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a b s t r a c t

In many innovations in technology and education in secondary schools, teachers are the
crucial agents of these innovations. To select, match and support groups of teachers for
particular school projects, school principals could be supported with insights into teachers’
beliefs about teaching, learning and technology. A teacher typology has been developed
based on an online questionnaire completed by 1602 teachers from 59 Dutch secondary
schools. Teachers are grouped on the basis of their beliefs about learned-centered teaching
and attitudes towards technology, which underlie the school innovations that form the
context of the current research. Five teacher types are distinguished: 1) Learner-centered
teachers with technology, 2) Teachers critical of technology use in school, 3) Teachers
uncomfortable with technology, 4) Teachers uneasy with learned-centered teaching and 5)
Teachers critical of a clear-cut stance. This classification of teachers into these five types
could be used to select or match the right group of teachers to a particular intervention or
to organize different professional development activities for different types of school
teachers.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

The increasing use of technology in society in combinationwith attention for constructivist learning orientations requires
secondary schools to change to more suitable learning and teaching practices. As a consequence, teachers have to change
accordingly, whether they perceive the required change similarly or not. Often teachers are treated as objects that must be
changed, instead of agents of changes in school (Hennessy, Ruthven,& Brindley, 2005; Luttenberg, Imants,& van Veen, 2013).
Innovations in teaching with technology are no exception and subsequently changes in this domain have entered the school
sporadically: most classroom teachers use the technology to do what they always have done and choose those activities that
will help them accommodate their own perspectives on teaching and learning (Liu, 2011; Orlando, 2013). The problem seems
to be how to diffuse innovations in both technology and education at the same time. The context of the study reported in this
paper is an initiative of the Dutch government to enhance the use of technology in secondary schools in a more learner-
te School of Teaching, Leiden University, Wassenaarseweg 62A, 2333 AL, Leiden, The Netherlands.
(W. Admiraal).
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centered way. Schools were invited to submit their proposals and 59 secondary schools received finances to develop and
implement various school-based innovations on learner-centered teaching with technology. These innovations were in
different phases of implementation, ranging from initial developments to continuing innovations that were tried out in
earlier years. The success of these innovations heavily depended on the teachers who should apply these in their classes.
Therefore, the objective of the current study is to provide a typology of secondary school teachers based on their beliefs about
teaching and technology, which could provide information for selecting, matching or supporting groups of teachers linked to
the technology innovations schools would like to implement.

1.1. Technology acceptance models

Given the critical contribution that teachers canmake in supporting the integration of computer technology in classrooms,
to understand teachers' acceptance of technology becomes crucial. The successful use of technology in teaching and learning
depends on the factors that significantly influence teachers' acceptance, intention to use and actual use of technology. One of
the first models that included both technological and psychological factors affecting technology acceptance was the Tech-
nology Acceptance Model (TAM; Davis, 1989). TAM proposed the perceived usefulness and perceived ease of use to be the
fundamental determinants of a teacher's intention to use technology in class. Perceived usefulness refers to the degree to
which teachers believe technology supports their teaching in an efficient and productive manner. Perceived ease of use
describes the extent to which teachers think that the use of technology will be relatively free of effort. The TAM-model was
expanded to TAM2 and TAM3. TAM2 (Venkatesh & Davis, 2000) also included aspects of social influence and TAM3
(Venkatesh & Bala, 2008) was broadened with user factors such as self-efficacy and computer anxiety. Despite all of the
refinements, TAMwasmore technology-oriented and less user-oriented, and therefore did not take into account some crucial
individual psychological factors.

The Unified Theory of Acceptance and Use of Technology (UTAUT; Venkatesh, Morris, Davis, & Davis, 2003) was designed
by synthesizing prior technology-acceptance research. The four key constructs that influence teachers' intention to use a
technology and/or technology use were 1) Performance expectancy (the degree to which using a technology will provide
benefits to teachers' teaching practice), 2) Effort expectancy (the degree of ease associated with teachers' teaching with
technology), 3) Social influence (the extent to which teachers perceive that others in school believe they should use tech-
nology), and 4) Facilitating conditions (which refer to teachers' perceptions of resources and support available to use tech-
nology). In UTAUT2 (Venkatesh, Thong, & Xu, 2012), the original model was elaborated with three other key constructs: 5)
Hedonic motivation (fun or pleasure derived from using technology), 6) Price value (cognitive trade-off between perceived
benefits of using technology and the costs for using them), and 7) Habit (the extent to which teachers believe technology use
is automatic). Raman and Don (2013) applied an adapted version of UTAUT2 to preservice teachers' acceptance of Learning
Managament Systems (LMS) and reported weak direct and indirect effects of these key constructs on preservice teachers’ use
of LMS. In contrast to Venkatesh et al. (2012), Raman and Don reported large correlations between the seven key constructs
which might imply problems with the construct validity of the measurement of UTAUT2 factors.

