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ABSTRACT: The aim of this study was to investigate how teacher learning and leadership styles, creativity and
attitudes toward technology impact on middle school students’ engagement and efficacy in inquiry-based learning
(IBL). The role of the teacher in such a setting differs from traditional teaching approaches, and requires pedagogies
and context mapping that foster students’ construction of their knowledge through inquiry, exploring, explaining,
modelling, expanding and finding their own path to effective solution. For the purpose of this study, a 3-year
pedagogical experiment in an IBL technology-intensive open learning course was used. From 2013 to 2015, fifteen
middle schools around Slovenia were involved and six inquiry-based teachers were profiled. Effective data from 232
participants were collected and subjected to a two-way ANOVA and multiple regression analysis. The results indicated
that an activist teacher with a laissez-faire leadership style, cluster thinking and of high creativity as an accommodator
significantly affects students’ engagement in IBL and impacts on the development of students’ technological literacy.

INTRODUCTION

Contemporary technology and engineering education demands more student-led instruction and peer-scaffolded
learning to create an environment that challenges students to create, discuss, and critique explanations and conjectures.
Inquiry-based learning (IBL) promotes increased levels of metacognition among students, which has been linked to
improvements in both content knowledge and problem-solving ability. IBL as an inductive approach has been proved to
be an effective teaching strategy in which the teacher’s guidance is necessary [1]. The role of the teacher in IBL differs
markedly from those in traditional teaching/learning strategies or pedagogies. Moreover, an inquiry-based teacher
serves as a facilitator, working with student groups, if they need help, and addressing class-wide problems when
necessary [2]. She/he also supports students in connecting former knowledge and experiences with the problems
learners have, designing procedures and/or plans to find an answer to the problem, investigating phenomena through
conjecture, constructing meaning through use of logic, evidence and reflection [1].

Several researchers reported the importance of inquiry-based teacher knowledge models and knowledge domains’
interactions, where the teacher’s self-efficacy, leadership styles and attitude towards technology were found to be
an important domain [3-5]. In spite of several studies, a clear visualisation of the inquiry-based teacher’s behaviour for
effective IBL is still lacking. Between 2013 and 2015, the Chain Reaction project [1] was organised and IBL of science
and technology subject matter was conducted in fifteen middle schools around Slovenia. Students were tasked with four
topics, one of which was an engineering subject matter of water turbine optimisation. Inquiry-based teachers engaged in
an IBL process were carefully selected to improve students’ achievements in IBL. A teacher’s subject matter knowledge
(SMK), pedagogical content knowledge (PCK), self-efficacy (SEF) and attitude toward technology (ATT) guide
a teacher’s behaviour in the classroom [3], and have an impact on student scaffolding learning in technology-intensive
open learning systems [5].

Teacher Profiling

SMK was found to be a crucial teacher knowledge domain [3]. SMK affects all SEF, PCK and ATT. Weak evidence
was found that PCK affects SEF, which markedly affects a teacher’s ATT [3]. Teachers’ diversities have been shown in
their approaches to learning, learning styles and in their intellectual ability [6]. Teaching style consists of a teacher’s
personal behaviours and the media used during interaction with learners [4] and it is mostly related to how the teacher
behaves in respect to the instructional methods used. Teachers’ ATT markedly affect students’ ATT [3] [7] and
students’ ATT is positively correlated with their technological literacy (TL) [7].

Irrespective of a student’s learning style, the teacher has a significant impact on the student’s learning experience [4].
To date, no clear evidence was provided to what extent learning teacher styles match or mismatch with students
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learning styles. Nevertheless, it was argued that the teacher’s behaviour can enhance student learning [3][4] and the
teacher’s leadership style can affect student outcomes [4]. Considering the fact of student-led instruction and/or peer
scaffolding, manager leadership styles are more appropriate to enhance organisational effectiveness [8][9]. Teacher
leadership is the process by which teachers influence teaching/learning process stakeholders to improve teaching and
learning practices with the aim of increased student learning and achievement [10]. Teacher leadership does not present
authority or power. Moreover, it is about mobilising the still largely untapped attributes of teachers to strengthen student
performance at ground level and working toward real collaboration, a locally tailored kind of shared leadership, in the
daily life of the school [11]. Some evidence about the impact of teacher leadership style on students’ learning was
found; namely, that there are some indices that leaders contribute to student learning indirectly, through their influence
on other people or features of their organisation [11]. Teacher leadership contributes to organisational learning
(e.g. collaborative climate, taking initiatives and risks, improving practices, professional development), which, in turn,
influences the student outcomes of participation and engagement [12]. IBL as an organisational context can be affected
by transformational, transactional and laissez-faire teacher leadership style [9]. Impacts of leadership styles on
effectiveness of IBL in open learning setting have not been tested yet, and no conclusive evidence was found to support
a positive correlation between student achievement and teacher leadership.

