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Abstract: Whereas cross-sectional research has shown that transformational leadership,
task interdependence, and self-efficacy are positively related to teachers’ engagement in
reflective learning activities, the causal direction of these relations needs further inquiry.
At the same time, individual teacher learning might play a mutual role in strengthening
school-level capacity for sustained improvement. Building on previous research, this
longitudinal study therefore examines how transformational leadership, task interdependence,
self-efficacy, and teachers’ engagement in self-reflection mutually affect each other over time.
Questionnaire data gathered on three measurement occasions from 655 Dutch Vocational
Education and Training teachers was analyzed using a multivariate Latent Difference Score
model. Results indicate that self-reflection and task interdependence reciprocally influence
each other’s change. A considerate and stimulating transformational leader was found to
contribute to this process. Change in self-efficacy was influenced by self-reflection,
indicating that learning leads to competency beliefs. Together, the findings point to the
important role transformational leadership practices play in facilitating teamwork, and
sustaining teachers’ levels of learning in schools.
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1. Introduction

During the past decade, teachers and schools over the globe have been confronted with all kind of
changes, including changes in students’ demographics, large-scale educational reforms, and
accountability policies aimed at improving the quality of education. Building school-wide capacity by
promoting teachers’ individual and collective learning is considered an important prerequisite for
school’s ability to change and sustain improvement.

To be able to understand the mechanisms underlying sustained improvement, researchers have started
to examine how teacher learning is embedded in schools and linked with building school-improvement
capacity [ 1-5]. In line with this focus, empirical studies into the interplay between leadership, workplace
conditions, and psychological factors in teacher learning have been conducted [6—8]. Findings from
these studies indicate that both psychological (e.g., self-efficacy, motivation) and organizational factors
(e.g., transformational leadership, an open and trustful climate, task and goal interdependence) affect
teacher learning such as self-reflection [2,7,9—11]. Moreover, the impact of transformational leadership
practices on self-reflection seems to be mediated by both teamwork and teacher motivational factors,
including teachers’ self-efficacy beliefs [2,7,8,10]. More specifically, a recent cross-sectional study has
shown how transformational leadership, perceived task interdependence, and self-efficacy are positively
related to teachers’ engagement in reflective learning activities [12]. Additionally, research has found
that teachers’ engagement in professional learning activities contributes to changing teachers’
instructional practices with the ultimate goal of increasing student achievement [10,13—-16].

Although this research has contributed to a deeper understanding of mechanisms underlying
educational change and teacher learning in schools, most of the studies are cross-sectional in nature,
limiting valid and reliable claims about the direction of influence of the relations found. As cross- sectional
estimates may generate misleading interpretations of mediation, longitudinal research can make stronger
claims about causality [17-20]. Moreover, longitudinal studies can make an important contribution to a
complete understanding of the nature and dynamics of teacher learning as an important catalyst to foster
sustained school improvement. Modeling the influences of transformational leadership, task
interdependence, and self-efficacy on teachers’ reflective learning over time will enable us to both
validate previous findings from cross-sectional studies, and investigate possible reciprocal relations
undetected by cross sectional models (e.g., [21-23]). For example, sustained engagement in
self-reflection, as one of the key professional learning activities of teachers, may help teachers to
discover how to benefit from workplace conditions such as being task interdependent. Coming to
understand how their team members’ knowledge and skills can function as resources, in turn, can then be
beneficial to further their own learning (e.g., [24-26]). Additionally, longitudinal research also provides
opportunities to investigate the type of change of teachers’ engagement in professional learning
activities and its antecedents. Levels may be enhanced or declined or sustained, as the result of a
variable’s (e.g., self-reflection) own dynamics or a coupling with other variables (e.g., transformational
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leadership and self-efficacy), and change rates may differ for individual teachers depending on their
previous levels (e.g., [27]). Exploration of these dynamics yields valuable insights in how teacher
learning in schools, and its organizational and psychological antecedents, changes over time and what
drive their changes. Although different scholars have emphasized the need for using more longitudinal
designs in school improvement research [15,28-31] there is still little systematic evidence for how
organizational and psychological factors shape teacher learning in the context of the school over time.
More longitudinal research is thus needed to increase our understanding of the nature and dynamics of
these relationships and how change in schools occurs over time. This study aimed to make a significant
contribution to this line of research by conducting a longitudinal study into the nature and dynamics of the
paths that link transformational leadership practices, task interdependence, teachers’ self-efficacy beliefs,
and, consequently, their engagement in self-reflective learning activities (e.g., [2,32]).

The study was conducted within the context of Vocational Education and Training (VET) colleges in
the Netherlands. During the past decade, VET colleges have become massive educational institutions
due to many mergers and have also been involved in large educational reforms aimed at stimulating
students’ self-regulated and competence-based learning. One prominent issue in the implementation of
these reforms is the reorganization of teachers’ working conditions into multidisciplinary teams.
Teachers from different disciplines and different subjects are called to collaborate for imparting the
competences students need to become strong professionals and thus be better prepared for occupational
participation in continuously changing labor market [7,33,34]. As a consequence, individual VET teachers
are challenged to learn how to work effectively in teams directed at strengthening their professional
expertise and, in turn, fostering student learning. The study builds on earlier, cross-sectional, work in
which we examined the influence of transformational leadership practices (e.g., vision building,
stimulation and consideration), task and goal interdependence as aspects of teamwork, and self-efficacy on
teachers’ engagement in professional learning activities (e.g., self-reflection, asking for feedback) in
Dutch VET colleges [12]. The findings showed two clearly differentiated paths to explain the variation
of teachers’ engagement in learning activities of which one path leads from a transformational leader
that shares a vision, through teachers' perceptions of being goal interdependent, to teachers asking for
feedback. As such, asking for feedback seems to be situated in a context of immediate interaction
towards a common goal and can be cultivated when a transformational leader keeps sharing the school’s
vision. The second path leads from a transformational leader who shows consideration for teachers
individually, through teachers’ perceptions of working together on tasks and their senses of
self-efficacy, to teacher self-reflection. These findings suggest that teachers’ engagement in
self-reflective activities is situated in a context of past experiences of collaboration and can be cultivated
through a leader’s consideration of needs and individual support. The purpose of this longitudinal study
was to investigate whether this latter path that links the relations between transformational leadership
practices, task interdependence, self-efficacy, and teacher self-reflection can still be found when
assessed over time, thereby validating and extending previous models and findings from cross-sectional
research. We also use the added value of a longitudinal design to explore reciprocal relations between
these variables, and assess the dynamics of change that occur.

