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A B S T R A C T   

This study compared two professional training courses targeting self-regulated learning (SRL) 
amongst preservice secondary science teachers in the context of didactic content knowledge for 
teaching higher-order thinking (HOT-PCK), either with metacognitive scaffolding (Meta group) or 
without (Control group). Measures included trainees’ comprehension and design of HOT-PCK 
learning tasks, online SRL reflections about learning-teaching events, and self-reported SRL 
aptitude. Results indicated skill improvement in both groups, but the metacognitive support 
provided by the IMPROVE self-questioning technique better enhanced the preservice teachers’ 
(PSTs) development of HOT-PCK, both as students (comprehension skills) and as future teachers 
(design skills), additionally as their ability to reflect on and control their studying. Findings also 
revealed significant correlations between SRL assessments (self-reports, event-based reflections) 
and between SRL and HOT-PCK indices. Consequences for teacher education combining SRL and 
HOT-PCK contexts are discussed.   

1. Introduction 

The quality of teachers is a critical factor in improving education and students’ academic performance. Various studies suggest that 
differences between teachers can explain a significant portion of the variance in student achievements. The quality of the training of 
the teaching staff has become more challenging at a time when the skills of graduates have changed from acquiring knowledge to 21st- 
century skills such as higher-order thinking [1,2]. Based on these data, teacher training programs invest a lot in identifying essential 
skills for graduates of the education system and in tailored and high-quality training of the preservice teachers (PTSs), the teachers of 
the future (see Fig. 1). 

Our dynamic and challenging world requires today’s school students - tomorrow’s future citizens - to go beyond mere knowledge 
acquisition and develop important generalizable skills for higher order thinking (HOT), such as learning how to ask questions, solve 
problems, classify information, and construct good arguments [2,3]. To promote pupils’ HOT processes in class, teachers are expected 
to design high-quality learning tasks to trigger students’ information processing and higher cognitive activity [1,4,5]. 

However, many of the recommended HOT-teaching strategies are not yet being consistently implemented in real-time science 
classroom practice, despite these reforms’ widespread incorporation into teachers’ preservice courses and expert teacher development 
programs [5,6]. Indeed, the planning and application of HOT-promoting teaching tasks for pupils challenge even the most expert 
teachers [7–9]. PSTs attempting to design learning tasks for developing students’ HOT often cannot yet gauge whether they are on the 
right track in deciding what, when, and how to integrate contents and teaching strategies that indeed promote HOT development [10, 

E-mail address: Tova.Michalsky@biu.ac.il.  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2024.e24280 
Received 9 February 2023; Received in revised form 2 January 2024; Accepted 5 January 2024   

mailto:Tova.Michalsky@biu.ac.il
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e24280
https://doi.org/10.1016/j.heliyon.2024.e24280
https://doi.org/10.1016/j.heliyon.2024.e24280
http://creativecommons.org/licenses/by-nc-nd/4.0/


Heliyon 10 (2024) e24280

2

11]. 
Researchers have also begun to direct increasing attention to individual self-regulation in learning as a means for enhancing ac

ademic outcomes [12]. Self-regulated learners are good strategy users. They plan, set goals, select strategies, organize, self-monitor, 
and self-evaluate at various points during the process of acquisition [5]. To enhance understanding of developing teachers’ knowledge 
in the field of teaching HOT, the present study suggests a model for integrating self-regulated learning (SRL) into PSTs’ preparation of 
HOT pedagogical knowledge in teaching science. In line with this claim, our study raises the main question: How can a teacher 
preparation program for SRL guide PSTs’ development of a HOT pedagogical knowledge and SRL for changing teaching and learning 
science in classroom? 

The main objective of this exploratory research was to compare two preservice HOT-PCK learning environments, to pinpoint the 
possible added benefit of providing explicit scaffolding to support PSTs’ self-regulation of their own learning. Researchers have 
increasingly investigated individuals’ SRL as an effective tool than can enhance learning and academic achievements [8,11]. Strong 
self-regulating learners apply effective strategies since they know how to set goals, plan, organize and monitor their work and can 
evaluate themselves from time to time in light of new knowledge and skills they acquire [13,12]. Thus, SRL capabilities may be 
important for teachers to successfully integrate HOT-PCK into their everyday practice. Yet, research shows that teachers do not always 
acquire SRL spontaneously [6,14–16], suggesting the need for explicit professional development (PD) opportunities to practice greater 
control over their own learning and teaching [17–19]. 

Hence, the current research examined the role of explicit added SRL support, specifically metacognitive guidance, for PSTs to think 
and reflect as they acquired HOT-PCK skills regarding both their self-learning and their upcoming instruction. The role played by 
teachers’ SRL may be particularly significant for implementation of HOT-PCK because it requires teachers to recognize when, why and 
how to involve their pupils in the “language of thinking” in the transfer of thinking skills across various subjects, and in the meta
cognitive cultivation of thinking characteristics [20,21]. 

Thus, the rationale for the current research is grounded in three approaches of teachers’ PD. Firstly, teachers must experiment with 
teaching methods as well as with the content they are going to teach [1]. In other words, they must experiment as learners and from 
there, shift their perspective from that of a student to that of a teacher for the same methods and content in order to succeed in 
teaching. This has been found to be a good method to develop PCK in teachers [22]. Secondly, if teachers do not experience analyzing 
and building HOT-infused teaching units, they will not be able to teach HOT skills in the best possible way. In order to teach HOT skills 
effectively, teachers need to have firsthand experience in analyzing and constructing teaching units that incorporate these skills. 
Without this experience, it becomes challenging for them to convey the concept and application of HOT skills to their students. In 
essence, it highlights the importance of teachers having a practical understanding of the educational strategies they wish to implement 
in the classroom. For example, imagine a science teacher who has never had the opportunity to deeply analyze and create learning 
tasks that incorporate critical thinking, problem-solving, and analytical skills. They may struggle to teach these HOT skills effectively 
to their students because they themselves have not experienced the process of designing learning tasks that promote such skills. Finally, 
the support of the IMPROVE method of self-questioning highlights the explicit instruction teachers provide in class to cultivate 
metacognitive processes that foster their pupils’ SRL. Once again, the teachers experience and develop awareness of this method within 
their own learning processes so that they will be able to build units infused with HOT and impart the method to their pupils (5, 6). 

More specifically, the current study tested a PD program that explicitly promoted not only PSTs’ own deep comprehension of HOT- 
based learning tasks, but also their capacity to systematically design such tasks for their secondary school pupils – namely, altogether, 
their pedagogical content knowledge needed for the HOT development (coined “HOT-PCK” by Zohar & Schwartzer, [20]).1 Research 
on PSTs’ acquisition of other important skills (e.g., professional vision, motivation, meta-strategic knowledge) has highlighted the 
need to explicitly practice comprehension competences as a “learner,” as a prerequisite for establishing task and lesson design com
petences as a “teacher” [6,22,23]. To reach this target, teacher educators must contextualize PSTs increased content and pedagogical 
knowledge by “walking their talk”, i.e., explicitly teaching PSTs in the same way they will be expected to teach their pupils. This 
concept is strongly endorsed by researchers such as Mumford and Dikilitaş [24], Howard [25], and Laudonia et al., [26]. In the current 
training program, the PSTs first acted as learners themselves to analyze features, affordances, and constraints of ready-made HOT-PCK 

Fig. 1. Study measures and procedure.  

1 Shulman [27,31] defined PCK as how teachers blend pedagogy, content, and knowledge about pupils into their grasp of how to represent certain 
teaching topics and adapt in ways that can provide pupils with multiple tasks involving comprehension. The literature reveals a number of ideas as 
to how to broaden PCK to include the teaching of HOT skills. These notions have different names, such as Zohar’s [105] “PCK for MSK” (meta
cognitive strategies knowledge), Hanuscin’s [106] “PCK for NOS” (nature of science), and Avargil et al.’s [107] “PCK for HOT skills.” In the current 
study, “HOT-PCK” refers to Zohar and Schwartzer’s [20] framework describing HOT-PCK as teachers’ knowledge about how to teach in ways that 
extensively involve pupils in learning that requires HOT capabilities. 
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materials (e.g., a video-captured secondary school teacher’s instruction of argumentation skills) to enhance their HOT-PCK 
comprehension skills. Then, they actively practiced their more complex role as teachers by synthesizing and creating their own 
HOT-promoting teaching activities. 

Prior to describing the present exploratory study’s design, there is a brief overview of HOT-PCK, SRL, and the presentation of a 
supporting model-IMPROVE for integrating SRL into preservice teachers’ preparation of HOT-PCK as these concepts were utilized in 
the present study. 

1.1. Comprehending and designing HOT-PCK learning tasks 

Shulman [27] claimed that teachers are expected to illustrate subject matter knowledge as a precondition for teaching, but he also 
claimed that research attention to issues other than general pedagogical training remained insufficient. That is, Shulman saw a need to 
“identify the distinctive bodies of knowledge for teaching” (p. 8) that are essential in each discipline, i.e., pedagogical content 
knowledge (PCK). In addition, he mentioned the scarcity of evidence on how teachers translate their subject matter knowledge into 
actual in-class instruction. From this perspective, PCK enables understanding of the relationship between specific disciplinary content 
and learning skills (HOT, in this case) as well as of teaching approaches underlying classroom practices in any given discipline [28]. 
Despite the variety of its interpretations, PCK is now a notable component in teacher education programs [29]. 

