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Implementation of self-regulatory instruction to
promote students’ achievement and learning
strategies in the high school chemistry classroom†

Cansel Kadioglu-Akbulut *a and Esen Uzuntiryaki-Kondakci b

The current study investigated the effectiveness of self-regulatory instruction developed based on guided

inquiry on 11th grade students’ use of learning strategies and achievement in chemistry, compared to

traditionally designed chemistry instruction. Additionally, the self-regulatory processes in which students

engaged and the development of these processes over the course of the study were examined. For this

purpose, mixed-method design was employed. In total, 78 students participated in the study: 38 students

in the experimental group and 40 students in the control group. Additionally, four students from each

classroom were selected as focal students, using the maximum variation sampling method. Quantitative

data were collected using Chemistry Achievement Test and Cognitive and Metacognitive Strategies Scale;

qualitative data were obtained through journals and think-aloud protocols. Five dependent variables were

studied: achievement in chemistry, and the four learning strategies of rehearsal, elaboration, organization,

and metacognitive self-regulation. A mixed multivariate analyses of variance was run to analyze the

quantitative data and the deductive method was used to analyze the qualitative data. Quantitative results

indicated a slight improvement in student achievement in the experimental group and no significant

difference regarding learning strategies. However, analyses of think-aloud protocols revealed that students

in the experimental group used metacognitive strategies more often, which were associated with self-

regulated learning, and in turn achieved more—gave more correct responses and/or provided more

complete scientific explanations—compared to the students in the control group.

Introduction

‘‘When planning for a year, plant corn. When planning for a
decade, plant trees. When planning for life, train and educate
people.’’ Chinese proverb, Guanzi (c. 645 BC)

As the Chinese proverb foresaw centuries ago, education
does not end with graduation. Individuals need new skills after
school, and learning continues the whole life span. Learning
how to learn should be an important goal of education so
that individuals can adapt their skills to new conditions and
accomplish their learning needs throughout their lives
(Bandura, 1986; Zimmerman, 2000). Therefore, curriculum
should be designed to support development of learning skills
as well as content knowledge. Accordingly, the aim of this study
was to investigate the effectiveness of self-regulatory instruction

on 11th grade students’ use of learning strategies and their
achievement in chemistry class, compared to traditionally
designed chemistry instruction.

Researchers have proposed different theories to describe
how individuals become independent learners, i.e., masters of
their own learning. Most of those investigations are conducted
based on the social cognitive theory proposed by Bandura
(1986). This theory emphasizes ‘‘the agency of learner,’’ which
means that individuals have control over their thoughts,
feelings, and actions as a result of their self-beliefs. With
respect to this view, learners make their own choices and
continue their learning in order to achieve their goals. From
self-regulatory perspective, ‘‘learning is not something that
happens�t�o students; it is something that happens by students.
. . .for learning to occur, students must become proactively
engaged at both a covert and an overt level’’ (Zimmerman, 2001;
p. 33, underlined in original).

The social cognitive theory (Bandura, 1986) guides a great
body of self-regulatory research, including this study. Self-
regulated learning (SRL) is defined as ‘‘self-generated thoughts,
feelings, and actions that are planned and cyclically adopted to
the attainment of personal goals’’ (Zimmerman, 2000; p. 14).
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SRL is composed of three main dimensions: motivation,
strategy use, and metacognition. Zimmerman (2000) explains
SRL processes in three cyclic phases: forethought, performance,
and self-reflection. The forethought phase includes the
processes that students use to get ready for learning. Highly
self-regulated learners initially determine their learning goals
and spend time on strategic planning. In order to employ the
required strategies effectively, motivational factors such as the
students’ self-efficacy beliefs also play an important role. Next,
in the performance phase, students employ these strategies to
achieve their goals, considering the demands of the task and
the facilities in the learning environment; they make necessary
changes if required. Finally, in the self-reflection phase, which
occurs after a study period, the learner judges the effectiveness
of her/his learning process and sets new goals for further
learning.

Self-regulatory processes activate students’ learning in
several ways. Students determine their learning goals, give
importance to mastery of the task, are aware of their strengths
and weaknesses in learning, select the most appropriate strate-
gies, are responsible for applications of these strategies, observe
their progress, accept teacher guidance when necessary, evaluate
whether they achieve their goals or not, monitor the learning
process, and make necessary changes (Zimmerman, 2000; Paris
and Paris, 2001; Schraw et al., 2006). In general, highly self-
regulated learners are aware of the processes that improve
their academic performance; they monitor those processes con-
sidering various factors—such as previous learning experiences—
and motivate themselves to learn.

The first wave of research on Zimmerman’s SRL model
utilized interventions that were separate from the curriculum.
For instance, Hofer et al. (1998) designed a preparatory strategy
instruction course, named ‘‘Learning to Learn,’’ for first-year
undergraduate students to support their learning. Later,
SRL intervention programs were employed within curricular
activities in diverse disciplines. The effects of these interven-
tion programs on learning outcomes were summarized and
discussed in three meta-analyses (Hattie et al., 1996; Dignath
and Buttner, 2008; Donker et al., 2014). In the first meta-
analysis, Hattie et al. (1996) suggest that strategy instruction
works better in the actual classroom context, and that specific
attention should be given to active student participation and
metacognitive awareness. Next, Dignath and Buttner (2008)
search for the effect of intervention programs on three out-
comes associated with SRL, namely academic performance,
strategy use, and motivation. They found that intervention
programs contribute mostly to academic performance, next to
students’ motivation, and then strategy use. Additionally, inter-
vention programs that are directed by the researcher and extend
over longer periods of time work better. The recent study
conducted by Donker et al. (2014) revealed that among meta-
cognitive strategies, planning and monitoring strategies, and
cognitive strategies, elaboration makes the highest contribution
to academic performance. Metacognitive strategies are impor-
tant in being aware of the effective strategies considering task
demands and monitoring/changing these strategies with respect

to accomplishment of learning goals. As for cognitive strate-
gies, elaboration strategy is useful to connect recently learned
information to existed knowledge to improve duration of the
information. Moreover, all three meta-analyses showed that
studies conducted in the domain of science education were
limited in number. Therefore, there seems to be a need for an
intervention program that has been tested in a high school
chemistry class.

In chemistry classrooms, research findings have indicated
that inquiry-oriented teaching strategies are effective in
encouraging students to generate scientific questions, practice
inquiry skills, associate their observations to related concepts,
and improve their performance (e.g., NRC, 2000; Hofstein et al.,
2004; Mutlu and Acar-S- es-en, 2018). Inquiry is commonly used
as a strategy for teaching and learning; students generate research
questions, select important variables, design the process, collect
data, and come to a conclusion. During this inquiry, they need
SRL strategies, such as planning and monitoring learning pro-
cesses and evaluating their efficiency. Schraw et al. (2006) link
inquiry as an instructional strategy to SRL. They also suggest
metacognition as a key element in SRL. Additionally, students also
need cognitive strategies to acquire information. Accordingly,
both cognitive and metacognitive strategies were selected as a
focus in the present study.

SRL skills develop through social influences. As control
moves to self, as opposed to instructors, students are expected
to have more control over the learning process and become
more independent learners in time (Zimmerman, 2000). The
shift of control from teachers to students also follows a parallel
sequence in guided inquiry. Colburn (2004) classifies inquiry-
oriented instruction as either structured, guided, or open
inquiry based on who is making decisions on the question to
be investigated, the procedures to be followed, and the data to
be collected and analyzed. In structured inquiry, the teacher
provides students with step-by-step instruction. Students form
the data table, however, and select important data with respect
to their observations. On the other hand, students make almost
all the decisions in open inquiry; they identify the question to
investigate, design the procedure, and collect and interpret the
data. Guided inquiry exists in the spectrum between structured
and open inquiry. The teacher introduces the research question
to the students, and the students design the experiment, collect
relevant data, and interpret them. Because guided inquiry
provides an opportunity to employ scientific reasoning and
shift the control of learning to students, in this study the self-
regulatory instruction was designed based on guided inquiry.
The guided inquiry strategy may be related to the Process Oriented
Guided Inquiry Learning (POGIL) Project (https://pogil.org). POGIL
is an instructional strategy which merges learning cycle and
cooperative learning pedagogies together in the guided inquiry
activities (Moog and Spencer, 2008) and has been successfully
implemented in graduate and high school chemistry courses for
nearly two decades. However, in the present study guided inquiry
referred to a general term defining the roles of the teacher and
students, i.e., who makes decisions during the inquiry process.
Although POGIL and the instruction implemented in the
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present study share mutual pedagogical issues in terms of
using guided inquiry approach (chemistry as a research con-
text, students working in small groups, active participation or
giving responsibility of learning to students, defining teacher’s
role as a facilitator and focusing on process skills as well as
content knowledge), we did not explore the features of students’
collaborative learning or social interactions that emerged among
students. We accepted group work as a social learning environ-
ment in which students develop self-regulatory skills. However,
in POGIL group roles are well defined, feedback is provided
students in terms of group performance and group performance
was assessed as well as individual learning outcomes. Addition-
ally, while developing learning tasks POGIL activities were
centered around learning cycle pedagogy giving more emphasis
on the content; while we utilized Zimmerman’s SRL model
(i.e., journals) paying attention to students’ learning experiences
as well as the content. Moreover, POGIL pedagogy emphasizes
the development of process skills such as teamwork, problem
solving, critical thinking, management, information processing
and assessment (self-assessment and metacognition). Although
we acknowledge the importance of all these skills, we focused
more on metacognitive skills. For these reasons POGIL was not
employed in the present study.