The main research question that guided our research was: How do transformational leadership
practices, task interdependence, self-efficacy, and teacher self-reflection mutually shape each other
over time?
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1.1. Theoretical Framework

An important contribution of our study lies in our attempts to examine changes in transformational
leadership practices, task interdependence, teachers’ self-efficacy beliefs and their engagement in
professional learning activities and how the relationships among these variables evolve over time,
by using Latent Difference Score modeling (LDS; see for a more detailed elaboration, below).
To understand these relationships, we draw on theories on adult learning, teacher motivation, teamwork
and transformational leadership, and use previous findings from cross-sectional research on the interplay
between teachers’ psychological states and organizational conditions in teacher learning. The model that
guided our inquiry is depicted in Figure 1. To test this model, we used data from a sample of 655 Dutch
VET teachers. We discuss the variables of our study more fully, and the expected relationship among
them in further detail below.

Figure 1. Theoretical framework of how self-reflection (Refl) is influenced by self-efficacy
(SE), perceived task interdependence (Task) and the transformational leadership practices
individualized consideration and intellectual support (TLcs; solid arrows), as well as the
reciprocal relations that will be explored (dashed arrows). The numbers 1a—4b represent
the hypotheses.

1.1.1. Professional Learning through Engagement in Self-Reflection

Inspired by adult learning theories and situated cognitive perspective on teacher learning,
we conceptualized professional learning as an on-going informal learning process that is embedded
within the school and that takes place during the entire career [3,7,35-38]. In line with this perspective,
the focus of teacher learning in the context of the school is on teachers’ engagement in a variety of
professional learning activities aimed at stimulating their own professional development and the
development of the school as a whole.

Although scholars have studied a variety of different professional learning activities to capture the
content of professional learning (e.g., [7,39]), a distinction between individual and social professional
learning activities can be depicted from the literature [7,11,40,41]. Individual learning activities refer to
activities aimed to explore and reflect on one’s own values, interests, abilities, and career goals, and are
carried out individually without any assistance from colleagues or supervisors. Examples of individual
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learning activities are reflecting on past performances, reading professional material, and focusing on
future career goals. Social learning activities refer to activities aimed at acquiring new knowledge, skills,
information and ideas that are acquired in social interaction with others. Examples of social learning
activities are sharing knowledge, asking for feedback and challenging groupthink. Although both types
of learning activities are ways to discover the proper script for future actions and are nested in a social
context, the sources and thereby the nature of these learning activities thus differ. As indicated, in this
study we focus on self-reflection as one of the most important individual learning activities teachers are
engaged in during their daily practice [35,42].

Self-reflection is an introspective activity and refers to a person recreating the experience of acting in
a given situation. In “reliving” this experience a person supplements the memory of the experience with
new ideas that can either be self-generated or based on information gained from others. This creates an
altered and thus new experience, which can then serve as the basis for future action (e.g., [43]).
Self-reflection allows teachers to broaden their teaching repertoire, generate new knowledge, and
make knowledge explicit aimed at discovering a workable script for adaptation to changing
circumstances [35,42]. These adaptations may in turn fuel continuance of individual teachers’ own
reflections [1], and can be of value for team members [11], as knowledge gained through self-reflection
can be made explicit and shared. Moreover, as circumstances continuously change old solutions expire,
and hence sustained levels of engagement in self-reflection are important for maintaining high levels of
craftsmanship [44,45]. Newly generated knowledge can be experimented with to fit to changed
circumstances [46,47]. Research has shown that self-reflection contributes to changing instructional
practices, and in turn improved student performance [7,10,13—15,48]. The importance of teacher
reflection for improving the quality of education therefore leads to the question how to facilitate
reflection, and how to sustain sufficient levels of learning over time [49,50].

1.1.2. Self-Efficacy Beliefs

Self-efficacy represents the level of competence a person expects to display in a given situation.
Self-efficacy develops, for instance, from coping with various difficult and complex situations
successfully as the experience of mastery is one of the most important sources of self-efficacy, next to
modeling or vicarious experiences, social persuasion, and physiological and emotional states [51]).
In addition, repeatedly perceiving team members resolving problems can facilitate the development of a
teacher’s own self-efficacy through vicarious learning or modeling. Persons with higher levels of
self-efficacy will persist in the face of difficulties, feel empowered, are less constraint by doubts, and
will thus arrive quicker at a satisfying solution [52,53].

Cross-sectional research has shown that teachers who have higher levels of self-efficacy are more
engaged in learning activities (e.g., self-reflection) that may challenges existing knowledge, beliefs, and
classroom practices than their colleagues with lower levels of self-efficacy [2,10,54—56]. Additionally,
longitudinal research indicates that self-efficacy has predictive power over time on levels of vigor and
dedication of teachers [57], as well as on changing instructional practices [15]. Interestingly for the
present study, empirical evidence suggests that self-efficacy is not a stable phenomenon: it grows in
primary school children [58], declines in adolescents [53], and fluctuates in teachers [31]. To what
extent teachers’ beliefs in their self-efficacy changes, and the manner in which these changes relate over
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time to engagement in self-reflection, has yet to be addressed. It seems however likely that increases in
beliefs about their own effectiveness motivate teachers to meet challenges, and thereby may positively
affect their engagement in professional learning activities over time. Additionally, reflection may also
impact self-efficacy. Generating knowledge to adapt to changing circumstances helps to resolve
problems and come to satisfying solutions. Sustained levels of self-reflection can therefore lead to
mastery experiences, and thus help to develop beliefs of self-efficacy, which makes it worthwhile to
explore whether a bidirectional link between these variables can be found. As only a few available studies
have examined this reciprocal relationship [51,59], more research is needed. Based on previous
cross-sectional studies, we expect that higher reported levels of self-efficacy will increase teachers’
engagement in self-reflection (Hypothesis 1a). In line with the outcomes of the few available studies
studying the reciprocal relationship [51,59], we also hypothesize that as teachers’ engagement in
self-reflection increases over time, their self-efficacy beliefs will also increase (Hypothesis 1b).

