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Abstract: The low efficiency of using appropriate strategies to solve problems in the classroom
environment is not due to the lack of knowledge of how to classify concepts, but rather due to the
failure to apply this knowledge strategically. Therefore, it is necessary to find a balance between
them, i.e., to let the pupils discuss the problems while supporting the teacher’s intervention. The
aim of the presented study was to examine the influence of a teacher’s progressiveness on the
level of metacognitive knowledge of the pupil. Altogether, 47 teachers and 278 pupils at grade 5
were participating in the study. It is shown that the approach of teachers to innovation itself has
an influence on the pupil. When comparing all five groups of innovators, the difference among
the categories of teachers was significant (p = 0.044) with the low effect (dcohen = 0.3). When
considering only the two almost antagonistic poles of teachers, the innovators and the late majority
according to Roger’s innovation diffusion theory, this influence was very strong (p = 0.009) and
with medium effect (dcohen = 0.725). Our research shows that it is necessary to address the teacher’s
innovativeness, affecting the level of metacognitive knowledge of the pupil as an important prediction
tool determining school success.

Keywords: diffusion of innovations; progressiveness; mathematics education; metacognitive
knowledge; metacognition

1. Introduction

Since the development of the Internet, we have been experiencing steep increases in the volume
of available information [1]. The incorporation of technology and innovation into society is not only a
matter of recent years since this issue has been under investigation for more than 30 years. Innovation
can be “an idea, product or activity that is incorporated into society ([2], p. 7)”. This is not the
only possible definition [3,4]. These definitions (in particular, the definition of innovation) can be
further characterized by a closer definition. If the particular innovation is to be considered as an
innovation, then it is sufficient that it appears as a “novelty” for at least one individual receiving it [5].
Among the most well-known theories there is Rogers’ theory of Diffusion of Innovations [5], though
Rogers’ concept of the innovation process is not the only one. There are many diverse models of
other innovation processes that use the general knowledge of innovation diffusion theory, and these
are linked to the Basel model [6]. One of the assets of Roger’s theory is that it features a very wide
scope of application; it can be applied in many disciplines, such as economics, education, politics, or
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business [7]. Liebová [6], for example, focused on the use of Rogers’ theory in organizations, because
innovations increase “the competitiveness, efficiency and performance of organizations”.

It is surprising that only a small amount of works have focused on comparing the influences
of teacher’s innovativeness on their pupils during the learning processes. Thus innovation can be
perceived intentionally from the point of view of education, and we could consider educational
innovations categorized in the six different types at least. Innovation can be understood in the
educational process as “novelty, change, certain action, process or intention” [8]. This research paper
focuses on the issue of teacher’s influence and impacts, from the point of view of their innovativeness,
on pupil’s metacognition, viewed upon as a multidimensional construct related to the constructs
such as critical thinking [9], ability to solve problems [10,11], and other factors such as motivation
and interest [12,13]. Bransford, Brown and Cocking [14] argue that learning and the development of
metacognitive strategies in pupils should be the standard of every teacher’s work and, therefore, it is
necessary to pay attention to this relation.

1.1. Dissemination of Innovation in Mathematics Education

Rogers [5] defines diffusion as “the process by which we spread innovation over time through
various channels of communication among members of the social system”. The definition formulated
in this way anticipates the reception and use of information, considering the points and rules that
are commonly encountered by all recipients during the acquisition of a new piece of knowledge [15].
Diffusion of innovations is understood as a special type of communication, during which the recipients
and the communicators communicate something new in order to understand each other [5,16]. This
communication is growing faster, as we are now in a process of great acceleration [17]. For this
reason, most of diffusion research focuses on technological innovations [7], which can be considered
as an interdisciplinary problem [18], so even the influence and impacts of technologies on the school
education process cannot be denied [19]. In a number of studies, a broad application of this theory
has been described in detail, for example, Dooley [20] and Stuart [21] have reported using it in fields
such as political science, communication, history, and economics [7]. Self-confidence in adopting an
innovation can be enhanced by the fact that the individual is well informed not only about particular
advantages, but also about specific disadvantages of that innovation, so that they can develop their
own opinion [7].

Our research is aimed at the issue of innovation in the course of education process, simultaneously
considering relationships between the teacher and their pupils in order to find out how one person is
able to influence others. Implementation of this issue in the education field has already been described
by Bennett and Bennett [22], Ogrezeanu and Ogrezeanu [23], Sahin [7] and Seymour [24]. A specific
questionnaire designed based on Rogers’ theory of diffusion of innovation has been used [5]. This
tool differentiates the five specific groups of people according to their tendency to use an innovation
approach. They can be briefly described and categorized as follows: (i) “Innovators” (venturesome)
who like to share information without being afraid of failing or receiving any new information;
however, they are not often understood, though they are the ones who invent new theories and
following, introduce them into practice; (ii) “Early adopters” (respectable) are usually much more
respected than Innovators (venturesome) and therefore their key role lies in reducing uncertainty in
others; they regularly “play a crucial role at virtually every stage of the innovation process, from the
initiation to implementation phases, especially when distributing resources that bring innovation
forward” [25]; unlike innovators, they consider applying an innovation to a greater extent and are
more conservative [26]; (iii) “Early majority” (deliberate) represents those who can receive information,
however, they are only very rarely leaders; (iv) “Late majority” (sceptical) receive information only as
a necessity and are very sceptical to it; before receiving any new information, it is necessary to remove
all their doubts; and (v) “Laggards” (traditional or conservative) almost never work with any new
information and focus mainly on the past [7,27].
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This classification allows investigating the innovative role of teachers in dissemination of experience
using the ICT (information and communication technologies) tools in the education process if
supported [28,29].