The effectiveness of self-regulatory instruction based on
guided inquiry (SRI-GI) on 11th grade students’ use of learning
strategies and achievement in chemistry class, compared to
traditionally designed chemistry instruction, was investigated
in this mixed-method study. This study is significant in several
ways: Firstly, chemistry education is one of the less frequently
studied contexts in SRL literature. This study has the potential
to fill a gap in the SRL literature by incorporating theoretical
approaches on SRL practices into high school chemistry class-
rooms. Secondly, SRI-GI provides students with a learning
environment that encourages them to attend discussions,
question the trustworthiness of information coming from
different sources, and come up with conclusions. In this way,
it supports development of scientifically literate individuals.
Lastly, most of the earlier studies on this topic were conducted
based on questionnaires and single instance data collection.
Conversely, this study was designed based on mixed-method
inquiry and compared results from both qualitative and quan-
titative sources. Thus, this study enables the exploration and
comparison of different aspects of SRL. The following research
questions guided this study:

1. What is the effect of SRI-GI on students’ use of learning
strategies and their achievement in the topics Solubility Equili-
brium and Acids and Bases, in an 11th grade chemistry course?

2. How does students’ use of self-regulatory strategies
change over the course of the study?

Methodology
Research design: mixed-method design

SRL is a multi-dimensional construct including several compo-
nents. Winne and Perry (2000) suggest using different instruments

to cover the different aspects of SRL. In line with their
suggestion, to provide better understanding of students’ self-
regulatory processes, a mixed-method design incorporating
both quantitative and qualitative approaches was used in this
study. Specifically, the complementary strengths stance—which
suggests using quantitative and qualitative methods with
nonoverlapping weaknesses and complementary strengths
together—was utilized (Greene, 2007). Quantitative and quali-
tative data were collected and analyzed separately; then, results
coming from different sources were compared to draw infer-
ences and conclusions. Thus, the data collection and analysis
processes are described separately under the quantitative and
qualitative approaches sections. However, results coming from
both sources are compared and contrasted in the discussion
section in order to make more comprehensive inferences. Fig. 1
displays the research process.

Research context

High schools in Turkey provide a four-year education after
middle school. They follow the chemistry curriculum offered
by the Ministry of National Education. Students must take a
nationwide University Entrance Examination after high school
in order to attend a university program. Therefore, they must
choose a major considering the undergraduate program they
want to follow at the end of grade 9. At the time of the current
study, all students are required to take a chemistry course,
which covers basic chemistry concepts such as nature of
matter, solutions, and atomic structure at grade 9. Only
‘‘Science and Mathematics’’ majors take the chemistry course
that includes more advanced topics, like solubility equilibrium
and electrochemistry, at upper grade levels. Therefore, grade 11
was chosen as a research context in this study. The 11th grade
chemistry course took place over three 40-minute sessions
each week.

The instructional materials, think-aloud protocols, and
interviews in the present study were originally in Turkish and
translated into English. Taber (2018) highlighted how reporting
an academic work in another language is a part of research and
requires cautious effort. In line with his suggestions, the
following steps were carried out to ensure quality of translation.
Initially, the samples (e.g., instructional materials, students’
responses to think aloud protocols, etc.) selected to be shared in
this paper were translated by the authors, who have a good
command of the English language. Next, two experts who had a
doctorate degree in chemistry education from an English-
speaking university were asked to check these translations to
ensure that they reflected the original material in the best
possible way. Finally, experts in the English language checked
the translations and gave final recommendations.

Ethical issues

During the study, ethical principles were employed to protect
participants’ rights. First, because this study was conducted in
a public high school, necessary permissions were taken from
the University Ethical Board and the Ministry of National
Education. Second, the school administration was informed
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about the purpose of the study and the research process in
order to obtain their permission for the study. Third, the
cooperative teacher was enlightened about the research process
and her role throughout the study. She voluntarily agreed to
participate in the study. Fourth, since the participants were
below 18 years of age, consent forms were sent to students’
parents; they were informed about the research process and
their permission was asked. Finally, students were asked to give
their permission for volunteer participation. They were informed
that they could leave the study whenever they wanted. All
students agreed to participate and all remained involved until
the end of the study. The participants were guaranteed that the
data would be kept confidential. Students’ real names were not
used; rather, the data from different instruments and different
times were matched using their ID numbers and reported using
pseudonyms. Additionally, both groups took safety guidance
training for their laboratory work before entering the laboratory.

Quantitative approach: quasi experimental design

Quasi experimental design was used for the purpose of explor-
ing the effect of SRI-GI on 11th grade students’ learning
strategies and achievement in chemistry over time. Dependent
variables were achievement and learning strategies (rehearsal,
elaboration, organization, and metacognitive self-regulation), while
independent variables were intervention group (experimental
and control groups) and testing period (Time I and Time II).

Sample. Because the implementation of the study required a
long period of time and the method of instruction was new and
demanding for the classroom teacher, consent of school
administration and teacher enthusiasm were necessary. There-
fore, convenience sampling method was utilized (Fraenkel

et al., 2012). In this study two 11th grade topics (‘‘solubility
equilibrium’’ and ‘‘acids and bases’’) were selected as a focus, as
explained in the research context. Accordingly, two 11th grade
chemistry classes taught by the same teacher at a public high
school in Ankara, Turkey, were selected. One class was randomly
assigned as the experimental group (N = 38; 21 females and
17 males) while the other was assigned as the control group
(N = 40; 25 females and 15 males). The mean age of students was
17.3 (SD = 0.64) for the experimental group and 17.1 (SD = 0.59)
for the control group. Students in both classrooms came from
families with low socio-economic backgrounds.

Instruments. Quantitative data were collected using the
Chemistry Achievement Test (CAT) and Cognitive and Meta-
cognitive Strategies Scale (CMSS). The instruments were
administered as pre-tests before the intervention to determine
whether there was any difference between the two groups at the
beginning, and as post-tests after the intervention to determine
whether any change occurred.

The CAT, developed by the researchers, was used as a
measure of the students’ achievement in chemistry regarding
the topics of Solubility Equilibrium and Acids and Base Units.
Initially, an item pool with 45 multiple-choice questions (one
correct response and four distractors) was prepared considering
objectives in the national curriculum and related literature.
Afterwards, for content validity, the table of specifications and
test items were sent to three experts in chemistry education and
one expert in chemistry. After necessary revisions were made
based on these expert opinions, the 45-item test was piloted with
154 grade 11 students from two different high schools. Item
analysis via the ITEMAN program was performed to select items
with varying difficulty levels, discriminating well, that covered

Fig. 1 Implementation of instruction and data collection procedure. * CAT: chemistry achievement test; CMSS: cognitive and metacognitive
strategies scale.
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the content of both units. As a result, we decided to exclude 15
items from the 45-item test considering the following factors:
First, we examined the item discrimination index. Six poorly
discriminating items with indices below 0.19 (Crocker and
Algina, 1986) were removed from the test. Second, we checked
item difficulty levels: values around 0.50 maximize total score
variance and reliability (Crocker and Algina, 1986). Accordingly,
15 items with moderate difficulty levels were selected; 8 items
had high difficulty, and the remaining 7 items were labeled as
easy difficulty level. To maintain percentage of item difficulties,
four of the easy items and one of the difficult items were
deleted. The subject matter of those items was covered in other
items with the desired difficulty level and strong discrimination
indices. Third, the researchers evaluated the questions for
subject matter. If the same subject matter was covered in two
different items, the item with the better discrimination index
and difficulty level was selected. Consequently, four more
items (which had subject matter covered in remaining items
with better item discrimination indices) were removed. Of
the remaining items, seven with item discrimination indices
ranging between 0.20 and 0.29 (Crocker and Algina, 1986) were
revised considering expert opinions; 23 items were used with-
out any revision. As a result, the final form of the CAT included
30 items. A sample item (item difficulty = 0.519; item discrimi-
nation index = 0.433) from the test is given in Table 1.

