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Teacher educators often struggle to model effective integration of technology. Several 
studies suggest that the involvement of teacher educators in collaborative design is 
effective in developing the competences necessary for integrating information and 
communication technology (ICT) in teaching. In a teacher educator design team (TeDT), 
two or more teacher educators (re-)design curriculum materials together. For the 
successful implementation of TeDTs, conditions at both team and institutional levels have 
to be taken into account. However, there is little consensus among stakeholders about 
which of these conditions are of highest priority. Most studies present priority or critical 
conditions from the viewpoint of just one group (e.g., school leaders). A Delphi study 
was set up aiming at synthesising the knowledge and views of various stakeholders about 
the conditions for the successful implementation of TeDTs for ICT integration. 
Consensus about the importance of ten conditions was reached in the entire sample after 
three rounds. These conditions include a long-term vision, trust, ownership, time and 
supportive institutional policies. 

 
Introduction 

 
Information and communication technology (ICT) integration in teaching and learning processes is a key 
component of many educational reform agendas worldwide (e.g., Aesaert, Vanderlinde, Tondeur, & Van 
Braak, 2013). A crucial factor for the successful integration of ICT in education is the preparation of future 
teachers (Banas & York, 2014; Lee & Lee, 2014; Peeraer & Van Petegem, 2012). Yet, research shows a 
gap between how ICT is addressed in teacher education institutions and what is expected from future 
teachers (e.g., Kay, 2006; Tondeur, Pareja Roblin, van Braak, Fisser, & Voogt, 2013). One of the reasons 
for this gap is that teacher educators are not always familiar enough with the integration of ICT in education 
(Goktas, Yildirim, & Yildirim, 2009; Tondeur, van Braak, Siddiq, & Scherer, 2016)). Teacher educators 
are expected to model effective ICT integration and provide future teachers with the necessary ICT entry 
qualifications. Professional development and support are therefore needed to prepare teacher educators for 
this task (Goktas et al., 2009). 

 
Collaborative design (in teacher design teams) of technology-enhanced lessons has been shown to 
contribute to the development of competencies necessary to integrate technology in education (e.g., Agyei 
& Voogt, 2012; Alayyar, Fisser, & Voogt, 2012; Polly, 2011). A teacher design team (TDT) can be 
described as a group of two or more (student) teachers or teacher educators who (re-)design curriculum 
materials together (Handelzalts, 2009). TDTs can be an effective strategy for professionalisation, when 
taking into account a number of conditions both at the team and institutional levels. Although previous 
studies have identified various factors that determine the optimal functioning of TDTs (e.g., Handelzalts, 
2009; Voogt et al., 2011), it is not yet clear whether and to what extent these factors are regarded as (equally) 
important by stakeholders (Voogt et al., 2015). In order to address this gap, the current study aimed at 
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establishing consensus across multiple stakeholder groups on the most critical conditions for the successful 
implementation of TDTs for ICT integration. 
 
Background of the study 

 
ICT integration in teacher education 
 
The competences needed for ICT integration are not only related to technology use, but also to pedagogical 
attitudes and content planning. These competences are all interrelated and cannot be seen as separate from 
each other. The technological pedagogical content knowledge (TPACK) model, developed by Mishra and 
Koehler (2006) to guide technology integration in teacher education, brings these different competences 
together. The core of the TPACK model consists of the integrated components knowledge of technology 
(TK),‘pedagogical knowledge (PK) and content knowledge (CK). ICT integration in education is facilitated 
when teachers understand how these three knowledge domains are interrelated and how they interact 
(Voogt, Fisser, Pareja Roblin, Tondeur & van Braak, 2013). 
 
Yet, the research literature reveals that the transition from TK to TPACK in teacher education programs is 
not that simple (e.g., Niess et al., 2009). For example, Tondeur et al., (2013) investigated how three different 
teacher education institutions prepared pre-service teachers for the integration of ICT. Their study revealed 
that in all three institutions teacher educators were not yet adequately equipped with TPACK. Individual 
courses or workshops to provide teacher educators with ICT skills have been shown to be insufficient 
(Wentworth, Graham, & Monroe, 2009). Alternative approaches are therefore needed to support teacher 
educators’ – and thereby future teachers’ – TPACK development.  
 
