONCLUSIONS AND IMPLICATIONS FOR PRACTICE AND LEARNING

The results shed further light on current understanding reported in relevant
literature arguing that any instruction only influences instruction-based alternative
conceptions (Demircioglu, Ding & Calik, 2013; Karsh & Calik, 2012). Similarly, it can
be concluded that any instruction with the sheer force of scientific conceptual
weight tends to modify ‘soft-core’ alternative conceptions (Cobern, 1996; Lakatos,
1970). Furthermore, overgeneralization of the acid-base theories (i.e. Arrhenius
acid-base theory) seems to have triggered such alternative conceptions as ‘acids
contain H and bases contain OH’. Also, daily life experiences somehow tend to
support alternative conceptions and make them more robust to being replaced with
scientific concepts despite the context-based approach (see Table 6). In other words,
some hard-core alternative conceptions (‘all acids make substances corrosive’ and
‘plants or seeds survive unless soil is acidic’) that are deeply rooted in the PSTs’
cognitive structures are still resistant to alter (Lakatos, 1970).

The highest conceptual change values for the alternative conception ‘acids
conduct electricity but bases do not’ may stem from hands-on POE activities (e.g.
Determining acid-base strengths by electrical conductivity) challenging this
alternative conception. This advocates Bodner’s (1990) view of conceptual change
that persuades the students to construct a more plausible conception rather than
alternative one. Average conceptual change values (see Table 6) reveal that a critical
mass of conceptual change seems to have unveiled the PSTs’ compartment walls for
scientific knowledge; but reorienting the cognitive apartheid between the
alternative conceptions and scientific ones still needs much more time and/or
ongoing activities (e.g. Cobern, 1996). As a matter fact, the ABCCT and interview
data suggest that the PSTs’ newly generated conceptions should have been
reinforced with ongoing instruction.

Interestingly, even though an increase in the PSTs’ attitudes towards chemistry
was expected for REACT group, the current study did not proof any statistical effect
for the Turkish context. This means that cultural borders, habits, or worldviews may
have had a greater impact on the Turkish PSTs’ attitudes and priorities rather than
REACT strategy originated from the USA context. Otherwise, it can be inferred that
the 4-week intervention period is not enough to quantitatively challenge the PSTs’
attitudes towards chemistry (Calik et al., 2014; Kilavuz, 2005). Furthermore, this
may come from a positive attitudinal transition to science teacher education
programme (i.e. Calik et al, 2015). For instance, the high-staking nation-wide
examination (in the final-year of upper secondary science education) may have
enhanced their preparedness and/or awareness levels of the ‘chemistry jobs’
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subscale. After the teaching interventions, no results of negative attitudinal impacts
at the CAEQ can at least be viewed as a promising issue to improve the PSTs’
chemistry attitudes to a quantitatively satisfied level. A lack of significant attitudinal
change towards chemistry may result from the teaching interventions that implicitly
deployed the subscales of the CAEQ (e.g. chemists, chemistry research and chemistry
jobs). That is, embedding explicitly these subscales within the teaching interventions
may have resulted in significant improvements towards chemistry. This may be seen
as a limitation of the current study.

The foregoing results reveal that REACT strategy and 5Es learning model
(originally launched in the USA) need to be revised for Turkish context. However, a
longitudinal study should be implemented on how to revise and/or expand them.
Similarly, future studies, which will test the effects of REACT strategy and 5Es
learning model on different variables (i.e. sample, subject, scientific process skills,
scientific inquiry) over a longer period of time (i.e. one semester or one-year), may
be very fruitful to get insights of their effectiveness.
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Appendix 1. A thematic review of acid-base studies

Data Collection

Studies Purpose Sample Conclusion
Instrument

Hand (1989) To determine physics, 10th grade Interview and Students understood the difference
chemistry and biology students concept test between concentration and strength of
students’ conceptual the acid.
understanding of acids-bases The chemistry students performed

better than physics and biology
students.

Botton (1995) To enhance student 9th grade Concept map Students not only found concept
understanding of acids-bases students mapping more secure but also their
using collaborative concept attitudes towards chemistry changed
mapping. positively.