A researcher measures the pH values of the solutions given
in the table below. S/he adds some red onion juice and observes
the color changes as given below:

The 30-item test was used as pre-test and post-test to measure
participants’ chemistry achievement in given topics. In the
present study, the KR-20 reliability coefficient was found to be
0.76 for the pre-CAT and 0.82 for the post-CAT, which pointed to
internally consistent test scores for both administrations.

The CMSS was used to determine students’ use of different
cognitive and metacognitive strategies. The rehearsal, elabora-
tion, organization, and metacognitive self-regulation subscales
of the Motivated Strategies for Learning Questionnaire,
developed by Pintrich et al. (1991) and translated into Turkish
by Sungur (2004), were selected for this purpose. The CMSS is
composed of 26 items. Students rated themselves on a seven-
point rating scale (1 for ‘‘not at all true for me’’ and 7 for ‘‘very
true of me’’). A pilot study was conducted with 236 students
taking a grade 11 chemistry course. Satisfactory fit indices
(w2/df (1616.499/424) = 3.81, RMSEA = 0.049, SRMR = 0.049,

CFI = 0.89, and NNFI = 0.87) were obtained. Although CFI and NNFI
were slightly lower than the criteria, RMSEA and SRMR values
indicated that the model provided a good fit to the data (Kline,
2005). Cronbach’s alpha reliability coefficients ranged between 0.76
and 0.85 for pre-CMSS and 0.62 and 0.85 for post-CMSS scores.

Quantitative data analysis. Because a mixed factorial model
with both a between-subjects factor (intervention group) and
a within-subjects factor (testing period) was investigated in
the current study, mixed multivariate analysis of variance
(MANOVA) was performed using the SPSS program. The five
dependent variables were achievement in chemistry, rehearsal,
elaboration, organization, and metacognitive self-regulation
strategies. Intervention group was the between-subjects
factor and testing period was the within-subjects factor. While
reporting the effect size, the eta-squared values (Z2—given on
the SPSS output) were used. Considering eta-squared measures
can be biased especially in the case of small samples, for
additional evidence omega-squared (F-ratios were converted to
an effect size r) as an appropriate measure in small samples was
calculated by hand using the formula for factorial repeated-
measures ANOVA (Field, 2009).

Qualitative approach: case study

The case study method as a qualitive approach was employed to
explore how students employed the self-regulatory processes
while learning chemistry concepts and how these processes
developed over time. Yin (2009) defines the case study method
as a practice of inquiry that focuses on in-depth understanding
of a phenomenon in a real-life context. According to social
cognitive theory, all learners are assumed to use self-regulatory
learning processes to some degree; therefore, concepts like
un-self-regulated learners or lack of self-regulation are not
acknowledged (Winne, 1997). The degree of students’ self-
regulation is based on the degree to which students are
metacognitively, motivationally, and behaviorally active in the
learning process. Because students in the control group also
utilized self-regulatory processes to some degree while studying
for the chemistry course, each classroom was accepted as a
case, in other words, as a unit of analysis. Accordingly, two
cases were explored in the present study: self-regulatory practice
in the experimental group and self-regulatory practice in the
control group. Four students were selected from each class as
representative instances of their cases.

Participants. To comprehensively examine self-regulatory
practice in each group, four students from each classroom
were selected as focal students using the maximum variation
sampling method (Patton, 2002). Students’ initial achievement
level was determined based on the cooperative teacher’s judge-
ments. One low achiever, two moderate achievers, and one high
achiever were chosen from each group to cover different achieve-
ment levels. While reporting the results, a code was defined to
describe each focal student considering their achievement
level rather than using students’ real names. For example, the
code ‘‘Ex.L’’ was used for the low achieving student in the
experimental group. The information about focal students is
summarized in Table 2.

Table 1 Sample item from CAT (item 25)

Sample pH Color

Digestive fluid 1.9 Pink
Vinegar 3.4 Pale pink
Milk 6.4 Pale green
Baking powder 8 Green
Detergent 10 Yellow

What will be the color of the 0.4 M HX solution when some red onion
juice is added? Ka (HX) = 2.5 � 10�4. * (A) Pink (B) Pale pink (C) Pale
green (D) Green (E) Yellow. * Correct response.
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Additionally, a pre-interview was conducted with focal students
from both groups before the intervention to determine their
initial self-regulatory skills. Students were asked to explain their
‘‘typical’’ behavior while they were studying for their chemistry
course. The interview schedule, covering three cyclic phases of
Zimmerman’s SRL model (2000), was developed by the authors
and used in an earlier study (Kadioglu et al., 2006). Results of the
pre-interview revealed similar study patterns for six of the eight
focal students. None of them used strategic planning; instead,
they studied occasionally to pass the exams or to prepare for the
university entrance examination. In other words, they displayed
performance-approach type goals. Students possessed a limited
number of strategies and generally employed task-based strate-
gies, such as rehearsal, highlighting, attention focusing, reviewing
classroom material, and solving extra questions from different
resources. To conclude, although the participants were not
studying in line with a study plan prior to the interventions, they
exhibited some adaptive learning strategies. Therefore, their self-
regulatory skills were evaluated at medium level.

On the other hand, two students (Ex.H and Co.H) reported
that they studied daily without the use of a study plan. In
addition to working to maintain their grades, they studied
course material to satisfy their curiosity. They stated that while
working at home they review the notes they take during class,
resolve the questions the teacher solved in class, note impor-
tant points, solve additional questions, and ask for help with
questions that they cannot solve. Both students employed more
strategic study habits compared to their classmates; their self-
regulatory skills were evaluated at a higher level accordingly.

Qualitative data collection instruments. In line with sugges-
tions by Winne and Perry (2000), think-aloud protocols and
journals were used to measure students’ self-regulatory skills.
The think-aloud protocol, which is a special form of interview
technique, was conducted with the focal students from both
groups. We used think-aloud protocols to understand both
students’ cognitive and metacognitive processes and their
chemistry achievement. Since these variables were also
measured quantitatively, think-aloud protocols provided an
opportunity to triangulate the quantitative data. Two separate
think-aloud protocols were prepared—one for the solubility
equilibrium unit and the other for the acids and bases unit.
Each think-aloud protocol included six questions; students
worked on 12 questions in total. If a question included more
than one part, that was indicated using letters. For example,
Question 6 was composed of six parts and coded from A to F.

Focal students were given authentic tasks based on real-world
scenarios and asked to explain verbally what they were doing or
thinking while they were working on the tasks. During this
process, they would decide how to solve the problem, evaluate
the effectiveness of their strategies, and change their strategies
if required. The tasks were authentic; that is, students were
encouraged to explain a real-world case using the concepts they
had learned in class. For example, the following real-life case
was given: ‘‘During medical radiological examination of the
gastro-intestinal tract, patients drank a barium sulfate solution.
Although Barium (Ba2+) was a highly toxic ion, the barium
sulfate (BaSO4) solution was harmless to the patient.’’ The Ksp

value for barium sulfate was also provided. Students were asked
to explain why the barium sulfate solution was harmless to the
patient. The think-aloud protocols were employed at the end of
each unit. The first author met with each student individually
in an empty and quiet room after class hours. The think-aloud
protocols were audio-recorded and transcribed afterwards.

Journals were primarily designed as instructional materials to
guide the students in the experimental group through the three
phases of Zimmerman’s model. They provided data about the
SRL processes that the students used during the forethought,
performance, and self-reflection phases. The resulting data were
highly important to track the development of SRL processes in
the experimental group over the course of the study. Students
would need to choose the necessary cognitive and metacognitive
strategies during the forethought phase, implement them in the
performance phase, and evaluate their efficiency in the self-
reflection phase. Collecting data from the four focal students
in the experimental group, eight journals were evaluated con-
sidering three self-regulatory processes. Students took notes
during class while working on given tasks in groups. After class
hours, they were asked to individually write down their learning
experiences based on their notes to evaluate and reflect on the
processes under three SRL phases. As a result, although journals
were primarily written individually at home, they reflected the
group performance to some degree. More detailed information
about the journals is provided under the section ‘‘Intervention in
the experimental group.’’

Qualitative data analysis. The data collected through think-
aloud protocols were transcribed and then analyzed using the
deductive method (Patton, 2002) to determine students’ use of
learning strategies. The codes were pulled from the related
literature: the cognitive strategies were coded mainly based on
Weinstein and Mayer’s (1986) categorizations and the metacog-
nitive strategies were coded the same way as in Yuruk et al.
(2009) work. Table 3 presents categories with examples.

Students’ responses to think-aloud protocols were analyzed
in terms of chemistry achievement as well. Seven achievement
categories were determined regarding students’ responses and
explanations: (1) wrong response, (2) wrong response with
poor/insufficient scientific explanation, (3) partially correct
response, (4) correct response without scientific explanation,
(5) correct response with irrelevant explanation, (6) correct
response with poor/insufficient scientific explanation, and
(7) correct response with sufficient scientific explanation.