Teacher (educator) design teams for ICT integration 

 
As briefly mentioned in the introduction, an increasingly used strategy to familiarise teachers with the 
various components of the TPACK model is to let them (re-)design their own courses in (teacher design) 
teams (e.g., Alayyar et al., 2012; Angeli & Valanides, 2005; Polly, 2011). Mishra and Koehler (2006) call 
this pedagogical approach “learning technology by design” (p. 1020). It means that teacher educators reflect 
together on how educational technology can support the content and pedagogical aspects of their practice 
in order to attain TPACK. Next, they design technology-enhanced materials, experiment with them and, 
finally, reflect on the results. All these strategies are also identified in the inner circle of the synthesis of 
qualitative data (SQD) model to prepare pre-service teachers for technology use (Tondeur, van Braak et. 
al, 2012), which includes designing, collaborating and reflecting, and testing and assessing newly 
developed technology-enhanced curriculum materials.  

 
For the successful implementation of TDTs, several conditions need to be taken into account. Table 1 
presents an overview of the literature on conditions that play a role for the implementation of TDTs, both 
at the team and institutional levels (e.g., Handelzalts, 2009; Voogt et al., 2011). It is important to note that 
conditions at the institutional level influence conditions at the level of the team; for instance, a non-
innovative institutional culture will affect the innovative character of the design task and the innovative 
approach of a TDT. 
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Table 1  
Conditions for the implementation of TDTs  

Level Themes Conditions Authors 
Team level Design task Innovativeness, 

concreteness, complexity, 
kind of task, size of task, 
real-world use 

e.g., Frankenberger & Auer, 
1997; Handelzalts, 2009; Svihla, 
Reeve, Sagy, & Kali, 2015 

 Team composition Size, composition, 
expertise, design 
experience, educational 
vision and motivation, 
communicative skills, 
ownership, interactions 
technological and content 
knowledge (TPACK), 
visions, atmosphere of trust 
and partnership 

e.g., Cober, Tan, Slotta, So, & 
Könings, 2015; Handelzalts, 
2009; Hord, 1997; Paulus, 2000; 
Somech & Drach-Zavachy, 
2007; Stoll, Bolam, McMahon, 
Wallace, & Thomas, 2006; 
Tondeur, Pareja Roblin, & 
Thys, 2012; Huizinga, 
Handelzalts, Nieveen, & Voogt, 
2013 

 Collaboration Interdependence, 
construction of teaching 
materials, frequency, 
formal/informal, good work 
relations 

e.g., Becuwe, Tondeur, Pareja 
Roblin, Thys, & Castelein, 
2016; Handelzalts, 2009; Little, 
1990; Somech & Drach-
Zavachy, 2007; Stoll et al., 2006 

 Team activities Structure, types of 
activities, design models, 
technology mapping 

e.g., Agyei, 2012; Angeli & 
Valanides, 2009; Culatta, 2013; 
Ehrlenspiel, Giapoulis, & 
Günther, 1997; Handelzalts, 
2009; Tondeur, van Braack et 
al., 2012 

 The role of the 
coach 

Flexibility, roles (e.g., 
catalyst, coordinator, 
moderator), just-in-time 
support, action vs. 
reflection, group member 
vs. expert, requested vs. 
provided support, face-to-
face vs. digital support 

e.g., Becuwe et al., 2016; 
Huizinga et al., 2013; 
McKenney, Kali, Markauskaite, 
& Voogt, 2015; Jenlink & 
Kinnucan-Welsch, 2001; 
Petrone & Orquist-Ahrens, 2004 

Institutional 
level 

External support External funding, 
collaboration with 
universities or other 
organisations 

e.g., Huizinga et al., 2013; 
Voogt et al., 2011 

 The role of the 
institution 

School culture, support, 
leadership involvement 

e.g., Handelzalts, 2009; Hipp, 
Huffman, Pankake, & Olivier, 
2008; McLaughlin & Talbert, 
2001; Voogt et al., 2011  

 Coordination 
procedures 

Interaction with other 
TDTs, interactions with the 
institution 

e.g., Handelzalts, 2009 

 Structural 
conditions 

Time, place, infrastructure e.g., Handelzalts, 2009; 
Hargreaves, 2011; Hord, 1997; 
Stoll et al., 2006; Voogt et al., 
2011 

 
Conditions at the team level 
 
At team level we identified and clustered conditions significant to the effective implementation of TDTs in 
five themes: nature of the design task, team composition, shared goals, team (design) activities and the role 
of the coach. Features of the design task, such as designing for real-world use, were found to support 
teachers as designers of technology-enhanced learning (Svihla et al., 2015). The composition of the team 
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(e.g., team size, participants’ background and expertise) also has important implications for the success of 
a TDT. Large and heterogeneous teams may require extra support (Handelzalts, 2009). Research also 
suggests that participants need common goals to work towards (e.g., Stoll et al., 2006). In this respect, the 
study of Binkhorst, Handelzalts, Poortman, and van Joolingen (2015) revealed that defining a goal together 
had a positive effect on the outcomes of the TDT. Next to a shared agenda, an atmosphere of trust has also 
been found to be central when teachers act as participatory designers (Cober et al., 2015). Feelings of trust 
and acceptance help teachers to co-design.  
 