1.2. Metacognition in Mathematics Education

Metacognition is usually defined as the cognition of an individual about their own cognitive
functions [30], e.g., thinking about thinking. Metacognition is a construct based on the socio-cognitive
approach to the learning process as such and is closely related to the concept of self-regulating
learning [31]. The basic theories of self-regulating learning cite the metacognitive component as
their integral part, either implicitly [32] or with an explicit accent [33]. Although, in the context of
self-regulated learning, a distinction is made between the cognitive, non-cognitive and metacognitive
aspects, and therefore, we must understand this definition primarily in the context of research
comprehension. Tobias and Everson [34] give a very specific operational definition. They understand
metacognition as something we can describe from scales, subjective testimonies, and metacognition
observation protocols, based on a collection of the most commonly used methods to collect data
on metacognition, i.e., from judgments about pupils’ and students’ performance and testimonies
through interviews, questionnaires and self-assessment scales (see also [35]). According to Ronzano [36],
metacognition is a phenomenon that combines decision-making with memory, learning with motivation
and learning with cognitive development. Thus, the original, purely cognitive view of the concept
of metacognition (referred to as a ‘cool’ or ‘pure’ view described in [37,38]) is extended to other
non-cognitive factors [39].

Educational science researchers do not agree on a uniform definition of metacognition. However,
all available definitions agree that metacognition consists of the following two main components:
(i) knowledge of cognition, and (ii) control and regulation of cognition [40,41]. Özsoy [42] found a
strong relation between metacognitive knowledge and mathematical achievement while investigating
242 pupils attending grade 5 within schools reviewed in Turkey. Procedural metacognitive knowledge
and the ability to predict, monitor and evaluate one’s own work are the strongest facets of metacognitive
knowledge having an impact on success in mathematics. A certain relation between the self-regulation
and mathematics achievement is confirmed also for students aged from 14 to 16 years attending
Russian schools [43]. However, other investigated factors, such as intelligence quotient or number sense
were significantly correlated with the performance of mathematical problem solving. Vo et al. [44]
investigated 45 children aged from 5 to 8 years and suggested that the metacognition seems to be
domain-specific and children’s number sense is related to their metacognitive skills in mathematics. To
conclude, recent research studies point to the fact that both cognitive regulation and metacognitive
knowledge correlate with success in mathematical problem-solving from the primary level [44,45] to
the high school level [46,47].

Nowinska and Preaetorius [48] state that metacognition plays “an essential role in regulating
students’ cognitive processes in problem-solving as well as in learning mathematics in general, in
particular, when constructing, organising, systematising, and connecting (pieces of) knowledge.”
According to Flavell [49], metacognition itself features a dual nature, consisting of both knowledge
of cognitive processes (metacognitive knowledge) and knowledge that can be used to control and
manage cognitive processes (metacognitive ability). This dual concept, despite the terminological
disharmony, is still accepted across the scientific discourse [50]. While metacognitive abilities, according
to Flavell [49], refer to the procedural (active) “online” components (setting goals, predicting, planning,
strategizing, self-questioning, organizing, etc.), on the other hand, metacognitive knowledge includes
such knowledge and beliefs (affective dimension) that one has about his cognitive resources (strategies,
heuristics), the nature of tasks, including knowledge and beliefs about themselves and others as
learners (e.g., why a certain strategy may be theoretically more effective in solving problems).

Metacognitive knowledge is, therefore, rather more a “static” component, and its activation
occurs before a cognitive action (off-line) starts up. At present, the following types of knowledge
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are commonly used to divide the metacognitive knowledge as such: (i) declarative knowledge,
relating to self-knowledge, self-abilities, skills, and characteristics of learning that affect their own
cognitive processes; (ii) procedural knowledge responsible for the ways different learning strategies
are implemented; (iii) conditional knowledge containing such types of knowledge on when and
why it is appropriate to use a specific or certain strategy under the given circumstances [51,52].
Borkowski et al. [53,54] cited relational metacognitive knowledge as one of the three components of
metacognitive knowledge relevant in the context of MAESTRA5-6+ [55] used in this study.