Table 2 Information about focal students

Student Gender Group Achievement SRL skills

Ex.L Male Experimental Low Medium
Ex.M1 Female Experimental Medium Medium
Ex.M2 Male Experimental Medium Medium
Ex.H Female Experimental High High
Co.L Male Control Low Medium
Co.M1 Female Control Medium Medium
Co.M2 Male Control Medium Medium
Co.H Male Control High High
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For example, when explaining why the barium sulfate solution
was harmless to patients in radiological examinations, one
student came to the conclusion that barium sulfate was slightly
soluble. Accordingly, he gave a correct response with a scientific
explanation and his achievement level was coded as a 7.

All think-aloud protocol data for the focal students from
both groups were coded by the first researcher. Two think-
aloud protocol transcripts belonging to the same student were
then coded by an expert in chemistry education. In case of
disagreement between the researcher and the expert, consensus
was reached through face-to-face discussion. The inter-rater
reliability was found to be 0.73, which was a satisfactory level
(Miles and Huberman, 1994).

To analyze the journals, the deductive method was used (as
in the think-aloud protocols). Each phase of Zimmerman’s
model was coded as categories and the processes that fall into
those categories were coded as subcategories (see Table 4).

The subcategories were evaluated considering four criteria:
non-existent, not satisfactory, satisfactory, and not applicable.
When students did not report anything or the reported infor-
mation was irrelevant, it was coded as non-existent. If students
reported the related process with deficiencies, it was coded as
not satisfactory. On the other hand, if they explained their
reasoning in terms of their observations, it was accepted as
satisfactory. Finally, if an action or process was not relevant
considering the activity, it was marked as not applicable (NA).
For example, the conclusions made by students based on their
observations were coded under the inference subcategory.
When the students summarized their observations rather than
writing their conclusions, it was marked as non-existent. If the
students came up with the right conclusion but did not explain
their reasoning, it was coded as not satisfactory inference.

On the other hand, if they explained their reasoning with respect
to their observations, it was accepted as a satisfactory inference.

All of the journals for the focal students from the experi-
mental group were coded by the first researcher. Additionally,
eight journals of one student were coded by the same expert who
coded think-aloud protocols for reliability. Likewise, consensus
was reached through face-to-face discussion. The inter-rater
reliability was found to be 0.85, indicating a high degree of
agreement between the two raters (Miles and Huberman, 1994).

Intervention

SRI-GI was employed in the experimental group, while tradi-
tional teaching methods were used in the control group. During
the intervention, both groups covered two units of the grade 11
national chemistry curriculum. The chemistry course was
scheduled for three 40-minute sessions each week and the
intervention took 12 weeks in total.

Intervention in the control group. In the control group, the
teacher used traditional instruction, which she regularly employed.
Instruction was mainly based on lecturing. She prepared lecture
notes, including the definition of concepts, basic principles, and
formulas needed to solve algorithmic questions, and distributed
them to the students at the beginning of the unit. Then, she
presented the concepts and formulas from these notes. Students
listened and asked questions if they did not understand. After-
wards, she solved as many multiple-choice questions as possible to
help students prepare for the University Entrance Examination.
She did not allow extended time for students to think about the
questions, instead directly explaining some tricks to solve the
questions as quickly as possible. Meanwhile, the students were
following the teacher and copying what she wrote on the board.
She employed strategies such as reviewing the topic whenever

Table 3 Categories and examples for the analysis of think-aloud protocols

Categories Examples

Rehearsal Memorizing key words
Elaboration Summarizing main points
Organization Grouping the items based on shared properties
Metacognitive self-regulation Metacognitive awareness (awareness of everyday applications of a topic)

Metacognitive monitoring (monitoring change in ideas)
Metacognitive evaluation (evaluation of existing ideas)

Table 4 Categories and subcategories associated with SRL in the analysis of journals

Categories Subcategories Examples

Forethought 1. Planning activity Describing what to do
2. Planning data recording Preparing a table to fill
3. Predictions Reporting expected outcomes

Performance 1. Procedure Stating the steps
2. Observation Data Reporting observations
3. Inference Making conclusions

Self-reflection 1. Unexpected outcomes Comparing observations with predictions
2. Assessing learned material Summarizing the learned concepts
3. Experienced difficulties Reporting any problems or questions
4. Evaluation/Elaboration Applying what they learned in new situations
5. Assessing the activity Assessing how challenging or helpful a task was
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students asked, emphasizing key features of the topic, giving
real-life examples, making connections between new and prior
concepts, and highlighting common student errors.

However, in order to minimize threats to internal validity,
some arrangements were made in the control group and it was
ensured that the arrangements were consistent with the teacher’s
regular practice. To control novelty effect and attitudes
of subjects as a threat to internal validity of the study, five
laboratory activities covering the same topics were prepared for
the control group as well as the experimental group. Students
spent nearly an hour on each activity and six hours in total in
the chemistry laboratory. Scheduling was arranged such that
both groups entered the laboratory during the same week
to investigate the same topics. The teacher continued to
follow a traditional teaching approach and the activities were
precisely structured. The teacher made all decisions; students
only followed directions during laboratory sessions in the
control group.

Intervention in the experimental group. The experimental
group was instructed with the SRI-GI. Each week, two of the
three class hours were dedicated to laboratory activities guided
by journals. One class hour was used as summary of laboratory
experiences and to solve extra questions related to the topic.
While working in the laboratory, students tracked three SRL
processes through journals. During the laboratory tasks stu-
dents worked in groups of four: one supervisor, two techni-
cians, and one reporter. The supervisor was responsible for
duties such as gathering group members, reading directions,
and leading in-group discussions. The technicians checked the
equipment, prepared the experiment setting, and cleaned the
bench after the task was completed. Finally, the reporter wrote
down group decisions and their observations. Students were
asked to change group roles in each journal activity.

The journals were designed considering Zimmerman’s three
SRL phases (see Table 4). In total, eight journals were prepared
covering the national curricular objectives on solubility equili-
brium (Journals 1–4) and acids and bases (Journals 5–8). The
title and purpose of each journal is presented in Table 5. All
eight journals required students to use the same self-regulatory
processes to optimize their performance before, during, and
after the task. Students followed the processes given in the
journals to regulate their work in line with Zimmerman’s cyclic

model. Journals started with the processes under forethought
phase. To begin with, each journal included an introductory
section in which students’ prior knowledge was prompted and
new concepts essential to achieve the related task were intro-
duced. While introducing the concepts that students have not
encountered earlier, the teacher mostly discussed the key
features of the topic and gave real life examples. Meanwhile,
the students asked unclear points. Next, the purpose of that
task was stated explicitly, and the equipment and chemicals
that students could use were listed. Then, time was given to
students to plan what they would do, write down their predic-
tions, and prepare a table to report the collected data. Mean-
while, the teacher guided students through open-ended
questions when they needed help. In the performance phase,
the technicians gathered the necessary materials and prepared
the setting. While the groups were completing tasks, the teacher
walked around the class, observing groups’ performances and
giving feedback if necessary. Meanwhile, the reporter wrote down
their observations. After completing the task, in the self-reflection
phase, students made inferences based on their observations,
discussed any unexpected outcomes, assessed what they had
learned, talked over the difficulties they had experienced,
extended the concepts and principles in the new tasks, and
assessed the activity itself. After the groups finished their work,
a whole-class discussion was conducted to share the experiences
of different groups. In all tasks, students were given some degree
of choice: groups could design the experiments their own way,
work with various chemicals or household substances, and report
results in their own way. Each of the eight journals were also
designed to assist the students to improve their metacognitive
thinking: Students reflected on what they had already known
about a given task, what they were doing and why, and assessed
the effectiveness of their learning process.

Since the timeline of regular curriculum was followed in the
present study, students worked in small groups consisting
of four members to use time efficiently. For effective group
discussions, students were suggested to respect others’
ideas, acknowledge contribution of each group member to
the discussions, make clear and understandable statements,
evaluate others’ ideas in terms of accuracy and rationality and
ask for additional evidence, and propose alternative explana-
tions. Throughout the laboratory activities, students shared

Table 5 Title and purpose of the tasks in the journals

Journal title Purpose of the task

1. Solutions To help students get laboratory experience before the actual intervention started and help them
get accustomed to SRI-GI.