1.1.3. Perceived Task Interdependence

Task interdependence refers to the perceived degree of interaction between team members required to
complete tasks. Thus, task interdependence can be seen as providing the infrastructure needed to
stimulate teacher interaction as well as the exchange of information and resources for successful task
completion [60—-63]. Research on the role of collaboration between teachers for promoting professional
learning has provided evidence for the positive impact of teacher interaction on teacher learning, and, in
turn, enhance team effectiveness [34,64]. Because teachers can use knowledge that team members have
made explicit as input for their own reflection, interacting with team members facilitates teacher
engagement in self-reflective activities [39,55,65]. In addition, teachers’ self-efficacy beliefs have been
shown to mediate the effect of teacher interaction on professional learning and vigor and dedication of
teachers [2,10,57] by removing uncertainty and ambiguity [66]. Collaboration and teacher interaction
can thus offer teachers an “efficacy boost” [67], thereby facilitating their engagement in professional
learning activities. Although these findings make it likely that perceptions of task interdependence have
a positive impact on engagement in self-reflection and self-efficacy beliefs, we know little about how
interactions with peers who are directly engaged in the same task affect teachers’ sense of self-efficacy
and their self-reflective activities over time.

As teachers need time to come to understand how to interact with colleagues to complete tasks,
generating knowledge to adapt to changing circumstances might help [68,69]. When teachers find
adequate ways to interact with each other, obtained knowledge from colleagues can be beneficial to
further promote their own learning [13,24-26]. Additionally, enhanced efficacy beliefs about resolving
conflict in teams through vicarious team experience have been found to positively affect expected
outcomes of teams [70]. Therefore, self-efficacy may also influence change in perceptions of task
interdependence: having a more positive view of intra-team conflict and having confidence that conflicts
will be resolved may lead to more frequent and more positive interactions. Teachers may thus come to
value more interdependence in working on tasks. In this study, we therefore hypothesize that higher
levels of perceived task interdependence will increase teachers’ engagement in self-reflection
(Hypothesis 2a). Based on a more dynamic representation of the assumed associations between these
variables, we also expected that as teachers’ engagement in self-reflection increases over time, perceived



Societies 2015, 5 193

task interdependence would also increase (Hypothesis 2b). In addition, we hypothesize the time-based
dynamic relations between self-efficacy and task interdependence as follows: as teachers perceive
higher levels of perceived task interdependence, higher level beliefs about their own self-efficacy are
expected to follow (Hypothesis 3a) and vice versa (Hypothesis 3b).

1.1.4. Transformational Leadership

Leadership is widely assumed to play a major role in the promotion of school improvement efforts
and educational change, particularly when the leadership is characterized as what is called
“transformational leadership” [71]. A transformational leader aims at development in a context of
organizational change and is committed to the empowerment of individual teachers and teacher teams as
a whole [32,72-75]. Three transformational leadership dimensions have been found critical for the
enhancement of individual learning activities [76]. The first dimension of initiating and identifying a
vision refers to a leader who works on the development of shared goals and priorities by inspiring
teachers to formulate shared goals, connect to these, commit to them, and try to attain them. The second
dimension of individualized consideration refers to support and attention for individual needs and
feelings. Teachers should feel empowered by a considerate transformational school leader and—as a
consequence—seek to interact with other teachers and coordinate responsibility in the tasks they
share [2,77]. Intellectual stimulation as the third dimension of transformational leadership involves the
encouragement of teachers to continuously calibrate the adequacy of their knowledge and instructional
practices. It tries to incite a critical attitude towards oneself and one’s team members through the idea
that not one solution is absolute, that there are alternatives to problems, and that conflict can be
functional for effective teamwork. As such, it can improve team-work by enhancing teachers’ abilities to
solve individual, group and organizational problems [2,77].

Whereas the three dimensions of transformational leadership would appear to directly influence
self-efficacy and teacher learning (e.g., [15,78,79]), empirical research that addressed these effects did not
consistently find these effects, however (e.g., [80,81]). Instead of a direct link, it seems more likely that the
relation between transformational leadership on the one hand, and self-efficacy and self-reflection on the
other hand, is mediated by perceptions of workplace conditions (e.g., [2,10,82—84]). Previous studies
have indeed found that transformational leadership practices are related to various workplace conditions
and have an initiating role in enhancing these conditions (e.g., [85]).

In addition, it has recently been shown that transformational school leadership can enhance the
prerequisites for perceiving interdependence—including teacher collaboration and trust [10,86]. In our
previous cross-sectional research on the impact of transformational leadership practices on teamwork,
self-efficacy and teacher learning in VET colleges, we have found that individualized consideration and
intellectual stimulation affect task interdependence directly, while vision building did not. Moreover,
it appeared that the influence of transformational leadership on teachers’ efficacy beliefs and
self-reflection was mediated by perceived task interdependence [12]. Although the few available studies
provide some evidence for the relationship between teamwork processes, especially perceived task
interdependence, and two of the three dimensions of transformational leadership, including individualized
consideration and intellectual stimulation, more research is needed to assess how these transformational
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leadership practices affect perceptions of task interdependence over time, thereby validating and
expanding previous findings.

Furthermore, a bi-directional link between transformational leadership and task interdependence
seems likely. In the long term, building teacher craftsmanship, may distribute the sources of leadership
in a school from one (or few) to many sources. Leadership may diffuse first through the team, and finally
through the organization [29,87]. Interacting and collaborating with colleagues might contribute to this
process, because it elevates levels of potentially useful knowledge individual teachers and teacher teams
may use to become more proficient. Based on the aforementioned, we therefore hypothesize that as
transformational leadership practices (e.g., individual consideration and intellectual stimulation) increase
over time, teachers’ perceptions of their task interdependence would also increase (Hypothesis 4a).
In addition, as interacting and collaborating with colleagues might contribute to more distributive forms
of leadership, we expected that higher levels of perceived task interdependence would lead to slow
changes in transformational leadership over time (Hypothesis 4b).