At present, there is a dominant, relatively stable opinion that metacognitive knowledge evolves
step by step with the age of pupils and the acquisition of their experience. This assumption is supported
by empirical investigations in the context of declarative [56] and contextual knowledge [57]; this is
not, however, entirely clear for developing procedural knowledge. Lai in [58] and then in this context
presents an indicative diagram of the development of the metacognitive components. Metacognitive
knowledge is the first to be developed (around in the age of 6 years), and metacognitive abilities lead
to significant improvements in planning capabilities (between the age from 10 to 14 years, observable
at grade 5). The development of monitoring and evaluation functions (components of metacognitive
abilities) comes very slowly, and even many adults do not reach the required level. The last to be
developed are metacognitive theories allowing individuals to understand cognitive knowledge and
regulate cognition as a complementary phenomenon.

The view of the presented development of metacognition is neither a linear nor hierarchical
form [59], because the process of forming a metacognition is not only long-term and gradual, but it
also takes different times and takes on its original form due to the individuality of each person [60].
We, however, believe that teachers should be aware of how to facilitate this process.

The importance of metacognitive knowledge is empirically documented. For example, it
is demonstrated that any form of training aimed at metacognitive knowledge can increase the
performance levels of pupils, regardless of their previous performance levels and interest in the
area [61]. Whereas, Hidi [62] states that the area of interest has an impact on cognitive functioning.
Carr [63] also emphasizes the development of declarative metacognitive knowledge for the development
of conceptual knowledge, stating that the quality of this knowledge further supports procedural
knowledge and strategy building. Mevarech [64] states that since the pre-school age, metacognitive
knowledge has been a stronger prediction tool of mathematical performance in verbal tasks than
general knowledge tests. Schneider [56] lists the studies on the predictive potential of metacognitive
knowledge. The results show that this factor not only has an impact on the younger school-age children,
but also determines their performance levels in mathematics (including reading comprehension) at the
secondary school stage, regardless of differences in the intellectual abilities of individual pupils. Recent
empirical findings confirm that regardless of whether it is a knowledge or management component of
metacognition, both areas explain a significant amount of individual test score differences [41,65,66],
and their predictive potential in relation to school success is higher than standard ways the level of
intelligence quotient is measured [67,68].

Several factors influence the pupils’ metacognitive knowledge, e.g., their self-efficacy [69],
metacognitive skills of the teacher [70], teachers’ beliefs [71], teaching quality [72] or teacher’s
metacognitive awareness [73]. It is shown [74] that the warm and nurturing relationships seem to
provide students with opportunities for metacognitive skill development, especially in the primary
education milieu.

Gurbin [75], in detail, focuses on the issue of linking the diffusion of innovation and metacognition.
Referring to [76], he claims that its involvement is important for understanding the complex learning
process that facilitates the successful adoption of technology. Straub [76] also adds that technology
acceptance is a source of research, both in relation to the education process and to everyday life. “As
adopting a technology is closely related to learning a technology, success in technology adoption
involves metacognition” ([75] p. 1578). The successful adoption of technology requires metacognitive
capabilities such as an ability to track and evaluate your ideas and products to achieve a goal [77].
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Metacognitive processes such as planning, strategizing, reflection, and autoregulation are needed to
learn any new knowledge and skills in computer learning environments [78]. Azevedo [78] refers to a
number of other authors aimed at similar issues. The link between these domains (metacognition and
acceptance of innovations) can already be seen when searching for information on the Internet. For
example, metacognitive skills and capabilities can help all novice students in organizing unknown
online information into some hierarchies so that they can continue to explore it [79]. Tu, Shih & Tsai [80]
add that they are metacognitive skills that can enable them to choose appropriate keywords that have
a high impact on finding a solution to the given task.

Based on the results of research in the field of intentional intervention, we can conclude that
it is possible to develop metacognitive functions and abilities via systematic rehearsals. Several
authors [81–85] have reported that intervention has resulted in some significant positive changes
of participants. Furthermore, metacognition function is developed simultaneously with other
competencies [86], so it seems worth investigating the relations of development of metacognition with
the development of the effort related to adoption of technologies [75]. As mentioned above, the impact
of ICT tools on the school education process is undeniable [19]. In addition, Rogers himself already
tested the diffusion of innovations in the school environment in a number of studies [87]. Salaway
and Caruso [88] reported that, in terms of using electronic textbooks for college students, 9.5% are
innovators, 25.9% early adopters, 51.4% early majority, 9.3% late majority, and 3.9% laggards. Others
who have been involved in the theory in education are Shaban and Egbert [89], who have used Rogers’s
theory to create a two-phase model that teacher educators can consider for developing and delivering
professional development for teachers. This theory was also linked to mobile learning. According
to the results of Bulun, Gulnar, & Güran, [90], approximately 65% of social science teachers are in
the groups that give the most favourable response to the spread of innovation theory within mobile
learning (innovators, early adopters and early majority). Outside the tertiary education segment, but
still within the education system, Rogers’s theory of diffusion of innovation is used [91] in connection
with education for sustainable development at primary schools. Several authors have used this theory
in education recently [92–96]. To summarise this section, (i) metacognition can be positively developed,
(ii) technology has an impact on teaching, (iii) innovation theory can be used as a basis for developing
effective educational strategies, and (iv) innovation theory is already used in the school environment.
Based on the described studies, the following research question is formulated: What is the impact
of different teachers’ progressiveness in using digital technologies on their pupils’ metacognitive
knowledge at grade 5?