Beyond the conditions mentioned above, the activities mediating team interactions also play an important 
role in the effective implementation of TDTs. Systematic approaches such as the use of design models can 
be helpful to structure collaborative design activities (e.g., Culatta, 2013; Ehrlenspiel et al., 1997). The 
study of Svihla et al. (2015) suggests that design principles aren’t sufficient guidance on their own, and that 
concrete design tools are good scaffolds to support teachers’ design work. 
 
Another theme emerging from the literature pertains to the role of a coach or internal facilitator in TDTs 
(e.g., Huizinga et al., 2013; Jenlink & Kinnucan-Welsch, 2001). Teachers require support when designing 
a task (Huizinga et al., 2013), and additional issues (i.e., self-efficacy for ICT integration in education) bear 
consideration when designing technology-enhanced materials (McKenney et al., 2015). In the study by 
Becuwe, Tondeur, Pareja Roblin, Thys, and Castelein (2016), focus group conversations with participants 
of TDTs revealed three main roles a coach can take: providing logistic support, scaffolding the design 
process and monitoring the design process. 
 
Conditions at the institutional level 
 
At the institutional level, conditions clustered in four themes (i.e., external support, the role of the 
institution, coordination procedures and structural conditions) were derived from literature. Next to internal 
support given by a coach, a design team can also benefit from external support such as (content) advice 
from university experts (Voogt et al., 2011). Policy support also proves essential to enable collaboration: 
an innovation such as the implementation of a TDT needs to be acknowledged and supported by 
institutional policy (Voogt et al., 2011). Handelzalts (2009) also underscores the importance of the 
coordination between different TDTs on the one hand, and between TDTs and the rest of the institution on 
the other hand. However, the role of policy might vary depending on the specific context. For example, in 
the study of Binkhorst et al. (2015), both quantitative and qualitative data show that there is almost no 
relationship between the contextual characteristics (i.e., school’s reform conditions, degree of involving 
teachers in school and school’s conditions for supporting TDTs) and the outcomes of the TDTs. The authors 
note that possible explanations for this could be that teams consisted of participants from different schools, 
or that teachers in the Netherlands are relatively autonomous. Finally, a number of studies reveal that 
structural conditions such as time and budget play a fundamental role too (e.g., Handelzalts, 2009; 
Hargreaves, 2011; Hord, 1997; Voogt et al., 2011).  
 
Purpose of the study 
 
The study of teacher educators’ professional development has long been neglected (e.g., Knight et al., 2014; 
Tack & Vanderlinde, 2014), even though teacher educators are tasked with helping student teachers to 
acquire the necessary entry competences. Research suggests that collaborative design of technology-
enhanced lessons in TDT can be an effective professional development strategy (e.g., Alayyar et al., 2012). 
In this paper, we use the term teacher educator design team (TeDT) to refer specifically to a TDT consisting 
of teacher educators.   
 
The implementation of TeDTs can be successful once certain conditions are met (see Table 1). However, 
there seems to be little consensus across multiple stakeholders (e.g., participants of TDTs, coaches, 
coordinators of the teacher education program and researchers) about whether and to what extent these 
conditions are (equally) important. With the ultimate aim of developing a framework for the successful 
implementation of TeDTs for ICT integration, this study sought consensus about conditions that are 
regarded as crucial across multiple stakeholder groups. 
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Methodology 
 
Delphi study 
 
To build consensus about the crucial conditions for the successful implementation of TeDTs for ICT 
integration, a Delphi study was set up. A Delphi study involves (1) consulting a mature field of experts (2) 
in an anonymous manner (3) in different rounds, (4) with feedback of the results and (5) the opportunity 
for participants to reconsider their position (Koster, 2003). The Delphi method was chosen because it is 
specifically directed towards generating consensus in a group of respondents (Hsu & Sandford, 2007; 
Shaikh & Khoja, 2014). Developing a framework may be another outcome of a Delphi study (Okoli & 
Pawlowski, 2004). In the current study, the researchers strove for a consonant framework of the conditions 
necessary for the implementation of TeDTs for ICT integration that induce consensus. 
 