Kreijns and colleagues (Kreijns, Vermeulen, Kirschner, van Buuren, & van Acker, 2013) proposed to apply the Integrative
Model of Behavior Prediction (IMBP; Fishbein & Ajzen, 2010) to explain teachers' willingness to use technology in their
pedagogy. In IMBP of Kreijns and colleagues, three key constructs (Attitudes, Perceived Norm and Self-efficacy) were hy-
pothesized to influence teachers' intentions to use technology, which, together with skills and environmental constraints,
influences teachers' actual use of technology. Attitude is the general sense of favorability regarding technology use. Perceived
norm is a function of beliefs about the level of expected support from stakeholders in school, the extent to which these
stakeholders use technology themselves and the motivation to comply with these referents. Self-efficacy is teachers’
perceived capability in using technology. Based on a review of research into technology use of teachers, Kreijns et al. (2013)
concluded that IMPB provided a parsimonious model to explain factors that influence technology use of teachers. The crucial
role of technology-related teacher characteristics such as attitudes, self-efficacy and social norm in the domain of teaching
with technology is confirmed in several other studies (e.g., Admiraal, Lockhorst, Smit & Weijers, 2013; Ertmer, Ottenbreit-
Leftwich, Sadik, Sendurur, & Sendurur, 2012; Hermans, Tondeur, van Braak, & Valcke, 2008; Petko, 2012; Player-Koro, 2012).

What these models of technology acceptance have in common is that they try to explain teachers' adoption of technology,
with a focus on technology-related factors. Yet Ertmer (1999) described two types of barriers, first- and second-order, of
teaching with technology integration. First-order barriers refer to missing or inadequately provided resources such as
equipment, training and support. These are usually the barriers concentrated on first in reform efforts and might be easily
removed once money is provided. Second-order barriers require more fundamental changes and are typically rooted in
teachers' core beliefs about teacherestudent roles, teaching methods and teaching with technology. These second-order
barriers include technology-related teacher characteristics as included in the technology-acceptance models as well as
teachers’ beliefs on effective teaching. Hermans and colleagues (Hermans et al., 2008) convincingly argue that the latter
should be addressed in studies on integration of technology in schools.

1.2. Beliefs on effective teaching

The literature conveys a wide spectrum of teachers’ conceptions of what constitutes effective teaching, with a teacher-
centered approach focusing on knowledge transmission at one end and a learner-centered approach at the other (Alger,
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2009; Barkatsas &Malone, 2005; Kim, Kim, Lee, Spector, & DeMeester, 2013; Orlando, 2013). Moreover, there is a conception
which actually seems to fall outside the teacher-centered or learner-centered approach as this perception assumes that it
makes no difference how teachers teach. Biggs and Tang (2011) call this the level 1 theory of teaching and learning in which
the focus is on who the student is. They argue that teachers who have this as their underlying theory of teaching believe that
the differences in learning outcomes are based on the various types of students: good students will get high marks, poor
students will get lower marks. Whether a student will be successful in their studies depends on the motivation and prior
knowledge of the student, not on the way the teacher teaches.

At the next levels described by Biggs and Tang (2011), the focus is on what the teacher does, as students are expected to
passively take in the information the teacher offers in a presentation. For these teachers their only responsibility is to be
experts in their fields and to expound the subject content clearly to the students in awell-organized way, usually bymeans of
lecturing. Aspects of this approach would include four of the seven conceptions that Samuelowicz and Bain (2001) put
forward: 1) imparting information, 2) transmitting knowledgewhich is structured by the teacher, 3) providing and facilitating
understanding, and 4) helping students develop expertise which they may need later in their jobs. According to Maclellan
(2014), this traditional approach to teaching, which sees students at the receiving end, still continues and -despite the
large body of research pointing to the effectiveness of a learner-centered approach-this approach to teaching still tend to be
common in secondary education (Meirink, Meijer, Verloop, & Bergen, 2009).

The shift in focus from what the teacher does to what the learner does is described by Biggs and Tang (2011) as a level-3
theory. In this approach, teachers’ conceptions about the relationship between learning and teaching take a central place and
teachers see it as their role to prevent misunderstandings, to create a learning environment of negotiating meaning and to
encourage knowledge creation (Samuelowicz& Bain, 2001). This constructivist approach to learning is taken one step further
towards a co-constructivist approach relying on dialogue for learning, be it with the teacher or with peers (Biggs, 2012).

Whether understood as opposites of one dimension or as two separate dimensions, these levels of beliefs on effective
teaching are commonly assumed to be related to teachers' use of technology, with themore constructivist ideas teachers hold,
the more they are willing to use technology in class. Moreover, an underlying motivation for technology integration in school
often is that teachers will transform their teaching to constructivist practices as a consequence of their use of technology (c.f.,
Orlando, 2013) . However, empirical evidence on the relationship between teachers’ use of technology and their constructivist
beliefs about teaching is ambiguous.
1.3. Teachers’ constructivist beliefs and technology use

As described above, teacher-centered beliefs are based on an assumption of knowledge delivery that resembles traditional
teaching methods and underscores the importance of knowledge reproduction, while learner-centered beliefs emphasize
student responsibility for learning and are focused on knowledge construction and on how students are induced to work and
learn together. A positive relationship is assumed between the use of technology and constructivist teaching approaches as
technology might be better suited to support these teaching and learning activities compared to traditional teaching
methods.