Teachers’ creativity seems to be an important influencer of the students’ creative ability and learning achievements
[13]. Creative ability is a crucial factor in students’ capacity to solve problems, develop research skills and to improve
their critical thinking and decision making ability [14]. There is still a lack of clear evidence about how a teacher’s
creativity affects IBL, and in turn, students’ learning gain. IBL itself is student-centred approach, where a teacher acts
more as a guide or a manager rather than as a traditional instructor. Kolb described four management categories related
to the teacher learning styles, where the most creative divergent teachers possess human resource management
characteristics, the most convergent teacher holds engineering characteristics, while theorists have a positive attitude to
finance and research [8]. Global and cluster thinkers of accommodating style prefer more marketing tasks and try to
involve marketing management in their teaching/learning process [8]. To facilitate students’ engagement in IBL,
the layout of the classroom has to be changed from the traditional design to a new user-centred design [15], which also
enhances interactions for collaborative and cooperative learning and creative ability development [14].

Against this background, the questions explored in this study are:

e  What are the most important teacher’s profiling categories?
o Do profiled teachers impact on students’ IBL desirable outcomes - TL in its dimensions?
e  What is the level of students’ and teachers’ perceived ATT and how does ATT interact with TL as an outcome?

METHODS
Course Format

The course format of IBL of water turbine optimisation has been described elsewhere [1]. The course was designed and
teacher didactical preparation was prepared in accordance with IBL requirements. Selected teachers used the same
preparation and they conducted a course following the same learning objectives, context, content, organisation structure
using the extended 7E model of IBL designed by Avsec et al (2014) [5]. Editing course settings was not allowed.

Samples

Selection of inquiry-based teachers to participate in the study was based on six criteria. First, for each IBL season there
must be two teachers per topic. Second, each teacher was required to have a technology education diploma and no
previous exposure to any form of inquiry-based teaching as a Master degree student with zero years of job experience.
Third, all IBL teachers were of the same sex. Fourth, all IBL teachers must have had the same grade point average from
technology subject matter knowledge and pedagogical content knowledge subject matter. Fifth, every teacher dyad was
of the same or markedly close learning style considering learning orientation, processing information, perceiving
information and thinking style. Sixth, teachers’ dyads must have the same attitude toward technology, leadership style
and of level of creativity. In total, six teachers were involved in the study.

The student sample for this study consisted of middle school students from 15 Slovenian schools, aged 14 to 15 years.
Pedagogical experiment was conducted from year 2013 to 2015, where five schools were engaged every year. A paper
and pencil survey was distributed accordingly. Of the 244 enrolled students, 232 completed the surveys entirely (4.9%
missing values, n = 12). The number of respondents in this study fulfilled the requirements of a multiple regression
model with six independent variables, in which at least 146 participants are needed to make confident assumptions
about any observed relationships [16]. The participant’s sexes were almost evenly distributed 53% (n = 123) females
and 47% (n = 109) males.