2. The effect of temperature on solubility To study the solubility concept and the effect of temperature on solubility.
3. Let’s examine solubility at a microlevel To examine solutions and solubility concepts at a microlevel using the ‘‘Salts and Solubility’’

simulation.
4. Does it precipitate? To investigate whether precipitate occurs when two salt solutions are mixed together.
5. Acid or base? To explore whether a given liquid could be used as an acid–base indicator and identify whether a

substance had acidic or basic properties.
6. How acidic or how basic? To compare the strength of different acid and base solutions.
7. Acid–base reactions with metals To explore whether any reaction occurred between different metals and different acid/base

solutions.
8. Acid–base titration To make experiment on titration of a strong acid and a strong base and discuss related concepts.
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their opinions with group members and came up with a
decision. They planned and conducted the experiments according
to the group’s agreement. The reporter took notes during class
hour and students individually wrote down their learning experi-
ences to the journals at home. Accordingly, each journal reflected
group performance to some degree.

Solving algorithmic questions was the most significant part
of the teacher’s traditional teaching in general. In an attempt to
control internal validity, some of the algorithmic questions used in
the control group were also solved in the experimental group.
However, they were organized to prompt students’ inquiry skills.
Initially, the students thought about the questions individually;
then they discussed the case as a class, considering their labora-
tory experiences. Next, students did any required calculations and
finally the class argued whether the results were reasonable or not.

The following strategies were followed to ensure SRI-GI was
employed as it was planned. A guide for the new teaching
method was prepared for the teacher. The lesson plans were
distributed to the teacher two weeks earlier than the imple-
mentation and before the intervention weekly meetings were
done to discuss the journals face to face. She was also informed
about the basic differences between the two teaching methods
repeatedly. All chemistry classes of both groups were observed
by the researcher throughout the study capturing approxi-
mately four-month period. After each class, the implementa-
tion was reviewed with the teacher, she assessed the difficulties
she experienced and the necessary modifications for future
classes were done.

Results

Results of the quantitative and qualitative analyses are pre-
sented separately but interpreted together in the discussion
section.

Results of quantitative analysis

Descriptive statistics. Means and standard deviations for all
dependent variables at Time I (pre-test) and Time II (post-test)
are displayed in Table 6 for the experimental and control
groups separately. The mean scores of all cognitive strategies
were above the mid-point of 1–7 score range for both testing
periods in both groups. All students’ achievement level before
the treatment was very below the mid-point of 1–30 score range.

However, the experimental group scores were about average in
the post-test, while the control group scored slightly below
average.

Inferential statistics (mixed MANOVA). This study was con-
ducted to test whether the SRI-GI created any significant
difference in the means of five dependent variables among
treatment groups in the same way over time. Because there
were both within-subject and between-subject factors, a mixed
MANOVA analysis was utilized. The multivariate test of
‘‘Pillai Trace’’ was non-significant for the interaction effect
(Pillai trace = 0.08, F(5,70) = 1.24, p 4 0.05, Z2 = 0.08, r =
0.016). Therefore, the main effects (time and intervention) were
investigated. The time effect was found to be significant (Pillai
trace = 0.81, F(5,70) = 58.84, p o 0.05, Z2 = 0.81, r = 0.68),
indicating that the mean difference on the linear combination of
the dependent variables was significant between the two testing
periods. Likewise, the intervention effect was also significant
(Pillai trace = 0.23, F(5,70) = 4.17, p o 0.05, Z2 = 0.23, r = 0.24).

In order to understand which dependent variables contrib-
uted to the overall main effects, univariate tests were done.
A Bonferroni adjustment was done to control Type 1 error;
the adjusted alpha was 0.01 (0.05/5). In terms of the time
effect, only the achievement variable (F(1,74) = 279.97, p o 0.01,
Z2 = 0.80, r = 0.89) changed significantly from Time I to Time II.
As for the intervention effect, again only the mean of achievement
was significantly different among groups (F(1,74) = 15.72,
p o 0.01, Z2 = 0.17, r = 0.42).

Results of qualitative analyses

To explain the data regarding student self-regulatory practices,
analyses of think-aloud protocols (for focal students from both
groups) and the journals from the experimental group are
reported in the following section.

Self-regulatory practice in the experimental group. Findings
from the think-aloud protocols and journals in the experi-
mental group indicated that students engaged in more meta-
cognitive thinking in the acids and bases unit compared to the
solubility equilibrium unit. Analyses of think-aloud protocols
and journals are presented in Appendix A and Appendix B
respectively for the focal students in the experimental group.
During think-aloud protocol in solubility equilibrium, Ex.L and
Ex.M1 used a limited number of cognitive strategies (rehearsal
or elaboration), while Ex.M2 and Ex.H used metacognitive
strategies to some degree. On the other hand, all of the

Table 6 Means and standard deviations for the dependent variables

Dependent variables Range

Experimental group (N = 38) Control group (N = 40)

Time I Time II Time I Time II

M SD M SD M SD M SD

Rehearsal 1–7 5.17 1.40 5.37 1.03 5.43 1.42 5.28 1.42
Elaboration 1–7 5.01 1.02 5.31 0.90 4.93 1.24 5.05 1.26
Organization 1–7 5.20 0.99 5.45 5.29 5.11 1.24 5.29 1.53
Metacognitive self-regulation 1–7 5.12 0.83 5.36 0.80 5.06 1.14 5.16 1.27
Achievement 1–30 4.70 2.22 15.71 3.62 3.47 2.54 12.84 4.72

*M: mean; SD: standard deviation.

Chemistry Education Research and Practice Paper

Pu
bl

is
he

d 
on

 2
8 

Ju
ly

 2
02

0.
 D

ow
nl

oa
de

d 
on

 9
/3

/2
02

1 
8:

11
:0

6 
A

M
. 

View Article Online

https://doi.org/10.1039/c9rp00297a


This journal is©The Royal Society of Chemistry 2021 Chem. Educ. Res. Pract., 2021, 22, 12--29 | 21

students engaged in more metacognitive thinking during the
acids and bases topic, which shows an increase in students’
self-regulatory skills over time.

The following excerpt (Example 1) from a think-aloud pro-
tocol indicated how Ex.M2 used rehearsal in the barium sulfate
case. Initially, he explained the case in terms of neutralization
reaction because the acids and bases unit had already begun.
Then, after the researcher prompted him, he recalled the
formula used to calculate solubility product constant, or Ksp

(rehearsal). In this case, using the rehearsal strategy also
triggered metacognitive monitoring. He calculated the solubi-
lity of the salt and monitored the consistency between the new
idea (the dissolution of a sparingly soluble salt) and his existing
idea (neutralization of the toxic substance) and evaluated
whether the result was reasonable (metacognitive evaluation).

EXAMPLE 1:
Ex.M2: Barium sulfate . . . but it says only that barium ion is

very dangerous. Sulfate came next to it. Because sulfate ion comes
next to it, might it make the toxic substance neutralize? Make the
toxic substance harmless for the patient?

Researcher (R): Well, Ksp value is given there.
Ex.M2: Yes.
R: Why do you think it is given?
Ex.M2: Ksp value? 10�10. . . Ksp value, is it because it is strong or

week, is that the reason? [Make calculation] Yes, x is equal to 10�5.
R: What does 10�5 mean?
Ex.M2: Isn’t that a very small number? Is that the reason why

its effect decreases?
R: So?
Ex.M2: Very small number . . . Probably, it has not got any effect

because solubility is very small . . . It won’t dissolve when it goes
through the stomach path, because its solubility is so small.

When students began working on the acids and bases unit,
we observed an increase in the use of metacognitive strategies
to solve the tasks. For instance, Ex.L, who refused to even think
during some tasks in the first unit, used metacognitive think-
ing strategies on a few occasions in the second unit. While
explaining the reason for the deterioration of the marble
sculpture, he gave the example of the deterioration of a marble
sink in the kitchen after a lemon was left on it (awareness of
everyday applications). Similarly, Ex.M1 also started to use
metacognitive processes in the acids and bases unit. For
example, in Example 2 below, she describes how the pH value
would change when the same amount of water was added to a
detergent with a pH value of 10. She was aware of the processes
she had employed in the laboratory (metacognitive awareness)
and linked it to the given case (elaboration).

EXAMPLE 2:
Ex.M1: Starting Ph value is 10 . . . at first when water is added

to the detergent, pH gets close to neutral.
Researcher (R): Why?
Ex.M1: That is because water will dilute the pH value of

detergent. For example, the pH is given as 10 here, however, it
might go down to 9 or 8 as it will be in a diluted state. Because we
did the same.

R: What did you do?

Ex.M1: When we plunged litmus paper into the bleach, the
paper got white. The teacher told us that if we had added more
water, it would have diluted it and we might get better results.

R: Yes.
Ex.M1: Based on that, pH value gets close to neutral, such as 8,

however it will not become neutral.
In addition, the accuracy of responses given during the

think-aloud protocols was used as an indicator of participant
achievement. In the solubility equilibrium unit, Ex.L and Ex.M1
gave incorrect responses to all tasks, sometimes with insuffi-
cient explanations. On the other hand, Ex.M2 and Ex.H gave
partially correct or correct responses at about the same rate as
each other, indicating higher achievement. In the second unit,
Ex.L and Ex.M1 showed an increase in achievement. Even so,
Ex.M2 and Ex.H still performed better than their classmates
in both units. These findings suggest that improved use of
learning strategies resulted in an increase in achievement
over time.