1.2. The Present Study

The aim of the present study is to longitudinally assess the mutual relations between transformational
leadership (i.e., individualized consideration and intellectual stimulation), perceived task interdependence,
self-efficacy, and teachers’ engagement in self-reflection over time.

On the basis of findings from previous studies, we formulated four hypotheses regarding the
reciprocal relations between self-reflection, self-efficacy, task interdependence and the transformational
leadership practices individualized consideration and intellectual support. These hypotheses are
visualized in Figure 1. We tested these assumed dynamic associations between our variables, using data
gathered on three yearly-based measurement occasions from 655 Dutch Vocational Education and
Training teachers. As such, this study will make a unique contribution to a deeper understanding of the
dynamics and complexities underlying sustainable school improvement.

2. Method

In order to assess the time-based dynamics of the relationship between these variables, we used
Latent Difference Score (LDS) modeling [20,27,88]. LDS modeling, derived from dynamic system
theory [27], is a form of Structural Equation Modeling (SEM), and combines cross-lagged regression
analysis and latent growth curve modeling. This allows for the modeling of dynamic intra-individual
change. Dynamic modeling of this nature provides opportunities to explore and test the hypothesized
reciprocity of the relationships amongst the variables examined in our study by illustrating how changes
in one variable (e.g., self-reflection) over time depend on the state of another variable (e.g., self-efficacy,
and task interdependence) and any prior change in the system as a whole. Details regarding sample,
measures and analytic strategy are described below.

2.1. Sample

Data were collected from teachers of interdisciplinary teams from the various departments of six VET
colleges (e.g., a technology department, an economics and business department, a health and welfare,
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department, an education department). The interdisciplinary teams within these departments were
responsible for the coaching of a specific group of students, the guidance of their learning processes, the
planning of the curricula for the group and assessment of their progress.

We used convenience sampling to obtain a sample as large as possible. The six VET colleges were
contacted via their boards of directors. For two of the colleges, the teachers were contacted directly to
invite them to participate in the present study. For the other four colleges, the team leaders were asked if
their teams would be willing to participate. Questionnaires were sent to the teachers of the teams that
were willing to participate. To maximize responding, we informed each team about the goals of our
research, told them about the content of the questionnaire and offered to give a presentation on the main
findings once the study was completed.

The questionnaires were administered using the online program “survey monkey”. During three years
(from 2010 to 2012), questionnaires were sent to more than 800 teachers. On each measurement
occasion about 400 returned the questionnaire, with response rates of 53%, 52%, and 47% for the three
sequential occasions. Not all returned questionnaires could be used for further analysis, because, for
example, respondents did not fill out the questionnaire completely. Subsequent analyses are based on the
data of 655 unique respondents, of which 144 responded on all three occasions, 181 responded on two
occasions, and 330 responded on only one occasion. Moreover, Mplus, the software we used to analyze
the data with, provides maximum likelihood estimation for missing data, and it computes the standard
errors for the parameter estimates using the observed information matrix [89]. See Appendix 1 for a
more detailed description of the responses.

Over three measurement occasions with one year intervals and of all the teachers who responded, the
average age was 48 years (standard deviation of 10). The majority of the respondents worked more than
32 h per week (about 60%). Many of the respondents had worked as a teacher for more than 20 years
(32%); a sizeable percentage had worked around 10 years as a teacher (21%). Most of the teachers had a
bachelor’s degree (72%); 16% had a master’s degree; and 12% had completed only a secondary
level of education. See Appendix 2 for a more detailed description of the sample on the three
measurement occasions.

2.2. Measures

The following variables were assessed using already existing, well-validated measurement scales:
transformational leadership individualized consideration and intellectual stimulation (11 items) [2,10,12],
task interdependence (4 items) [9,12,55,63], occupational self-efficacy (6 items) [9,12,55,90], and
self-reflection (5 items) [9,12,42,55]. Teachers indicated the extent to which the item content applied to
them on five-point scales (1 = strongly disagree, 2 = partially disagree, 3 = do not disagree, do not agree,
4 = partially agree, 5 = strongly agree). The items in the questionnaire referred to the above mentioned
concepts (see Appendix 3 for an overview of the scaled variables and related items).

As mentioned earlier, two dimensions of transformational leadership, including individualized
consideration and intellectual stimulation, were measured based on previous cross-sectional
research [2,10,12]. Individualized consideration was defined as the extent to which the school leader
acknowledges teachers’ efforts, provides individualized support for teachers and was measured using
five items. The second scale, providing intellectual stimulation, consisted of six items and concerned the
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degree to which the school leader provides teachers with intellectual stimulation. The reliability of these
subscales has been found to be satisfactory [2,10,12,15]: Cronbach’s alpha coefficients for
individualized consideration varied from 0.87 to 0.93 and for intellectual stimulation from 0.88 to 0.94.

Task interdependence refers to the extent to which teachers perceive that the interaction and
coordination of team members is required to complete tasks (four items). Cronbach’s alpha coefficients,
ranging from 0.70 to 0.79, have been reported in literature [12,55,63].

Occupational self-efficacy was defined as the extent to which teachers have a future-oriented belief
about their level of competence that they expect to display in a given situation. This scale consists of six
items. The reliability of this scale has been found to be satisfactory [9,12,55]: Cronbach’s alpha
coefficients for occupational self-efficacy varied from 0.75 to 0.80.

Teachers engagement in self-reflection refers to the extent to which teachers are engaged in
individual activities aimed at making implicit knowledge explicit (5 items). Cronbach’s alpha
coefficients, ranging from 0.72 to 0.82 have been reported in the literature [9,12,55].

In preliminary analysis we first conducted confirmatory factor analysis per variable on all three
measurement occasions, using Mplus 7.1 [89]. The findings showed that, for all three measurement
occasions, the items loaded well on their factors.

Second, we investigated whether the variables were longitudinally valid by testing models with
unrestraint factor loading per item on each of the three measurement occasions, versus models in which
each item’s factor loading was constraint to be equal over time [91]. The findings showed that our
measures were invariant, and the latent or true scores of the variables could be separated from the
random error of measurement. Moreover, all variables significantly predicted themselves over time,
indicating that they were stable (see Appendix 4).