Instrumentation

Teachers’ learning styles were successfully assessed with DLSI [6], while teachers’ leadership styles were assessed
with a newly developed 21-item test divided into 3 subscales; namely, transformational leadership - 12 items,
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transactional leadership - 6 items, and laissez-faire leadership - 3 items. For the assessment, a 6-point phrase completion
scale was used as recommended [17][18]. The intervals of the scale together form a continuous type, from 0 (never) to 5
(always). It does not present the mean, but ensures the comparability of continuous responses and produces better
assumptions of parametric statistics [17]. Creativity testing was done using the Adjective Check List test [19] with 30
items. In scoring a protocol, 1 point is given each time, one of the 18 positive items is checked, and 1 point is subtracted
each time, one of the 12 negative items is checked. The theoretical range of scores presents -12 to 0 - low creativity,
0 to 9 - average creativity, and 10 to 18 - high creativity. Teacher attitude towards technology was surveyed with
a reconstructed 25-item survey [20]. Instrument development was involved for six constructs: 1) technological career
aspirations (TCA) - 4 items; 2) interest in technology (IT) - 6 items; 3) tediousness towards technology (TTT) - 4 items;
4) technology across the sex (TS) - 3 items; 5) consequences of technology (CT) - 4 items; and
6) technology/engineering study is difficult (TD) - 4 items.

For measuring course effectiveness pre- and post-technological literacy tests have been used, which is described
elsewhere [1]. Item distribution was classified into three subscales: a) technological knowledge (TK);
b) capacity of problem-solving and research (CA); and c) critical thinking and decision-making ability (CTDM).
An optimisation of water turbine learning has been tested with 15-item test, 5 items in each subscale. The correct (best)
answer (or combination) was scored as 1 point, while distracters were 0 points. A total score on test was 15.

As a measure of course effectiveness, the average normalised TL gain was calculated. The TL gain expressed with g in
Equation (1), is defined as the average actual gain G divided by the maximum possible gain [21], i.e.:

{9) = (G)/%(G)max = (%(post) - %(pre))/(100 - %(pre)), (@)
where G is the actual gain and % (post) and %(pre) are the final (post) and initial (pre) class averages, and the angle.

In order to survey students’ attitude toward technology, a reconstructed 25-item test of Pupils Attitudes Toward
Technology [22] was used. The survey also included 10 questions on demographics. Demographic questions covered
sex, age, family background and home education background. The Instrument developed in the Slovene version
included six constructs, the same as for the aforementioned teachers. For the assessment, a 5-point phrase completion
scale was used as recommended [17][18]. The new scale successfully substitutes and eliminates all limitations of the
existing Likert scale. This research treated scale questions as being equal-interval, which enabled the investigation of
the nominal properties (whether the responses are different), the ordinal properties (which response has the greater
magnitude) and the interval property (the distance between two responses). The intervals of the scale together form
a continuous type, from 1 (very unlikely) to 5 (very likely). It does not present the mean, but ensures the comparability
of continuous responses [17].

The Cronbach’s coefficient alpha values based on the samples of this study indicated that the developed instruments
were reliable (Table 1), with all Cronbach’s alpha values being > 0.60.

Table 1: Reliability information Cronbach’s o on TL and Technology and me survey subscales.

TL test Technology and me test subscale
Year 2013 | Year 2014 | Year 2015 | TCA |IT TTT TS CT TD
0.72 0.67 0.65 0.93 |0.80 0.85 0.88 0.76 | 0.91

Procedure and Data Analysis

All teacher selection surveys were distributed to the teachers, collected and analysed. The selected teachers’ base was
upgraded every year, according to the selection rules. Teachers were acquainted with the IBL content and trained in
an 8-hour introductory course. Students participated in the study during real-world classroom sessions throughout a 3-
day open learning of water turbine optimisation course [1]. Individual or group administration and testing with one
version takes 15-20 minutes. A pre-test and Technology and me survey were applied before the turbine optimisation
open learning course on Day 1, while the post-test was used after Day 3, when the optimisation learning course had
been accomplished entirely. The high response rate was obtained by the direct presence of the teacher, instructor and
test administration. Data analysis was conducted using SPSS software. Descriptive analyses were conducted to present
the student basic information, and the mean score of dependent variables. A two-way ANOVA analysis was conducted
to find and confirm significant relationships within and between groups with an effect size calculated with eta squared.
Multiple regression analyses were performed to investigate whether predictor variables significantly predict TL gain.
Multivariate analysis to find and confirm significant relationships between groups with an effect size were conducted.

RESULTS
The findings are reported as descriptive analyses of different surveys’ data, a two-way ANOVA analysis and multiple

regression analyses. The first objective sought to describe selected teachers’ profiles in order to find a justification for
their attitude and self-efficacy differences, which could affect inquiry-based teaching (IBT) process. Selected teachers
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were all women, aged 23-24, with no experience in IBL or IBT. Inquiry-based teacher profiling considered all
requirements and their profiles are shown in Table 2.