According to Shulman [27], PCK is “the ways of representing and formulating the subject matter that makes it comprehensible to 
others” (p. 9). Moreover, PCK is “the capacity of a teacher to transform the content knowledge he or she possesses into forms that are 
pedagogically powerful and yet adaptive to the variations in ability and background presented by students” (Shulman, 1987, p. 15). 
McDonald [30] recommended that PCK belong to teachers’ capability to anticipate pupils’ comprehension (or lack thereof) in a 
specific discipline, to react to their pupils’ diversity, and provide several examples and formats to present the subject matter to increase 
its accessibility for their pupils. In short, PCK is reflected in the teacher’s understanding of how to organize and represent the subject 
matter so that it meets the needs, interests and abilities of their students [31]. 

Van Driel [28] lists three different fields of expertise that impact PCK. First, is the subject matter and learning skills knowledge. This 
involves the interpretation of themes and concepts. The second is the impact of general pedagogical knowledge, i.e., how to utilize 
demonstrations/simulations and questioning etc., while explaining the themes, ideas and clarifications to the pupils. The third 
component is what teachers know about their pupils (e.g., prior experience of certain types of tasks; erroneous preconceptions they 
might have about the topic). According to Grossman et al. [32], the two most significant of these PCK components are: (a) the wide 
range of teachers’ knowledge of the disciplinary content, and (b) teachers’ knowledge of the pupils and their capacity for identifying 
and rectifying pupils’ misconceptions. 

Even though PCK is crucial for attainment of ‘expert teacher’ status, PSTs develop PCK only tenuously [33]. However, assessment of 
PCK in teacher education courses have been able to detect changes in PCK growth [33,34]. Certain studies have examined PCK 
development in science PSTs (e.g., Ref. [35,36]). Another study involving science PSTs revealed limited PCK supporting the transfer of 
conceptual understanding and the application of HOT skills to their understanding. Consequently, the PSTs could not engage corre
sponding teaching tactics to clarify the scientific concepts and HOT skills. This indicates that science PSTs’ practical interpretation of 
science and HOT is not sufficient for high-quality instruction, and that PCK involves greater depth of both disciplinary understanding 
and HOT skills as well as a higher level of awareness of pedagogical issues [37]. 

Many researchers (e.g., Refs. [38,39]) believe that teacher training is effectively tied to two different skillsets among PSTs: learner 
skills and teacher skills. Namely, the teachers’ own ability to analyze and comprehend (i.e., the pupil’s viewpoint) is considered 
essential for their ability to help their pupils learn (i.e., the teacher’s viewpoint). In the context of self-regulation abilities, PSTs’ 
acquisition of both skill sets was found highly significant for students’ achievements in HOT science learning [14,15,39]. HOT-PCK 
tasks focusing on comprehension skills can develop teachers’ learner perspective, while tasks focusing on design skills can develop 
their teacher perspective. Comprehension skills in HOT-PCK require teachers to process data from existing information (e.g., “Identify 
the HOT skills that the videotaped teacher taught”), whereas the more complex design skills in HOT-PCK require teachers to identify 
topics to which the application of one or more HOT skills would be relevant, select the appropriate HOT skill/s, and design learning 
tasks and tactics for embedding them into the lessons (e.g., “Design a learning task that includes the meta-level exercise”) [13]. 

So far, there is only scarce practical research on learning-task comprehension and design as explicitly targeted skills in PSTs’ 
education, particularly in the science HOT context [40,41]. This lacuna is surprising in light of: (a) the ample preservice programs 
worldwide that provide teaching, content-oriented, and practical study opportunities to support the development of PSTs’ skills in 
lesson-unit design (e.g., Refs. [42,43]); (b) the numerous available preservice course books offering theories or practical guidelines for 
learning-task design (e.g., Refs. [44,45]); and (c) the typical teacher accreditation processes that expect learning-task design and 
presentation [44]. 

The construction of students’ learning tasks is the heart of teachers’ lesson planning, reflecting a complex range of decisions such as 
choosing a topic, defining teaching goals, and choosing targeted student competencies [46,47]. Task selection and design are 
frequently considered as motivating and as potentially defining the level of students’ opportunities to learn [48,49]. Thus, scholars 
have argued that teachers’ PD should focus on clarifying comprehension of the complexity of choosing appropriate learning tasks 
[50–53]. 

Categorizations or taxonomies can assist teachers’ assessment of tasks in terms of motivational and cognitive needs [54–56]. 
Comprehension of learning-task design elements could be detected through designed lessons and prepared materials (e.g., worksheets) 
to guide students’ work [41]. For example, to solve a mechanics problem, students may need contextual information – understanding 
the problem’s context – and/or tactical knowledge – being able to categorize the given information [57]. Moreover, the design of 
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different dimensions and teaching strategies for complex learning activities must suit a range of levels of difficulty as well as learners’ 
needs [58], such as simplifying language or using whole numbers instead of decimals in mathematics problems [59]. Like a tool for 
adaptive teaching [13,45], learning assignments can assess learners’ current knowledge and steer them into their “zone of proximal 
development” (Vygotsky [60], p. 84). 

Furthermore, task design should include possibly differing linguistic considerations for construction of individual tasks versus 
collaborative peer tasks [5,61]. In addition, because of the abstractness of science HOT, task design should be relevant to students’ 
personal experiences [22,62]. According to Zohar and Schwartzer [20], to successfully apply HOT-PCK in the classroom, PSTs must 
learn how to design learning tasks replete with HOT goals and to categorize pupils’ obstacles to logical thinking and find effective ways 
to overcome them. Finally, HOT-PCK learning tasks should reflect teachers’ shift from their conventional role as the “source of 
knowledge” to their new one as learner-centered initiator and facilitator of students’ self-driven inquiry and problem-solving [63]. This 
includes replacing conventional methods of evaluation with new ones that meet the more recent HOT instructional objectives. 

1.2. The IMPROVE model for preservice teachers’ explicit metacognitive support 

The current study sought to investigate the possible contribution of explicit metacognitive SRL support incorporated into PSTs’ 
HOT-PCK training. The characteristics of SRL have elicited much interest, which has led to several models of SRL proposing different 
constructs while sharing certain basic assumptions [64–66]. Zimmerman [12] described SRL as a dynamic activity including “self-
generated thoughts, feelings, and actions that are planned and cyclically adapted to the attainment of personal goals” (p. 14). In 
general, SRL is defined as regulation of cognition, metacognition, and motivation that is applied to learning [67]. The cognitive aspect 
encompasses data-handling strategies such as rehearsal, expansion, and arranging information. The metacognitive aspect monitors the 
cognitive skills, especially how one plans, monitors, and evaluates one’s own learning in light of the preset aims. The motivational 
aspect is linked to the learner’s readiness to study and aspire to self-efficacy in their learning. Lastly, there is the learning setting, which 
pertains to the type of task or learning environment. 

Researchers [68,69] have underlined the major role of metacognition, as this allows learners to design and assign resources, review 
updated knowledge and proficiency levels, and assess the quality of their learning level at various points in time during the acquisition 
process. Offering learners metacognitive scaffolding can advance their academic achievements through explicit and methodical 
guidance while they reflect on their performance of the learning tasks [14,70]. Several types of metacognitive scaffolding can help to 
enhance self-regulation skills in a range of settings. Veenman and colleagues [71] found that metacognitive skills involve teachers’ 
awareness of their teaching process, the variety of strategies that can positively influence their teaching, and their judgement of 
classroom outcomes and the ability to assess the suitability of the strategies they chose to use. In their study, teachers enhanced their 
ability to ask both mental questions (“what”) and metacognitive (“why and how”) questions about a particular teaching experiment. 
Similarly, Michalsky and Kramarski [72] reported that students who were offered metacognitive scaffolding achieved higher 
self-regulation achievements. Previous research on cooperative e-learning [10,73] also found that after receiving metacognitive 
support, learners performed better on their SRL measures than peers who had not received such support. 

Michalsky and colleagues’ [74] metacognitive scaffolding technique known by the acronym IMPROVE, allows students to engage 
in reflecting and thinking about their assignment and their learning through self-questioning. IMPROVE embodies all in-class teaching 
activities: Introducing new ideas; Metacognitive curiosity; Practicing in small groups; Reviewing; Obtaining proficiency; Verification, 
and Enrichment and corrections. This self-questioning technique actively involves students by guiding them in the application of four 
types of questions: (a) comprehension – understanding the information concerning the task or problem; (b) connection – understanding 
the task’s more profound relational structures by expressing opinions and explicit descriptions; (c) strategy – planning and selecting the 
appropriate strategy; and (d) reflection – monitoring and evaluating problem-solving procedures while considering numerous view
points and the values surrounding the solutions selected. 

Grounded in the theoretical framework of SRL, the IMPROVE technique, with its four kinds of questions directs the learners’ 
perspectives and activities during the three cyclical SRL stages of solution seeking (Michalsky & Kramarski, [72]): (a) pre-action (the 
planning stage), (b) mid– action (the monitoring stage), and (c) post-action (the self-assessment stage). IMPROVE embraces 
socio-cognitive theories of learning, in which metacognition encompasses not only self-directed dialogue but also social aspects, such 
as task performance and metacognitive group discourse among peers of similar levels of proficiency, which bring monitoring and 
regulation procedures to light [75]. Attempting to clarify their thoughts for others or critiquing the thinking of their peers, can often 
help learners validate their own thinking which, in turn, might enable more efficient application of SRL skills [5,11]. 