Finally, we constructed a measurement model to assess whether the theoretical constructs (factors)
such as we measured them fitted well to the data in relation with one another. To obtain factor means we
had to apply the assumption of measurement error with means of 0. The findings showed an acceptable
fit of the model to the data, ¥*(2977) = 6055.275 (p = 0.000), RMSEA = 0.040, CFI = 0.838,
SRMR = 0.073. The items and their parameter estimates (i.e., factor loadings and residual variances) are
presented in Appendix 3, and the means, standard errors of the means, and the correlations between all
variables at all measurement occasions are presented in Appendix 5.

2.3. Analytic Strategy

As indicated above, we analyzed the data from this study using Latent Difference Score (LDS)
structural equation modeling programmed in Mplus 7.1 [89]. The key elements of an LDS approach are
the variables’ latent difference factors, which specify the variable’s change score at each time point (see
for instance [92,93]). Unique in the LDS approach is that this change score consists of two components:

1. A constant change component, which is a constant underlying growth parameter or the
underlying constant slope (latent slope);
2. A proportional change component, which is the autoregressive coefficient [27].

Together they form the so-called dual change score model, in which both components together
model the intra-individual change. Changes in the LDS model accumulate over subsequent time
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points [20,27,94]. For the reader’s complete understanding, a bivariate dual change Latent Difference
Score (LDS) model, is visualized and discussed briefly in Appendix 6.

The dual change model (constant change and proportional change) might not be the model that fits
best to the intra-individual change present. For example, if the variables do not show a constant increase
(or decline) within the timeframe that was measured, a model including only the proportional change
component will fit the data better than the full dual change model. As a first step in our analysis we,
therefore, tested for every variable separately (univariate LDS model) which type of change model fitted
the data best. We tested three versions of the univariate LDS models against each other [18]:

1. an LDS model with invariant autoregressions and a latent slope (dual change model) against an
LDS model with freed autoregressions and without a latent slope (proportional change model);

2. an LDS model with invariant autoregressions and a latent slope (dual change model) against an
LDS model without autoregressions and with a latent slope (constant change model);

3. an LDS model without autoregressions and with a latent slope (constant change model) against
an LDS model with freed autoregressions and without a latent slope (proportional change model).

The models were compared using the Chi-square difference (Ay?) test with degrees of freedom (df)
equal to the difference in numbers of parameters left free for estimation. Additionally, a good fit of a
model to the data is indicated by a Chi-square () (df)) that is not significant, an RMSEA (Root Mean
Square Error of Approximation) <0.06, a CFI (Comparative Fit Index) >0.95, and an SRMR (Root Mean
Square Residual) <0.08 [95]. After selection of the best fitting models we performed subsequent
analyses to see whether better fits were obtained by freeing or constraining other parameters.

In the second step we extended the best fitting univariate change score model to multivariate LDS
models. As multiple variables are included, the initial factors and slope factors of different variables will
also be correlated. More interesting however are the coupling parameters (y’s, see Appendix 6) between
difference factors at time t and measurement occasion factors at time t-1. These coupling parameters
may be in one direction, but the coupling may also be bidirectional, such that reciprocity between
variables becomes a testable property of the model. The couplings relate variables on all occasions, that
is, they are now dynamically related. This means that a variable’s change depends on the variable’s level
at a previous time point and on a systematic growth rate, as well as, when coupled with another variable,
on the level of the other variable at a previous time point. Change patterns therefore depend on the
presence of these parameters, and even when parameter values are constant over time non-linear
trajectories may be obtained (see for an example [93]). The parameters are interpreted together, because
they jointly bring about the dynamics of the system [27]. For testing our hypotheses, the coupling
parameters are studied because they test for the prediction (over time) of one variable (e.g., self-efficacy)
on another (e.g., self-reflection), and therefore strengthen claims of causality, and provide a strong
basis for claims of mediation [18,20]. Moreover, these predictions are independent of outcome
variables’ histories.

In order to explain the multivariate LDS model we used Mplus 7.1 [89] to test the dynamics of the
assumed paths that link the variables in our study (see Figure 1). The multivariate model was assessed in
three steps. First, the variables were modeled in a “straightforward” causal manner, based on findings
from our previous cross-sectional research. Second, corresponding “reversed causal” coupling
parameters were added to assess the reciprocal relations between variables. Third, on the basis of the
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principle of parsimony, non-significant effects were removed from the model. More detailed
information about the Mplus codes used, are available on request by the first author.

3. Results
3.1. Univariate Model Selection

We started our data analysis with examining which univariate LDS models fitted best the
intra-individual change of each variable in our study. As mentioned earlier, we tested three versions of
the univariate LDS models against each other. These tests indicated for all variables that the proportional
change models (model with freed autoregressions and without a latent slope) fitted the data best (see for
Model selection and Ay? tests Appendix 7). This means that overall the variables did not show a constant
increase (or decline) within the timeframe that we measured.

Subsequent tests to assess whether the models would fit the data better if their proportional change
parameters were held invariant [18], indicated this to be the case for self-reflection, self-efficacy, and
task interdependence. Subsequent tests showed that levels of self-reflection declined between occasion 1
and 2 (urefiz — prenit = —0.072, p = 0.015), after which its level was sustained, self-efficacy increased
between occasion 1 and 2 (use2 — pser = 0.057, p = 0.045), after which its level was sustained, task
interdependence remained constant, and that consideration and support increased between occasion 1
and 2 (prLes2 — prLest = .123, p = 0.024), as well as between occasion 2 and 3 (prLes3 — pries2 = 0.088,
p = 0.041). ' But despite that the values of consideration and stimulation appear incremental they are
not constant enough to prefer a model with a constant change factor (i.e., a dual change model) over a
proportional change model (as indicated by the results of the model comparisons). Univariate
proportional change models, their values, fit measures, as well as their corresponding trajectories,
are presented in Appendix 8.

3.2. Testing the Multivariate Model

Based on these findings, we subsequently examined the dynamic relationships between the variables
of our study with a multivariate proportional change model. The coupling parameters are of primary
interest, as they provide the evidence for causal relations.