For this Delphi study, both qualitative and quantitative methods were used. The Delphi study consisted of 
three rounds of data collection and analysis. These are discussed in depth in the Conduct of the Delphi study 
and analysis of the results section. The estimated time span of the iterative data collection rounds was eight 
months, starting with the first round in July 2014 and ending with the last round in February 2015.  
 
Selection of experts 
 
Expertise is considered to be the most important criterion for selecting a Delphi participant (Shaikh & 
Khoja, 2014); that is, a participant in a Delphi study must be a proven expert in the field of the study. In 
order to bring multiple perspectives together, we purposely chose to synthesise the knowledge of all 
stakeholders involved in a professional development project about TeDTs in Flanders (the Dutch-speaking 
northern portion of Belgium). Four education institutions collaborated in this project (for more information 
about the project, please visit http://www.teacherdesignteams.be/). The central objective of the project was 
analysing, supporting and facilitating the methodology of TDTs as a professional development strategy for 
ICT integration. To this end each TeDT had to collaboratively design and develop digital curriculum 
materials that could be implemented in the teacher preparation programs. Each of the four participating 
institutions started a TeDT consisting of three to four teacher educators and one coach. 
 
Thirty-six respondents distributed across four stakeholder groups participated in the study (Table 2). The 
first group included the 14 teacher educators who took part in the TeDTs. They all joined the first round 
but, because of changes in jobs or temporal leave, not all moved on to the second and third round. The four 
coaches, and the project coordinators who supported the coaches in a coaching trajectory, formed a second 
stakeholder group. Due to maternity leave one coach was unable to participate in the second round. The 
coordinators of the teacher education programs were included as a separate group as well. The last group 
of stakeholders consisted of researchers in the field of teacher professional development and/or ICT 
integration. 
 
Table 2 
Participants of the Delphi study 

Group N (1st round in 
June 2014) 

N (2nd round in 
October 2014) 

N (3rd round in 
February 2015) 

Participants of the TDTs 14 9 8 
Coaches 6 5 6 
Coordinators of the teacher 
education program 

4 6 3 

Researchers 8 6 10 
Total participants 32 26 27 

 
Conduct of the Delphi study and analysis of the results 
 
As mentioned before, the Delphi study consisted of three rounds of data collection and analysis. For each 
round, instruments were developed and pilot-tested by five to ten fellow researchers and teacher educators. 
In this section, we describe the development and implementation of each instrument per round. The Delphi 
study started with a literature review that served as foundation for the first questionnaire. Data from the 
first open-ended questionnaire was analysed in order to develop the second-round survey. The results of 
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the second round served as the basis for the next one. The results of the third and last round are described 
extensively as the final results of this study. 
 
First round 
 
Design of the questionnaire based on the literature review 
As the starting point of the Delphi study, nine themes concerned with conditions for the implementation of 
TDTs (e.g., the role of the coach) were derived from a literature review of key studies about the 
implementation and working of TDTs (see Table 1). An open-ended questionnaire was developed based on 
these themes to ascertain whether and why each theme was perceived as important for the implementation 
of TeDTs for the use of educational technology. For the first round we deliberately chose an open-ended 
questionnaire so that respondents could have a greater role in setting the agenda than is possible with 
conventional surveys (Hasson, Keeney, & McKenna, 2008; Mullen, 2003). The survey started with a 
general question, “Which conditions are important for the successful implementation of TeDTs for ICT 
integration?”, to capture participants’ broad perspectives about this topic before zooming into the specific 
themes emerging from the literature.  
 
Results of the first round: emerging conditions 
Based on the data from 32 respondents, various conditions for each of the nine themes derived from the 
literature review were identified through inductive analysis of the survey data. Participant responses were 
coded iteratively by the members of the research team with the help of a qualitative data analysis software 
(NVivo 10). The first author coded the data, identifying emerging conditions regarded as important across 
various stakeholder groups. The coding was then discussed and refined with the entire research team, 
resulting in the identification of 76 conditions: nine about the design task, nine about team composition, six 
about collaboration, seven about design activities, 11 about the role of the coach, six about external support, 
11 about the role of the institution, 11 about coordination procedures and six about structural conditions.  
 