2. Methodology

2.1. Aims

The main aim of this study is to investigate whether there is a relation between teachers’ tendencies
to adopt an innovation, particularly digital technology tools, and the metacognitive knowledge of their
pupils. As there are many factors potentially influencing this relationship, in particular, and including
the age of pupils, we focus only on the pupils at the edge between the primary and lower-secondary
levels of education. In the Czech Republic, pupils attending grade 5 still have only one teacher for
all subjects (except special subjects), so we anticipate that the influence of the teacher is most visible
at this grade. Furthermore, an equal level of knowledge is expected at grade 5, as the pupils are
not differentiated yet. The hypothesis is formulated as follows: The metacognitive knowledge in
mathematics of grade 5 pupils differs according to their teacher’s category of innovativeness. As the
categories of teachers can be understood as ordinal variables, we expect the difference between the
pupils of innovators (the most innovative) and the laggards (the least innovative) to be of the highest
effect size.
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2.2. Instruments and Procedure

Data collection proceeds in two phases. Firstly, teachers are approached in order to classify them
based on the Rogers’ theory of diffusion of innovation, and then their pupils’ metacognitive knowledge
levels are tested. Teachers are given a tool containing 25 Likert-type items, each of them responding
to the following scale: I strongly agree (5), I agree (4), I do not have a clear opinion (3), I disagree
(2), I strongly disagree (1) and I don’t know. These 25 items are divided into pentads, each pentad
corresponding to the one group of innovators in the series: (i) Innovators (venturesome), (ii) Early
adopters (respectable), (iii) Early majority (deliberate), (iv) Late majority (sceptical), and (v) Laggards
(traditional or conservative). In addition, each of the five items is averaged according to the highest
number obtained, so the respondent falls in the respective category. Only those teachers who fall into
only one of the categories are selected for further investigation. In order to qualify for a category,
any teacher has to reach a minimum of 3.8 points in the given area. “Respondents ranging from
2.3 to 3.7 are considered to have a nondescript opinion.” ([26] p. 102). A questionnaire created by
Kankaanrinta [8] was first translated and piloted in the Czech Republic by Černochová et al. [97].
Adaptation of this instrument to the context has been described in more details in [26,27]. The most
problematic category is the group (v) Laggards (traditional or conservative); in this case, respondents
generally refuse to fill out the questionnaire because they do not want to point out their approach to
innovation. For this reason, we managed to find only one teacher who was willing to cooperate. We
are, however, considering such a small sample of respondents (pupils) that we put it in the data matrix
as an addition and only out of interest. Therefore, in addition to the inductive analysis, we also use an
effect size and then the sample size is of a lesser importance. The tool reliability is α = 0.778. This is a
sufficiently high value for the instrument as a whole, since the coefficient values between 0.7 and 0.95
are particularly acceptable [98]. However, as several categories of innovation are evaluated (the tool is
multidimensional), internal consistency is also given for each dimension (Table 1).

Table 1. Reliability of the dimensions of the tool for categorization of teachers according to
their progressiveness.

Dimension of the Tool Cronbach α

Innovators 0.809
Early adopters 0.686
Early majority 0.754
Late majority 0.517

Laggards 0.823

The MAESTRA 5 − 6 + tool [55] is used to map the metacognitive knowledge of pupils. This
test is created based on simplifying and modifying already existing tests, such as WLST [99] or some
tasks from the Program for International Student Assessment [100] and is intended for pupils at the
5th grade or at the first term of the 6th grade. The tool used is built on the Qualitative standard
defined [101], defined against the Quantitative standard, which is based on recording the frequency of
using strategies and achieving the highest possible score as an indicator of metacognitive knowledge
level [101]. Questionnaires assessing the frequency of use of strategies often fail to predict learning
performance [102]. Neuenhaus et al. [103] add that the approaches to assessing the frequency of
use of strategies actually measure whether the learner recognizes the strategy (rather than detecting
metacognitive knowledge). The Qualitative standard is based on the pupil’s ability to evaluate the
adequacy and effectiveness of the strategy against the background of a particular task situation. It
means not only considering: (1) what strategy the pupil uses (declarative knowledge), (2) in relation to
other available strategies (relational strategy knowledge), but also (3) when under and what conditions
(conditional knowledge) this pupil applies it in the context of understanding the characteristics of
the described, and (4) task situation (declarative knowledge). A deficit in any of the above areas of
metacognition may lead to an erroneous strategic evaluation. Thus, correct evaluation of strategies can
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be considered as a qualitative indicator enabling strategic choices through a metacognitive knowledge
base that from the perspective of “the Good Strategy User Model”, is already an advanced stage of
development. Although the pupil is required to have a higher degree of generalization, it relates to the
context and not to the (very difficult) generalization across domains [54]. The tool is validated in the
Czech education environment by Chytrý, Pešout and Říčan [104].