A four-variable proportional change model was fit to the data. The included variables were
consideration and stimulation, perceived task interdependence, self-efficacy, and self-reflection. In this
first model only those unidirectional coupling parameters were included that had been found in
our previous cross-sectional study, resulting into a path that led from a transformational leader who

!, Because proportional change models were selected (and not dual change models), the equation to calculate difference

scores with is the following:
AYit= Hat + BY *Yit-1

where i is the estimated intercept of the difference score at a certain occasion. To test whether measurement occasion
scores significantly differ from occasion to occasion, measurement occasion scores are compared. Measurement occasion

scores are calculated by adding an occasion’s difference score and its previous measurement occasion score.
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shows consideration for teachers individually and stimulate teachers intellectually, through teachers’
perceived task interdependence (Hypothesis 4a), to self-efficacy (Hypothesis 3a), and self-reflection
(Hypothesis la and 2a). The fit of the model to the data was acceptable: ¥*(3028) = 6222.830
(p = 0.000), RMSEA = 0.040, CFI = 0.832, SRMR = 0.084. In the second model reciprocal relations
were included. We therefore added the “reversed causal” coupling parameters from task interdependence
to consideration and stimulation (Hypothesis 4b), from self-efficacy to task interdependence
(Hypothesis 3b), from self-reflection to task interdependence (Hypothesis 2b), and from self-reflection
to self-efficacy (Hypothesis 1b). The fit of this second, modified, model to the data was acceptable:
’(3024) = 6207.606 (p = 0.000), RMSEA = 0.040, CFI = 0.832, SRMR = 0.082, and this less restraint
model fitted the data better than the first model: A ¥*(4) = 15.224 (p = 0.004). Based on the principal of
parsimony, we removed the following non-significant coupling parameters from the second model:
from self-efficacy to self-reflection (Hypothesis 1a), from self-efficacy to task interdependence
(Hypothesis 3b), from task interdependence to self-efficacy (Hypothesis 3a), and from task
interdependence to consideration and stimulation (Hypothesis 4b). This resulted in a third model with an
acceptable fit: ¥*(3028) = 6213.389 (p = 0.000), RMSEA = 0.040, CFI = 0.832, SRMR = 0.083, and this
more parsimonious model fitted the data as well as the less restrained second model: Ay*(4) = 5.783
(p = 0.216). Allowing the coupling parameters to be variant did not improve the fit of the model to the
data. Parameter values of the third, parsimonious multivariate LDS model are presented in Table 1. For
complete understanding, the correlations between the initial factors and the coupling parameters of this
third model are presented in Figure 2.

Figure 2. Simplified representation of the parsimonious multivariate proportional change
Latent Difference Score (LDS) model.
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Values in the figure are significant. TLcs = transformational leadership consideration and stimulation;
Task = task interdependence; SE = self-efficacy; Refl = self-reflection. TLcs[t] represents its measurement
occasion factor at time t. A[#]TLcs represents its latent difference factors for subsequent occasions.
The black single headed arrows are the invariant couplings from one variable to another (the y’s) with their
values. The double equality signs represent invariance. The bold grey arrows are the autoregressions
(B’s) with their values. The grey arrows without values are fixed at 1. TLcs does not have invariant
autoregressions, Task, SE, and Refl do. The model is simplified to stress the influences over time and to
ease interpretation.

As can be seen in Figure 2, the most parsimonious model indicates:

e aleading role of consideration and stimulation on perceived task interdependence (Hypothesis 4a);

e reciprocity between task interdependence and self-reflection (Hypothesis 2a and 2b);

e a peripheral role of self-efficacy, as only the level of self-reflection influenced the levels of
self-efficacy, but not vice versa.

This final model explained 37.3% of the variance of the first latent difference score of consideration
and stimulation, and 13.6% of its second, 28.8% of task interdependence’s first and 27.5%, of its second,
23.8% of self-efficacy’s first, and 14.5% of its second, and 14.0% of self-reflection’s first, and 17.3% of
the variance of its second latent difference score.

Values in the table are significant. Double equality signs indicate that this parameter was held
invariant. N = 655, number of free parameters = 131. TLcs = transformational leadership consideration
and stimulation; task = task interdependence; SE = self-efficacy; Refl = self-reflection. Factor loadings
from the measurement occasion factors are not listed. See therefor Appendix 3. Error variances are not
listed. See for an approximation Appendix 3. Error variances from the final structural model deviate
from those in the measurement model with a maximum of 0.004, 0.003, 0.006, and 0.007 for TLcs, Task,
SE, and Refl, respectively.

We will elaborate on the most important findings from the parsimonious multivariate LDS model by
first giving interpretations of the initial levels from each variable, followed by our interpretations of the
parameters relating the variables (following the order of the parameters in Table 1). Change of the
separate variables was already discussed in the univariate model selection section (see autoregressions
and difference factors intercepts in Table 1 and Appendix 8).

All initial factor means were significant (see w1 in Table 1). Consideration and stimulation’s initial
factor mean was above average (about 3.7 on a 5-point scale). Self-efficacy’s initial factor mean was
high, and task interdependence’s and self-reflection initial factor means were very high (all above 4 on a
5-point scale).

All initial mean factors were significantly and positively correlated (see p’s in Table 1), suggesting
that higher perceptions of consideration and stimulation of the transformational leader co-occurred with
higher perceptions of task interdependence, higher beliefs in efficacy, and higher engagement in
self-reflective activities, at the onset of the study (first measurement occasion).
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Table 1. Parameter estimates from the final multivariate latent proportional change score model.

