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Abstract

In order to effectively use technology in education, appropriate conceptual understandings
are needed to guide the integration process. Today, there is a wide range of conceptual
models that are developed and used in research and/or practice focusing on educational
technology integration. Conceptual models are of relevance as they can bridge theory with
practical applications. Today, there are a wide range of conceptual models are developed
and used in research and/or practice focusing on educational technology integration. These
models can be seen as simplified versions of theories for practical application or as con-
densed wisdoms of practice that need to be further investigated theoretically and empiri-
cally. However, there is insufficient agreement on the dimensions and criteria used to judge
the quality of conceptual models in educational technology. Therefore, the main goals of
this article are to: (1) develop criteria to assess the quality and scope of conceptual models
and (2) identify and compare exemplary models for technology integration in educational
settings along with these quality criteria. The resulting five criteria from this investiga-
tion provide the means to effectively evaluate the quality and scope of conceptual models
focused on technology integration while providing additional insight into applying these
models in research and practice.
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Introduction

In order to use technology effectively in education, appropriate conceptual understand-
ings are needed to guide the integration process. Currently, there is a range of concep-
tual models that have been developed and used in research and practice (Niederhauser and
Lindstrom 2018; Sosa and Manzuoli 2019). Some models have stimulated international
research initiatives such as the TPACK (Technological Pedagogical Content Knowledge)
Model (Koehler and Mishra 2009; Mishra and Koehler 2006); the “Will-Skill-Tool” or
“Will-Skill-Tool-Pedagogy” Model (Christensen and Knezek 2001; Knezek and Chris-
tensen 2016); or pedagogical adaptations of generic Technology Acceptance Models
(Davis 1989; Venkatesh et al. 2003). Other models have been applied to practice such as
the Substitution-Augmentation-Modification-Redefinition Model (SAMR; Puentedura
2006, 2012), the Technology Integration Matrix (TIM; Welsh et al. 2011), the Technol-
ogy Integration Planning Model (TIP; Roblyer and Doering 2013) or the Four in Balance
Model (Kennisnet 2014). Early models focused on the removal of barriers (anxieties, fears,
access), while more recent ones have featured the development of knowledge and skills, the
acknowledgement of pedagogical practice or the combining of factors on different levels of
the educational system within a multilevel perspective (Petko et al. 2018). These ideas are
situated in the work resulting from the authors’ participation in a thematic working group
while attending the 2019 International Summit on ICT in Education (EDUSummlIT). The
group’s task was to advance models and theories of technology integration which intersects
well with this special issue’s theme of Learner and Learning Contexts: International Per-
spectives on New Alignments for the Digital Age and to examine how technology integra-
tion models align with specific dimensions and criteria in order to determine the quality
and scope of using such diverse models in teaching and learning contexts.

Clearly, some diversity in models can be valuable in order to focus on different aspects
and inform technology integration in education, but too much diversity may be coun-
terproductive as it hinders cumulative knowledge building and fails to provide coherent
guidelines for practitioners. Based on these observations, there is insufficient agreement
on dimensions and criteria to judge the quality of conceptual models in the field of edu-
cational technology use. Thus, the main goals of this article are to (1) develop criteria
to assess the purpose, the quality and the scope of different conceptual models and (2)
identify and compare exemplary models for technology integration in educational settings
along these criteria.

Conceptual models: positioning and definition

To identify the specific properties of conceptual models, it is necessary to compare them
to theories or theoretical, empirical and mental models (Frigg and Hartmann 2018; Grgn-
feldt Winther 2015). In philosophy of science, theories are typically understood as coher-
ent and valid sets of statements describing specific phenomena in an abstract, logical and
generalizable way. Theories identify core factors and describe relationships between these
factors either by means of cause-effect statements or by more complex logical or math-
ematical rules. Theories can be condensed into theoretical models with variable-based sets
of rules precise enough to be applied to real-world evidence. In empirical sciences, theo-
retical models are used to frame and state hypotheses that are tested with empirical models.
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In quantitative methodology, empirical models are used to describe patterns in numerical
data, calculate effect sizes, probability coefficients and model fit. In qualitative methodol-
ogy, empirical models are discovered and tested through the generation and application of
analytical categories that are applied to non-numerical data, systematic case-based com-
parisons and the creation of cross-case typologies.