Bradleyand  To investigate student Undergraduate A questionnaire Student teachers had more alternative

Mosimege teachers’ alternative students/ with multiple- conceptions of acids-bases than the

(1998) conceptions of acids and bases. student choice and students in natural sciences.

teachers discussion questions

Toplis (1998) To identify students’ 8th grade Interview and The teaching intervention afforded the
(alternative) conceptions of students observation students to grasp ‘indicator’ concept but
acids and bases. they had still some difficulties of the

acids and bases concepts.

Wilson (1998) To investigate the 12th grade Concept map An increase in student level enhanced
representations of conceptual  students, the organization and differentiation of
knowledge about acids and undergraduate ‘acids-bases’ knowledge.
bases in three different levels.  chemistry

students,
graduate
chemistry
students

Sisovic and To identify effectiveness of 9th grade Worksheets, Students exposed to cooperative

Bojovic (2000) cooperative learning method of  students experiment reports, learning method were more successful
acids-bases concepts. homeworks and in understanding the acids-bases

quizzes concepts.

Oversby To investigate the causes and 7th grade Observation Students confused acidity and pH

(2000) possible solutions of students’  students concepts. Also, they did not know that a
confusion about acidity and pH strong acid could have formed a weak
concepts. acidic solution.

Uce and To examine the effect of Freshman Concept- Conceptual change texts and concept

Sarigayir conceptual change texts and elementary achievement test, maps were effective in increasing

(2002) concept maps on students’ student teachers attitude scale, students’ achievement, but had no effect
achievement on acids-bases topic logical thinking on their attitudes towards chemistry.
and attitudes towards chemistry. ability test

Cho (2002) To investigate the effect of in-  Science Constructivist In-service education positively affected
service education on teachers’  teachers learning the teachers’ awareness of STS
awareness of STS approach. environment approach.

survey and science
education reform
inventory

Demircioglu  To determine students’ pre- 10th grade Concept- The experimental group exposed to 5Es

(2003) existing knowledge and/or students achievement test, learning model outperformed the
alternative conceptions and science process control group.
overcome them via 5Es learning skills test,
model. questionnaire and

interview

Erduran To search matching and 7th grade Observation Teachers’ knowledge was based on the

(2003) mismatching points of students’ students books whilst students’ knowledge was
and teachers’ knowledge of acids constructed on their experiences of the
and bases. acids and bases.

Ozmen (2003) To examine how the chemistry ~ Chemistry Open ended Students were unable to link their acids
student teachers relate their student questions and bases concepts with daily life events
acids and bases concepts with ~ teachers at a satisfactory level.

daily life.
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Demircioglu, To identify upper secondary 10th grade Questionnaire with Students had a variety of alternative

Ozmen and school students’ alternative students open ended and conceptions and limited conceptual

Ayas (2004)  conceptions of acids and bases. multiple choice understanding of acids-bases.
questions

Morgil, Yavuz, To determine the effect of Chemistry Achievement test, The students at the experimental group

Oskay and computer assisted instruction  student attitude scale, performed better than those in the

Arda (2005)  on students’ three dimensional teachers learning styles control group.

spatial visualization abilities,
computational attitudes and
learning styles of acids and bases.

inventory and
Purdue rotation-
orientation test

Feng and Tuan To determine the effect of 11th grade Motivation scale, ~ The ARCS model positively affected the
(2005) ARCS (Attention, Relevance, students interview and students’ success and motivation.
Confidence and Satisfaction) achievement test
model on students’ motivation
and achievement in learning
about acids and bases.
Kilavuz (2005) To determine the effects of 5Es  10th grade Achievement test, 5Es learning model was more effective
learning model on student students attitude scale and  in increasing conceptual understanding

conceptual learning of acids and
bases and their attitudes towards
chemistry.

science process
skills test

than did the traditional method but
attitudes towards chemistry showed
equal development in both groups.