The tool outlines a total of five specific mathematical scenarios (learning situations) that correspond
to the framework model of the four phases of cognitive activity in solving mathematical problems.
Each of the five mathematical scenarios has its own five or six different strategic alternatives of different
functionality and efficiency (see Appendix A Table A1). Pupils assess the effectiveness of the strategies
with regard to the quality and adequacy, not only in relation to the presented task scenario, but also in
relation to other offered alternatives; the assessment is done on six-point scales. As a benchmark for
pupils’ judgment (projection of their own experience on strategies and their usage conditions), expert
opinions are obtained within the validation of the tool’s construct (for the Czech environment see
e.g., [105]). Criterion boundaries (80% match of experts) and selectivity lead to expected reduction in
the number of pair comparisons: The 28 strategies are divided into five scenarios (three scenarios of
six strategies and two scenarios of five strategies). By the 80% consensus, it is meant that if 4 out of
5 experts agree that strategy A is better than strategy B and the pupil decides in the same way, then
the pupil is assigned a point. Therefore, it is theoretically possible to achieve 3V2(6) + 2V2(5) = 65
different comparisons. An expert agreement of 80% is proved in 34 cases. The pupil is rated from 0 to
34 points. To complete the test, the pupil has a time limit of 20–25 min. The calculated α-coefficient
according to the Cronbach test reaches a sufficient value of α = 0.85.

2.3. Participants

Within the data collection, a total of 200 teachers from the ordinary elementary schools were
approached, who do not have an increased subsidy for teaching mathematics or other subjects. If it
turned out that some teachers worked with pupils more, for example, in the form of an increased
grant of mathematics lessons, he/she was excluded from the data matrix. These teachers were asked
to complete a questionnaire based on the Rogers’ theory of diffusion of innovation [5] and give their
contact (telephone + email) in case of their interest in further cooperation, consisting of testing pupils.
Of the 200 respondents, 108 teachers filled in the questionnaire of which only 47 provided a contact
address for possible further data collection and provided the written informed consent for research.
Further elimination occured when it was necessary to classify the teachers into one of the five categories
of innovation adopters. In order to categorize the teachers into one of the five categories, they had to
achieve at least 3.8 points in the category and fall only into one category (Innovators, Early adopters,
Early majority, Late majority, Laggards). Respondents with a score of 2.3 (the minimum value achieved
by respondents of this study) and 3.7 were considered as having an indeterminate opinion. If teachers
achieved at least 3.8 points in several categories (e.g., they would be labelled both, innovators and
early adopters), they were excluded from further investigation as they would not fit any of the defined
categories. These conditions naturally led to a reduction of the number of participants. It turned out
that 27 teachers could not be assigned to any of the categories or, on the contrary, they fitted into more
than one category as mentioned in the Methods chapter. In total, only 20 teachers could be assigned to
one of the specific Rogers’ categories. Together, these teachers work with 278 pupils aged from 10 to
12 years (136 boys and 142 girls in total). The written informed consent for research was collected by
the teachers from the parents of all the participating pupils. These pupils are differentiated according
to it which of the above categories their teacher is assigned. For MAESTRA 5-6 +, the numbers of
respondents were n = 45, nea = 39, nem = 80, nlm = 48 and nla = 16.
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2.4. Data Preparation

All variables are analyzed as an interval based on recommendations given [105]. Data is converted
to the electronic form and then analyzed using Excel 2016 (Microsoft Office Professional 2016) for
descriptive and Statistica v13 (StatSoft Inc., TIBCO Software, Palo Alto, CA, USA) for inductive
analysis. In addition to statistical significance, material significance is also calculated, and there is
no exaggeration based on the size of the set [106]. Nonparametric statistical methods are used, as
normality is violated based on the results of the Shapiro-Wilk’s test. Due to the above-mentioned
hypotheses and data abnormality, Kruskal-Wallis test is used as a non-parametric analogy of ANOVA
scattering analysis followed by post-hoc analysis allowing for multiple comparisons of p values.
Due to the nature of the test and the method of statistical significance testing, the effect sizes were
estimated [107]. Eta squared (η2) and dcohen [108] are used for this examination. Outlying values are
tested using box-and-whisker plots. Although we work with a relatively large set, it is surprising that
no outliers are identified (see [109]).

3. Results

On the basis of a descriptive analysis, it is possible to observe an interesting trend: The poorer
results the teacher achieves in the Rogers’ theory of innovation diffusion [5], the poorer are the results
of their pupils in terms of metacognitive knowledge. This issue is further discussed based on the
inductive analysis.