Conceptual models are closely related to theoretical and empirical models but they
can be viewed as something more pragmatic, especially in the social sciences. Concep-
tual models are typically situated in practical considerations rather than solely a theoreti-
cal point of view. Here, conceptual models can represent a social phenomenon or process
that may lack the certainty and material focus represented in scientific models of exact or
natural sciences (Svetlova and Dirksen 2014). Conceptual models can thus draw on a bri-
colage of scientific, social science and professional practice epistemologies and often aim
to connect theory and professional practice. Conceptual models also differ from scientific
models with regard to their purpose. In psychology, conceptual models are seen as “words
and/or diagrams that are intended to help learners build mental models” (Mayer 1989).
They are assumed to be beneficial for the formation of mental models, which guide every-
day behavior and reflection (Johnson-Laird 2013; Moreira 2000). Thus, conceptual models
are expected to provide a bridge from theory to practical application (Von Glasersfeld and
Steffe 1991). Furthermore, they can be simplified versions of theories as well as practical
working assumptions for further empirical and theoretical investigations.

As conceptual models can be considered as an intermediate between generalizable sci-
entific models (i.e. theoretical and empirical models) and individual mental models, the
definition of conceptual models can be initiated from both sides of this spectrum. Some
conceptual models emerge from scientific research, where findings are condensed into
simplified conceptual models in order to facilitate practical application. Examples from
research on educational technology include the aforementioned Technological Pedagogi-
cal Content Knowledge (TPACK) Framework, the Will-Skill-Tool-Pedagogy Model, or the
Synthesis of Qualitative Data (SQD) Model. Other conceptual models emerge from prac-
tice, where successful innovators try to summarize their experiences in a more structured
and generic way, which may trigger additional research. Prominent examples include the
Substitution—Augmentation—Modification—Redefinition (SAMR) Model, the Technol-
ogy Integration Matrix (TIM) or the Four in Balance Model. When judging these models
exclusively along quality criteria for theoretical models, the conceptual models that were
developed in a scientific context will seem more valid. However, when considering the pur-
pose of conceptual models, it becomes apparent that this might not be adequate. Therefore,
specific quality criteria for conceptual models need to be developed and applied.

Towards quality criteria for conceptual models

There are no clear quality criteria for conceptual models of educational technology inte-
gration. This might be one reason why practitioners seem to judge models by their visual
appeal or simplicity rather than their scientific validity (Kimmons and Hall 2018). The
development of quality criteria could help address this issue by providing a framework to
evaluate conceptual models more thoroughly. Therefore, the specific properties of different
kinds of models need to be clarified.

Quality criteria for scientific models are closely related to issues of measurement and
analysis, in particular validity and reliability, among others (e.g. Bryman 2016; Cohen

AECT @ Springer



J.Tondeur et al.

et al. 2018). With a wider and overarching perspective, Kuhn (1977) proposed the follow-
ing quality criteria for scientific theories and models:

e Accuracy (i.e. the theory is supported by empirical findings and the corresponding
empirical model explains a large part of the variance in the data),

e Consistency (i.e. the theory provides a logical chain of reasoning, also in combination
with other proven theories),

e Scope (i.e. the theory is applicable to a wide range of phenomena with a high degree of
generalizability),

e Simplicity (i.e. the theory reduces complexity of an otherwise confusing interplay of
objects and their properties),

e Fruitfulness (i.e. the theory should disclose new phenomena or previously unnoted rela-
tionships).

An important question is whether the quality criteria for scientific models are applicable
to conceptual models. Although there have been attempts to use purely scientific quality
criteria to assess conceptual technology integration models such as TPACK (see Archam-
bault and Barnett 2010; Kimmons 2015), these assessments seem to miss the specific prac-
tice-oriented properties of conceptual models. To provide a broader and more adequate
perspective, the quality criteria proposed by Kuhn need to be expanded to be applicable to
conceptual models and their specific purpose. For example, Norman (1983) proposes three
quality criteria for conceptual models which are geared towards their potential to stimu-
late learning and innovation of practice: “learnability”, “functionality” and “usability”. In
addition, conceptual models are supposed to facilitate the integration in individual mental
models, which are considered to have quality criteria that are rather personal: coherence,
purpose, personal relevance, integration with other knowledge, real-world fidelity, imagery
and metaphors, complexity, applicability and inferential/implicational ability (Jonassen
1995). While the criteria of Kuhn could be expanded with these additional aspects, they
can also be integrated in the existing criteria. This provides a simpler and more coherent
framework to judge the specific quality of conceptual models. Table 1 proposes an over-
view along with an adaptation of the criteria proposed by Kuhn (1977) for conceptual and
mental models.