Parameter TLcs Task SE Refl
Autoregression (proportion) B -0.570 —0.592 -0.383  —0.335
Autoregression (proportion) 3, —0.255 = = ==

Initial mean 3.676 4.551 4.087 4.346

Difference factorl intercept pa; 2.216 1.634 1.112 0.768
Difference factor2 intercept paz 1.058 1.621 1.064 0.820

Coupling y
TLcs[t—-At] =ATask]t] 0.073
Refl[t-At] —ATask[t] 0.171
Refl[t-At] =ASE[t] 0.117
Task[t-At] —ARefl[t] 0.135
Initial variance ¢;° 1.051 0.259 0.261 0.236

Difference factor!l variance ma;> 0.574 0.182 0.097 0.136
Difference factor] variance ma> 0.316 0.221 0.169 0.132

Correlations p I TLcs I Task ISE I Refl
I TLcs 1
I Task 0.126 1
ISE 0.119 0.089 1
I Refl 0.063 0.099 0.122 1

The variables were related over time in the parsimonious multivariate LDS model through four
significant, and invariant, coupling parameters (see Figure 2, and y’s in Table 1). The first coupling
parameter is from consideration and stimulation to task interdependence. Intra-individual increases in a
transformational leader’s consideration and stimulation practices lead to intra-individual increases in
perceptions of the need to interact to complete tasks. This supports our Hypothesis 4a. The second
coupling parameter is from task interdependence to self-reflection, and the third is from self-reflection to
task interdependence. Intra-individual increases in perceptions of the need to interact to complete tasks
lead to intra-individual increases in engagement in self-reflective actions, as well as vice versa. As we
hypothesized (Hypotheses 2a and 2b), task interdependence and self-reflection are thus reciprocally
related. The fourth coupling parameter is from self-reflection to self-efficacy. Intra-individual increases
in engagement in self-reflective actions lead to intra-individual increases in beliefs of competence
(Hypothesis 1b).

Overall these results show a leading role of the transformational leadership practices consideration
and stimulation. Task interdependence was found to be directly influenced by consideration and
stimulation. Task interdependence and self-reflection were found to have reciprocal roles in sustaining
each other’s levels. Surprisingly, self-efficacy was only coupled to self-reflection, and levels of
self-efficacy were sustained by levels of self-reflection.

4. Discussion

The present investigation tested the longitudinal effects of transformational leadership practices
(i.e., consideration and stimulation), perceptions of task interdependence, and self-efficacy beliefs, on
VET teachers’ engagement in self-reflection. In addition, possible reciprocal relations between these
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variables were explored. Data of three measurement occasions with yearly intervals from a total of
655 participants were used for the analyses. Each variable was analyzed with univariate LDS models to
assess their change. To analyze the time-based dynamic relations between the variables, a multivariate
LDS model was tested. As the LDS approach enables us to represent dynamic relations between our
variables over time, this approach can be considered as a strong and innovative approach for examining
the role teacher learning may play in building school’s capacity to change and sustained improvement.

None of the variables showed systematic constant change. Interestingly reflection declined between
measurement occasion 1 and 2, after which its (still high) level was sustained. The decline on the second
measurement occasion might indicate that teachers had become more critical on their own levels of
reflection. However, such a critical attitude did not result in sustained decline. To understand more about
the process through which self-reflection progresses, future studies must address self-reflection not only
in terms of an activity, but also in terms of the content that is reflect on, to distinguish reflection on
reflection from reflection to improve, for instance, instructional practices. Levels of self-efficacy were
found to increase between occasion 1 and 2, after which they remained stable. These findings partly
concur with findings from previous studies into the variability of teacher self-efficacy [31,96,97]. These
findings showed variability in teacher-self-efficacy according to contextual (i.e., student groups) and
person (i.e., teacher) effects as well as quite stable effects over time. More research is needed to increase
our knowledge on the variability of teacher self-efficacy, using more time-intense intervals; for example
monthly or weekly-based time intervals instead of yearly-based (e.g., [53]). Task interdependence did
not change. This may be the most surprising finding of this study, as we expected that teachers’
perceptions of task interdependence would have increased after the implementation of multidisciplinary
teams in VET colleges. However, the finding that initial levels of task interdependence were already
very high might indicate that teachers had welcomed an infrastructure that facilitated more contact with
colleagues (e.g., [5,69]). Although consideration and stimulation increased over time, we did not find a
systematic constant change factor. Apparently, after the initiation of teams, and over the course of the
study, school leaders seem to attend to individual teachers’ needs and feelings more, and challenged
their beliefs, values, and practices more.

All four variables’ initial factors were significantly and positively correlated. This suggests that those
teachers scoring higher on any one variable tend to score higher in all other variables at the onset of the
study. This means that people who reflect more, have higher levels of self-efficacy, perceive more
interaction with team members to complete tasks, and also perceive their leader to be more considerate
and more stimulating. Thus, higher personal and organizational resources that are assumed to be
beneficial to take charge of change tend to go together.

Variables were sustained by the influence of other variables, but not all our hypotheses were confirmed.
First, contrary to our hypothesis (Hypothesis 1a), self-efficacy did not influence self-reflection: the
coupling parameter from self-efficacy to self-reflection was not significant This finding is not in line
with previous cross-sectional findings which have suggested that self-efficacy beliefs are a critical
component for self-reflection [2,15]. Furthermore, it contrasts with the claim that self-efficacy has a
pivotal role as a psychological lever between leadership and performance [98], at least when
performance consists of the generation of new knowledge. As such, the assumed causal influence of
self-efficacy on self-reflection seems not to withstand the test of time. One explanation may be that
teachers with high sustained levels of self-efficacy are less motivated to learn. As they already feel
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excessively confident, they may think that they have nothing left to learn. However, we did find the
reversed effect (Hypothesis 1b): self-reflection had a positive influence on self-efficacy. Teachers who
generate more knowledge and try to find better workable scripts for changing circumstances through
engagement in self-reflective practices also strengthen their beliefs of competence to overcome future
obstacles. Given that under changing circumstances, one must continuously experience small successes
that add up in order to sustain levels of self-efficacy [53,99], it thus seems that generating new
knowledge to improve one’s functioning leads to such small successes. This finding can therefore be
seen as indirect evidence of the beneficial role of self-reflection in adapting teaching practices to the
circumstances at hand (e.g., [31]). So, rather than that beliefs of competence motivate teachers to learn,
does learning generate beliefs of competence.