Inductive Analysis

We consider Fisher’s recommendation of a significance level of 5% restriction (see for example [110]).
While Fisher introduces a recommendation to use the value 0.05, it is only part of his recommendation
that is uncritically accepted [111]. Fisher further claims that if the calculated level of statistical
significance exceeds this value but does not exceed 0.20, the researcher should consider whether to
focus on the effect in further experiments. Since the lower calculated significance level indicates
a higher statistical significance, we follow the recommendation (level of significance 0.05), but if
the p-level value is in the range 0.05 to 0.2, we also comment on the conclusions. In each part of
the inductive analysis, the relevant level of significance is mentioned each time, and we do not
incline neither towards to the extreme proponents of statistical significance [112] and neither to their
opponents [111,113]. On the contrary, we analyze the data in a completely unbiased way by considering
both concepts. The following hypothesis is tested: The pupil’s metacognitive knowledge is dependent
on the teacher’s level according to Rogers’ theory of innovation diffusion. This hypothesis implies to
formulate the relevant null hypothesis H0: The medians of metacognitive knowledge in mathematics
are equal for the different categories of teachers according to Rogers’ innovation diffusion theory.
The H0 hypothesis can be rejected at a 5% significance level, as the Kruskal-Wallis test values are
H(4, N = 228) = 9.787, p = 0.044. The results are visualised in Figure 1.

If we do not consider the Laggards—traditional or conservative group, consisting of just a small
number of respondents—then the following values will be found: H (3, N = 211) = 7.761, p = 0.0512,
and again H0 could be rejected at a 10% significance level. The post-hoc analysis shows that in
both cases a statistically significant difference is only between the innovators and the late majority.
Generalization is therefore possible between the first (Innovators—venturesome) and the fourth group
(Late majority—sceptical) only. In the case of effect size, the values of η2 = 0.022 and dcohen = 0.3
are found for all five options, without consideration of Laggards (fourth option) η2 = 0.019 and
dcohen = 0.275. In both cases, we are considering a small effect [114]. These findings do not support
Moore’s conjecture [115] about the gap between the early adopters and the early majority. The results of
pairwise comparison by the mean of Mann-Whitney U test and their effect sizes dcohen are summarized
in Table 2.
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[110]). While Fisher introduces a recommendation to use the value 0.05, it is only part of his 
recommendation that is uncritically accepted [111]. Fisher further claims that if the calculated level 
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whether to focus on the effect in further experiments. Since the lower calculated significance level 
indicates a higher statistical significance, we follow the recommendation (level of significance 0.05), 
but if the p-level value is in the range 0.05 to 0.2, we also comment on the conclusions. In each part of 
the inductive analysis, the relevant level of significance is mentioned each time, and we do not 
incline neither towards to the extreme proponents of statistical significance [112] and neither to their 
opponents [111,113]. On the contrary, we analyze the data in a completely unbiased way by 
considering both concepts. The following hypothesis is tested: The pupil’s metacognitive knowledge 
is dependent on the teacher’s level according to Rogers’ theory of innovation diffusion. This 
hypothesis implies to formulate the relevant null hypothesis 𝐻 : The medians of metacognitive 
knowledge in mathematics are equal for the different categories of teachers according to Rogers’ 
innovation diffusion theory. The 𝐻  hypothesis can be rejected at a 5% significance level, as the 
Kruskal-Wallis test values are 𝐻(4, 𝑁 = 228) =  9.787, 𝑝 =  0.044 . The results are visualised in 
Figure 1. 
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Figure 1. Median and interquartile range of the level of pupils’ metacognitive knowledge in
mathematics according to the teacher’s progressiveness in implementation of digital technologies
(source: own computation).

Table 2. Results of pairwise comparison of metacognitive knowledge of pupils with teachers in
different categories.

Innovators Early Adopters Early Majority Late Majority Laggards

Innovators – 0.609 0.138 0.009 0.961
Early adopters 0.118 – 0.374 0.066 0.637
Early majority 0.269 0.165 – 0.123 0.205
Late majority 0.725 0.403 0.277 – 0.013
Laggards 0.015 0.130 0.263 0.655 –

Results of Mann-Whitney U test; p-values are placed above and effect sizes dcohen under the diagonal.

When a similar comparison of almost antagonistic positions only, i.e., Innovators (venturesome)
and Late majority (sceptical), is done by the Mann-Whitney U test, we reach the value p = 0.009
(U = 710, Z = 2.61). Focusing on these two variables, it is therefore possible to reject the revised H0

even at a 1% level of significance. In this case, the appropriate effect size would be dcohen = 0.725 and
would have a medium effect as such. It is, therefore, obvious that the issue needs to be investigated
more deeply.

4. Discussion

Inductive data analysis opens up a question related to the personality type and professional
“setting” of teachers (typology of teachers based on Rogers’ theory) and their concepts of teaching
(i.e., “how” they teach, including the implementation of activities aimed at developing the metacognitive
potential of pupils). The formulated research hypothesis is partially confirmed. The highest difference
is observed between the innovators and the late majority. The difference might be a result of more
extensive implementation of ICT tools in the everyday practice of innovators and early adopters [116]
and the impact of ICT tools on the metacognitive knowledge of pupils [117]. Another possible
explanation of the phenomenon is that the innovativeness in the ICT field may be related to the
innovativeness in other areas [118], including the pupil-centered activities where self-regulation is
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more required and needed and therefore more developed [86]. The design of this study does not allow
us to isolate the two described sources or identify other, possibly latent, variables.