Table 2: Teachers’ average ratings on profiling categories (n = 6).

Profiling Year 2013 Year 2014 Year 2015
categories Prevailing Average Prevailing Average Prevailing Average
profile rating [/] profile rating [/] profile rating [/]
Learning styles Activist 3.67 Pragmatist 4.33 Theorist 4.67
Thinking style Cluster 3.67 Sequential 4.0 Sequential 4.33
Physical Read/write 4.33 Visual 4.0 Visual 4.33
Sociological Learning alone | 5.0 Peer-oriented 3.33 Authority presents | 3.33
Emotionality Self-motivated 4.0 Other-motivated 4.0 Other-motivated 4.67
Nonconformity | 3.5 Nonconformity 1.5 Nonconformity 0.0
Needs structure | 2.67 Needs structure 4 Needs structure 4.33
Leadership style Laissez-faire 4.33 Transformational | 4.16 Transactional 4.25
Creativity High 14 Average 4 Low 0

For every year’s teacher group, profiles have been provided to supply grounded theory for the study. Teachers’ average
ratings of attitudes towards technology are shown in Figure 1.

The second objective sought to describe students’ achievements in IBL course and to work out the effectiveness of the
course. Inquiry-based teachers conducted their IBL of water turbine optimisation as a 3-day open learning course and
students’ achievements are shown in Table 3. Table 3 depicts the average students’ scores on TL gain and its
dimensions as the subscales where is M-mean and SD-standard deviation.

Table 3: Students’ TL gain and its dimensions descriptive statistics across group of teachers.

TL dimension Teacher group M (%) SD (%) n
TL gain Year 2013 22.12 15.51 91
Year 2014 16.62 14.65 72
Year 2015 12.03 18.65 69
Total 17.41 16.72 232
TL 1k gain Year 2013 31.83 33.02 91
Year 2014 18.61 37.76 72
Year 2015 15.10 50.48 69
Total 22.75 40.84 232
TL cagain Year 2013 21.85 28.65 91
Year 2014 17.66 29.11 72
Year 2015 13.96 30.27 69
Total 18.20 29.35 232
TL cromgain Year 2013 10.33 27.25 91
Year 2014 5.93 25.42 72
Year 2015 1.62 27.32 69
Total 6.37 26.82 232

Further descriptive analysis indicated that the test for homogeneity of variance was non-significant, meaning that the
sample exhibited characteristics of normality required for analysis under the assumptions of the general linear model.
The Levene’s test for equality of variances achieved no statistical significance at either pre-test F (1,229) = 2.68 (p =
0.08 > 0.05) or post-test F (1,229) = 2.32 (p = 0.11 > 0.05). The Levene’s test confirmed that the study sample did not
violate the assumption of normality, which confirmed that the sample is normally distributed (p > 0.05). A two-way
ANOVA was performed to test within subject contrasts how IBL enhances learning. Statistically significant impacts of
IBL were found, F (2,229) = 9.61 (p < 0.01) with a moderate effect size n?= 0.08. The test of between-subjects effects
revelled significant differences between the 3 groups of teachers IBL efficacy, F (1,229) = 2.71 (p = 0.04 < 0.05),
n? = 0.04. However, this test combines the pre-test and post-test data for all groups. To find more evidence about
particular teacher effects, TL gains (Equation (1)) were calculated to test differences between teacher groups and
significant differences (p < 0.01) were found, F (2,229) = 7.67, effect size n* = 0.07. A Tukey Post Hoc Test shows that
the significant difference (p < 0.05) was between the teacher 2013 group effects and the teacher 2015 group (a large
effect size n? = 0.15), and between teacher 2013 group and teacher 2014 group (a moderate effect size n? = 0.06).
The teacher effects were moderate both at TLca and TLrk acquisition (n? = 0.07), while no significant differences
(p > 0.05) were found for TLcrpm acquisition. A paired sample t-test revealed significant (p < 0.05) effects of IBL
improvement at all teachers group. Across the sexes no significant differences (p > 0.05) were found at TL, TLtk and
TLca, While at TLcrom a significant (p < 0.05) difference was found in that male students scored higher than female
students, with a small effect size n?= 0.02.
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The third objective sought to describe students’ attitude toward technology, classified into six subscales, in respect of
their achievements in acquiring TL. Figure 1 depicts both teachers’ and students’ attitudes toward technology.
The students’ perception toward technology seems to be not so positive considering the mid-point 3.
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Figure 1. Students’ and teachers’ average ratings on Attitudes Toward Technology survey subscales with a mid-point 3.