The adjustments made to the criteria for conceptual models can be explained as follows:

e Regarding the criterion of accuracy, empirical validation is equally essential for con-
ceptual models as for scientific models, however, conceptual models need to be supple-
mented with practical validation in context. A good model of educational technology
integration should be able to be applied in context before validation, provided known
limitations are explicit and transparent.

e The criterion of consistency needs to be expanded in relation to other conceptual mod-
els and identified epistemologies. For example, a good conceptual model of educational
technology integration is clearly conceptualized, focuses on important aspects and pro-
vides coherent statements on the interplay of factors. It relates to other models, frame-
works and theories and demonstrates validity for both researchers and practitioners.

e The criterion of scope needs to be conceptualized in a slightly different manner. Instead
of aiming for the highest levels of generalizability, conceptual models need to provide
information that facilitates contextual application which takes account of the social
aspects of educational technology integration. A good model of educational technol-
ogy integration should bridge theory and practice and specify the context or contexts
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relevant to its application. Specified contexts could include; specific/multiple aggrega-
tion levels of the educational system, grade or educational levels, the involvement of
specific stakeholders, contextual conditions, or the dynamic processes and mechanisms
for technology integration. Two dimensions stand out in this regard: (1) the question
of whether a model focuses on either teacher-related or student-related aspects and (2)
whether it includes micro (i.e. classroom-level), meso (i.e. teacher- or student-level), or
macro level (i.e. school- or system-level) aspects. These dimensions are very common
in general research on educational effectiveness (e.g. Creemers 1994; Scheerens 2016)
as well as in the literature on technology integration and its barriers (Ertmer 1999; Pel-
grum and Plomp 1993; Rosenberg and Koehler 2015; Tsai and Chai 2012). Based on
these considerations, the authors have developed the Stage for Technology Integration
Models (STIM) framework to consider the scope of educational technology integration
models (see Fig. 1).

e  With regard to simplicity, models should be neither too simple nor too complex but
parsimonious in the following sense: “A stimulus that is very simple relative to the
knowledge and experience of the viewer will soon become boring: such an obvious
pattern will soon exhaust its interest and usefulness. If the stimulus is very complex
relative to the knowledge and experience of the viewer no pattern will be recognized in
it and it will not be applied. Only if the viewer can continue over some time, to detect
new patterns in the stimulus, or to elaborate the pattern that has been detected, will

Fig.1 Stage for Technology Integration Models (STIM) framework
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his or her attention continue to focus on it. What is moderately complex relative to the
viewer is interesting and beautiful because it can be perceived in terms of parsimonious
patterns that can be extracted with reasonable effort” (Simon 2001, p. 3). Therefore,
conceptual models are typically depicted visually which make them likely to be com-
municated and applied in practice. A good conceptual model of educational technology
integration catches attention and reduces complexity, and is easily learned and remem-
bered. For example, it may provide a clear Gestalt/ontology.

e The criterion of fruitfulness is focused on the consequences of applying conceptual
models to practical situations. Fruitful conceptual models inspire new ways of under-
standing the affordances and constraints of practice and spark innovation. At the same
time, these innovations are relevant for research as well. As conceptual models are
informed by research as much as they are grounded in practice, they provide opportuni-
ties for a close collaboration between these two domains. Conceptual models offer a
tangible middle ground—which has also been called a “third space” (Bhabha 1994)—
for dialogue between the cultures of science and practice. In particular, conceptual
models can provide a pivotal point for design-based research, participatory research and
practitioner research that helps to bridge the gap between theory and more practical
types of knowledge (Heikkinen et al. 2016).

In sum, there are numerous recommendations regarding quality criteria for theoreti-
cal and empirical models but few that also include criteria specific for conceptual models.
Table 1 provides a list of criteria for conceptual models to help bridge the gap between
scientific models and mental models.

Applying the quality criteria to different conceptual models

In recent overviews of technology integration models, numerous models are listed and
described (Niederhauser and Lindstrom 2018; Phillips 2015; Sosa and Manzuoli 2019).
However, there are few attempts to compare existing models along relevant dimensions or
to combine them into an overarching model. To provide a more coherent and structured
overview, it is necessary to specify what technology integration means. In the past, tech-
nology is integrated when it is used in a seamless manner to support and extend curriculum
objectives and to engage students in meaningful learning (Earle 2002). More recently, this
understanding has been expanded to meet the affordances of twenty-first century educa-
tion (Collins and Halverson 2010; Voogt et al. 2013). Instead of understanding technol-
ogy integration as an effective add-on to existing teaching practices, technology integration
requires more fundamental adaptations to the curriculum and the culture of teaching and
learning. Although for decades scholars such as Hattie (2009) have reaffirmed the early
work of Kulik and Kulik (1991) that technology can be effective in promoting learning,
recently Schneider and Prekel (2017) summarized 38 meta-analysis studies to conclude
that technology affordances still lag behind five other categories of instructional practices
in promoting higher education achievement. This echoes the conclusions of Tondeur et al.
(2008) that typical technology affordances do not exploit the full potential of IT, rather
they particularly use the basic features of technology.