In general, the IMPROVE model was mainly applied in the context of school pupils. Findings regarding its use suggest very positive 
results in terms of its impact on reading comprehension and on mathematical and scientific reasoning in both frontal [70] and remote 
learning [69,74] and in collaborative discussion (72). However, there seems to be only scarce research on the advantages and dis
advantages of a methodical metacognitive schema such as IMPROVE in teacher training programs to enhance PSTs’ HOT-PCK and SRL 
development in terms of comprehending and designing learning activities to develop their future pupils’ HOT skills. 

1.3. The present study 

In the present study, science PSTs experienced one of two learning environments for the same teacher education course: Designing 
Learning Activities to Develop HOT. Working individually and collaboratively in pairs, PSTs were trained to analyze (comprehend) and 
create (design) HOT-promoting learning tasks, either with embedded explicit IMPROVE metacognitive SRL support (the Meta con
dition) or without such explicit support (the Control condition). 
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The current implementation of the IMPROVE method for PSTs in the Meta group utilized the same sequence of four metacognitive 
self-directed queries relating to comprehension, connection, strategy, and reflection previously given to school pupils ([69,76]. Unlike 
the earlier version of IMPROVE, which only examined the pupils’ perspective of SRL, the current study uniquely expands the IMPROVE 
model to include these four areas of self-questioning into PSTs’ SRL as both students and teachers (i.e., embedded into the process of 
first understanding and then designing HOT-PCK tasks). 

Furthermore, the present examination of the effects of the enhanced IMPROVE technique on participants’ SRL will be able to 
present a holistic and more comprehensive picture than the earlier research focusing on aptitude measures [70,77]. Aptitude for SRL, 
which is described as a comparatively enduring quality that can forecast SRL performance, is typically evaluated through self-report 
surveys [78,79]. The current study, however, uniquely incorporates participants’ event-based metacognitive SRL reflections linked 
directly to online events occurring in real time during PSTs’ interactions with tasks, and which thus may be a more accurate assessment 
of SRL-associated processes [80,81]. In addition, overall SRL aptitude among PSTs (including all three metacognitive, cognitive and 
motivational SRL components) is measured here to examine the possible generalization of SRL skills acquired via implicit SRL support 
in the Control group and via explicit metacognitive-only SRL support in the Meta group. 

1.3.1. Research questions and hypotheses 
Research Q1: Will the effectiveness of pre-service teachers’ HOT-PCK-teaching practices (comprehension and design skills) differ 

between the Meta group condition using the explicit IMPROVE metacognitive SRL support and the control group without such explicit 
support? 

Hypothesis 1. The group of participants exposed to the explicit IMPROVE metacognitive SRL support condition will comprehend 
and design HOT learning tasks more effectively than the control group without such explicit support. The Meta group’s predicted 
advantage is grounded in SRL theory [67,75] as well as in socio-cognitive theories [82]. The IMPROVE method should help PSTs in the 
Meta condition develop more dynamic engagement in understanding and comprehending HOT-PCK tasks and in optimally designing 
learning tasks that promote pupils’ HOT development, compared to peer discussions with no metacognitive component (the Control 
condition). 

Research Q2: Will students’ SRL skills differ between the Meta group condition using the explicit IMPROVE metacognitive SRL 
support and the control group without such explicit support? 

Hypothesis 2. Students in the Meta group exposed to IMPROVE prompts are expected to demonstrate better SRL outcomes than the 
control group without explicit IMPROVE prompts. This hypothesis corresponds with prior research studies that found a relationship 
between explicit IMPROVE metacognitive SRL support and students’ SRL achievements [6,10,22]. 

Research Q3: What are the correlations among the SRL measures as well as between the SRL measures and the HOT-PCK skill 
measures, separately within each learning environment (Meta, Control)? 

Hypothesis 3. It is first predicted that, relative to the Control group, the Meta group will demonstrate significantly higher positive 
correlations between their self-reported overall SRL aptitude and their metacognitive event-based SRL reflections. It is also predicted 
that the Meta group will demonstrate significantly stronger positive correlations than the Control group between their HOT-PCK skills 
(comprehension, design) and their corresponding event-based SRL measures. 

2. Materials and methods 

Study variables were assessed with both quantitative and qualitative methods, using offline questionnaires and online measures of 
students’ SRL behaviors implemented during metacognitive reflections. This mixed methods format aims to provide in-depth quali
tative insight into the quantitative data for this unique pedagogical situation (Merriam, 2009; Miles & Huberman, 1994), since mixed 
methodological procedures targeting multiple sources can augment data’s validity, reliability, and interpretation (Rossman & Rallis, 
2012). Quantitative tools were used to establish associations among variables, while qualitative tools explored such associations in 
greater depth, seeking possible underlying reasons for those relationships. All PSTs (N = 67) completed the same assessments at the 
same intervals. See figure [1] for study’s measures and procedure. 

2.1. Participants 

Participants were 67 PSTs for high-school science (43 females, 24 males, mean age: 27.5 years, SD = 6.8) attending a teacher 
education course (Designing Learning Activities to Develop HOT) at an Israeli university. All participants presented high average grades 
from their previous year’s science major courses (M = 82; SD = 9.35; range: 79–94). We randomly assigned the PSTs in this course to 
our study’s two different learning environments: Meta (n = 32) or Control (n = 35). At post-test, these two groups showed no sta
tistically significant differences on t-tests examining demographic characteristics (e.g., gender, SES, ethnicity, science scores) and all 
study variables, t(84) < 1.21, p > .05. 

2.2. Preservice teachers’ training program in using and designing science learning tasks for HOT 

Following in-service training for the instructor in each course condition (Meta, Control), the 14-week Designing Learning Activities to 
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Develop HOT course for prospective high-school science teachers comprised weekly 4-h pedagogical workshops, totaling 56 preservice 
training hours over a single semester. 

2.2.1. Course instructor in-service training 
The two female instructors who taught the two groups in the Designing Learning Activities to Develop HOT course, both have a PhD in 

science education, over 12 years of teaching seniority, and are deemed to be experts by the PSTs. For the current study, I trained each 
instructor in a separate single in-service training seminar at the university. I informed each instructor that she was taking part in a 
research in which innovative HOT learning tasks were being used and designed, grounded in pedagogical cases that demanded PSTs’ 
comprehension as well task design skills (i.e., both learner and teacher perspectives). 

The 3-h training seminar for each instructor consisted of two 1.5-h parts. The time allotted and structure of the training was the 
same for both instructors in the context of pedagogical issues for the course promoting PSTs’ implementation of HOT in secondary 
science teaching. The training differed only in the inclusion of the metacognitive approach solely for the Meta instructor (see below). 
Thus, for both the Meta and Control instructors, in the first training session, I introduced the theoretical rationale for the HOT-PCK 
learning and teaching framework as a cognitive tool to amplify school students’ higher order thinking [20,63]. This part of the 
training for both instructors introduced the benefits of PSTs’ experiences as a learner who must understand the study material and as a 
future teacher who must know how to design learning tasks; socio-cognitive theories; and student-centered learning methods for 
example: constructive and collaborative learning and autonomy. The instructors were introduced to the PSTs learner’s viewpoint in the 
form of comprehension tasks. This involved PSTs’ evaluation of ready-made HOT-PCK materials in order to enhance basic skills such as 
identifying learning objectives, classifying how the task can engage pupils in HOT, and evaluating students’ struggles in applying HOT 
in the task. The instructors were then introduced to the more complex design skills in HOT-PCK (the teacher’s perspective), which 
require PSTs to identify relevant topics to be taught with one or more appropriate HOT skills, and then plan materials and strategies for 
incorporating those HOT skills in the lessons – in other words, deciding when, why and how to integrate HOT into the learning process 
[6,72]. 

In the remaining 1.5 h, I guided each instructor how to integrate HOT into her course (supported by the metacognitive method only 
for the Meta instructor, as described below). Instructors received the course curriculum including printed worksheets presenting the 
trainees’ HOT tasks. I asked each instructor to first solve sample HOT tasks herself (comprehending them as a learner) and then to 
consider potential difficulties in implementing them in class (as a teacher for her PSTs). I guided her in how to teach PSTs the four HOT- 
PCK principles for discussing pedagogical uses of various learning tasks and the six major pedagogical skills for analyzing and 
designing HOT learning tasks (see theoretical curriculum below). Training here emphasized the instructors’ role during PSTs’ inter
action with the HOT learning tasks. Instructors were shown how to inspire dialogue both in class and in the course’s online discussion 
groups, how to handle any difficulties the PSTs might have while seeking mastery in self-directed HOT-PCK studying, how to 
encourage peer collaboration and reflective discussion, and how to promote student-directed learning by guiding PSTs’ to find the 
answers to their questions autonomously without giving them any direct answer. 