However, empirical evidence about the relationship between constructivist beliefs and use of technology in class is not
conclusive, as teachers' constructivist beliefs do not always reflect their practices or their teaching with technology has been
limited to small additions to the conventional practices of teaching (e.g., Chen, 2008; Judson, 2006). In a multiple-case study
of 11 primary teachers in Cyprus, Mama and Hennessy (2013) developed a typology based on teachers’ educational and
technology beliefs and their actual practice of the use of technology. Only two out of the 11 teachers could be classified as
teachers with both constructivist beliefs and practices; eight other teachers held similar beliefs about teaching and learning,
but showed an inconsistent practice of teaching with technology. The authors suggested that this inconsistency between
beliefs and practice might be typical for Cyprus and other contexts where the integration of educational technology was still
in its infancy. However, similar findings are reported in other research contexts. In a questionnaire study with 1120 primary
school teachers in Taiwan, Liu (2011) found that most Taiwanese teachers held learner-centered beliefs, but did not integrate
them with constructivist teaching with technology. In a longitudinal study of five primary and secondary school teachers in
Australia, Orlando (2013) confirmed this lack of relationship between technology integration and learner-centered teaching
beliefs. The author concluded that teachers are making uses of technology in educationally valuable ways albeit not in
alignment with a constructivist approach.

Yet in many other studies, a positive relationship has been found between technology use and constructivist beliefs on
teaching and learning. In a questionnaire study with 22 primary and secondary teachers in Taiwan, Kim et al. (2013) found a
relationship between teachers’ beliefs about effective ways of teaching and technology integration practices, with the more
teachers held learner-centered beliefs the more seamless the integration of technology in their teaching. This finding was
confirmed in a questionnaire study with 525 primary teachers in Flanders. Hermans et al. (2008) showed that teacher beliefs
were significant determinants in explaining why teachers adopt computers in the classroom. Next to the impact of computer
experience, general computer attitudes and gender, the authors found a positive effect of constructivist beliefs on the
classroom use of computers. Traditional beliefs had a negative impact on the classroom use of computers. Also in Flanders,
Tondeur, Hermans, van Braak, and Valcke (2008) reported that the self-reported uptake of the use of computers in class was
the highest for teachers with relatively strong constructivist beliefs and traditional beliefs about teaching and learning.
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Despite the ambiguous relationship, teachers’ beliefs on effective teaching and learning are relevant components to be
considered when studying innovations in teaching with technology. In an a multiple-case study of 12 teachers, Ertmer et al.
(2012) report that primary and secondary teachers with learner-centered beliefs tended to enact learner-centered teaching
despite technological, administrative, or assessment barriers. The sample these authors studied consisted of 12 award-
winning technology-using teachers, which might be an explanation for the dominant influence of teacher beliefs as these
teachers did not worry too much about technology-related aspects.

1.4. Typologies of teacher beliefs on teaching, learning and technology

From the literature on teaching with technology mentioned above, the problem seems to be how to diffuse learner-
centered teaching and innovations in technology at the same time. The context of the study is an initiative of the Dutch
government to support schools in innovations that aim at changing teaching practices in the direction to learner-centered
teaching with technology. These innovations were in different phases of implementation, ranging from initial develop-
ment to continuing innovations that were tried out in earlier years. The success of these innovations heavily depended on the
teachers who applied these technology innovations in their classes. Earlier studies provide potential teacher typologies,
which might be used as reference for the current study. For example, Tondeur et al. (2008) developed a typology of
elementary school teachers based on a questionnaire about traditional and constructivist teaching beliefs. Four teacher types
were distinguished with low or high mean scores on either traditional or constructivist beliefs. It appeared that teachers with
relatively high scores on both traditional and constructivist beliefs were the teachers whomost frequently used technology in
class. But the information about teaching with technology was not part of the typology itself. Tubin (2006) did develop a
typology based on information about both teaching and technology, but about technology implementation at the school level.
The author distinguished four types of schools: 1) traditional ones -schools that implement technology without changing
teaching methods and technology infrastructure-, 2) jet carriage type e schools that update technology infrastructure
without changing teaching practices-, 3) emergent type e schools that both update technology and innovative teaching
practices, and 4) exploitation type e schools that still use innovative teaching practices with an outdated infrastructure.
Finally in his landmark work on diffusion of innovations, Rogers (2003) classified innovativeness at the individual level with a
categorization that refers to the adoption of a particular innovation: innovators, early adopters, early majority, late majority
and laggards. Yet these typologies are about implementation of innovations in general (Rogers, 2003), centered on only one of
the aspects of teaching with technology (Tondeur et al., 2008) or at the school level (Tubin, 2006). Typologies about teaching
with technology do exist at the level of individual teachers, but these are based on small-scaled studies and have the form of
case descriptions (e.g., Mama&Hennessy, 2013; Prestridge, 2012). Therefore, we formulated the following research question:

“Which types of secondary school teachers can be distinguished based on their beliefs about learner-centered teaching
and attitudes towards technology?”

2. Methods

2.1. Procedure

Data have been collected from an online questionnaire. For each of the 59 schools that participated in the government
initiative mentioned above, one teacher was assigned as the corresponding teacher, who was the link between the research
group and the particular school. December 2015 a link to the online questionnaire was sent to these corresponding teachers
with the request to send this link to all teachers in their school. The online questionnaire was open for 3 months and several
reminders were sent to the corresponding teachers.