Students seem to be aware of the consequences of technology on society and have a positive opinion about the
importance of technology and engineering lessons in the regular curriculum. Students were still convinced that boys
were more capable than girls at technological tasks or jobs. Surprisingly, students perceived a difficulty in technology
and engineering as appropriate. Also, teachers’ positive attitude toward interests in technology and engineering was
lacking, along with their positive perception of technology/engineering jobs.

Multiple regression analysis was performed to see how much the independent variables could predict student TL gain.
The result revealed that the combination of the independent variables significantly predicts student TL gain (F (6,225) =
22.09, p = 0.00 < 0.05). Students’ attitudes toward technology contributing to course outcomes (TL gain) were
investigated. A multiple regression analysis was carried out with the items of students’ expectations as independent
variables and TL gain and its dimensions as achievement variables as dependent variables. A linear relation between
independent (predictor) and dependent (criterion) variables was assumed, meaning one could expect that increases in
one variable would be related to increases or decreases in another one. Only regression coefficients (p - weights) with
a significance of p < 0.05 were considered. Beta () weights describe the relation between a predictor and a criterion
variable after the effects of other predictor variables have been removed. They ranged from -1 to 1 (0 means no relation
at all; 1 or -1 mean that variations in one variable can be explained completely by variations in another). When
interpreting results, one has to keep in mind that multiple regressions do not explain causes and effects but instead
describe relations between variables or sets of variables. For all four course outcome variables, a satisfactory amount of
variance can be explained by the six independent variables, Figure 2. A large amount of the variance in student TL,
TLtk, TLyc, and TLcrom was accounted for by the predictor variables (65%, 26%, 30% and 20%, respectively).
The explained variances were calculated using R? from path model where R? = 0.02 — a small impact, R? = 0.13 -
a medium effect size, and R? = 0.26 presents a large effect size [23].
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Figure 2: IBL achievements regressed on students’ attitudes toward technology. All reported standardised regression
weights are significantly different from zero (p < 0.01).

Students’ attitude towards careers in technological and engineering jobs significantly (p < 0.05) predicts TL gain and its
two dimensions of CA and CTDM. Students who had no interest for future engineering and technological jobs
advanced less at TL. Students, who perceived importance of technology as high, advanced more at TL, TLtk, and
TLcrom. Surprisingly, their problem-solving capacity is not developed enough or their perceived self-efficacy is
overestimated. A perception of the difficulty of technology caused problems in acquiring TL when they participated in
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IBL courses. Surprisingly, students with a positive attitude to the male technological jobs advanced more at the
technological knowledge dimension. Technology subject matter was perceived as important in middle schools, but these
students markedly improved only their general TL and TLyk, while a significant (p < 0.05) development of other TL
dimensions still lacks.

CONCLUSIONS

Effective IBL is not a self-regulated process. Moreover, teacher involvement in terms of guidance and leadership is
needed. Only well-profiled teachers can have a positive and marked impact on students’ multifaceted achievements in
an IBL environment. This study provided evidence that cluster thinking and creative activist with laissez-faire
leadership style in peer scaffolding learning in the open learning environment have a positive impact on students’
achievements and significantly differ from other teachers’ profiles. It seems that a marketing-oriented IBL teacher more
positively affects students’ TL acquisition. Between-subjects analysis revealed markedly different impacts of each
teacher group on students acquiring TL, TLyk, TLca. Effect size was regarded as high and moderate, respectively.
For acquiring TLctom, more conceptual mapping is needed using means of research-based learning to enhance learning
and to diversify teachers’ profiles. Students' and teachers” ATT needs more attention in order to facilitate learning and
teaching of technology/engineering subject matter. Further research is required in order to collect more data from larger
technology teachers group, especially, teacher leadership styles impact on students’ achievements need more evidence.
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