Cetingul and To examine the effect of 10t grade Concept test The students in the experimental group
Geban (2005) conceptual change texts students taking conceptual change oriented
oriented instruction instruction performed much better than
accompanied with analogies on those in the control group exposed to
upper secondary school students’ traditional instruction
conceptions about acids and
bases.
Kiyic1 and To determine the effect of Sophomore Achievementtest  The students in the experimental group
Yumusak computer assisted materials elementary outperformed those in the control
(2005) about acid-base titration on student teachers group.
students’ gains.
Ozmen and To determine the effect of 10t grade Achievement test  The students in experimental group
Yildirim (2005)worksheets on students’ students were more successful in understanding
achievement about acids and the acids and bases concepts than those
bases. in the control group.
Bozkurt, Aydin, To identify students’ views 6th, 7th and 8th Questionnaire Students had limited knowledge about
Yaman, Usak  about greenhouse gas, ozone grade students greenhouse gas, ozone layer and acid
and Gezer layer and acid rain. rain.
(2005)
Bilgin and To examine the effect of 8th grade Concept test Discussion sessions, which were held
Yahsi (2006)  different laboratory approaches students before and after experiments, were
on students’ conceptual learning more effective in teaching the acids and
of acids and bases. bases concepts and in changing
misconceptions.
Yaman, To investigate the effectiveness 10th grade Concept- The experimental group exposed to 5Es
Demircioglu  of the teaching materials with ~ students achievement test  learning model outperformed the
and Ayas 5Es learning model on student and interview control group
(2006) understanding of acids and bases
topic.
Geban, To explore the effectiveness of ~ 10th grade Concept test and The students in the experimental group
Tasdelen and conceptual change texts on students science process performed better than those in control
Kirbulut remedying students’ alternative skills test group.
(2006) conceptions about acids and
bases.
Yildiz, Yildirim To examine how different Chemistry, Questionnaire Chemistry student teachers were more
and ilhan sample groups relate their chemical successful at relating acids and bases
(2006) acids and bases concepts with  engineering and topic with daily life events.

Tamer (2006)

daily life. chemistry
students teachers

To determine the effect of 10th grade

conceptual change texts students

accompanied with analogies on
student achievement of acids and
bases and their attitudes towards
chemistry.

Concept test,
attitude scale,
science process
skills test and
interview

The students in the experimental group
performed better than those in control

group.
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Ouertatani,
Dumon,
Trabelsi,and bases
Soudani (2007)

To identify Tunisian grade 10

10th grade

students’ knowledge of acids and students

Paper and pencil
tests

The assimilated knowledge is transitory.
Furthermore, some alternative
conceptions, which threaten the
learning of Brgnsted’s model, appeared.

Ekmekcioglu To examine the effect of concept 10th grade Scientific The students in the experimental group
(2007) maps and meaningful learning  students achievement test  exposed to concept maps and

theory on student achievement and attitude scale  meaningful learning theory performed

about acids and bases. better than those in control group
Gokcek (2007) To identify the effectiveness of ~ 8th grade Achievement test  The multiple intelligence activities

the multiple intelligence students and attitude scale  increased student achievement and

activities on student achievement

and attitude towards science.

engendered positive attitudinal change.

Drechsler and To explore experienced teachers’ Chemistry Interview Although all teachers recognized some
Driel (2008) pedagogical content knowledge teachers of the students’ difficulties as confusion
of acids and bases topic. between models, only a few chose to
emphasize the different models of acids
and bases.
Pabuccu To determine the effect of 5Es  11th grade Concept test, The students in the experimental group
(2008) learning model on student students attitude scale, performed better than those in control
conceptual understanding of science process group
acids and bases. skills test and nature
of science survey
Burhan (2008) To determine the effect of 8th grade Concept- The worksheets enriched with concept
worksheets enriched with students achievement test, cartoons facilitated and significantly

concept cartoons on student

interview and

increased students’ conceptual

conceptual understanding of worksheets understanding of the acids and bases
acids and bases concepts. topic.
Cokelezand  To compare Turkish and French 11thand 12th Questionnaire Turkish and French students tended to