Second round 
 
Identification of important conditions in the second round 
With the aim of reaching consensus about which conditions are regarded as most important, the 76 
conditions resulting from the first round were brought together in a quantitative survey in the second round. 
The respondents were asked to score each condition on a six-point Likert scale from not important at all to 
necessary. They could add additional comments if desired. 
 
Consensus in Delphi studies is defined in a variety of ways (Powell, 2002). In this study, the median and 
interquartile range (IQR) were used to identify conditions regarded as important by multiple stakeholders 
and to determine the level of consensus for each condition. The median denotes the middle point of a 
frequency distribution with half the scores falling above and half the scores falling below it (Doughty, 
2009). A median ≥ 5 (very important or necessary) was used as the basic criterion to take a condition to the 
next round. After the second round, 28 conditions with a median ≥ 5 were retained because at least half of 
the respondents agreed that they are very important for the implementation of TeDTs for ICT integration.  
 
The median is an appropriate measure to determine consensus with small groups, but the IQR is also often 
used to determine the degree of consensus in a Delphi study (Doughty, 2009). The IQR represents the 
middle half of responses within a distribution of scores, whereby a small IQR indicates a higher level of 
consensus and a large IQR indicates a lower level of consensus (Doughty, 2009). For each condition with 
a median ≥ 5 we calculated the IQR and we differentiated among three levels of variation in responses. A 
high level of consensus is reached when there is an IQR ≤ 0.5, which indicates that half of the opinions fall 
within 0.5 point around the median (Von der Gracht, 2012). We talk about a moderate level of consensus 
when the IQR is higher than 0.5 but smaller or equal to 1. This IQR shows that half of the opinions are 
placed within 0.5 to 1 point around the median. Lower level of consensus is reached with an IQR > 1, 
because more than 50% of all opinions fall without 1 point around the median (Von der Gracht, 2012).  
 
Results of the second round 
Table 3 gives an overview of the 28 conditions with median 5 or 6 resulting from the second round. After 
this round, four out of nine conditions were left within the theme design task, five out of nine regarding 
team composition, two out of six regarding collaboration, three out of seven within the theme design 
activities and three out of eleven pertaining to the role of the coach. At the institutional level, eight out of 
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eleven conditions were left within the theme the role of the institution and three out of six about structural 
conditions. Notably, no conditions were left within the themes external support and coordination 
procedures, suggesting that there is no consensus regarding the importance of conditions related to these 
themes for the successful implementation of TeDTs for ICT integration. Looking at IQR as the measure for 
indicating the degree of consensus, there are no conditions with high consensus. There is, however, 
moderate consensus for 18 conditions and low consensus regarding the importance of 10 conditions. 
 
Table 3 
28 conditions with median ≥ 5 after the second round 

Themes Conditions Degree of 
consensus* 

Design task 1. The design task leads to a solution for a problem participants have. Moderate 
 2. The design task encourages participants to act in a research-

oriented manner.  
Moderate 

 3. The solution of the design task can be used over the long term. Moderate 
 4. The design task consists of technological, pedagogical and content 

components. 
Low 

Team 
composition 

5. The TeDT is composed of a heterogeneous group with teacher 
educators with different expertise, so they can complement each 
other. 

Moderate 

 6. Each teacher educator is intrinsically motivated to participate. Moderate 
 7. All participants are open to innovation. Low 
 8. All participants trust each other’s expertise and trust each other as 

colleagues. 
Low 

 9. All participants are open to giving and to receiving feedback.  Moderate 
Collaboration 10. All participants feel a responsibility towards the design task and the 

results.  
Moderate 

 11. The collaboration is aimed at getting results. Moderate 
Design 
activities 

12. The design process starts with a thorough analysis of the beginning 
situation. 

Low 

 13. The designed product is tested in practice. Low 
 14. The designed product is evaluated and reworked after being tested 

in practice. 
Low 

The role of 
the coach 

15. The coach drives and guides the design process, so that participants 
continue to think and design. 

Moderate 

 16. The coach monitors the overview by, for example, providing a 
roadmap and keeping the goal in mind. 

Moderate 

 17. The coach is flexible and adapts to the needs of the participants. Low 
The role of 
the 
institution 

18. The institution provides the participants with a short but thorough 
introduction to the concept of TeDTs, so that participants can get 
off to a good start.  