The analyses of the journals also supported these findings.
Although students had difficulty with the first three activities,
they showed a noticeable development in the use of self-
regulatory processes in all three SRL phases for the remaining
five journals. When the journals of the experimental group
(Appendix B) were examined, initially, students showed
improvement in the processes falling under the performance
phase, such as reporting their observations. Later, they began
to use forethought phase processes, such as making predic-
tions. For example, when reporting what he would do (under
the ‘‘planning the activity’’ section in Journal 5, Acid or Base?),
Ex.M2 stated that ‘‘I want to investigate basic and acidic matter
[and] their effect on litmus paper. To learn what the medium
would be when I mixed HCl acid and distilled water . . . which
matter shows which property and acidic properties.’’ In this
excerpt, he explains the purpose of the activity and the process
he would follow. However, because the information included
irrelevant data and an incomplete explanation of the process, it
was coded as ‘‘not satisfactory.’’ In the self-reflection phase
students showed less progress compared to other SRL phases.
For example, several students experienced difficulties in report-
ing unexpected outcomes. Although Ex.L showed improvement
in the forethought and performance phases, he did not use or
report any self-reflection processes in any of the eight journals.
In Journal 4 (Does it precipitate?), while reporting the
unexpected results he stated that ‘‘The colors were interesting,
different colors when two liquids mixed together.’’ This state-
ment did not include any reflection of the unexpected result;
however, it could be used as evidence for his increased
motivation.

Conversely, Ex.M1 started to use self-reflection processes in
Journal 4. In the following excerpt from Journal 6 (How acidic
or how basic?), she satisfactorily explained the processes under
self-reflection phase: ‘‘I was expecting that the household
materials that I brought would show acidic properties.
However, the drain opener and mineral water showed basic
properties. I learned that they are not acidic. I learned which
household substances possess acidic or basic properties.’’
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She explained the unexpected outcomes she observed and
stated what she learned as a result.

Self-regulatory practice in the control group. Analyses of
think-aloud protocols for the focal students in the control
group are presented in Appendix C. Findings did not reveal
an apparent change in students’ use of cognitive or metacog-
nitive strategies over the course of the study. It was observed
that all the focal students frequently used rehearsal and ela-
boration strategies in both units. On the other hand, in terms
of metacognitive strategies, Co.L did not use any in either unit.
For example, in the following excerpt (Example 3), while
comparing the two conditions of George Washington’s marble
sculpture in New York—a picture taken in 1944 and a more
recent picture (Question 4 in the acids and bases unit)—Co.L
only restated the case in his own words (elaboration strategy).
However, the remaining three students employed metacogni-
tive strategies on one or two occasions.

EXAMPLE 3:
Co.L: Picture below . . . (continued mumbling) . . . So, it shows

the latter condition of the marble sculpture which stayed here for a
long time. So, deterioration is happening.

Researcher (R): How can you explain this?
Co.L: This [is] calcium carbonate, so, as the day goes by, its

vitality disappears.
Researcher (R): What could the reason be?
Co.L: The reason is due to staying too long, it has deteriorated.

How about the pieces falling? What could be reason? What else?
Nothing.

Another noticeable finding was that there was an increase in
Co.M2’s performance and a decrease in Co.M1 and Co.H’s
performance in terms of metacognitive strategy use during
the acids and bases unit. In Question 6 in the second unit, a
table for the titration of a weak acid with a strong base was
given to students. They were asked to define the equivalence
point, which was 8.73 in the given case. In the following except
(Example 4), Co.H initially gave the definition of equivalence
point, having memorized the material presented in class
(rehearsal). Next, he checked the given table, but could not
find the pH value (7). At that point he was confused. With the
help of a prompt from the researcher, he recalled the formula
(rehearsal) and employed it to the given case (elaboration).
Because he explained why he employed that formula and he
was aware of what he learned, this indicated metacognitive
awareness. He evaluated whether his response (the point when
50 mL NaOH was added, pH = 8.73) was reasonable or not
(metacognitive evaluation), to reach a decision. He monitored
the consistency between the definition he gave (pH = 7) and the
result of his calculation (pH = 8.73) (metacognitive monitoring).
As a result of this monitoring, he reached the conclusion that
equivalence point should be the point when the 50 mL base
is added.

EXAMPLE 4:
Co.H: Equivalence point. Oh, isn’t it the point where it is exactly

neutralized? It is 7.
Researcher (R): By looking at this information, where is the

equivalence point? How do we find it?

Co.H: There was something like M. V. NE [Molarity x Volume x
Number of Equivalents], we were using formulas; we were writing
acids on one side and base on the other. Then we equalize them
when we make the m equal. So you want me to make calculations?
Umm, one of them is 0.1–50 and the other one is 0.1–50 and their
things are 1. So 50 mL. But . . . here again, that is the equivalence
point. (He marks 50 mL on paper.)

R: Why do we write this equation? What was it used for?
Co.H: To equate the mole number, the number of the hydrogen

and the oxygen of the acid and base. . . . That’s the reason we write
mole numbers. . .

R: Okay. You have just said you expected the equivalence
point to be 7, [but] marked it as 8.73 on the paper. Why did it
happen like this?

Co.H: We might have added more base.
R: 50 mL was added.
Co.H: Therefore, I really don’t know.
R: Then what do you think now?
Co.H: I’m not sure, but if 7 is in the alternatives I would say it

may happen, but there is no 7. 50 mL doesn’t fit either. I don’t think
so. But [50 mL] is the most logical one.

As for the accuracy of students’ responses, most of Co.L’s
responses were totally wrong or included inaccurate explana-
tions. Co.M1 did slightly better in the solubility equilibrium
unit than the acids and bases unit. Co.M2 did not give any
correct responses in the first unit; however, he showed better
performance in the second unit. Finally, although Co.H per-
formed better than his classmates in both units, the accuracy
of his responses decreased in the second unit. As seen in
Example 4, although Co.H decided that the point when the
50 mL base is added should be the equivalence point, he could
not provide a full explanation and his response was coded as a
correct response with poor/insufficient (scientific) explanation.

Discussion

In this study, the effectiveness of SRI-GI on 11th grade students’
learning strategies and achievement in two chemistry units
(solubility equilibrium and acids and bases) was investigated.
Moreover, how students employed self-regulatory processes while
learning chemistry concepts and how these processes developed
over the course of the study was explored. To fulfill these
purposes, two research strands were employed simultaneously;
the quantitative and qualitative methodologies were merged to get
a better understanding of the SRL phenomenon. One of the most
frequently used questionnaires in SRL literature (MSLQ) was
triangulated with a less frequently used instrument (think-aloud
protocol). The questionnaire, which was measuring SRL as an
aptitude, was helpful in collecting data from the whole sample
and identifying students’ own perceptions. Because students are
active agents in SRL (Bandura, 1986), their perceptions play a key
role in shaping their learning processes. To observe students’
actual behaviors, the self-report measure was triangulated with
the think-aloud protocol, which measured SRL as an event. This
provided an opportunity to gain access to students’ working
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memory (Ericsson, 2003) and to understand how students
approached the cases.

With respect to students’ learning strategies, although the
results did not demonstrate any significant difference among
groups for the questionnaire data, mean scores slightly
increased from pre-test to post-test for both groups. Likewise,
Capanzana and Avilla (2017) did not find any significant effect
of the reciprocal teaching approach with self-regulated learning
(RT-SRL) on 9th grade chemistry students’ SRL skills. On the
contrary, Cleary et al. (2008) and Labuhn et al. (2008) found that
students improved their SRL skills over time as a result of a self-
regulation empowerment program (SREP) and SRL classroom
intervention, respectively. In the present study, the students
primarily followed the SRL processes embedded in the
journals. The teacher for the experimental group also guided
them through modeling. Because the Turkish chemistry curri-
culum covers a significant amount of content in a brief time,
the researchers chose to use implicit strategy instruction
instead of explaining SRL and its properties in classroom time.
Based on Cleary et al. (2008) and Labuhn et al. (2008) and their
approaches, our SRI-GI might have been enhanced through the
use of explicit/direct strategy instruction to help students think
more about their learning process.

Another explanation for the non-significant results from the
quantitative data might be students’ tendency to overestimate
their actual SRL skills in self-report questionnaires, which has
also been observed in earlier studies (e.g., Boekaerts and Corno,
2005; Cromley and Azevedo, 2006; Heirweg et al., 2019). Simi-
larly, we also obtained non-significant results in the quantita-
tive analyses and observed differences among groups in the
qualitative analyses, which also confirms this claim. This is a
serious problem in SRL development; students who overrate
their SRL skills believe that they employ these skills success-
fully and do not change their strategies even when it might be
necessary to do so.