2.2. Participants

Participants were 1602 teachers from 59 secondary schools in the Netherlands. For 15 schools, 10 or less teachers
completed the online questionnaire. For the remaining 44 schools, the number of participating teachers varied from 13 to 84,
with an average response rate of about 60% for the teachers who were invited to complete the questionnaire. In total, the
Table 1
Teachers’ age and teaching experience (N ¼ 1602).

Teachers' age N Teachers' teaching experience N

<26 years 97 <1 year 82
26-30 years 217 1-3 years 168
31-35 years 185 4-5 years 169
36-40 years 173 6-10 years 332
41-45 years 178 11-20 years 443
46-50 years 178 21-30 years 188
51-55 years 217 >30 years 220
>55 years 357
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response rate was about 35% for the total set of all 59 schools. The sample of 1602 secondary school teachers consists of 850
females (53%). Information about teachers’ age and teaching experience is summarized in Table 1, showing teachers of all ages
and a majority (74%) with more than 5 years teaching experience.

Teachers were asked to indicate whether they will participate in the particular innovation of their school. In total, 334
teachers (21%) indicated that they will participate and 907 (57%) indicated that they will not be part of the school innovation
project; 138 (9%) were undecided and 223 (14%) reported that they had no knowledge of these projects (which probably
means that they will not participate).
2.3. Measures

In addition to teachers' background information, wemeasured teachers' beliefs about teaching and learning with 35 items
(Questionnaire Beliefs about teaching and learning of Meirink et al., 2009) and attitudes towards technology with 19 items
(Admiraal et al., 2013). These items were grouped into seven scales, as originally used in the validated questionnaires of
Meirink et al. (2009) and Admiraal et al. (2013). Four scales refer to teachers' beliefs about teaching and learning: 1) Teacher-
centered - cognitive (TCC), 2) Teacher-centered - affective (TCA), 3) Learner-centered - cognitive (LCC), and 4) Learner-
centered - affective (LCA). TCC refers to teacher-centered instructional activities with example items such as “Students
learn more when a teacher instructs them exactly what they have to do” and “Students learn more when a teachers gives
detailed feedback how to improve their assignments”. TCA includes teacher-centered activities that focus on student emo-
tions with example items such as “It is important that a teacher sets student at ease before a test” and “Students learn more
when a teacher takes care that students are distracted at least as possible”. LCC refers to teaching that is focused on students'
regulation of their learning process with example items such as “Students learn more when they reflect on their perfor-
mance” and “Students learn more when they reflect on how to handle a particular task”. Finally, LCA includes items that
describe teaching activities that trigger students’ activities to deal with their feelings with example items such as “It is
important that students reflect on how they can cope with feelings of anxiety and uncertainty” and “Students learn more
when they understand their emotions”.

The three other scales refer to teachers' beliefs about technology and education: teachers’ positive attitudes towards using
technology in teaching (AT), their feelings of self-efficacy in the domain of teaching with technology (SE), and their perceived
social norm of teaching with technology (SN). Example items are “The use of technology improves my teaching” and “The use
of technology makes my work more satisfying “(AT), “I am able to use technology in an effective way” and “I can teach with
technology without the help of others” (SE), and “In our school, technology has an important place in teaching” and “My
colleagues think teaching with technology is important” (SN).

Participants rated their beliefs on a 5-point Likert type scale, with 1 ¼ “does not apply at all” to 5 ¼ “applies to a large
extent”. The reliabilities of the scales, in terms of Cronbach's a, were satisfactory. The descriptive statistics as well as the
reliabilities are presented in Table 2, showing higher mean scores for learner-centered beliefs about teaching and learning.
2.4. Analyses

In order to develop a typology of teachers' beliefs about learner-centered teaching with technology, we performed cluster
analyses with the five of the seven scales as input (LCC, LCA, AT, SE and SN). As teacher-centered beliefs about teaching are less
relevant for the particular school innovations of the current research context and in many studies not discriminating in
predicting teachers' technology adaptation (see e.g. Liu, 2011), both scales on teacher-centered beliefs were not used as input
variables in the cluster analyses. We decided to use the (squared) Euclidean distance as similarity measure. Seven hierarchical
clustering methods and one partitioning method (K-means) that are available in SPSS-version 24 were evaluated. In order to
ascertain the optimal cluster analysis for our data, we used the Variance Ratio Criterion (VRC, see Calinski & Harabasz, 1974),
combined with u, which refers to the decrease in VRCs between two successive outcomes of cluster analyses. The VRC refers
to the ratio of the ‘within variance’ (variance explained by the typology) and ‘between variance’, corrected for the number of
clusters and responses. The statistic u refers to relative loss of variance explained by using less clusters. This means that the
Table 2
Teachers’ beliefs on teaching, learning and technology.

Mean SD Cronbach's a

Teaching and learning
TCC (7 items) 3.354 0.647 0.772
TCA (8 items) 3.586 0.624 0.783
LCC (10 items) 3.869 0.771 0.928
LCA (10 items) 3.624 0.669 0.888

Technology
AT (6 items) 3.461 0.891 0.904
SE (7 items) 3.511 0.902 0.913
SN (6 items) 3.559 0.864 0.890
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most optimal solution from the cluster analyses has the highest VRC score and the lowest u. Solutions of the hierarchical
clustering methods with the squared Euclidean distance showed better or equal results compared to the ones with simple
Euclidean distance.