This is important in the context of both, meaning the undergraduate preparation of future teachers
as well as their further postgraduate studies. Unfortunately, little is known about the teachers’
knowledge of metacognition [119]. It is rather striking that there are relatively well defined and
documented ways of designing a teaching process and teaching modes leading to the development of
metacognitive potential of pupils, however, there is a low number of studies on how to teach teachers
to gain and achieve their metacognitively-oriented teaching [120]. This way of teaching requires from
teachers not only a deep understanding of their own strategies, but also how to make their own
thoughts and strategic actions accessible to pupils [121]. This is one of the central causes of why it is
difficult for educators to implement such teaching modes [122]. As Anders, Hoffman and Duffy [123]
state, more research is needed to help teachers in developing their day-to-day practice in the field of
metacognitively-designed teaching.

The conclusions of some studies point out that even when teachers undertake some well-designed
training and seminars aimed at transforming their didactic practice, their teaching mode is and remains
still the same and unchanged as before the well-designed training courses [124]. Cummins, Stewart,
and Block [125] carried out an 8-month survey involving 1278 pupils with their teachers, with educators
receiving instructions in relation to metacognitively designed teaching modes. Although these teachers
gained a higher level of confidence and subjectively perceived competence, they only possessed a
superficial knowledge of metacognitive content (for example, they could name strategies, however,
they did not know the purpose of using the strategies and the reason why the strategy was important).
Wenglinsky [126] investigated the relationship between the teacher’s development and the performance
of 7146 pupils in mathematics. In this context, data from 1996 within NAEP (National Assessment of
Educational Progress) were examined. The research confirmed almost a direct proportion between the
teachers participating in their high quality professional development and the higher performance of
their pupils, that is, when the educators are constantly professionally developing (for example, they are
able to individualize the pupils’ needs), then their pupils achieve higher performance levels. The above
conclusions highlight the importance of paying attention to the professional and personal “setting” of
teachers, e.g., teachers’ innovativeness, in relation to their didactic practice aimed at developing actual
metacognitive potential of pupils.

Research Limitations

For the purposes of this research, schools with an equal number of lessons were selected, i.e.,
schools that do not provide any extra lessons (e.g., of mathematics, physical education, etc.). Each
pupil included in the study was taught by the same teacher for at least 1 year. Furthermore, we
conclude that nowadays many authors also draw attention to the fact that there exist only a small
number of studies aimed at similar issues. As the largest limitations of the survey, we consider the
absence of supplementary qualitative analysis, where maximum validity of the research would be
achieved. Supplementing quantitative data by observations and interviews would allow investigating
the meanings, concepts, definitions, characteristics, metaphors, symbols, and descriptions of things
instead of the counts or measures. In the observations, one would observe whether the teachers
really apply metacognitively designed teaching modes. From the interviews, this conclusion could be
confirmed. If these conditions are met, it would be possible to consider this issue for further research,
where it would also be necessary to expand the sample’s representativeness, for example, as stated by
Israel [127]. Another limitation of the study is the reliability of the instrument to categorize teachers.
The instrument was tested and piloted in the Czech context. However, the estimated reliability in
one of the subscales (late majority) is α = 0.517, which is considered as poor. Sekaran (1992) sets the
minimum acceptable reliability coefficient level at 0.60.
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5. Conclusions

In the presented study, the relation between teachers’ tendency to implement technological
innovations in mathematical instructions and metacognitive knowledge of their pupils at grades 5
and 6 has been assessed using a quantitative inquiry. This relation is confirmed by the means of
mathematical statistics. Pupils of the teachers with higher tendencies of implementing innovation are
performing better in tests focused on metacognitive knowledge aspects, as standardized and tailored
to the national context by the authors. The difference between the innovators and the laggards has a
really large effect size and is consistent enough to be considered as really important.

We are aware that the innovativeness of our teachers is only one aspect among various factors
influencing the metacognitive knowledge aspects of pupils, and thus, their learning of mathematics
and performance levels in mathematical problem solving. The interrelations between these factors are
worth being studied further.
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Appendix A

Table A1. Example of item in the test of metacognitive knowledge.

Task: “Problems” Solving a complex calculation within the homework
activity requires usually more steps. You don’t know how to continue in
one of the steps. What can help you in such a situation?

Mark

1 2 3 4 5 6

A
I start again from the beginning and think about it whether there is
another way to solve the task. I start again from the beginning and
think about other options.

� � � � � �

B I ask my parents, siblings or a friend from our school if any of
them can help me. � � � � � �

C I consider whether I made a mistake in the first step of the
calculation. � � � � � �

D I calculate what is easy to calculate and then I start the next task. � � � � � �

E I wonder what intermediate result I need, to be able to calculate
the result. � � � � � �

F I skip a step I don’t know how to do to avoid losing too much time. � � � � � �
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Impact on Digital Literacy of Primary Pupils]. Ph.D. Thesis, Univerzita Hradec Králové, Hradec Králové,
Czech Republic, 2017.