On the other hand, findings from the think-aloud protocols
revealed that in the second unit, students in the experimental
group used diverse cognitive and metacognitive strategies
regardless of achievement level. Students in the control group,
however, did not show much change in strategy use over time.
The improvement in metacognitive thinking found in these
results—such as using evaluation or monitoring strategies—is
quite promising. Science educators such as Schraw et al. (2006)
highlighted that metacognition plays a key role in the develop-
ment of SRL in science education. Similarly, Heirweg et al.
(2019) also observed that highly regulated learners (i.e., active
learners) used metacognitive strategies like evaluation and
monitoring more often in think-aloud protocols. Eilam and
Reiter (2014) also observed that a self-regulating class out-
performed the teacher-controlled class in terms of strategy
use according to their data.

The divergent results regarding learning strategies could be
attributed to the fact that the participants did not use all of the
self-regulatory phases in Zimmerman’s model. Although the
journals used in this study were designed to help students plan
their learning according to Zimmerman’s model, it was found

that the focal students’ reports included less information about
self-reflection processes compared to forethought and perfor-
mance. This might have occurred because of a lack of conscious
engagement in the learning process, difficulty in reading com-
prehension, or unwillingness to write on these topics. We
accepted each of these possible reasons as an indicator of low
level of self-regulation. Although the SRI-GI in the present study
revealed some gains in terms of SRL processes, students may
require more practice to become independent learners.
Furthermore, in the think-aloud protocols students employed
metacognitive evaluation less frequently than other strategies.
Earlier studies have also suggested that more attention should
be given to students’ evaluation of their learning process and
learning outcomes (Eilam and Reiter, 2014; Heirweg et al.,
2019). Teachers, at this point, may want to pay more attention
to the implementation of evaluation strategies compared to the
other self-regulatory strategies.

The higher use of learning strategies in the experimental
group may have been affected by various contextual factors.
First, as earlier studies have highlighted, ‘‘task challenge’’—in
which students need to use various learning strategies to accom-
plish given tasks—is an important requirement for self-
regulatory intervention programs (Paris and Paris, 2001; Pintrich
and Schunk, 2002; Schraw et al., 2006). As several researchers
have stressed, students experience challenges understanding
triplet nature of chemistry concepts: macroscopic, submicro-
scopic, and symbolic representations (Johnstone, 1991; Kozma
et al., 2000; Taber, 2013). This perspective was necessary for the
completion of certain tasks in the units covered during this
study. Second, the guided inquiry approach provided students
with several opportunities for metacognitive strategy use.
For example, students discussed each step of their inquiry—
designing the experiments, reporting their observations, making
inferences based on their observations, etc.—with their group
members. Furthermore, students made revisions to their inquiry
based on feedback from their teacher; this also required
monitoring strategies. Third, tasks in the SRI-GI classroom also
required the use of various resources and the management of
information coming from these resources. These factors may
have encouraged and reinforced the use of various cognitive and
metacognitive strategies.

Although students’ self-regulatory strategies from individua-
listic perspective were explored, social forms of regulation
might have been occurred naturally during collaborative
learning tasks as found out in earlier studies (Hadwin et al.,
2011; Perry and Winne, 2013; Ucan and Webb, 2015). For
example, Ucan and Webb (2015) found that more capable
students assisted less capable group members when they need
help (co-regulation) or multiple group members regulated the
learning process collaboratively to achieve a shared goal
(shared-regulation) in the study they explored social forms of
regulation in a natural elementary science class. Overall, we
anticipate that group members might also use social regulatory
processes in addition to self-regulatory processes while they
were planning the tasks, negotiating their ideas, seeking for
consensus or explaining lack of understanding.
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In terms of students’ achievement, although the results of
the mixed-MANOVA did not indicate a significant interaction
effect, there was an improvement in both groups over time. The
degree of improvement was slightly higher in the experimental
group. Therefore, the results do not conclusively show that
SRI-GI was as influential as was predicted. On the other hand,
think-aloud protocols showed that students in the experimental
group performed considerably better than students in the
control group regarding achievement. They improved their
scientific explanations over time, even in cases where they
could not find the correct solution. When these findings are
interpreted together, this indicates that objective tests may not
be able to reflect students’ knowledge. Think-aloud protocols
and journals seemed to be more sensitive to the improvements
in students’ SRL skills and learning. As Wilcox and Pollock
(2015) explored in the context of physics, specifically electro-
statics, paper-and-pencil tests can be informative to identify
common errors; however, think-aloud protocols are more infor-
mative about the nature of those difficulties. Similarly, the
think-aloud protocols in this study identified how students
approached the tasks when experiencing difficulties. In addi-
tion to providing more data, think-aloud protocols were helpful
for students in terms of making sense of the given cases,
increasing awareness of their thinking, evaluating their pro-
gress, and monitoring their learning process, which are critical
strategies in SRL and which in turn improved their explana-
tions. These findings provide valuable evidence for progress in
the experimental group’s academic achievement, parallel to
earlier studies in science education (Capanzana and Avilla,
2017; Cleary et al., 2008; Eilam and Reiter, 2014; Heirweg
et al., 2019; Labuhn et al., 2008). There is an alternative
explanation: seeing the benefits of SRI-GI may take longer than
12 weeks, which was illustrated by pre-post-retention test data
in Labuhn et al. (2008). They found no difference between the
experimental and control groups in the post-test; however, the
experimental group did better in the retention test.

In conclusion, think-aloud protocols showed that the more
students employed metacognitive processes, the more they
were able to produce satisfactory explanations. Although
think-aloud protocols were primarily used for measuring SRL,
they produced implications for teaching that exceed the aim of
the present study. This study showed that think-aloud protocols
help students make sense of problems by increasing awareness
of their thinking and encouraging them to evaluate their
progress and monitor their learning process, which are critical
strategies in SRL. Similarly, different researchers in SRL litera-
ture have employed think-aloud protocols for the purpose of
assessing students’ learning difficulties and identifying how
students deal with these difficulties (Wilcox and Pollock, 2015).
However, researchers have also employed think-aloud protocols
as a teaching strategy to encourage their students to work on a
task and reflect on what they have done. For example, Felder
and Brent (2009) and Millis (2012) suggested a ‘‘thinking-aloud
pair problem solving’’ approach in which students work in
pairs in the roles of explainer and questioner. First, the
explainer describes how they approached a given task and the

questioner listens, asks questions to clarify unclear points or
gives hints if necessary. Then, they change their roles until they
have reached a satisfactory solution.

The research on SRL in science education is limited. As a
result, more research is required to compare our findings to
those in other learning contexts. Overall, however, this study
fills a gap in SRL literature and improves its ecologic validity by
employing SRL principles in a less frequently studied context: a
high school chemistry classroom.

Implications for practice

This study provides considerable information about classroom
tasks. First, this study may encourage and guide teachers to
prepare lessons based on the SRL model. Second, guided
inquiry can be utilized to help students actively participate in
their learning process and gain control of it gradually. Teachers
may employ the discussion technique in chemistry/science
classrooms and give time for students to think about, discuss,
and reflect on their learning. Third, employing processes
under three SRL phases (forethought, performance, and self-
reflection) during chemistry tasks may help students be aware of
what they are doing in the laboratory and give meaning to their
observations. In this way, laboratory tasks will be more than
hands-on practices, becoming minds-on activities. Self-evaluation
of learning processes and learning outcomes can particularly
increase students’ cognitive and metacognitive thinking. Lastly,
SRI-GI requires the use of various learning strategies that have
been proven effective in reaching learning goals. Teachers, thus,
may benefit from referring to this study when designing tasks to
support the use of different learning strategies.

More specifically, since laboratory tasks are the most impor-
tant part of chemistry education, the present findings provide a
learning framework for students’ inquiry in the laboratory to
support their meta/cognitive engagement in the given tasks. To
do so, teachers can prepare journals/reflection papers covering
all three SRL phases to encourage their students think on their
learning experiences as well as the content itself. Teachers
should pay specific attention to the self-reflection phase. They
should encourage their students evaluate their ideas in terms of
accuracy, rationality or consistency with evidence and judge the
effectiveness of their work. This way students can notice when
it is required to change their strategies and when to employ
metacognitive monitoring.

In addition, algorithmic questions are indispensable part of
both chemistry topics. Teachers should connect algorithmic
questions to the students’ laboratory experiences. For example,
in the same way as our study initially students can investigate
the solubility construct conceptually, next solutions at a micro-
level using a simulation and then the conditions for the
formation of a precipitate. After completing these tasks in
the laboratory, teachers can apply algorithmic questions
regarding precipitate formation and discuss related concepts
considering students’ laboratory experiences. Likewise,
regarding second unit, teachers can employ algorithmic questions
after discussing the concepts regarding titration in the laboratory.
This way teachers can support students’ understanding of
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triplet nature of chemistry concepts (macroscopic, submicro-
scopic, and symbolic representations) and promote their stu-
dents’ metacognitive engagement during algorithmic questions.