As technology and pedagogy evolve in the digital age, teachers face many challenges
while integrating the available technology into classroom practices. This integration
is complex and multifaceted (Ertmer et al. 2012; Inan and Lowther 2010; Knezek and
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Christensen 2016). It is influenced by a range of social, personal, contextual and techno-
logical factors which can change over time. As a result, this leads to a variety of concep-
tual models with differing focus and scope which draw on diverse theoretical schools of
thought. These models may depict similar phenomena with dissimilar terminology and
when the models are applied to research the conclusions drawn could vary. To advance
technology integration in education, it is not only paramount to develop and recognize high
quality conceptual models that can be applied to future research and practice but also to
provide a common framework to compare and combine different models.

To test the applicability of our criteria and the framework that were described earlier in
this article, we chose three technology integration models that were represented by scholars
included in our EDUsummlIT working group. In addition, the set of exemplary models rep-
resent an interesting spectrum of variations that derive from results of empirical research,
systematic reviews and wisdom of practice.

Will, skill, tool and pedagogy model

The Will, Skill, Tool and Pedagogy (WSTP) Model of technology integration is an
exemplar of a conceptual model that has been developed in the context of empirical
research (Knezek and Christensen 2016). It features four interdependent constructs that
influence the integration of technology in the classroom (see Fig. 2). All four constructs
are assumed to be important contributors to the integration of technology. For example,

Technology

Integration

Pedagogy

Fig.2 Will, skill, tool, pedagogy model of technology integration
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educators who have received training and practice on technology and are willing to use
it with their students—yet have no access to technology in their schools—are clearly
not able to integrate technology into learning. Thus the area named 7ool is related to
availability, accessibility and extent of technology use. Many schools provide a great
deal of hardware and software (tools), yet provide little or no professional development
for teachers. For these types of school environments, purchases often go unused. Skill is
the ability to use and experience technology (Coughlin and Lemke 1999), as well as
the self-perceived confidence (self-efficacy) and readiness to use technology. Skill pro-
ficiency is most commonly established through professional development. Acceptance
of the value and worth of technology, along with the will to use it to enhance student
learning, is another critical component of the model. Will is conceptually defined as
a positive attitude toward the use of technology in instruction. Pedagogy is the fourth
critical component of the model as it affects how technology is used in the teaching
process. Technology Integration is the self-perceived level of adoption of technology for
educational purposes. Each of the constructs can be assessed by multiple measures.

In applying the suggested quality criteria, the WSTP Model meets the criteria in
the following ways. The accuracy of the model was validated with structural equation
modeling (Knezek et al. 2000) as well as construct validation (Knezek and Christensen
2016). The validated measures that contributed to the model were found to predict
technology integration in the classroom (Knezek and Christensen 2016). However, the
criterion of accuracy also includes the need to be practically validated in addition to
empirical validation. Here, the accuracy of the model across different contexts is less
clear. For example, it is unclear how the model is applicable in high-tech environments
where the importance of the tool factors is likely to be of minor importance. There are
some known case studies where the WSTP model was successfully used to analyze and
inform practice (Agyei and Voogt, 2011; Farjon et al. 2019; Petko 2012). In most of
these studies, especially in the context of teacher professional development, the model
addresses the issue that there should not be an overemphasis on a single aspect of the
model without addressing the others.

With regard to the quality criteria of consistency, the WSTP Model is believed to be
consistent with other models and frameworks, as well as theories. WSTP as a conceptual
model is consistent with other models such as TPACK, especially regarding the emphasis
on the interdependence of technology integration on factors such as teacher, student, tech-
nology access and skill. In addition, the measures used to contribute to the WSTP model
were based on underlying theoretical models such as Bandura’s (1977) self-efficacy and
Rogers’ (1995) Diffusion of Innovation and the Concerns-based Adoption Model (CBAM:
Hall 1974). However, it is unclear how this model relates to more recent and popular con-
ceptual models like the SAMR or the TIM models, where technology integration is con-
ceptualized as a matter of educational innovation rather than getting comfortable in the
adoption process in CBAM.