For the Meta instructor only, all aspects of training were supported by the metacognitive technique. I referred her to the sources of 
the theoretical basis for integrating the metacognitive component of SRL into preservice training to enhancing SRL and pedagogical 
knowledge in general [72] and to enhance HOT-PCK in particular [6]. The four-section IMPROVE metacognitive self-directed ques
tions (comprehension, connection, strategy, and reflection) were embedded directly into the printed worksheets presenting Meta PSTs’ 
HOT comprehension and design tasks. She also received modeling and explicit training in utilizing the IMPROVE metacognitive 
self-questioning method to systematically support PSTs’ effective self-regulated solution of both comprehension and design of 

Table 1 
Examples of IMPROVE metacognitive self-questions (Kramarski & Michalsky, 2010) embedded in trainees’ worksheets in the meta group, referring to 
the four pedagogical design skills.  

Pedagogical skills 
IMPROVE metacognitive 
self-questioning 

Categorizing learning goals Choosing content Design didactic materials Arranging the learning 
environment 

Comprehension questions: 
What is the task’s goal? 

Do I understand the goal of the 
HOT teaching activity? Explain. 

Do I comprehend the HOT 
subject matter in the 
worksheet’s activity? 
Illustrate. 

Do I understand the didactics 
in the HOT learning task? 
Explain. 

Do I comprehend the 
uniqueness of the HOT 
learning environment? 
Illustrate. 

Connection questions: 
What are the 
similarities between 
tasks? 

Are the HOT targets I detected 
comparable to what I was 
introduced to in the course? 
Illustrate. 

Does the HOT terminology 
connect to the lesson 
topic? Show how. 

What prior knowledge do I 
need in order to comprehend 
the pedagogical value of the 
HOT content? 

With what theories are the 
HOT learning 
environments associated? 

Strategy questions: 
What strategies are 
appropriate for 
completing the task, 
and WHY? 

What tools can help me properly 
assess the goals of the HOT 
learning task? Illustrate. 

What tools can help me 
assess the content of the 
HOT-oriented activity? 
Illustrate. 

What tools can help me decide 
if the HOT matter I have 
chosen is suitable? Illustrate. 

What tools will I use to 
create an appropriate 
environment for HOT 
application? 
Illustrate. 

Reflection questions: 
Does the solution make 
sense? 

Is the subject matter of the HOT 
learning task associated to the 
study unit’s pedagogical 
objectives? Illustrate. 

Have I omitted any HOT 
materials that are critical 
to the learning topic? 
Illustrate. 

Is the didactic content I 
selected suited to the HOT 
learning objective? Explain. 

Have I planned an optimal 
HOT learning 
environment? 
Illustrate.  
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HOT-PCK tasks (as mapped on Table 1). The Control group instructor was given an equal amount of training but without a meta
cognitive component, instead exploring HOT-PCK issues in greater depth and using additional illustrations. 

To ascertain treatment fidelity in both learning environments, each instructor was observed every other week (six periods each) 
throughout the course. Following each observed session there was an individual meeting with the instructor to elaborate on any 
aberrations from their required instructional conditions. Such aberrations were minor in both cases. 

2.2.2. Preservice course theoretical curriculum 
For both instructors, the learning activities in the lessons deal with applying HOT-PCK materials grounded in the theoretical 

framework of Kramarski and Michalsky [83]. The instructors had both taught their PSTs that HOT-PCK is a single frame of data built 
from the interface of its individual contributing knowledge bases. For example, design of learning tasks was divided into computational 
tasks demanding arithmetic explanation, while theoretical tasks focused on learners’ understanding of scientific ideas [84,85]. 
Evidently, solving conceptual problems requires much more than lower-order thinking [86]. 

Instructors introduced all PSTs to four HOT-PCK principles for designing effective learning tasks:  

(1) Active knowledge construction: Learners must actively construct knowledge (e.g., Refs. [87,88].  
(2) Explicit learner-centered teaching: HOT teaching is explicit but refrains from instruction by rote learning or “transmission” [23, 

89]. When constructing tasks, PSTs should be aware of Vygotsky’s [60] theory of students’ ‘zone of proximal development’, 
which involves knowing where they are in their learning process and help them explore, collaborate, express their views, or 
resolve cognitive conflict in order to advance.  

(3) Collaborative learning: the verbal aspect of creating arguments should be debated both in group and individual settings [5,61].  
(4) Context-specific teaching: Because of the abstract nature of HOT, many learners will only comprehend this kind of knowledge 

after having engaged with it [13,62]. Thus, we may conclude that when designing learning tasks such as relating to rules, 
making generalizations, and encouraging clear thinking, the optimal approach is to concretize the material by linking it to the 
learners’ world [90,91]. 

Instructors also guided all PSTs in Leou’s [92] six key didactic skills for analyzing and designing HOT learning tasks: (1) setting 
learning goals, (2) understanding content, (3) choosing tasks, (4) developing didactic materials, (5) planning the learning environ
ment, and (6) scheduling. 

In the Meta learning environment only, the instructor introduced the metacognitive approach as an integral part of the theoretical 
background. The instructor presented the PSTs with SRL theory [6] as well as the IMPROVE metacognitive self-questioning model and 
research findings demonstrating its effects on school students’ problem-solving and SRL [72]. 

2.2.3. Course workshops’ practical structure 
Following appropriate presentation of the abovementioned theoretical background, the course workshop in both environments 

followed the same four-part structure:  

(1) The instructor presented that day’s science topic that would lead to a learning task (e.g., photosynthesis and respiration - energy 
transformations) and to targeted HOT skills. The chosen topics might involve developing solid argumentation; problem solving; 
categorizing, classifying, and evaluating underlying associations; formulating research questions, testing hypotheses, formu
lating valid conclusions, and determining what variables should be controlled [61,91]. The instructor discussed pedagogical 
uses of learning tasks according to the four HOT-PCK principles. [In the Meta group only, the metacognitive IMPROVE 
self-questioning strategy was inserted into the presentation of each learning task.]  

(2) To practice the learner perspective (comprehension skills), PSTs individually completed that day’s learning task themselves, 
following prompts on a pen-and-paper worksheet. In the Meta group only, the IMPROVE questions were inserted into tasks, and 
PSTs explicitly answered these questions in writing before, during, and after the task solution process.  

(3) To practice the teacher perspective (design skills), PSTs individually analyzed learning tasks according to the four HOT-PCK 
principles and the six pedagogical skills, as modeled by their instructor, prompted by their written worksheet, and sup
ported by access to additional online resources. Then, the PSTs worked in pairs to discuss pedagogical cases in the course’s 
digital discussion groups. The instructors encouraged the pairs to share their reflections on their understanding of didactic 
activities and of difficulties that emerged, suggesting ways to address them. Each pair then presented its conclusions to the class. 
In the Meta group only, PSTs explicitly answered the IMPROVE questions in writing before, during, and after performing their 
learning activities and while engaging in team and class discussions – see Table 1.  

(4) The instructor summarized the session and related to any problems that had arisen. 

2.2.4. The IMPROVE questions embedded only in the meta group 
The four IMPROVE types of metacognitive self-guided questions, presented to the Meta learning group only are described next. 

These questions were embedded both in the comprehension (learner viewpoint) and design (teacher viewpoint) tasks, as mapped in 
Table 1. 

Comprehension questions. These were intended to stimulate PSTs in the Meta group to think about the task before dealing with it as 
learners or before designing activities for it as teachers. The PSTs chose the subjects to be taught via a HOT (e.g., constructing good 
argumentation, testing hypotheses) using comprehension questions, as is common in traditional scientific inquiry, in which thinking 
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strategies utilize such metacognitive approaches [90,92]. 
Connection questions. These questions sought to direct PSTs’ attention to comparing and contrasting activities previously used or 

planned. To this end, they had to focus on their prior knowledge and define the structural features of the task as well as the evidence 
offered. The PSTs used connection questions to classify the integration of HOT into science contents and to achieve dynamic trans
formation of data. 

Strategic questions. These sought to direct PSTs consideration of which tactics were best suited to answering or teaching the specific 
problem/learning task and why. Thus, the PSTs had to describe the selected strategy, explain both how they felt it could be applied, 
and how this exact approach was the most preferable for performing or teaching the learning task. Through the strategic questions, 
PSTs were able to classify and plan strategies that would have been problematic or even impossible to implement via traditional means. 
For instance, such tactics might involve investigation via research simulation (i.e., experiment results), testing hypotheses and/or 
applying ideas in contexts emerging from the results, complex decision-making, peer collaboration, personalized or adaptive learning, 
and context-sensitive comments - all learner-centered tactics. 

Reflection questions. These questions sought to steer the PSTs toward self-regulation of their understanding and design of learning 
tasks. Confronting the reflection questions required them to monitor and assess their thinking and the diverse paths to solve problems 
or incorporate various teaching approaches. The reflection questions also served to monitor the embedding of HOT into the lessons. 

2.3. Measures 

All PSTs completed the same assessments at the same intervals, in the first and last sessions of the 14-week course (i.e., pre-test and 
post-test). Their PD was assessed with mixed quantitative and qualitative methods using offline questionnaires and learning tasks and 
online measures (e.g., event-based SRL, written metacognitive reflections about specific HOT-PCK comprehension tasks, and HOT-PCK 
design tasks). Mixed methods aim to provide in-depth qualitative insight into the quantitative data for this unique pedagogical sit
uation [93,94]. Mixed method procedures targeting multiple sources (student perspective and teacher perspective) can augment data 
validity, reliability, and interpretation [95]. Quantitative tools created links between variables, while qualitative tools explored such 
associations more deeply, seeking potential underlying explanations for those relationships. 