Compared to paper-and-pencil tests, teachers can use think-
aloud protocols as a teaching strategy to identify students’
difficulties and as an assessment technique to evaluate stu-
dents’ reasoning behind their answers (i.e., students can give a
correct response with a wrong scientific reasoning or they can
give a wrong response even though they have correct reason-
ing). Additionally, think-aloud protocols can provide more
information about students’ understanding of triplet nature
of chemistry compared to classical classroom tests.

Suggestions for further research

The present study also has implications for further research.
This study utilizes a mixed-method design to explore how
students use self-regulatory processes during the learning of
chemistry concepts. Future studies can also employ mixed-
method design applying different quantitative and qualitative
instruments together to obtain deeper information about the
SRL phenomena.

In addition, in the present study, think-aloud protocols were
employed after the implementation of the topic. However,
researchers could benefit from using think-aloud protocols as
a teaching tool while students are learning the topic. Future
studies could also investigate different chemistry topics at
different grade levels. For example, in the present study,
Journal 1 was designed as an introductory activity to help
students get accustomed to using journals and reflecting on
their learning experiences. However, results revealed that stu-
dents experienced challenges related to using journals in the
next two tasks as well. The teacher gave constant feedback on
journal writing and students became more confident by Journal
4. Therefore, researchers should consider that it might take
time for students to develop the skills to explain their learning
experiences in journals. The introductory activities/journals
might take more time than was allotted in this study to be as
successful as possible. Moreover, researchers could employ
additional curricular activities, especially for the students with
low self-regulation. Researchers can also train teachers in SRL
and develop classroom tasks in cooperation with them. Finally,

social forms of SRL (i.e., co-regulation and shared regulation)
can be explored in addition to self-regulation in the further
research.

Limitations of the study

The study is limited to two 11th grade topics (‘‘Solubility
Equilibrium’’ and ‘‘Acids and Bases’’ units) lasting for
12-week period. Although SRL is defined as an umbrella term
under which variables that influence students’ learning are
explained following Zimmerman’s (2000) framework and claim
that self-regulation does not depend on a domain or a topic,
rather learners take strategic actions and employ necessary
strategies depending on task requirements, authors are aware
that some topics might be more adequate to promote certain
self-regulatory skills. For example, students may have more
chances to use metacognitive monitoring while applying the
concepts related to solubility to a real problem compared
to studying the definition of the ‘‘acid’’ concept. Although,
students’ metacognitive thinking is emphasized in all tasks
equally, this may not ensure that it could be blocked completely.

An important limitation of this study is that students’ use of
SRL processes are explored from the self-perspective (in other
words, as an individual trait influenced by social context).
Since the cooperative teacher did not agree on videotaping
the class hours, students’ social forms of regulation (shared or
co-regulation processes) could not be observed. From this
perspective, although authors acknowledge the journals reflect
the group work to some degree; unfortunately, whether the
students were influenced by their peers and whether the
journals completely reflect their actual thoughts could not have
been captured.

Finally, this study involved only two chemistry classes
and their chemistry teacher. Considering the requirements of
the intervention, this study could be carried out with more
participants in order to have more extensive and generalizable
results.
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Appendix A. The analyses of think-aloud protocols for the focal students in the
experimental group

Solubility equilibrium Acids and bases

Q1 Q2 Q3 Q4 Q5 Q6 Q1 Q2 Q3 Q4 Q5 Q6

Ex.L
Rehearsal | | | | |
Elaboration |
Organization
Metacognitive awareness |
Metacognitive monitoring | |
Metacognitive evaluation
Achievement 1 (A) 1 (A) 1 (A) 2 1 1 3 (A) 1 3 7 (A) 1 (A) 2

(B) 1 (B) 1 (B) 2 (B) 1 (B) 1 (B) 3
(C) 2
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Solubility equilibrium Acids and bases

Q1 Q2 Q3 Q4 Q5 Q6 Q1 Q2 Q3 Q4 Q5 Q6

(D) 3
(E) 1
(F) 1

Ex.M1
Rehearsal | | | | | | | | |
Elaboration | | | | | | |
Organization
Metacognitive awareness | | |
Metacognitive monitoring | |
Metacognitive evaluation
Achievement 1 (A) 2 (A) 1 (A) 1 1 2 7 (A) 1 2 7 (A) 3 (A) 2

(B) 1 (B) 1 (B) 1 (B) 1 (B) 1 (B) 3
(C) 3
(D) 3
(E) 2
(F) 2

Ex.M2
Rehearsal | | | | | | | | | |
Elaboration | | | | | | | |
Organization
Metacognitive awareness | | | | | | |
Metacognitive monitoring | | | | | |
Metacognitive evaluation | | | |
Achievement 7 (A) 1 (A) 7 (A) 2 7 3 2 (A) 7 2 7 (A) 7 (A) 2

(B) 1 (B) 7 (B) 6 (B) 1 (B) 1 (B) 3
(C) 2
(D) 3
(E) 7
(F) 7

Ex.H
Rehearsal | | | | | | | |
Elaboration | | | | | | | |
Organization
Metacognitive awareness | | |
Metacognitive monitoring | | | | |
Metacognitive evaluation |
Achievement 6 (A) 3 (A) 7 (A) 3 6 3 1 (A) 2 2 7 (A) 7 (A) 7

(B) 2 (B) 7 (B) 3 (B) 1 (B) 7 (B) 3
(C) 2
(D) 3
(E) 2
(F) 5

Note. |: The process is existent. *Q1: Question 1; Q2: Question 2; Q3: Question 3; Q4: Question 4; Q5: Question 5; Q6: Question 6.* 1: Wrong
response; 2: Wrong response with poor/insufficient explanation; 3: Partially correct response; 4: Correct response without explanation; 5: Correct
response with irrelevant explanation; 6: Correct response with poor/insufficient explanation; 7: Correct response with explanation.

Appendix B. The analyses of journals for the focal students in the experimental
group

Journal 1 Journal 2 Journal 3 Journal 4 Journal 5 Journal 6 Journal 7 Journal 8

Ex.L
Planning activity | | || NA NA
Planning data recording | || || || NA ||
Predictions || |
Procedure | || || || NA ||
Observation data || || || || | ||
Inference || || | || ||
Unexpected outcomes
Assessing learned material
Experienced difficulties
Evaluation/elaboration
Assessing the activity |

Appendix A (continued)
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Journal 1 Journal 2 Journal 3 Journal 4 Journal 5 Journal 6 Journal 7 Journal 8

Ex.M1
Planning activity || || NA NA
Planning data recording || || || NA ||
Predictions || || || || |
Procedure | | || || || NA ||
Observation data || || || || || || ||
Inference || | || || ||
Unexpected outcomes ||
Assessing learned material || ||
Experienced difficulties || |
Evaluation/elaboration || || || | ||
Assessing the activity | || || || ||

Ex.M2
Planning activity | | | NA NA
Planning data recording || || || || NA ||
Predictions | || || || || ||
Procedure | || || || || NA ||
Observation data || | | || || || || ||
Inference | || || || || ||
Unexpected outcomes ||
Assessing learned material | || ||
Experienced difficulties || | || ||
Evaluation/elaboration | | |
Assessing the activity || || || || || ||

Ex.H
Planning activity || | | NA NA
Planning data recording || || || NA ||
Predictions || || || || |
Procedure | || || || NA ||
Observation data || | || || || || ||
Inference || || | || || ||
Unexpected outcomes | || | |
Assessing learned material || ||
Experienced difficulties ||
Evaluation/elaboration || || || || ||
Assessing the activity || || || ||

Note. Empty cells: non-existent, |: not satisfactory, ||: satisfactory, NA: not applicable.

Appendix C. The analyses of think-aloud protocols for the focal students in the
control group

Solubility equilibrium Acids and bases

Q1 Q2 Q3 Q4 Q5 Q6 Q1 Q2 Q3 Q4 Q5 Q6

Co.L
Rehearsal | | | | | | | | | |
Elaboration | | | | |
Organization
Metacognitive awareness
Metacognitive monitoring
Metacognitive evaluation
Achievement 2 (A) 1 (A) 7 (A) 2 3 3 1 (A) 1 1 1 (A) 1 (A) 2

(B) 1 (B) 1 (B) 1 (B) 1 (B) 1 (B) 2
(C) 2
(D) 2
(E) 2
(F) 6

Co.M1
Rehearsal | | | | | | |
Elaboration | | | | |
Organization
Metacognitive awareness
Metacognitive monitoring | |

Appendix B (continued)
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