With regard to scope, it needs to be noted that the WSTP Model focuses mainly on the
teacher side of the technology integration equation. In other respects, the WSTP model has
been found to be broad in scope. For example, it can be used across grade levels and has
been used in multiple studies in other countries (Agyei and Voogt 2011; Morales 2006;
Tondeur et al. 2012; Petko 2012). The WSTP Model is flexible in that it allows different
measures to be used as inputs for the four constructs in different locations, but that also
may cause the loss of consistency in attempting to re-validate the model. The measures
used for each construct can vary as long as they are reliable measures. However, it was
designed for formal learning environments and has not been tested in other contexts.
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The WSTP Model also encompasses simplicity as it contains only four components but
clearly has multiple measures that contribute to the quality of these constructs. However,
while it is simple to talk about the four components, it is more complex to obtain measure-
ments for the model as a whole and it cannot really be tested with one teacher’s classroom.
In addition, the interplay of the four components is not addressed in the model. A specifi-
cation of the interplay between skill, will, tool and pedagogy-related variables would add
substantial complexity to the model. As shown in Fig. 2, the WSTP Model of technology
integration can be placed on the STIM framework focusing mostly on the teacher and the
teaching side of aspects with overlap into the context as tools are typically related to the
context of the environment.

Synthesis of qualitative data (SQD) model

There are different strategies to prepare pre-service teachers for technology integration in
education (Mouza et al. 2014; Tondeur et al. 2020). Therefore Tondeur et al. (2012) and
Petko (2012) reviewed empirical studies aiming to synthesize effective strategies. Accord-
ing to the findings of this (qualitative) evidence, twelve key strategies need to be in place
while preparing pre-service teachers to use technology. These strategies are presented in
the Synthesis of Qualitative Data (SQD) Model (see Fig. 3). This conceptual model is sup-
ported by empirical findings of 18 studies (Accuracy). At the same time, the SQD Model

ROLE MODE ¢

R
¥
-]
Q
&
Iy

PREPARING
PRE-SERVICE TEACHERS
FOR TECHNOLOGY USE

Fig.3 SQD model to prepare pre-service teachers for technology use (Tondeur et al. 2012; Petko 2012)

@ Springer AECT



Quality criteria for conceptual technology integration models...

is based on empirical studies from before 2012. Questions still remain on whether new
evidence would have changed the themes pictured in the SQD model.

The SQD Model includes three levels of consideration when preparing pre-service
teachers for technology use (Tondeur et al. 2012) and Petko (2012). The outer level
includes systematic and systemic change efforts, along with aligning theory and practice.
The second level considers aspects of the institution, such as technology planning and lead-
ership, training staff, access to resources, or cooperation within and between the institu-
tions. The inner circle includes six micro level strategies: (1) Role models, (2) Reflection,
(3) Instructional design, (4) Collaboration, (5) Authentic experiences, and (6) Feedback.

Clearly, the SQD Model reduced the complexity of an interplay of objects and their
properties (Simplicity). At the same time, little is known about how the key strategies come
together as an integrated approach to prepare teachers for technology integration (Consist-
ency). Therefore, Tondeur et al. (2020) examined relationships among digital competence
strategies in pre-service teacher training. More specifically, association rules analysis was
used to explore self-organization of the strategies. The results suggest a possible integrated
approach. By reducing the complexity in a conceptual model like the SQD Model (Simplic-
ity), it might be difficult to understand the complexity on how each strategy behaves as part
of the approach teacher preparation institutions are using to prepare their future teachers.

It seems that the theory embedded within the SQD Model is applicable to a wide range
of phenomena with a high degree of generalizability (Scope) and that it can be used across
pre-service teacher institutions in other countries. To illustrate, Valtonen et al. (2019)
analyzed how well the SQD strategies at the micro level work in the context of Finn-
ish teacher education. The target group consisted of cohorts of 203 last year pre-service
teachers. Results indicate that the SQD strategies work well in the Finnish context. The
findings also indicate differences between universities in one SQD strategy (Instructional
Design). In Belgium, Tondeur et al. (2020) explored the connections between TPACK and
the SQD strategies in 19 teacher preparation institutions. The findings clearly demonstrate
the importance of the SQD-strategies for enhancing pre-service teachers’ TPACK. It seems
that the SQD Model aligns with TPACK (Consistency), but it is not clear how it can be
aligned with other conceptual models and theoretical models such as Bandura’s self-effi-
cacy and Roger’s diffusion of innovation. However, most of the SQD studies only focus on
the micro level strategies.

Future studies involving the SQD Model could help to analyse practical situations in
teacher preparation institutions (Fruitfulness). But the question remains how this concep-
tual model can be inspiring for practical solutions. SQD can be used as a “thinking tool”
for teacher preparation institutions but the strategies that need to be integrated are not
described in such a manner that it is clear how to implement them. In this respect, teacher
design teams can be a promising approach to integrate the complexity of the SQD strate-
gies mentioned above. A teacher design team can be described as a group of two or more
teachers who (re) design curriculum materials together (Handelzalts 2019; Voogt et al.
2016), in this case technology-rich curriculum materials.