Four assessments were conducted at two points in time, two assessments evaluated HOT-PCK capabilities – one for PSTs’ 
comprehension (as learners) and the other for their learning task design (as teachers). The two other assessments evaluated the levels 
of SRL aptitude. 

The raters were trained to evaluate and score the open-ended answers. Interrater reliability, calculated with Cohen’s kappa for the 
same 35 % of responses encoded by both raters, yielded high reliability coefficients: categorizing learning goals: 0.91; choosing 
content: 0.95; design of didactic materials: 0.84; and arranging the learning environment: 0.88. Incompatibilities on the grading and 
encrypting of design skills (e.g., justifying strategies) were resolved through discussion. 

2.3.1. PSTs’ HOT-PCK comprehension skills 
To assess PSTs’ HOT-PCK comprehension skills (as learners), at each interval the participants examined a structured HOT- 

promoting science study unit and then completed a 10-item written questionnaire assessing their comprehension of the HOT-PCK 
integrated into the unit (see Appendix A, p. 40). The pre-test and post-test study units addressed to the same topic (“Human Inter
vention in Science”) but differed to avoid familiarity effects (Pre-test unit: “Humans Cloning: Effects on People’s Lives; ” Post-test unit: 
“Chances for Prenatal Infants’ Biological Sex”). Both units shared the same structure and followed the pedagogical implementation of 
HOT using science content based on Zohar and Schwartzer’s [20] standards, Simpson’s [96] didactic standards, and Bloom’s [97,98] 
evaluation taxonomy. 

At each interval, the PSTs received 1 h to look over the unit and complete the paper-and-pencil learning task, which consisted of 
five subscales of two open-ended questions each. Two expert raters had confirmed that these subscales tapped five different HOT-PCK 
comprehension skills, with interrater reliability of 88 %. The subscales were: (1) understanding (e.g., “What are the goals of the teaching 
unit and what is needed to meet them?” and “Identify what topics in the unit are taught with HOT”); (2) application (e.g., “Sort the 
learning activities that engage the students in dynamic activities”); (3) analysis (e.g., “What difficulties are expected in learning/ 
teaching HOT to be implemented by traditional means? Explain.”); (d) synthesis (e.g., “Based on the present task, suggest another 
strategy for the infusion of HOT into the classroom. Explain.”), and (e) evaluation (e.g., “What do you consider to be the ideal teaching 
method? Explain.”) [93]. 

Items were scored as 1 (low), 2 (medium), 3 (high), or 0 (no answer), yielding a total score ranging from 0 to 30. A score of 3 was 
reserved for the inclusion of three components from the learning task in their response (e.g., for evaluation: providing two HOT-PCK 
instruction approaches with sufficient justification). A score of 1 or 2 indicated the inclusion of only one or two elements y (e.g., 
mentioning 1–2 components, but without explanation). Answers were evaluated by two qualified coders proficient in HOT-PCK and 
metacognitive training. Interrater reliability, computed with Cohen’s kappa for the same 35 % of responses assessed by two coders, 
produced high reliability coefficients: understanding: 0.95; application: 0.96; analysis: 0.92; synthesis: 0.95; and evaluation: 0.93. 
Disparities in the grading and coding of comprehension skills (e.g., identifying clear justification) were resolved through discussion. 

2.3.2. PSTs’ HOT-PCK design skills 
To assess trainees’ HOT-PCK design skills (the teacher perspective), at each interval, the course instructor allocated participants 2 h 

to design a structured two-session learning task for secondary school students on the impact of narcotics use on society (see 
Appendix B, p.41). The design of this unit followed the HOT-PCK Index guidelines which mentioned the four categories to be used as 

T. Michalsky                                                                                                                                                                                                            



Heliyon 10 (2024) e24280

9

they worked (based on Angeli & Valanides) [99]. The four categories of design skills (see Table 1) are: (a: categorizing learning goals, 
(b) choosing content, (c) design didactic materials, and (d) arranging the learning environment. The PSTs’ study units were scored by 
the same two HOT-PCK experts, from 0 to 4 on each category (1 = partial answer, 4 = full answer, 0 = no answer), yielding entire 
grades fluctuating from 0 to 16 for design skills at each interval. 

Coders assigned a top score of 4 for categorizing learning goals when the learning task plan presented clear, topic-specific objectives, 
detailing the skills students were expected to develop, and also classifying any HOT skills that might suit the topic (good argumen
tation; resolving problems; categorizing, creating, and analyzing causal connections; formulating research questions; examining hy
potheses; drawing legitimate conclusions; and determining which variables to control). 

Raters assigned a top score of 4 for choosing content where the study material included pertinent information, practice, and HOT 
skills and also showed the level to which every skill might enable content transformation (e.g., using argumentation to help pupils 
comprehend complex ideas). 

Raters assigned a full score of 4 for design didactic materials where the unit related to a set of materials (inquiry activities) for pupil 
practice and justified in what way these instruments confirm pupil-focused learning (e.g., designing a scientific text for inquiry 
activities). 

Raters assigned a full score of 4 for arranging the learning environment when the unit integrated three learning strategies for 
introducing HOT into the classroom environment and also justified PSTs’ choices (e.g., visualization of the content, planning students’ 
peer dialogue as they learn, planning context-sensitive feedback). 

Raters assigned a score of 1 when the learning task didn’t obviously show use of any HOT, a score of 2 for a design that was not 
coherently presented as relating to a particular HOT, or a score of 3 for a design that did not obviously rationalize the use of the specific 
HOT skill. 

2.3.3. PSTs’ overall SRL aptitude in the pedagogical context 
To assess PSTs’ overall SRL skills in the context of their pedagogical studies, at each interval they completed the 50-item Motivated 

Strategies for Learning Questionnaire [100]; adapted to the pedagogical context by Kramarski & Michalsky [83], (see Appendix C, pp. 
41–42). The PSTs rated each item on a 7-point Likert scale, ranging from 1 (not at all true for me) to 7 (very true for me). Higher scores 
indicated higher levels of SRL. 

The Motivated Strategies for Learning Questionnaire [100] assessed PSTs’ self-reported SRL components, namely cognition, 
metacognition, and motivation that was adapted to the pedagogical context in a previous study [83] (see Appendix C, pp. 41–42). 
Sixteen items referred to three cognitive strategies: (a) rehearsal strategies (e.g., “When I read material for the course, I say the words 
over and over to myself to help me remember”), (b) elaboration strategies such as summarizing and paraphrasing (e.g., “When I study 
for this course, I put important ideas into my own words”), and (c) organizational strategies (e.g., “I outline the chapters in my task to 
help me study”). Twenty items referred to three processes of metacognition: (a) planning (e.g., “When I begin to work on the task for 
the course, I think what would be a good way to do it”), (b) monitoring (e.g., “During the task process I often ask myself if I am going in 
the right direction”), and (c) evaluation (e.g., “At the end of the task I ask questions to make sure I know the material I have been 
studying”). Fourteen items referred to two motivational factors (a) intrinsic value of learning (e.g., “I think what we are learning in this 
pedagogical course is interesting”): and (b) persistence in the face of difficulties (e.g., “Even when the study materials are dull and 
uninteresting, I keep working until I finish”). Participants rated each item on a seven-point Likert-type scale, ranging from 1 (not at all 
true for me) to 7 (very true for me). Higher scores indicated a higher level of SRL. 

Exploratory factor analysis with orthogonal rotation using the varimax method revealed three MSLQ factors, namely cognition, 
metacognition, and motivation, which explained 60.1 % of the variance (24.6 %, 18.8 %, and 16.7 %, respectively). Cronbach alphas 
were .77, .74, and 0.72, respectively. 

2.3.4. Preservice teachers event-based metacognitive SRL 
To assess PSTs’ event-based SRL, they completed written metacognitive reflections about specific HOT-PCK comprehension tasks 

and HOT-PCK design tasks that they had performed early on (Workshop 3) and near the end (between Workshops 13 and 14) of their 
course (see Appendix D, p. 43). At each time interval, the instructor asked them to reflect on their recently completed HOT-PCK events 
via the Regulation of Cognition Index [101] and to upload their reflections to the course’s online discussion forum. 

This metacognitive index for event-based SRL reflection included four categories that were assessed using one question about the 
PSTs’ student viewpoint and another on their teacher viewpoint. For the planning category, the comprehension question was “Describe 
the aims of the learning task and explain how and why you set them prior to learning, referring to HOT-PCK,” and the design question 
was “Define the aims of the HOT-PCK learning task, and clarify how and why you selected those tasks.” For the monitoring category, the 
comprehension question was “When and how did you evaluate HOT-PCK task through investigation of the task? Kindly present ex
amples,” and the design question was “When and how did you evaluate your work during the HOT-PCK planning process? Please 
mention some instances.” For the debugging category, the comprehension question was “Did you experience, any challenges or mistakes 
while analyzing the learning HOT-PCK task? Please mention specific instances,” and the design question was “Did you meet any 
challenges while constructing the thread of the HOT-PCK learning task? Please mention examples. For the evaluation category, the 
comprehension question was “Define the benefit derived from your collaborative learning process and how it promoted your HOT-PCK 
learning task. Please elaborate,” and the design question was “In what ways do you think you have improved your functioning through 
the design of the HOT-PCK learning task? Please give specific examples.” 