Dumon (2009) students’ ideas of acid and base grade with open ended  use different acid-base models. That is,
concept. students and multiple to explain acid-base concept, French
choice questions students employed Bronsted-Lowry
theory whilst Turkish students
deployed Arrhenius model.
Ozmen, To identify the effect of concept 10th grade Concept- Concept mapping in conjunction with
Demircioglu  mapping enhanced laboratory  students achievementtest  laboratory activities was more
and Coll (2009)experience on Turkish high enjoyable, helped student link concepts,
school students’ understanding and reduced their alternative
of acid-base chemistry. conceptions
Demircioglu, To investigate the effect of 7th and 8t grade Word association =~ REACT teaching material made a
Vural and REACT teaching material on students test and significant contribution to teach the
Demircioglu  gifted students’ conceptions of questionnaire neutralization concept
(2012) acid-base neutralization concept
Ozmen, To determine the impact of 8th grade students Achievement test ~ The laboratory activities enriched with
Demircioglu, laboratory activities enriched and interview concept cartoons increased student
Burhan, with concept cartoons on student achievement and effectively overcome
Naseriazari achievement of acid-base their alternative conceptions of the acid-
and concepts. base concepts.
Demircioglu
(2012)
Kala, Yaman To investigate the effectiveness High school POE tasks and POE tasks were effective in enhancing
and Ayas of POE on students’ conceptual students interview student understanding of acid and base
(2013) understanding of acids and bases. concepts. However, students still had

some alternative conceptions about pH
and pOH.
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Appendix 2. Chemistry attitudes and experiences questionnaire (CAEQ)
(Adapted from Dalgethy, Coll and Jones, 2003, p.663)

The following information will be only used for demographic purposes. Please write down related
information prior to answering the questionnaire.
Age: Gender: ( ) Male ( ) Female

This part of the questionnaire investigates the perceptions you have about chemistry and related
topics. For example: If you feel chemistry is mostly about the study of natural substances, and only a little

bit about the study of synthetic substances then you would answer the following questions as shown:

Chemistry Natural 1 2 @ 4 5 6 7 Synthetic Substances

Please indicate what you think about the following

Chemists

1 unfit] 12345617 athletic
2 socially unaware| 1234567 socially aware
3 environmentally unaware 1234567 environmentally aware
4 fixed in their ideas| 1234567 flexible in their ideas
5 only care about their 1234567 care about the effects of their

results results
6 unimaginative| 2345617 imaginative
7 impatient 12345617 patient

Chemistry research
8 harms people 12345617 helps people
9 decreases quality of life 1234567 improves quality of life
10 creates problems| solves problems
11 causes society to decline 12345617 advances society
Chemistry jobs

12 repetitive 1234567 varied
13 boring] 12345617 interesting
14 unsatisfying] 1234567 satisfying
15 tedious 12345617 exciting
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Appendix 3. An example teaching design for each group

Group Step Lecturer’s Role PSTs’ Role

Relating Handed “Acid Rain” reading text over to the  Carefully read the ‘Acid rain’ text and answered the
students and asked some curious questions to questions using their pre-existing knowledge.
activate PSTs’ pre-existing knowledge, i.e.

Have you ever seen or heard any acid rain
phenomena in your closer environment?” “In
view of the reading text, how can you describe
‘pH, pOH, acid and base’ concepts?

Experiencing Afforded the PSTs to engage in hands-on Carried out the hands-on activities such as
activities such as “Recognizing acids and “Recognizing acids and bases” and “Measuring their
bases” and “Measuring their pH values.” Then pH values” and filled in the experiment sheet based
she required the PSTs to draw a pH scale of the on their observations. Also, they drew a pH scale of
‘acid rain’. the ‘acid rain’.

Presented their investigated topic of the acid-base
Promoted the PSTs to present their chemistry, e.g. acid-base theories--Arrhenius,
investigated topic of the acid-base chemistry Bronsted-Lowry and Lewis, conjugate acid-base

S and guided them if necessary. pairs, acid-base reactions in acid rain,

< autoprotolysis of water.

S:J Applying Handed a questionnaire covering acid-base Individually solved the questionnaire and
definitions, conjugate acid-base pairs, acid- interactively discussed all items with the lecturer.
base reactions in acid rain and pH calculation Hence, they transferred their gained knowledge to
out to the PSTs. novel issues.