The partitioning cluster method K-means showed the highest VRCs compared to all hierarchical clustering methods.
Within the solutions with the K-means clusteringmethod, the solutionwith two clusters showed the largest VRC, but was not
very informative with one group of 1074 teachers with relatively high average scores on all variables and one group of 528
teachers with relatively low average scores on all input variables. Then the three-cluster solution showed the largest VRC and
the smallest u (�44.43). However, the three-cluster solution included one relatively small cluster (with 131 teachers) and -on
average-explained only 44% variance between teachers. Therefore, we searched for a near-best solution (based on the highest
VRC and lowest u), which is the five-cluster solution based on the K-means partitioningmethod. This solution showed a lower
VRC compared to the two- or three-cluster solution, but a similar u (�38.18) to the 3-cluster K-means solution; all other
solutions showed a clearly lower VRCs and higher u. Moreover, the number of teachers in the five clusters was more equally
distributed over the clusters compared to the two- and three-cluster solutions. On average, the clustering into five clusters
explained 54% variance between teacher scores, ranging from 49% for LCA and AT to 60% for LCC. Based on this evaluation, we
decided to use the five-cluster solution based on the K-means partitioning method for our typology of teachers’ beliefs about
learner-centered teaching and technology.

To establish the stability of the typology, K-means cluster analysis with k ¼ 5 was ran on an approximately 50% random
sample of the original 1602 teachers (n ¼ 831). This resulted in an agreement with the original sample of Cohen's k ¼ 0.776
with a 95% confidence interval of 0.743 < k < 0.809. We repeated this procedure for a 25% random sample (n ¼ 416). This
resulted in an agreement between with the original sample of Cohen's k ¼ 0.657 with a 95% confidence interval of 0.604 <
k < 0.710. These evaluations indicate that the stability of the five-cluster solution is satisfactory (c.f., Cohen, 1988).

3. Findings

3.1. Typology based on teachers’ beliefs on teaching and technology

In Table 3, we summarize the typology of teachers based on their beliefs about learner-centered teaching beliefs and
attitudes towards technology. For each cluster, we marked the mean scores that differed considerably from the general mean
scores and/or from the cluster means on the other input variables. These marked mean scores provide the most meaningful
information to interpret the results of the cluster analysis:

� Cluster 1: 444 teachers with relatively high mean scores on both learner-centered beliefs and on the technology scales.
� Cluster 2: 296 teachers with a relatively low mean score on perceived social norm of teaching with technology.
� Cluster 3: 398 teachers with moderate mean scores on learner-centered beliefs, but relatively low means scores on at-
titudes towards and self-efficacy on teaching with technology.

� Cluster 4: 344 teachers with relatively low mean scores on learner-centered teaching beliefs and a relatively high mean
score on feelings of self-efficacy in the domain of teaching with technology.

� Cluster 5: 120 teachers with low mean scores overall.
3.2. Elaboration of the typology

In order to elaborate the interpretation of the profiles, we examined the relationships of the typology with the two scales
on teacher-centered teaching (TCC and TCA) and background information (gender, age and teaching experience). Descriptive
data for each cluster is summarized in Table 4. Significant relationships of the five clusters were found with both TCC
(F(1601,4) ¼ 47.720; p < 0.001; h2 ¼ 0.107) and TCA (F(1601,4) ¼ 163.203; p < 0.001; h2 ¼ 0.290). For TCC, Scheff�e post-hoc
Table 3
Five clusters with cluster mean score and SD within brackets for the input variables (LCC ¼ learner-centered beliefs e cognitive; LCA ¼ learner-centered
beliefs e affective; AT ¼ Attitudes towards technology; SE¼ Self-efficacy in teaching with technology and SN ¼ perceived social norm of teaching with
technology). Circled scores show relatively high or low mean scores, which can be understood as indicative for a particular cluster.
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analyses indicated significant lower scores of cluster 5 compared with all other clusters (all with p < 0.001) and significant
higher mean score of cluster 3 compared to cluster 1 (p ¼ 0.032). For TCA, Scheff�e post-hoc analyses indicated significant
lower scores of cluster 5 compared to all other clusters (all with p < 0.001) and significant lower scores of cluster 4 compared
to cluster 1, 2 and 3 (all with p < 0.001).

With respect to the background variables, a significant relationship with genderwas found (c2¼10.347; df¼ 4; p¼ 0.035),
indicating relative more female teachers in cluster 3 and relatively more male teachers in clusters 1, 4 and 5. Significant
relationship were also found with age (c2 ¼ 110.554; df ¼ 28; p < 0.001) and teaching experience (c2 ¼ 83.565; df ¼ 24;
p < 0.001). Inspection of the cross tables led to similar conclusions with respect to age and teaching experience. Cluster 1 has
an over-representation of teachers between 36 and 45 years of age and middle-career teachers with between 6 and 20 years
of teaching experience. Cluster 2 has an overrepresentation of teachers between 26 and 45 years of age with either 1e3 years
or between 6 and 20 years of teaching experience. . Cluster 3 has an over-representation of veteran teachers (51 years or
older) and teachers with more than 10 years teaching experience. Cluster 4 shows an overrepresentation of relatively young
teachers (35 years or younger) with teaching experience of 10 years or less. Finally, cluster 5 includes relative more veteran
teachers (55 years or older) and very young teachers (26 years or less) with either 30 years of teaching experience or less than
1 year of teaching experience.
3.3. Differences between schools