The same two HOT-PCK experts scored PSTs’ reflections on both kinds of HOT-PCK events they had performed at each interval, 
yielding separate scores for comprehension tasks and design tasks. Each score ranged from 1 (partial answer) to 3 (full answer), 
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referring to the four metacognitive SRL categories [102]. In other words, they assigned a score of 3 when reflections referred to all four 
categories: planning (defining, clarifying, and justifying goal setting); monitoring (strategies and considerations underlying the 
implementation of one strategy or another); debugging (identification and description of, and focus on difficulties and errors); and 
evaluation (evaluating goals, action plans, strategies, and outcomes). A score of 2 was assigned when reflections related to two of the 
four categories; a score of 1 for only one category; and 0 for no answer. Both raters underwent training in analyzing and coding the 
open-ended responses. Interrater reliability, calculated with Cohen’s kappa for the same 35 % of responses coded by both raters 
yielded high reliability coefficients: planning, 0.83; monitoring, 0.85; debugging, 0.87; and evaluation, 0.91. 

2.4. Procedure 

The Meta and Control course instructors administered the pre-test and post-test measures in class on the first and last days of the 
course. The measures were administered in the same order on each occasion: first the HOT-PCK study unit for design skills and then the 
HOT-PCK study unit for comprehension skills, requiring 2 h per measure. PSTs completed their event-based SRL reflections on the 
course’s online discussion forum. Participants were informed that these measures were part of a study being conducted to determine 
the efficacy of their preservice training. This study was carried out in accordance with the recommendations of Bar-Ilan university’s 
institutional review board, the departmental ethics committee (permit number (Tm 23–017), and the ethical principles of the 
American Psychological Association. Preservice teachers were asked by the university course instructor to indicate online whether they 
consented for their responses to the class demonstration to be utilized for the purpose of the study, and 3 university students who did 
not consent were excluded from all analyses. 

3. Results 

3.1. HOT-PCK comprehension and design skills 

Our study conducted the Multivariate Analysis of Variance (MANOVA) and Analysis of Variance (ANOVA) using the statistical 
software package SPSS. (2022) -IBM SPSS Statistics, Version 27. IBM Corporation. 

Before examining the difference influences of participation in the two-learning conditions (Meta vs. Control) on PSTs’ improvement 
in their HOT-PCK skills (both comprehension and design), the two groups’ baseline scores were compared. A MANOVA for the pre-test 
HOT-PCK skills yielded no meaningful variance between the two learning groups prior to the course, Wilks’s λ = 0.65, F(2, 132) =
0.1.04, p > .63, partial η2 = 0.17. Table 2 presents the means, standard deviations, and Cohen’s d effect sizes for the HOT-PCK ca
pabilities, (comprehension and design) by time interval (pre-test, post-test) and group (Meta, Control). 

To examine Hypothesis 1, 2 × 2 (interval x group) ANOVAs with repeated measures revealed a significant main effect for ‘interval’ 
both on HOT-PCK comprehension capabilities, F(1, 65) = 41.17, p < .001, partial η2 = 0.28, and on HOT-PCK design skills, F(1, 65) =
34.12, p < .001, partial η2 = 0.36. No significant main effect emerged for ‘group’. However, significant interaction emerged between 
‘interval’ and ‘group’ for both HOT-PCK comprehension skills, F(1, 64) = 7.14, p < .001, partial η2 = 0.18, and HOT-PCK design skills, 
F(1, 64) = 4.12, p < .001, partial η2 = 0.14. As seen in the table, pre-post progress in HOT-PCK skills within each group showed larger 
effect sizes (Cohen’s d) in the Meta group than in the Control group: d = 1.55 vs. 0.71 for comprehension and 1.35 vs. 0.85 for design 
respectively, thus validating Hypothesis 2. 

3.2. Overall SRL aptitude in the preservice pedagogical context 

Table 2 displays the means, standard deviations, and Cohen’s d effect sizes for the three MSLQ factors (cognition, metacognition, 
motivation) by time interval (pre-test, post-test) and group (Meta, Control). A MANOVA for the pre-test scores indicated that prior to 
the course, no significant differences were found between the two groups for any of the SRL components, Wilks’s λ = .57, F(3, 281) =
1.15, p > .21, partial η2 = 0.15. 

Table 2 
Preservice Trainees’ Means, Standard Deviations, and Cohen’s d Effect Sizes for HOT-PCK Skills and Overall SRL Aptitude, by Time Interval and 
Group.   

Measure 
Components Range Group 

Meta (n = 32) Control (n = 35) 

Pretest Posttest  Pretest Posttest  

M (SD) M (SD) d M (SD) M (SD) d 

HOT-PCK 
skills 

Comprehension 0–30 14.9 (6.4) 26.7 (7.5) 1.55 15.2 (6.7) 20.1 (7.3) 0.71 
Design 0–16 7.4 (5.1) 14.7 (5.8) 1.35 7.1 (5.3) 11.8 (5.6) 0.85 

SRL aptitude in pedagogical 
context (MSLQ) 

Cognition 1–7 4.3 (1.4) 5.9 (1.5) 1.10 3.9 (1.4) 4.5 (1.4) 0.42 
Metacognition 3.2 (1.2) 4.7 (1.4) 0.88 3.3 (1.3) 3.9 (1.4) 0.44 
Motivation 4.8 (1.6) 6.2 (1.8) 0.82 4.6 (1.5) 5.1 (1.6) 0.32 

Note. Cohen’s d effect size was computed as the ratio between the pre-test minus the post-test value, and the average standard deviation of the post- 
test. MSLQ = Motivated Strategies for Learning Questionnaire. 
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Table 3 
Preservice Trainees’ Means, Standard Deviations, and Cohen’s d Effect Sizes for Metacognitive SRL Event-Based Reflection Categories, by Pre/Post Time Interval, Meta/Control Group, and Compre
hension/Design Task.   

Reflection 
categories 

Pretest Posttest Cohen’s d 

Meta (n = 32) Control (n = 35) Meta (n = 32) Control (n = 35) Meta Control 

Comprehension Design Comprehension Design Comprehension Design Comprehension Design Comprehension Design Comprehension Design 

M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) M (SD) 

Planning 1.71 (0.53) 1.34 (0.54) 1.21 (0.55) 1.04 (0.53) 2.27 (0.55) 1.65 0.55)) 1.45 (0.56) 1.23 (0.54) 1.03 0.57 0.43 0.35 
Monitoring 2.12 (0.51) 1.77 (0.52) 1.43 (0.54) 1.22 (0.55) 2.41 (0.52) 2.19 (0.54) 1.69 (0.56) 1.41 (0.58) 0.56 0.79 0.47 0.33 
Debugging 1.73 (0.53) 1.44 (0.56) 1.31 (0.62) 1.15 (0.53) 2.25 (0.53) 2.12 (0.56) 1.51 (0.59) 1.36 (0.54) 0.98 1.21 0.32 0.39 
Evaluation 2.13 (0.44) 1.62 (0.56) 1.62 (0.41) 1.28 (0.42) 2.59 (0.43) 1.87 (0.44) 1.72 (0.45) 1.39 (0.43) 1.06 0.56 0.23 0.25 

Note. Scores ranged from 0 to 3 for the Regulation of Cognition Index reflection categories. Cohen’s d effect size was calculated as the ratio between the pre-test minus the post-test value, and the average 
standard deviation of the post-test. 
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The 2 × 2 (‘interval’ x ‘group’) ANOVAs with repeated measures showed a significant main effect for ‘interval’ on each of the SRL 
components: for cognition, F(1, 65) = 16.13, p < .001, partial η2 = 0.34; for metacognition, F(1, 65) = 35.12, p < .001, partial η2 =

0.51; and for motivation, F(1, 65) = 42.17, p < .001, partial η2 = 0.39. No significant main effect was found for ‘group’. However, 
significant interaction was found between ‘interval’ and ‘group’ for all three SRL components: for cognition, F(1, 65) = 4.82, p < .001, 
partial η2 = 0.17; for metacognition, F(1, 65) = 8.32, p < .001, partial η2 = 0.18; and for motivation, F(1, 65) = 17.11, p < .001, partial 
η2 = 0.35. As seen in the table, pre-post progress in SRL aptitude within each group showed larger effect sizes (Cohen’s d) in the Meta 
group than in the Control group: d = 1.07 vs. 0.40 for cognition, 0.93 vs. 0.36 for metacognition, and 0.85 vs. 0.48 for motivation, 
respectively. 

3.3. Metacognitive SRL for comprehension and design events 

Table 3 display the means, standard deviations, and Cohen’s d effect sizes for the 2 (interval: pre/post) X 2 (group: Meta/Control) X 
2 (task: comprehension/design) ANOVAs with repeated measures, conducted with intervals as the within-subject factor and with the 
four metacognitive SRL reflection categories of planning, monitoring, debugging, and evaluation of the HOT-PCK procedure as the 
dependent variables. Table 4 presents the F values and partial η2 effect sizes for main effects and interactions. 

Results indicated significant main effects on all four metacognitive reflection categories for ‘interval’ and for ‘task’ but not for 
‘group’. Table 4 indeed shows that there were also significant effects for all 2-way and 3-way interactions between all independent 
variables (‘interval’, ‘group’, and ‘task’) for all four dependent variables (metacognitive SRL reflection categories). Findings show that 
by the end of the study, PSTs in both the Meta group and the Control group had enhanced their reflections on all categories (planning, 
monitoring, debugging, and evaluation). However, the Meta group outperformed the Control group in all reflection categories and 
both as learners (comprehension events) and as future teachers (design events). 