Cooperating Called the PSTs for searching the question Searched and responded the research question
“What happens if pH value of blood increases within their small groups and presented their views
or decreases?” within a whole-class discussion.

Transferring Launched some context-based questions, Adapted their acid-and base chemistry knowledge
“What should we do when honey bee or wasp into a new daily/novel phenomenon. Then, given
stings? Is there any relationship between these the lecturer-prepared concept network, they
phenomena and the acid-base chemistry?” developed some possible solutions of the acid rain
Later, she required the PSTs to find creative  for preventing/reducing its negative effects. Thus,
solutions for preventing/reducing the acid rainthey transferred newly structured knowledge into
by taking into account lecturer-prepared different issues.
concept network that summarizes the negative
effects of acid rain.

Engage Handed a sheet with acid rain pictures outto Created the acid rain story in their small groups.
the PSTs and asked them for creating a story in Later, spokesman of each group read the story aloud
their small groups. to their peers. They answered the questions via
Aroused some questions to stimulate their pre-their pre-existing knowledge.
existing knowledge, i.e. “Do you have any idea
about ‘acid, base and acid rain’ concepts?”

Explore Enabled the PSTs to engage in hands-on Implemented the hands-on activities, e.g. “Let’s
activities, e.g. “Let’s identify acids and bases” identify acids and bases” and filled in the
that covers ‘acid, base, pH and pOH’ concepts. experiment report within their small groups in

regard to their observations.

Explain Didactically explained Arrhenius, Bronsted-  Carefully listened lecturer’s explanations and took

A Lowry and Lewis acid-base theories, the notes if necessary.

n conjugate acid-base pairs, reactions in acid
rain and autoprotolysis of water.

Elaborate Engaged the PSTs in hands-on POE activities, Conducted the hands-on POE activities, e.g.

e.g. “Determining acid-base strengths by “Determining acid-base strengths by electrical

electrical conductivity.” conductivity” and improved their knowledge and/or
remedied their alternative conceptions of the acid-
base chemistry topic through a whole-class
discussion.

Evaluate Required the PSTs to write down what they =~ Put down what they had learned in these classes

had learned in these classes and handed over
an acid-base diagnostic tree to evaluate their
gained knowledge of the ‘acid-base’ concepts.

and filled in the acid-base diagnostic tree.

© 2016 iSER, Eurasia J. Math. Sci. & Tech. Ed., 12(1), 57-86

85



N. Ultay & M. Calik

Control

Attention and
motivation

Asked the PSTs to give ‘acid-base’ examples
from daily life.

Gave the acid-base examples from daily life by help
of their pre-existing knowledge.

Explanation

Didactically addressed the acid-base theories-- Responded the questions and then interactively

Arrhenius, Bronsted-Lowry and Lewis—and
autoprotolysis of water and then casted some
questions about the topic.

discussed some of the concepts through a whole-
class discussion.

Individual
learning
activities

[llustrated how to solve pH calculation
questions on the board and clarified any
unclear point asked by the PSTs.

Asked some procedural questions to the PSTs
and made explanations if necessary. For
example, what is pH of solutions with each of
the following [H*]? (a) 1.0 x10-12 (b) 5.3 x10-10
(c) 6.6 x10-2

Carefully observed the procedural problem solving
strategy, and took notes and asked any unclear
point. Volunteer PSTs solved the procedural
questions on the board.

Evaluation

Asked several questions covering the whole
topic, e.g. Please classify each of the species as
an acid or a base at the given conjugate acid-
base reactions;

—_—
a) HOBrgg) + H20g) ™= H30%(aq) + OBr-(aq)

—
b) H2CO3 (aq) + ZHZO(I) = H30+(aq) +
HCOS'(aq)

—
c) HNO3@q + HPO 24aq) ™= NO3(q +
H2PO '24(aq)
Y
d) HSO -3(aq) + NH*4(aq) - NH3(q) +
H2S03(aq)

S
€) HS-@aq) + H200) ™= H2S@q) + OH-(aq)

—_—
f) CH3COOH(aq) + H20 ™= H30%@q) +
CH3COO'(aq)

Volunteer PSTs come to the board and solved the
questions.
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