The schools the participants of this study worked in were financed for innovations in the domain of learner-centered
teaching with technology. Participants were asked to indicate whether they were certain to participate in the innovations
in school or not. Of the total of 1602 teachers, 334 teachers indicated that they will participate in the school innovation on
learner-centered teaching with technology. Chi-square test showed a relationship between the typology and teachers’
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planned participation in school innovation (c2 ¼ 52.081; df ¼ 12; p < 0.001). In cluster 1, the prospective project participants
are overrepresented and in clusters 3and 4 the number of prospective project participants is relatively low (see Table 5).

Analyses of the cross tables with 29 schools with more than 25 respondents (based on the expectation to have for each
school at least 5 teachers per cluster) and the five clusters revealed a significant relationship, which means that schools differ
in the distribution of their teachers over the five clusters (c2 ¼ 316.914; n ¼ 1239; df ¼ 112; p < 0.001). The nominal asso-
ciation measures indicate a weak, but significant relationship between school and teacher clusters (4 ¼ 0.506; Cramer's
V ¼ 0.253; Contingency Coefficient ¼ 0.451, all with p < 0.001). Then we selected 9 schools with at least 10 teachers who
indicated that they participated in the school innovation and had a close inspection of the cross tables of these nine schools
with the five clusters of teachers. Although we should be careful with the interpretation of this table because of the low
number of teachers in each cell, we noticed only two schools with relativelymore participating teachers from cluster 1 (which
could be seen as the favorable teacher cluster for these innovations). In these two schools as well as in three other schools,
relatively more teachers (compared with the overall distribution of teachers over clusters) from cluster 4 planned to
participate in the innovation. In again three other schools, this was the case for teachers from cluster 2. One school showed
the average distribution of teachers across the five clusters. As indicated above, cluster-2 teachers showed a relatively low
score on the social norm on teaching with technology and cluster-4 teachers a relatively low score on learner-centered
teaching beliefs. So for eight of the nine schools, this distribution of teachers over the clusters might trigger school princi-
pals to undertake follow-up activities with their staff. Yet as mentioned above we should be careful with the interpretation of
the numbers because of the low number of teachers per school who indicated that they plan to participate in the school
innovation.

4. Discussion and conclusion

The context of this study is an initiative of the Dutch government to finance innovations of 59 secondary schools in the
area of learner-centered teaching with technology. A questionnaire has been administered to explore beliefs and attitudes of
the teachers from these schools. In total, 1602 teachers of these 59 schools indicated their beliefs about teaching and attitudes
towards technology. Based on this information, five clusters of teachers were identified (see Table 3). In order to interpret the
clusters with teachers we used additional information from the questionnaire. With this combination of teaching beliefs and
technology attitudes the typology developed in the current study is more situated in technology innovations in school than
the general classification of innovativeness by Rogers (2003) and more comprehensive than the typology of Tondeur et al.
(2008), which focused on teaching beliefs of elementary school teachers. It also adds to the small-scale studies of Mama
and Hennessy (2013) and Prestridge (2012), that were limited to case descriptions based on individual choices of teachers
in a very specific context.

We also found a relationship between the typology and years of teaching experiences with the more experienced teachers
holding relatively more learner-centered beliefs on teaching and learning and less positive attitudes towards technology. But
this relationship is not linear as the fifth cluster (with low means scores overall) included a relatively high number of both
inexperienced and very experienced teachers. This non-linear relationship is in line with findings from other empirical
studies (Alger, 2009; De Vries, Jansen, & Van de Grift, 2013). For example, Alger (2009) concluded that very experienced
teachers began teaching with teacher-centered beliefs and that only some of themmoved toward learner-centered beliefs on
teaching.

Although we suggest that learner-centered teaching beliefs and attitudes towards technology are both crucial elements of
a proper typology, our findings also make clear that the relationship between both elements is not a positive linear one per se.
This more complex relationship between teaching beliefs and technology attitudes aligns with the conclusions of Orlando
(2013) and other researchers who already voiced doubts about constructivist practices as an underlying motive to diffuse
technology innovations in schools.

4.1. Teacher typology

Belowwe define the five types of teachers based on our findings. These teacher types can be scaled on the degree inwhich
teachers combine learner-centered teaching beliefs with positive attitudes towards technology. At first sight, there seems to
be relationship between these five teacher types and the three levels of thinking about teaching as distinguished by Biggs and
Tang (2011). Type-1 teachers generally demonstrate level-3 thinking (learner-centered ideas), whereas Type-5 teachers
Table 5
Relationship between the five clusters and teachers’ planned participation in school innovation projects (in % of each cluster).