The effect sizes (Cohen’s d) for each group’s pre-test-to-post-test progress show that by the end of the study period, the PSTs in both 
groups displayed more sophisticated reflections about their comprehension tasks than about their design tasks, mainly on the planning 
part of the reflection category (Cohen’s d = 1.22 and 0.41 for Meta and Control groups, respectively) and the evaluation part of the 
reflection category (d = 1.72 and 0.81 for Meta and Control groups, correspondingly), thereby validating Hypothesis 3. 

3.4. Relations between SRL and HOT-PCK 

Table 5 shows the significant Fisher’s Z correlations found within this study’s SRL measures, between the overall SRL aptitude 
measure and the metacognitive event-based SRL reflections at post-test for both comprehension and design tasks, for the whole study 
population and in each learning environment (Meta, Control) separately. Furthermore, as shown in the table, significant correlations 
were evident for both of these SRL measures and the PSTs HOT-PCK skills for both the comprehension tasks (learner’s viewpoint) and 
the design tasks (teacher’s viewpoint). However, at post-test, the event-based SRL reflection scores on both types of tasks correlated 
more strongly with the HOT-PCK design skills than with the HOT-PCK comprehension skills. Finally, correlations for all measures 
within the Meta group were significantly stronger than in the Control group. 

4. Discussion 

The current findings demonstrated the significant benefit of a professional preparation course, Designing Learning Activities to 
Develop HOT, in fostering both groups of PSTs’ HOT-PCK and SRL skills. Moreover, according to study’s hypotheses the embedding of 
metacognitive support via self-questioning strategies in the learning environment of the PSTs’ in the Meta group yielded significantly 
better outcomes than the for the Control learning environment that did not embed such explicit support. Specifically according to 
Hypothesis 1, provision of metacognitive scaffolding for trainees’ learning using the four IMPROVE self-directed questions, led not 
only to PSTs’ significantly better skills for comprehending and designing HOT-promoting secondary-school learning tasks, but also to 
their greater ability to perform self-regulation in this pedagogical course, according to Hypothesis 2, both in terms of reflecting directly 
on HOT-PCK events and as generalized to their overall SRL aptitude. Moreover, the results showed significantly stronger correlations 

Table 4 
F Values and Partial η2 Effect Sizes of Repeated Measures ANOVAs for Reflection Categories by Interval, Group, and Task.  

Variable or interaction Reflection category 

Planning Monitoring Debugging Evaluation 

F(1, 63) Partial η2 F(1, 63) Partial η2 F(1, 63) Partial η2 F(1, 63) Partial η2 

Interval (pre-test vs. post-test) 46.36 .36 51.16 .52 45.12 .36 59.23 0.48 
Group (Meta vs. Control) 36.13 .41 37.22 .44 44.11 .53 47.15 0.52 
Task (comprehension vs. design) 57.19 .56 35.23 .33 42.13 .37 53.18 0.47 
Interval x Group 43.21 .47 31.12 .24 34.23 .39 35.24 0.53 
Interval x Task 64.52 .53 62.14 .52 77.35 .62 72.17 0.81 
Group x Task 75.32 .33 32.46 .26 32.31 .42 34.56 0.47 
Interval x Group x Task 21.37 .27 28.22 .39 18.16 .23 14.22 0.23 

p < .001. 
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Table 5 
Fisher’s Z correlations for SRL and HOT-PCK measures in the total sample and each learning condition.   

Posttest measure 
SRL HOT-PCK 

Overall aptitude Reflections on comprehension events (learner perspective) Reflections on design events (teacher perspective) Comprehension skills 

Total Meta Control Total Meta Control Total Meta Control Total Meta Control 

SRL event-based 
reflection 

Comprehension .48** .57** .38** – – – – – – – – – 
Design .43** .52** .42* .37** .48** .31* – – – – – – 

HOT-PCK skills Comprehension .32* .37* .27* .36** .41** .36** .43* .49* .41**    
Design .38** .43** .37** .51** .55** .42** .54** .57** .48** .53** .58** .49** 

Note. Total sample N = 67. Meta group n = 32. Control group n = 35. 
*p < .01. **p < .001. 
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(Fisher’s Z) among all measures in the Meta group than in the Control group, thus supporting Hypothesis 3. These results indicate new 
directions for developing PSTs’ SRL of HOT-PCK in professional training courses. 

Certain key points emerge from the findings. The first is the fact that both groups improved supports the approach that PCK 
development takes place effectively when the PSTs first experience the learning materials as students and only then look at the same 
materials from the perspective of a teacher. Traditional methods are often used to teach teachers how to teach before allowing them to 
experience the materials they learn as part of PCK development as students. In other words, first they should experience materials as 
students and only then look at them as a teacher. 

The second is that achievements in both groups were higher for the analysis of learning materials than for the task design stage, 
where the Meta group attained higher achievements than the Control group. This supports other studies [22,93,97] claiming that PSTs 
struggle to shift from the viewpoint of a learner to that of a teacher and therefore supporting their SRL is essential. 

Furthermore, in the current study, similar results were found in the PSTs online MLSQ and their offline reflections There is debate in 
the professional literature as to whether it is relevant to deliver (offline) questionnaires and whether they indeed objectively describe 
the respondent’s situation. In the current study, a match was found between the offline and online measurements, and this reinforces 
the measurement methods and findings. 

4.1. HOT-PCK and SRL in the professional learning environment 

The present study offers preliminary outcomes on an under-investigated aspect of teacher preparation, indicating that PSTs 
participating in a HOT-PCK course (in both groups) can successfully develop their skills not only for analyzing, comprehending, and 
learning about ready-made HOT-promoting learning tasks, but also for designing and creating pedagogically effective study units 
targeting secondary school science students. The results similarly revealed the importance of training via the dual learner and teacher 
perspectives – the task context – for PSTs’ HOT-PCK development. Namely, a positive correlation emerged between comprehension 
and design skills in both learning environments (Z = .62 for the Meta group and .49 for the Control group), and PSTs also revealed 
higher levels of self-reflection regarding their comprehension tasks alongside certain difficulties in reflecting on their design tasks. 
These findings appear to support the assertion that explicit practice of the learner perspective may act as a prerequisite for effective 
performance of the teacher perspective. This suggests that preservice training curricula should provide added explicit metacognitive 
scaffolding concentrating on the PSTs’ viewpoint, first as learners and only then as teachers [11,38]. 

5. Conclusion 

This study’s major conclusion, showing the Meta group’s clear advantages over the Control group, support prior research pin
pointing explicit metacognitive scaffolding as a catalyst for promoting learning [67,71]. The IMPROVE metacognitive scaffolding in 
the current study’s Meta environment led to PSTs’ greater ability to design HOT-PCK learning units that integrated HOT skills for 
infusing meaning into a learner-centered curriculum. These results coincide with Dignath and Veenman’s [5] recent evidence-based 
claim that PSTs must be explicitly taught about the instruction of HOT. Our findings suggest that the IMPROVE metacognitive 
questions that touch upon comprehension, connection, strategy use, and reflection may have helped PSTs to: (a) contemplate what 
stages of learning/teaching they need; (b) recognize which component of a unit lends itself to the application of one or more HOT skills; 
(c) determine how they should modify the content so that it can be taught to their students; (d) find out how certain tools might scaffold 
the construction of meanings within learner-centered pedagogy; and (e) why. Additional studies should inspect this assumption in 
different professional learning environments and the use of different types of metacognitive support in PST education. 

5.1. Practical implications, future research, and limitations 

This study, if confirmed by further research may offer important contributions that have both theoretical and practical implications 
for the enhancement of future teachers’ HOT skills and their ability to impart them to their pupils, moving in a new direction by 
integrating SRL into the HOT-PCK context. The HOT-PCK of PSTs who study in metacognitively supported settings is a comparatively 
novel area that still requires further exploration. The findings of the current study suggest that novice teachers can acquire procedural 
knowledge that advances SRL for both the comprehension and design of learning tasks in HOT-promoting settings. Thus, paying 
attention to the attributes of SRL dimensions that encourage a pupil-centered format in HOT-PCK contexts should be a constant aim. 
The present study extends the IMPROVE model to professional didactic contexts for academic students. Further studies should examine 
additional metacognitive models for PSTs and in-service teachers in various professional settings. 