Four in Balance Model

The “Four in Balance” Model reflects a scientifically researched vision for the integration
of information and communications technology (ICT), starting from a school improvement
point of view (see Fig. 4). This model can provide schools with insight into preconditions
for successful educational use of ICT. The underlying theoretical model was developed
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Collaboration

Expertise

l

Fig.4 Four in balance model

from an empirical study (ten Brummelhuis 1995) and tested against international compara-
tive data from several countries (Accuracy), such as France, Germany, Japan, the Neth-
erlands, Switzerland and the United States (Pelgrum and Plomp 1993; Tuijnman and ten
Brummelhuis 1992; ten Brummelhuis 1995). In 2001, the results from these studies were
summarized and presented for schools by Kennisnet in a comprehensive model entitled
“Four in Balance”. The central idea behind the Four in Balance Model is that the use
of ICT for educational purposes is a matter of a well balanced deployment of these four
elements illustrated in a simplified visual (Simplicity): (1) Vision, (2) Knowledge, atti-
tudes and skills (professionalisation), (3) Educational software and content, and (4) ICT
infrastructure.

The challenge facing the field of education is to adapt these elements to the learn-
ing process for students. A teacher cannot manage this task alone. It demands leadership
and the support and cooperation of other professionals. The four elements of this model,
together with leadership and cooperation, influence the use of ICT for learning and can
be understood as an expansion of other conceptual models such as the TPACK framework
(Tondeur et al. 2009) or various technology acceptance models (Consistency).

The principles of the Four in Balance Model can be compared with the principles
underlying the Tetris© computer game. In this game, the idea is to place geometric figures
next to and on top of one another, with points being awarded when zones are completed.
The points awarded match the level of the lowest zone. The game is played most efficiently
and effectively by keeping the discrepancy between the maximum and minimum levels in
the different zones as small as possible. When applying this comparison to the areas impor-
tant for ICT integration, a balance between vision, knowledge, software and infrastructure
is necessary (Kennisnet 2014). The weakest link in the whole ultimately determines the
effectiveness of the integration. It is a strength of this model that it specifies the interplay
of these factors with the metaphor of “balance”. With regard to the Scope of the Four in
Balance Model, it clearly focuses on the school leaders and the teachers with little refer-
ence to students. In addition, the model is rather nonspecific with regard to the persons
responsible for each aspect. The model does not clearly distinguish between system-level,
school-level and teacher-level factors. Despite (or maybe because of) this issue, the model
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is generalizable across contexts and over time because the aspects are broad rather than
specific, and the model draws on evidence from different contexts (Scope). For example,
a vision can vary according to the focus of an education system or schooling context, and
infrastructure evolves over time with technological advances. It is this flexibility that ena-
bles practical relevance while limiting the ability for scientific empirical validation. How-
ever, the scope of the model is also limited as it focuses on teacher and school-related fac-
tors and does not account for factors related to students and their backgrounds.

The Four in Balance Model has been practically applied to and validated across a range
of schools (Accuracy) in the Netherlands and Flanders (e.g. Gennip et al. 2007; Tondeur
et al. 2009). Many schools use this model as a heuristic framework in their ICT policy plan
to structure and organize goals and support activities for further integration of ICT (Fruit-
fulness). Schools in the Netherlands are also supported in using the Four in Balance Model.
Until 2017, there has been a series of “Four in Balance Monitor” reports with descriptive
data on the progress of the four elements in schools in the Netherlands (https://www.kenni
snet.nl/publicaties/vier-in-balans-monitor/). Results provide insight into the current status
of elements in the Four in Balance Model and assist school teams to define shared goals.
However, the interplay of the four elements has not been scientifically revalidated in these
studies. So, the Four in Balance Model appears to have evolved from a conceptual model
that was strongly rooted in research to a model that is now exclusively focused on practical
application.

Overview of the findings

In review, the three selected technology integration models were evaluated according to
their alignment with the quality criteria identified for conceptual models (see Table 2).
While each of the models had some background in empirical research and were aligned
with scientific theories and concepts, the empirical support each had a very limited scope
that goes hand in hand with a clear orientation towards simplicity. Each model was focused
on one central goal and a handful of factors that are essential to achieve this goal (in case
of the SQD model: a handful of factors per level). In addition, the goal and the factors were
rather loosely defined, often employing everyday language (e.g. “will”, “skill”, “tool”)
instead of scientific terminology. Each of the models had a graphical representation, but
the exact interplay of factors was not precisely specified in these depictions. The practi-
cal fruitfulness and applicability of these models are still considered rather high. In sum,
all three conceptual models provide simplified blueprints for practical application. Possi-
bly, the reduced complexity, fuzzy wording and the unclear interplay between factors in
the graphical representations facilitate practical application. What may be considered as
flaws for theoretical models might be strong points for their conceptual counterparts. More
details of the cross-case analyses will be described further in the discussion section.