17. Steffen, W.; Broadgate, W.; Deutsch, L.; Gaffney, O.; Ludwig, C. The trajectory of the Anthropocene: The
Great Acceleration. Anthr. Rev. 2014, 2, 81–98. [CrossRef]

18. Szczyrba, Z.; Klapka, P.; Kunc, J.; Tonev, P. Difúzní procesy v prostředí českého maloobchodu. Reg. Studia
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118. Čeretková, S.; Melušová, J.; Šunderlík, J. Guide of Supporting Actions for Teachers in Promoting Inquiry-Based

Learning. 2013. Available online: https://primas-project.eu/wp-content/uploads/sites/323/2017/11/FINAL_
WP5_short-Guide-supporting-actions_licence_150708.pdf (accessed on 27 August 2019).

119. Griffith, P.L. What is metacognition and what should be its role in literacy instruction? In Metacognition
in Literacy Learning: Theory, Assessment, Instruction and Professional Development; Israel, S.E., Ed.; Lawrence
Erlbaum Associates, Inc.: Mahwah, NJ, USA, 2005; pp. 3–18.

120. Risko, V.J.; Roskos, K.; Vukelich, C. Reflection and the self-analytic turn of mind: Towards more robust
instruction in teacher education. In Metacognition in Literacy Learning; Israel, S.E., Block, C.C., Bauserman, K.L.,
Kinnucan-Welsch, K., Eds.; Lawrence Erlbaum Associates, Inc.: Mahwah, NJ, USA, 2005; pp. 315–333.

121. Hutton, L.A. The Impact of Reading Strategy Instruction on Struggling English Language Learners; University of
California: Los Angeles, CA, USA, 2002.

122. Pressley, M. Metacognition in literacy learning: Then, now and in the future. In Metacognition in Literacy
Learning; Israel, S.E., Block, C.C., Bauserman, K.L., Kinnucan-Welsch, K., Eds.; Lawrence Erlbaum Associates,
Inc.: Mahwah, NJ, USA, 2005; pp. 391–408.

http://dx.doi.org/10.1026/0049-8637.41.2.96
http://dx.doi.org/10.1027/0044-3409.216.2.102
http://dx.doi.org/10.1026//0044-3409.211.4.171
http://dx.doi.org/10.1007/s10212-010-0040-7
http://dx.doi.org/10.1037/a0024338
http://dx.doi.org/10.1111/1467-8721.ep11512376
http://dx.doi.org/10.2307/1176544
http://dx.doi.org/10.1037/1082-989X.1.2.115
http://dx.doi.org/10.1016/j.compedu.2012.09.008
https://primas-project.eu/wp-content/uploads/sites/323/2017/11/FINAL_WP5_short-Guide-supporting-actions_licence_150708.pdf
https://primas-project.eu/wp-content/uploads/sites/323/2017/11/FINAL_WP5_short-Guide-supporting-actions_licence_150708.pdf


Mathematics 2019, 7, 1245 17 of 17

123. Anders, P.L.; Hoffman, J.V.; Duffy, G.G. Teaching teachers to teach reading: Paradigm shifts, persistent
problems, and challenges. In Handbook of Reading Research; Kamil, M.L., Mosenthal, P.B., Pearson, P.D.,
Barr, R., Eds.; Lawrence Erlbaum Associates, Inc.: Mahwah, NJ, USA, 2000; Volume 3, pp. 719–742.

124. Hunsaker, S.L.; Nielsen, A.; Bartlett, B. Correlates of Teacher Practices Influencing Student Outcomes in
Reading Instruction for Advanced Readers. Gift. Child Q. 2010, 54, 273–282. [CrossRef]

125. Cummins, C.; Stewart, M.T.; Block, C.C. Teaching several metacognitive strategies together increases students’
independent metacognition. In Metacognition in Literacy Learning; Israel, S.E., Block, C.C., Bauserman, K.L.,
Kinnucan-Welsch, K., Eds.; Lawrence Erlbaum Associates, Inc.: Mahwah, NJ, USA, 2005; pp. 391–408.

126. Wenglinsky, H. How schools matter: The link between teacher classroom practices and student academic
performance. Educ. Policy Anal. Arch. 2002, 10, 1–33. [CrossRef]

127. Israel, G.D. Determining Sample Size. Fact Sheet PEOD-6 in Program Evaluation and Organizational
Development, University of Florida. 1992. Available online: http://sociology.soc.uoc.gr/socmedia/papageo/

metaptyxiakoi/sample_size/samplesize1.pdf (accessed on 15 August 2019).

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/0016986210374506
http://dx.doi.org/10.14507/epaa.v10n12.2002
http://sociology.soc.uoc.gr/socmedia/papageo/metaptyxiakoi/sample_size/samplesize1.pdf
http://sociology.soc.uoc.gr/socmedia/papageo/metaptyxiakoi/sample_size/samplesize1.pdf
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Dissemination of Innovation in Mathematics Education 
	Metacognition in Mathematics Education 

	Methodology 
	Aims 
	Instruments and Procedure 
	Participants 
	Data Preparation 

	Results 
	Discussion 
	Conclusions 
	
	References