Moderate 

 19. TeDTs are implemented to stimulate professional development of 
participants.  

Moderate 

 20. TeDTs are implemented to develop a quality product. Moderate 
 21. The institution’s policies are open to and supportive of the concept 

of TeDTs. 
Low 

 22. The institution’s policies are supportive of innovations like ICT 
integration. 

Moderate 

 23. The institution’s policies provide support to the TeDT’s coach. Low 
 24. The institution’s policies provide an administrative and 

organisational framework for the concept of TeDTs. 
Moderate 

 25. All participants are provided the opportunity to implement their 
design in the institution. 

Moderate 

Structural 
conditions 

26. Each TeDT has access to a user-friendly digital learning 
environment. 

Low 

 27. Teacher educators are given the time to participate. Moderate 
 28. The coach is given the time to participate. Moderate 

* High level of consensus if IQR < 0.5, moderate level of consensus if 0.5 < IQR ≤1 and high level of consensus if IQR > 1 
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Third round 
 
Consensus confirmation in the third round 
In order to give respondents the opportunity to revise their answers, the 28 conditions resulting from the 
second round were used in the survey for the final round. In this round, respondents were provided with 
information about the degree of consensus in the previous round. Respondents were asked to score these 
28 conditions again on the same 6-point Likert scale from not important at all to necessary. This provided 
respondents with the opportunity to rescore conditions. After this last round, we also calculated medians 
and IQR, using the same criteria as that of the data analysis of the second round.  
  
Results of the third round 
At least half of the respondents agreed about the importance of ten conditions (median ≥ 5) for the 
implementation of TeDTs for ICT integration after the third round (see Table 4). In this round, no conditions 
with a median ≥ 5 were identified for the theme design activities. Only ten conditions within six themes 
were left at the end of this study: two (out of four compared with the second round) conditions regarding 
the design task, three (out of five) regarding team composition, one (out of two) within the theme 
collaboration and one (out of three) within the role of the coach. From these seven conditions at the team 
level, there is moderate consensus (based on IQR) on 5 of them pertaining to the design task (n = 1), team 
composition (n = 3) and collaboration (n = 1). Interestingly, there was more consensus in the third round (a 
shift from low to moderate) about the need for “participants who are open to innovation and who trust each 
other’s expertise and trust each other as colleagues” than there was in the previous round.   
 
Table 4 
Ten conditions on which there is consensus about their importance after the third round 

Themes Conditions Level of 
consensus* 

Design task 29. The solution of the design task can be used over the long 
term. 

Moderate 

 30. The design task consists of technological, pedagogical and 
content components. 

Low 

Team composition 31. All participants are open to innovation. Moderate 
 32. All participants trust each other’s expertise and trust each 

other as colleagues. 
Moderate 

 33. All participants are open to giving and receiving feedback.  Moderate 
Collaboration 34. All participants feel a responsibility towards the design task 

and the results.  
Moderate 

Role of the coach 35. The coach is flexible and adapts to the needs of the 
participants. 

Low 

Role of the 
institution 

36. The institution’s policies are open to and supportive of the 
concept of TeDTs. 

Low 

Structural conditions 37. Teacher educators are given the time to participate. Low 
 38. The coach is given the time to participate. Low 

* High level of consensus if IQR < 0.5, moderate level of consensus if 0.5 < IQR ≤ 1 and high level of consensus if IQR > 1 
 
At the institutional level, there was consensus over the importance of three conditions: 1 (out of 8 compared 
with the second round) regarding the role of the institution and 2 (out of 3) regarding structural conditions. 
However, the degree of consensus, based on IQR, is low for all of them, meaning that more than half of the 
opinions fall 1 point apart from the median. Between the second and third round, there was a shift in the 
degree of consensus (from moderate to low) for both structural conditions pertaining to time. After the third 
round, there seems to be less convergence about how important these two conditions are. 
 
Discussion 
 
To the best of our knowledge, this is the first study that focuses explicitly on consensus across multiple 
stakeholders about important conditions for the implementation of TDTs. Previous research identifies 
various conditions that play a role, but mostly from the perspective of one stakeholder group. In this study, 
the viewpoint of multiple stakeholder groups was brought together to establish consensus about crucial 
conditions for the implementation of TeDTs for ICT integration. Although the implementation of TDT in 
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teacher education was the focus of this study, results can also be applicable to other domains of higher 
education. One argument is that profiles of the stakeholders of this study were broader than teacher 
education. The current Delphi study identified ten conditions regarded as very important by at least half of 
the stakeholder groups. Figure 1 gives an overview of these conditions. Each condition is discussed below 
and illustrated by qualitative data from the first and second rounds of the Delphi study. Subsequently, we 
discuss the limitations of this study and make recommendations for further research. 
 