Discussion and conclusion

This article stresses the distinction between theoretical, conceptual and mental models of
technology integration in education. In particular, the distinction between theoretical and
conceptual models has not been sufficiently made in the past. When practice-oriented con-
ceptual models are judged using the usual quality criteria for science-oriented theoretical
models, they appear to be not sufficiently accurate, not consistent, too limited or too broad
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in their scope, too simple or too complex, and not sufficiently fruitful with regard to empir-
ical research and the advancement of theory. When considering these models, research typ-
ically calls for conceptual clarifications, better measures or more controlled studies. This
has also been the case for research on the TPACK Model (Brantley-Dias and Ertmer 2013;
Kimmons 2015; Saubern 2020) and for the SAMR Model (Hamilton et al. 2016), both of
which can be considered as conceptual rather than theoretical. As this article illustrates,
conceptual models, particularly those focused on technology integration in educational set-
tings, serve a different purpose than purely theoretical models and need to be judged using
an adapted set of criteria. Therefore, the main goal of this study was to provide researchers,
practitioners and policy makers with a set of criteria that could then be used to assess the
quality and scope of different conceptual models in the field of technology integration in
education.

Based on the literature (see e.g., Archambault and Barnett 2010; Kimmons 2015; Kuhn
1977), we developed adaptations of the five criteria commonly used to assess the quality of
scientific models: (1) Accuracy (empirical validation is essential for conceptual models and
they need to be supplemented with practical validation in context), (2) Consistency (to be
expanded in relation to other conceptual models and identified epistemologies), (3) Scope
(information that facilitates contextual application to take account of the social aspects of
educational technology integration, (4) Simplicity (conceptual models should be neither too
simple nor too complex and therefore, conceptual models are typically depicted visually
which make them likely to be communicated and applied in practice), and (5) Fruitfulness
(the conceptual model addresses stakeholders, helps to analyse practical solutions and can
be inspiring at the same time). Thus, we took the task of using these five criteria to assess
the quality of conceptual technology integration models with the goal of better understand-
ing the relationships between scientific, conceptual and mental models and their applica-
tion in research settings.

We selected and analysed three technology integration models (i.e., WSTP Model,
SQD Model, Four in Balance Model) commonly used by researchers in our field to test the
applicability of the quality criteria (for an overview see Table 2). All three models were
empirically tested (Accuracy). Both the WSTP Model (Knezek et al. 2000) and the Four in
Balance Model (ten Brummelhuis 1995) were first validated with quantitative data using
structural equation modelling. In contrast, the SQD Model was derived from a synthesis
of qualitative evidence (Tondeur et al. 2012; Petko 2012) and scales were developed to
measure the six micro level strategies in a quantitative way (Petko et al. 2018). A second
important aspect of the accuracy criteria is the practical validation of the model within a
context. Each model was assessed on this aspect and all three, the SQD Model (Baran et al.
2019), the Four in Balance Model and the WSTP Model (Morales 2006; Kennisnet 2014),
were applied to a specific educational context when studied.

The quality criterion of Consistency with other models, frameworks and theories can
also be applied to the three selected technology integration models. For example, the WSTP
Model relates to Bandura’s (1977) self-efficacy and Rogers’ (1995) diffusion of innova-
tion. While all the selected models have been applied to different contexts, limitations
were found. For example, the Four in Balance Model has generic pillars that are applied
to different settings across different times. Yet, how each pillar, such as the pedagogical
use of ICT for learning, is interpreted or applied can differ leading to mixed interpreta-
tions of results. Consistency is about the exploration of relationships between the factors in
technology integration models. Both the (components of the) WSTP Model and the SQD
Model have been linked to other models such as TPACK but more research is needed to
find out how different conceptual frameworks of technology integration can be integrated.
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According to Kimmons et al. (2020), each model speaks its own language (e.g., TPACK,
TIM, TAM, SAMR), none tend to recognize other conceptual models nor acknowledge
relationships to them.

As stated earlier, conceptual models should also be simple (Graham 2011) and are typi-
cally depicted visually which make them likely to be communicated and applied in prac-
tice (Simplicity). Each model selected provides a clear graphic representation which also
includes the most important factors or constructs used to represent the technology inte-
gration focus of the model. Focusing on the most important factors that are relevant to
the model makes it easier to apply these models in different contexts, including those at
different stages of technology integration, for example, countries with low and high levels
of digital access. Strong conceptual models can also be used to compare different contexts
(Khine et al. 2017). At the same time, there is a risk of only focusing on the main factors
of these conceptual models. Therefore, the use of conceptual models should be the starting
point and not the end point of the technology integration process.