Teachers' planned participation
Cluster 1
(n ¼ 444)

Cluster 2
(n ¼ 296)

Cluster 3
(n ¼ 398)

Cluster 4
(n ¼ 344)

Cluster 5
(n ¼ 120)

Yes (n ¼ 334; 20.8.%) 28.8% 20.6% 14.3% 18.3% 20.8%
Undecided (n ¼ 138; 8.6%) 11.0% 11.5% 6.3% 7.0% 5.0%
No (n ¼ 907; 56.6%) 49.5% 53.0% 66.1% 57.8% 56.7%
No knowledge (n ¼ 223; 13.9%) 10.6% 14.9% 13.3% 16.9% 17.5%
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appear to think at level 1, with the other types at both level 2 and 3. Yet the information about technology complements
beliefs on teaching and learning, resulting in a more comprehensive typology. Fig. 1 includes a graphical presentation of the
five teacher types which makes clear the discriminating power of the three technology variables, compared to the two
teaching beliefs variables.

4.1.1. Type 1: learner-centered teachers with technology (n ¼ 444)
This type of teachers could be understood as the most favorable type for the school innovations in learner-centered

teaching with technology, which were the research context of the current study. The mean scores on all relevant scales
are relatively high. This type includes more males than females and relatively more teachers in their mid-career (6e20 years
teaching experiences). These teachers are similar to the group of “Innovators” as defined by Rogers (2003), albeit that Rogers
indicated that only a very small portion of teachers might be understood as Innovators in terms of teacher leaders of an
innovation. Teachers in this cluster generally have level-3 notions about teaching and learning (Biggs& Tang, 2011) indicating
learner-centered teaching beliefs. We label this teacher type as Learner-centered teachers with technology.

4.1.2. Type 2: teachers critical of technology use in school (n ¼ 296)
This type of teachers shows relatively high mean scores on learner-centered teaching beliefs, average scores on attitudes

towards technology and feelings of self-efficacy in using technology, and low scores on social norm on technology use in
school. The latter means that these teachers are generally quite critical of technology use in their school. Most teachers are
mid-career teachers (26e45 years of age) with 6e20 years of teaching experience. Based on their relatively low scores on
social norm, we label this teacher type as Teachers critical of technology use in school.

4.1.3. Type 3: teachers uncomfortable with technology (n ¼ 398)
This type of teachers shows relatively low mean scores on attitudes towards technology and feelings of self-efficacy in

using technology, and mean scores on all other scales. This profile includes relatively more female teachers, more veteran
teachers (51 years or older) and teachers with a lot of teaching experience (11 years or more). Based on their low technology
scores, we label this teacher type as Teachers uncomfortable with technology.

4.1.4. Type 4: teachers uneasy with learned-centered teaching (n ¼ 344)
This teacher type is characterized by relatively lowmeans scores on learner-centered teaching beliefs, but a relatively high

mean score on feelings of self-efficacy in teaching with technology. This cluster includes more male than female teachers and
relatively more young and inexperienced teachers. The relationship between teaching beliefs and teaching experience is
confirmed by Alger (2009), with starting teachers have relatively less learner-centered teaching beliefs. We label this teacher
type as Teachers uneasy with learned-centered teaching.

4.1.5. Type 5: teachers critical of a clear-cut stance (n ¼ 120)
This teacher type of teacher could be understood as the least favorable type of teachers for the school innovations in

learner-centered teaching with technology. The mean scores on all relevant scales are relatively low. This type includes
relatively more males, and teachers with either a lot of teaching experience (30 years or more) or almost no teaching
Fig. 1. Graphical presentation of the five teacher types based on the mean score of the input variables (LCC ¼ learner-centered beliefs e cognitive; LCA ¼ learner-
centered beliefs e affective; AT ¼ Attitudes towards technology; SE¼ Self-efficacy in teaching with technology and SN ¼ perceived social norm of teaching with
technology).
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experience (less than one year). The low score on all beliefs about teaching and learning suggest teachers who generally think
that learning outcomes are solely dependent on motivation and prior knowledge of students, not on the way teachers teach.
Moreover, their low scores on the technology scales are in line with one of the types Mama and Hennessy (2013) described as
a teacher with “rather negative and subversive beliefs about technology, regarding that it could usurp the teacher's role in the
classroom” (p. 383). Others found that teachers hold eclectic views about teaching and learning and therefore it is difficult to
classify their views into a single pedagogical belief category (e.g., Wilke & Losh, 2008). Teachers in this cluster might not be
able or willing (yet) to report their explicit beliefs about teaching, learning and technology. Therefore, we label this teacher
type as Teachers critical of a clear-cut stance.
4.2. Implications for a change towards teaching with technology in a learner-centered way

The typology of the current study could support school innovation projects by:

� selecting the right group of teachers for future technology innovations in their schools;
� matching groups of teachers to the particular school projects;
� compiling teacher teams that implement particular schools projects, and
� supporting professional development of particular groups of teachers as a start of the project.