 
Figure 1. Conditions important for the successful implementation of TeDTs for ICT integration 

 
Important conditions at the team level 
 
Our findings reveal the importance of a long-term perspective in the design task. As stated by a teacher 
educator, “The design task must have an added value on different levels: directly on the short term and 
indirectly over the long term”. This long-term view seems relevant to help teachers make connections 
between the professional development experiences and their daily work (Whitcomb, Borko, & Liston, 
2009), thereby increasing the perceived practicality of it (Janssen, Westbroek, Doyle, & Van Driel, 2013). 
In this respect, Binkhorst et al. (2015) found some teachers perceived that participating in a TDT saves time 
in the long term because the designed material can be used year after year. Beyond the long-term 
perspective, the type, specific features and scope of the design task have also been identified as important 
(cf. Frankenberger & Auer, 1997). However, it remains unclear which concrete criteria a design task must 
meet. The case of ICT integration possibly determines some criteria but contexts plays an important role as 
well. In Flanders, ICT integration is not a separate subject in most teacher education programs, but an 
interdisciplinary goal that must be pursued. Therefore, most TeDTs in this project chose the development 
of curriculum materials for ICT integration that could be used in different years and/or subject domains. 
Moreover, the respondents in this study emphasised that the design task should not consist only of a 
technological component and that pedagogical and content completion are equally important. A teacher 
educator commented, “ICT should be the means to an end, in which case you should first think about what 
you want to achieve and with which contents, in order to then focus on the potential added value of 
integrating ICT”. Mishra and Koehler (2006) also stress that ICT integration in teacher education is 
facilitated when teacher educators understand how knowledge of technology, pedagogical knowledge and 
content knowledge are interrelated and how they interact with each other. 
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Attitudes that teacher educators show towards ICT are a crucial factor when designing technology-
enhanced curriculum materials (e.g., Mirzajani, Mahmud, Ayub, & Luan, 2015). Many teacher educators 
still have an initial resistance to integrating ICT in their practices (e.g., Mirzajani et al., 2015). 
Collaboratively designing curriculum materials for ICT integration therefore needs to be well considered 
to overcome this resistance (McKenney et al., 2015). Results of the third round revealed consensus about 
the importance of participants who are open-minded about innovation, who trust each other as colleagues 
and who have confidence in each other’s expertise. To illustrate: when asked “What would you take into 
account when composing a TeDT for ICT integration?”, one coach stated:  
 

Listening to each other, talking and discussing freely with each other (without leaving 
someone hurt or insulted), taking feedback from others seriously, daring to remain quiet, 
daring to bring up own ideas and daring to say when you need help.  

 
Hence, giving and receiving feedback must be (made) possible in the group. In line with Cober et al. (2015), 
we conclude that the creation of an atmosphere of trust is very important in the collaboration process of 
designing curriculum materials for ICT integration. 
 
Another condition emphasised as important by the respondents in this study is the feeling of ownership 
over the design process. All participants need to feel responsible for the design task. Previous research also 
indicates the importance of a shared feeling of responsibility (e.g., Stoll et al., 2006). If team members do 
not feel largely responsible for the outcomes, they may need additional support (Handelzalts, 2009). Such 
support can be provided by a coach. We asked the respondents “To what extent and in what ways can a 
coach offer support to a TeDT for ICT integration?”. They stated that a coach must “provide support the 
moment participants ask for it” (coach), “give just-in-time information and training” (researcher), “switch 
between taking distance and participating” (teacher educator) and so on. Flexibility seems to be the most 
important characteristic of a coach as also indicated by previous research (e.g., Huizinga et al., 2013; 
Petrone and Orquist-Ahrens, 2004). 
 
Important conditions at the institutional level 
 
At least half of the respondents agree about the importance of involved policy-makers. One of the coaches 
stated: 
  

If the institution’s policy is not behind the concept of TeDTs and if policymakers don’t 
support the process in the institution, I think the implementation of TeDTs for ICT integration 
is much more difficult. If, however, a professionalisation culture open to collaboration 
between teachers to integrate ICT is present, it will facilitate its implementation.  