Fruitfulness is a quality criterion which focuses on the consequences of applying con-
ceptual models to practical situations. Here, more research is needed to develop guidelines
for the applicability of conceptual models in different practical contexts. To deal with these
issues, different stakeholders may translate a conceptual model for technology integration
in different ways. In contrast to theoretical models, it is not a flaw but rather a feature of
conceptual models. In fact, none of the three conceptual models discussed in this article
provide clear guidelines about how to apply each model in educational contexts. Neverthe-
less, the Four in Balance Model has been used to underpin teacher professional develop-
ment (PD) programs. One such program offered in four Kenyan secondary schools was
based on capacity building focusing on the components of the Four in Balance Model: (1)
vision building, (2) leadership, (3) collaboration, (4) expertise to use technology, and (5)
access to adequate infrastructure (Tondeur et al. 2015). This contrasts with interventions
in the Netherlands where decision makers such as school leaders and administrators apply
the Four in Balance Model to determine what components need to be targeted for teacher
professional learning or infrastructure spending (Kennisnet 2014).

To advance the research and implementation of effective integration of technology in
education, it is not only paramount to develop and recognize high quality conceptual mod-
els that can be applied to future research and practice but there is also significant value in
providing a common framework to compare and combine different models. Thus, a second
goal of this article was to compare models for technology integration within the scope of
these quality criteria. The identification of quality models of technology integration as well
as the recognition of the gaps that are not being addressed in models can guide policymak-
ers and practitioners in their decisions for tools and resources that may be needed to imple-
ment effective technology integration. As a result of our collaborative work, the Stage
for Technology Integration Models (STIM) framework was developed for the purpose of
determining the Scope of existing conceptual models (see Fig. 5). The framework uses the
metaphor of a platform or “stage” where different conceptual models can be grouped and
compared (cf. Fisser and Phillips 2020) along six distinct areas, including micro-, meso-
and macro-factors on the side of either the teacher or the learner. Figure 5 illustrates how
some technology integration models focus exclusively on one of these areas, while others
provide broader views.

Using the STIM framework helps individuals to visualize the added value of concep-
tual models and to identify “blind spots” that need to be addressed in future research. One
example of a blind spot can be illustrated by looking at Fig. 5 and studying the place-
ment of the selected technology integration models on the STIM framework. None of the
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Technology

Fig.5 Conceptual models grouped along the Stage for Technology Integration Models (STIM) framework

featured conceptual models appear to have a strong presence in the areas of Learning,
Learners and Learner Contexts, although recent analyses (e.g., Tondeur et al. 2019) have
shown that efforts from this bi-annual convening of researchers, practitioners and policy
makers at EDUsummlIT over the last decade has evolved from an emphasis on technology,
to an emphasis on learning. It appears that learning within context, including prediction
and assessment thereof, should be an important area of focus and expansion of technology
integration models in the future. This brings us to the limitations, recommendations for
future research and implications of the study.

It could be considered whether the developed quality criteria for conceptual models
could be supplemented by further aspects in order to obtain a more comprehensive pic-
ture. For example, a systematic comparison with the five criteria and guiding questions for
evaluating technology integration models for student teachers (Kimmons et al. 2020) could
help to exploit synergy effects. In addition, other technology integration models could be
added to the STIM framework platform (e.g. TIP or TIM), to characterize the blind spots in
the conceptualization of the existing models more precisely and to underpin the viability of
the STIM framework. Therefore, a systematic approach would be helpful. For example, a
database could be created in which different technology integration models are categorized
using the quality criteria and STIM framework from the perspective of different actors such
as researchers, practitioners and policy makers. This could be helpful to select a model
from the perspective of the different actors and possibly even further develop models for
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different contexts. Not least, the involvement of the different actors would also ensure, to
include both scientific robustness and application to practice (West et al. 2020).

In conclusion, the article has succeeded in providing researchers, practitioners and
policy makers with a set of guidelines that can be used to assess the quality and scope
of different conceptual models of technology integration in education. This can ultimately
help to advance research and implementation of effective technology integration research
in education and to better understand the relationships between scientific, conceptual and
mental models and their application in research environments. The STIM framework also
contributes to making the added value of conceptual models visible and for identifying
"blind spots" that need to be addressed in future research. Therefore, the quality criteria
together with the STIM framework enables one to evaluate effective technology integration
by aligning the appropriate conceptual model according to purpose, quality and scope. The
thoughtful application of technology integration conceptual models will help in identifying
gaps in existing research and assist in the practical application of these models in practice.
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