Despite its promising initial findings, this study has several limitations. First, having only one teacher working with one class for 
each group might have confused the instructor/teaching space with the teaching location, despite efforts to monitor treatment fidelity. 
Second, while this study demonstrated improvements in PSTs’ comprehension of learning tasks and their planning of HOT-infused 
study units, it did not directly measure PSTs’ actual classroom practice via observation. Similarly, although the current SRL find
ings revealed improvements in PSTs’ event-based reflections and self-reports, the study did not examine their real-time ability to 
enhance their pupils’ SRL in terms of learning achievements. PSTs, might have enhanced their performance through their appreciation 
of the experiment or their engagement with learning opportunities, thereby influencing the ultimate outcomes. Additional studies 
should test the impact of various SRL-supported HOT learning settings for PSTs on a broader scale, while analyzing actual classroom 
practice and connecting data directly to students’ own SRL and learning achievements. Future studies should include interviews based 
on the actual situation with PSTs’ feelings during the experiment which can be added to the interpretation of the conclusions. 
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Additionally, comparisons to control groups of PSTs who are not explicitly introduced to the recognition and teaching of HOT may 
clarify the impact of SRL in HOT-PCK contexts. Finally, the current SRL methodology deserves consideration. The event-based 
reflection assessment offered a wealth of information relating to the elements of SRL from both pupil and PST perspectives; never
theless, this real-time information was only collected twice, at the start and end of the course in order to avoid possible confusion 
between two concurrent metacognitive supports. In other words, if the Regulation of Cognition Index [101] had been administered 
continuously throughout the course, asking PST to relate in writing to their planning, monitoring, debugging, and evaluation of 
learning processes, it might have functioned as further metacognitive scaffolding in addition to the IMPROVE method. Hence, this 
study could not elucidate patterns in the growth of SRL activities throughout the study period. Future research might apply other 
event-based assessments with time-series testing methods to provide reflection of only one metacognitive support [28,68]. Further
more, although the current findings indicate that SRL metacognitive reflective ability was supported in both groups, it is not yet clear 
whether any dispositional modifications will be sustained. Long-term follow-up in future studies might address this issue (e.g., at 8–14 
months after the intervention), with assessment of both aptitude and event-based SRL. 

In summation, the current study requires additional examination of the manner in which PSTs’ SRL in HOT-PCK manifests itself in 
the framework of SRL environments. This request for research suggests the urgent need for innovative aspects in PST education, i.e., 
that PST education must assist PSTs implementation of HOT-PCK understanding with pupil-centered methodologies in various pro
fessional learning settings [103,104]. 
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Appendices. 

A. HOT-PCK Comprehension Skills 

You have 1 h to analyze the learning unit “Human Cloning: Effects on People’s Lives” by answering the following questions. 

Understanding  

1. What are the goals of the study unit and what is needed to meet them?  
2. Identify what topics in the unit are taught with HOT. 

Application  

1. Sort the learning activities that engage the students in dynamic activities.  
2. Sort the learning activities that engage the students in HOT activities. 

Analysis  

1. What difficulties are expected in learning/teaching HOT to be implemented by traditional means? Explain.  
2. What difficulties are expected in the learning unit “Human Cloning: Effects on People’s Lives” according to the HOT to be 

implemented? Explain. 

Synthesis  

1. Based on the present study unit, what teaching strategy is used for infusing HOT into the classroom. Explain. 
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2. Based on the present study unit, suggest another teaching strategy for the infusion of HOT into the classroom. Explain. 

Evaluation  

1. What are the advantages of the study unit? Explain.  
2. What are the disadvantages of the study unit? Explain. 

B. HOT-PCK Design Skills 

You have 2 h to design a structured two-session study unit for secondary school students on the impact of narcotics use on society. 
The design of this unit should follow the HOT-PCK Index guidelines which mentioned the four following aspects: (a) categorizing 
learning goals, (b) choosing content, (c) designing didactic materials, and (d) arranging the learning environment. 

C. Motivated Strategies for Learning Questionnaire* 

Please rate the following items based on your behavior in this class. Your rating should be on a 7-point scale where 1 = not at all 
true of me to 7 = very true of me. 

*Pintrich, R. R., & DeGroot, E. V. (1990). Motivational and self-regulated learning components of classroom academic perfor
mance, Journal of Educational Psychology, 82, 33–40.   

1. I prefer to teach material that is challenging for me so that I can learn new things. 
2. If one studies properly one can cope with any material. 
3. I think I can apply what I have learned in my teacher training. 
4. I believe I am an excellent teacher. 
5. Receiving positive feedback in teaching is what gives me the greatest satisfaction. 
6. If I did not study the curriculum material, that is my responsibility. 
7. It is important for me to study the curriculum material. 
8. The most important thing for me now is to improve the average scores in class, and so my main goal 

in teaching is that my students get good scores. 
9. If possible, I would like my students to get higher scores than all the other students in the school 
10. I prefer to teach material that will arouse my curiosity, even if it is hard to learn. 
11. I am very interested in the subject matter studied in my class. 
12. If they invest enough effort, they can understand the study material I am teaching. 
13. I am confident of my students’ ability to excel in my assignments and exams. 
14. I expected to succeed in teaching. 
15. What brought me the most satisfaction in teaching is the experience of teaching the material in the 

greatest possible depth 
16. I think the material I am teaching is very important. 
17. When I was given the opportunity, in teaching I chose topics I could learn from, even if I had to 

invest more in their preparation. 
18. If they don’t understand the material studied in class it is because they did not try hard enough 
19. I like the topics I teach. 
20. Understanding the curriculum content is very important to me 
21. I am confident in my ability to become proficient in teaching skills 
22. I wanted to succeed in teaching because it is important to me to show my abilities to my family, to 

my peers or to others 
23. While teaching, I ask myself from time to time if I am achieving my goals. 
24. While teaching, I check a few alternatives for solving a problem before I respond. 
25. While teaching, I try to use strategies that worked in the past. 
26. In teaching, I pace myself so that I have enough time. 
27. While teaching, I understood my intellectual strengths and weaknesses. 
28. I always think what I really need to learn or teach before I begin a teaching task. 
29. After I finish my practicum, I know how well I did it. 
30. I set specific goals before I start the teaching task. 
31. While teaching, I slowed down when I came across something important. 
32. While teaching, I know what kind of information is important to teach. 
33. I ask myself whether I considered al the options when I solve a problem while teaching. 
34. While teaching, I am good at organizing information. 
35. While teaching, I focus my students on important information. 
36. While teaching, I have a specific goal for each strategy I use. 
37. You learn best when you know seeming about the topic. 
38. While teaching, I know what I am expected to learn or teach. 
39. In teaching I m good at developing the ability to remember information. 
40. While teaching, I use various teaching and learning strategies, depending on the situation. 
41. I ask myself if there was a better way to do things after I finish teaching. 

(continued on next page) 
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(continued ) 

42. While teaching, I am fully proficient in how I teach. 
43. From time to time, when teaching, I survey what I have done to help myself understand important 

relations. 
44. I ask myself questions about the study material before I start the teaching task. 
45. In teaching I think about a few teaching methods and then choose the best one. 
46. After I finish teaching, I sum up what I learned from my teaching. 
47. I ask for help from other teachers when I don’t understand something. 
48. I can energize myself for teaching when I need to. 
49. I am aware of the strategies I use in teaching. 
50. I find myself analyzing the benefit of the strategies I used in teaching.  

D. PSTs’ Overall SRL Aptitude in the Pedagogical Context 

Planning 

Comprehension: Describe the aims of the learning task and explain how and why you set them prior to learning, referring to HOT- 
PCK, 

Design: Define the aims of the HOT-PCK learning task and clarify how and why you selected those tasks. 

Monitoring 

Comprehension: When and how did you evaluate HOT-PCK task through investigation of the task? Kindly present examples. 
Design: When and how did you evaluate your work during the HOT-PCK planning process? Please mention some instances. 

Debugging 

Comprehension: Did you experience any challenges or mistakes while analyzing the learning HOT-PCK task? Please mention 
specific instances. 

Design: Did you meet any challenges while constructing the thread of the HOT-PCK learning task? Please mention examples. 

Evaluation 

Comprehension: Define the benefit derived from your collaborative learning process and how it promoted your HOT-PCK learning 
task. Please elaborate. 

Design: In what ways do you think you have improved your functioning through the design of the HOT-PCK learning task? Please 
give specific examples. 
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[24] S. Mumford, K. Dikilitaş, Pre-service language teachers’ reflection development through online interaction in a hybrid learning course, Comput. Educ. 144 

(2020) 103706. . 
[25] T.C. Howard, Why Race and Culture Matter in Schools: Closing the Achievement Gap in America’s Classrooms, Teachers College Press, ,2019 . 
[26] I. Laudonia, R. Mamlok-Naaman, S. Abels, I. Eilks, Action research in science education–an analytical review of the literature, Educ. Action Res. 26 (3) (2018) 

480–495. . 
[27] L.S. Shulman, Those who understand: knowledge growth in teaching, Educ. Res. 15 (2) (1986) 4–14. 
[28] J. van Driel, The development of preservice chemistry teachers’ pedagogical content knowledge, in: Science Teachers’ Knowledge Development, 2021, 

pp. 157–191. Brill. 
[29] L.U. Bradbury, R.E. Wilson, L.E. Brookshire, Developing elementary science PCK for teacher education: lessons learned from a second grade partnership, Res. 

Sci. Educ. 48 (6) (2018) 1387–1408. 
[30] C.V. McDonald, STEM Education: a review of the contribution of the disciplines of science, technology, engineering and mathematics, Sci. Educ. Int. 27 (4) 

(2016) 530–569. . 
[31] L.S. Shulman, Knowledge and teaching: foundations of the new reform, Harv. Educ. Rev. 57 (1) (1987) 1–23. 
[32] P.L. Grossman, S.M. Wilson, L.S. Shulman, Teachers of substance: subject matter knowledge for teaching, Profesorado, Revista de currículum y formación del 

profesorado 9 (2) (2005) 1–25. . 
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