 
The words of this coach resonate with those of other respondents and with findings from previous research 
which stress that active involvement of school leaders is required for an effective implementation of TDTs 
(e.g., Handelzalts, 2009; Voogt et al., 2011). Interestingly, there seems to be consensus over the importance 
of more conditions related to the role of the institution within the program coordinators group. Leaders 
clearly acknowledge their crucial role, feeling responsible for supporting TeDT coaches. They find it 
important to be open to innovation, to provide participants of a TeDT with a powerful introduction about 
the concept of TeDTs, and to implement TeDTs with the aim of professionalising teacher educators. Finally, 
they stated that it is important for TeDTs to have the opportunity to implement their designs in the 
institution, something for which there was also consensus amongst the researchers’ stakeholder group. 
 
Two final conditions resulting from this study are concerned with time as a structural condition. According 
to the coach of one of the TeDT, “For innovative design, people need time. If designing happens through 
other activities, it won’t be innovative design.” The words of this coach show that both participants and the 
coach need time to participate in a TeDT. Too little time is seen as an obstruction, as is confirmed by other 
studies (e.g., Handelzalts, 2009; Stoll et al., 2006). Handelzalts (2009) claims that enough time needs to be 
combined with enough support. This leads us to previous conditions whereby the coach and the institution 
have an important supporting role for the effective implementation of TeDT for ICT integration. 
 
Limitations of the study and directions for future research and practice 
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This study used the Delphi method. Though time-consuming because of the iterative data collection, a 
Delphi study is a good method to reach consensus (Shaikh & Khoja, 2014) in a broad group of experts 
(Koster, 2003). Looking at a range of conditions for the implementation of TeDTs for ICT integration from 
different views allowed us to identify those conditions regarded as crucial by all stakeholders. Nevertheless, 
for a number of conditions, consensus was reached within a particular stakeholder group. But not across 
groups. For example, at least half of the researchers agree that a practical problem must be the starting point 
to define a design task. Another example is the emphasis participants of TeDTs place on the importance of 
being intrinsically motivated to take part in a TeDT. Only coaches focus on the importance of design 
activities, such as a thorough analysis of the design problem, pilot testing and evaluation. Further research 
is warranted to determine the priorities within single respondent groups and to examine the different 
priorities between respondent groups. What makes some conditions so controversial? Another limitation of 
the current study is that consensus was restricted to a specific part of the range (cf. Diamond et al., 2014) 
as we looked only at consensus about conditions regarded as very important. We did not look at those 
conditions found not important across multiple stakeholder groups in detail. Investigating what is not 
important can provide insight into those conditions TeDTs should not waste time and energy on. After the 
second round, for example, at least half of the stakeholders agreed that it is not important that TeDTs are 
composed of teacher educators from the same institution. 
 
How to define consensus in a Delphi study is not an easy task, considering that consensus can be determined 
in a variety of ways (Doughty, 2009). In this study the median and IQR were calculated, since these 
measures are often used to determine consensus. Because we were interested in conditions considered 
important, consensus about the importance of a condition was identified when at least half of the 
respondents scored the condition as very important (median≥ 5). Looking at IQR as a second measure to 
define the level of consensus, we didn’t identify conditions with high consensus (IQR≤0.5). Since there are 
no fixed sizes to determine consensus, another choice (e.g., IQR≤1 means high consensus) made by the 
researchers could have yielded different outcomes (e.g., more conditions with a high level of consensus). 
A critical view of the results is therefore essential. 
  
A last issue that requires further investigation is the specificity of the conditions. We included only 
respondents involved in one particular TDT project, consisting of four separate TeDTs. Are the outcomes 
of this study consequently case-specific? Are the conditions specifically related to the composition of a 
team (student teachers, teachers or teacher educators) or to the design focus (e.g., ICT integration)? Future 
research might ascertain whether in different contexts and cases the same or other conditions are regarded 
as important. 
 
Conclusion 
 
This Delphi study was set up to identify conditions perceived to be important for the successful 
implementation of TeDTs for ICT integration from the perspective of multiple stakeholders. After three 
rounds of data collection there was consensus about the importance of ten conditions. Conditions at the 
level of the team pertained to team composition (n = 3), the design task (n = 2), collaboration (n = 1) and 
the role of the coach (n = 1).  At the level of the institution, leadership involvement and time (for participants 
and coaches) were identified as crucial. The outcomes can support teacher education institutions who wish 
to implement TeDTs for ICT integration. Although this study was case-specific, the results can inform 
TDTs in other contexts since the importance of the identified conditions has also been confirmed by 
previous research. We can tentatively conclude that creating an atmosphere of trust, responsible participants 
with a shared TPACK goal over the long term, an involved institutional leadership which provides time for 
all those participating, and just-in-time and hands-on support by a flexible coach are all important 
conditions for the effective implementation of TeDT. 
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