Below we will give some examples of how groups of teachers can be supported in their change towards learner-centered
teaching with technology. We did not find a consistent strong positive correlation between learner-centered beliefs and
attitudes towards technology, neither in our data nor in the literature. This means that if we would like to change teaching
practices into the direction of teaching with technology in a learner-centered way, we have to focus on both technology
attitudes and teaching beliefs. But this can be different for different types of teachers. Supporting professional development of
Teachers critical of a clear-cut stance (Type 5) might be the most complicated. It seems these teachers generally are not able or
willing to take a clear stance with respect to teaching, learning and technology. This means that professional development
activities could be focused on increasing their awareness of the value of teaching and technology and of their preferences.
Teachers who are uneasy with learned-centered teaching (Type 4) might be supported by professional development activities
that change their teaching beliefs into more learner-centered beliefs of teaching. One way to do this might be to make use of
their relatively high scores on feelings of self-efficacy in using technology and stimulate them first to experiment with
technology in class, give them autonomy to do so, and then support them to do this in a learned-centered way. In this way,
teachers can profit from their confidence in using technology in order to developmore learner-centered teaching approaches.
Professional development activities of the group of teachers who are uncomfortable with technology (Type 3) might be sup-
ported in a similar way. Another strategy could be to connect these teachers to other teachers with higher mean scores on
technology and to challenge them to experiment with peer or team teaching with these colleagues. The group of teachers who
are critical of technology use in their school (Type 2) might be more supported with changing their school environment into a
more technology-oriented setting or at least how this environment is perceived. A strategy with peer or team teaching with
more optimistic colleagues could also help, but more effective could be initiatives to increase technology awareness and to
improve technology infrastructure at the level of teams or departments in which these teachers work. Finally, the group of
Learner-centered teachers with technology (Type 1) should be supported and rewarded for taking initiatives in school, with
their colleagues and with other stakeholders, in the process of establishing the quality of teaching with technology in school.
If a school is successful in changing teaching with technology in a learner-centered way for all teacher types, the correlation
between the pedagogical and technology dimension would be positive.

It is already known that teacher beliefs are resistant to change and that this difficulty is mainly caused by the experience
teachers bring into their beliefs (Meirink et al., 2009; Pajares,1992). Kagan (1992) stated that a conceptual change is needed to
change teachers' beliefs as “experienced teachers are unlikely to modify their belief systems without some dramatic
disequilibrium” (p. 78). It is less likely that a one-time effort to change teachers' beliefs is successful; this kind of fundamental
changes does not happen quickly or automatically. Various strategies have been suggested to promote teacher belief change
including observation, practice, reflection, and social cultural support (Kim et al., 2013). These strategies can be done through
collaboration among teachers that could also change school culture. In order to facilitate collaboration, Kim and colleagues
recommend both internal (within the same school) and external (beyond school boundaries) networking. Both are necessary
for the teachers to share information, discuss their experiences, and guide and encourage the implementation of newer
beliefs. Through the observations of other teachers’ lessons, teachers can reflect on and perhaps alter their ways of integrating
technology in class. In addition, a collaborative environment can give teachers more opportunities to see successful outcomes
of integration of teaching and technology.
4.3. Limitations and future research

Three limitations of our study are worth mentioning. First, the typology we have developed should be interpreted at the
level of groups of teachers as is the case with all person-centered approaches. The teacher types should not lead to impli-
cations for individual teachers because of two reasons. First, the input variables aremeasuredwith sets of questionnaire items
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that have satisfying reliabilities for research purposes or comparison between groups of teachers, but not for diagnosing
individual teachers’ educational beliefs and attitudes towards technology. Second, the five teacher types are based on mean
scores of groups of teachers, which are significant different between teacher types. But this does not mean that all teachers
are equally near the cluster mean scores of all input variables. It might that for some beliefs some teachers are more similar to
teachers from other teacher types than to other teachers who belong to the same teacher type.

A second limitation that we would like to mention here is that the typology is based on questionnaire data only. We
suggest to replicate and validate the definition of the teacher types in future research by, for example, interviews with
representatives of each type and with school leaders. Findings from these interviews with teachers and school leaders could
also help to understand whether they recognize the teacher types and observe these types in school. Extending the typology
with teachers' actual use of learner-centered teaching with technology could also be a direction for future research. As
elucidated in the introduction section of this paper, there might be an inconsistency between teachers’ beliefs and attitudes,
on the one hand, and their actual teacher practice, on the other hand. In addition to future attempts to elaborate and
consolidate the teacher types, future research could also provide insights into how school leaders could deal with this in-
formation and how they could benefit from it when they want to support their teachers in their professional development or
match groups of teachers, teams or departments with innovations that require particular teaching beliefs and attitudes. For
this, the questionnaire of this study is only a first step for reflection and awareness; additional strategies are necessary to
support teachers in changing their practices and to speed up technology changes in school.

A third limitation is the sample of schools that is involved in the current study. Asmentioned above, these schoolsmight be
seen “at the front end” of technology innovations in secondary education as they voluntarily submitted project proposals. In
future research, the typology should be validated in other types of secondary schools.

4.4. Concluding remarks

Notwithstanding the limitations mentioned above, this study presents five types of teachers based on their learner-
centered teaching beliefs and attitudes towards technology: 1) Learner-centered teachers with technology, 2) Teachers
critical of technology use in school, 3) Teachers uncomfortable with technology, 4) Teachers uneasy with learned-centered
teaching and 5) Teachers critical of a clear-cut stance. Linked to the school innovations that formed the research context
of this study, only about a quarter of the teachers belonged to the favorable teacher type; for the other teachers their typewas
less optimal. This finding calls for interventions in schools to select the right group of teachers for future technology in-
novations in their schools, to match groups of teachers to the particular school projects, to compile teacher teams that
implement particular schools projects, or to support professional development of particular groups of teachers as a start of
the project.
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