Secondly, we found evidence for the assumed relationship between task interdependence and
self-reflection (Hypotheses 2a and 2b). Teachers’ perceptions of needing to interact to complete tasks
positively influenced their engagement in self-reflective activities. This finding adds to the existing
evidence regarding the beneficial role of collaboration for teachers’ engagement in learning
activities [9,15,65,66]. Exploration of the dynamic relations between perceived task interdependence
and self-reflection pointed towards the reversed effect: Apparently, self-reflection significantly
contributes to sustain teachers’ perceptions of task interdependence. Together, these effects indicate that
perceptions of task interdependence and engagement in self-reflection are reciprocally related. While
teachers are reflecting on how to interact with team members, they discover workable scripts for possible
future interactions. Thus when enacting their newly developed scripts, teacher are able to discover that
team members provide them with new information, given that they perceive these interactions with team
members as beneficial to complete the tasks at hand. In turn, they can then use this information to further
reflect on how to improve. As such, self-reflection and perceptions of task interdependence co-develop
(e.g., [24,34,100-102]). Their co-development implies that change in either one of these processes can
initiate change in the other, given that there is potential to interact.

Thirdly, with respect to the relations between self-efficacy and task interdependence (Hypotheses 3a
and 3b), we did not find time-based dynamic relations between task interdependence and self-efficacy,
Apparently, levels of beliefs in one’s own competence stem both from previous levels of those beliefs as
well as from levels of engagement in self-reflection, rather than from perceptions of task
interdependence. This finding contrasts with claims about the mediational role collaboration, or more
generally, workplace conditions play in the relation between leadership practices and self-efficacy
beliefs (e.g., [2,10,81,84]).

Fourthly, as assumed in hypothesis 4a, consideration and stimulation positively influenced task
interdependence: a leader who considers the needs and feelings of a teacher more, and challenges that
teacher to calibrate the adequacy of knowledge more, positively influences teacher’s perception of task
interdependence. This suggest that when teachers feel more supported by their leader, they also feel
more empowered to interact with their team members to complete tasks (e.g., [69,103,104]), validating
the impact of leadership practices on collaboration, and more generally, working conditions in schools
as found in previous studies [77,84]. Given the effects of task interdependence on self-reflection as
found in this study, this finding substantiates claims of the indirect effect of leadership on teacher
learning as mediated by teacher collaboration [2,10]. A leader who enacts, and also grows into, a
transformational role is in an indirect way beneficial for teachers to become more engaged in
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self-reflection. Additionally, exploration of the opposite effect (Hypothesis 4b) gave no signs that the fit
of the model could be strengthened by adding the influence from task interdependence to consideration
and stimulation. This indicates that, at least within the short timeframe that we measured, collaboration
on tasks does not lead to more distributed forms of leadership, nor does it offer an explanation of the
increase in transformational leadership that we found. Subsequent longitudinal research using data
collected over a longer period of time might capture such processes better.

In sum, our longitudinal study provides some strong evidence for causality and time-based dynamic
relations. The findings contradict the central role of self-efficacy in elevating teacher engagement in
learning activities [9,79]. It did however corroborate the initiating role of transformational leadership
practices [71,74] in affecting teacher collaboration. More specifically, its increase helped to sustain
levels of task interdependence. Additionally, we were able to provide some initial evidence for the
reciprocity between task interdependence and self-reflection in sustaining each other on the one hand,
and the subsequent positive influence of self-reflection on sustaining levels of self-efficacy on the other
hand. This provides some evidence for the beneficial role of working in teams to foster teacher learning,
and shows that, after teams have been formed, teachers’ engagement in knowledge generating activities
helps to sustain their perceptions of being interdependent to complete tasks successfully. This suggests
that teachers co-create their own learning environment through collaboration and engagement in
reflective learning, while being supported by a considerate and stimulating leader. Important to note, this
investigation does not only provide evidence for the fact that variables are causally related, but it sheds
some light on how variables are related, as the multivariate LDS model allows tracking the mutual
influences of the variables from occasion to occasion. In our opinion, this is only an intermediate step in
moving from understanding which variables cause change in, ultimately, teaching practices and student
learning, to understanding how changing organizational and psychological factors interact to build
school-wide capacity for sustained improvement [5,49].

Limitations

In this study we made use of a versatile model type for longitudinal data: the Latent Difference Score
model [20]. It allowed to model change in a way similar to latent growth curve models but extended on
them by adding proportional change to constant change. Change is thereby defined in a precise way,
which makes interpretations of influences on change more robust.

Despite this benefit, a model without constant change factors fitted better to the data than a model
with constant change factors. Given the high initial means of task interdependence, self-efficacy, and
self-reflection, little systematic constant positive change might have been expected after the first
measurement occasion. That is, finding growth of these variables may have been hindered by a ceiling
effect. This issue might be resolved by using different instruments, such as 7-point questionnaires that
can capture more variation. However, measurement instruments may not be the main problem. The little
systematic constant change found may also be explained by the differences in the frames of
reference respondents may have when answering the questionnaires, resulting in “response shift”. [105].
With response shift, observed changes in respondents’ test scores at different measurement occasions
may reflect something other than true changes in the attributes that we want to measure. Over a period of
time teachers may have changed their internal standards or redefined their targets. For example, VET
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teachers may become more critical about team work, their own competence and their motivation to
learn, due to institutional policy (formation of multidisciplinary teams) and the social settings in which
they are embedded. The measurement of changed teachers’ perceptions of task interdependence, their
self-efficacy beliefs and engagement in self-reflective learning activities can bring about the additional
problem that teachers may also change their frame of reference, rendering scores from different
measurement occasions incomparable. On the other hand, it also may be that these variables are already
beneficial for teachers’ improvements when they remain constant. For instance, self-reflection
stimulates teachers to remain proficient employees, now and in the future. Whereas professional
learning is a core competence of teachers, their productivity lies at the knowledge and skills they can
teach their pupils (e.g., [50]). Moreover, most of the participants had many years of service, and seem to
experience a high level of competence in their profession. For experienced teachers sustaining high
levels of self-reflection may be important for adapting effectively to the (changing) circumstances at
hand. Their development, in this sense, would be similar to the innovation of new services as found in
other organizations and industries [25]. Future research must establish whether a sustained level of
self-reflection can continuously generate solutions to challenges at the moments the challenges
present themselves.

A second caution for interpreting our findings, however, is the fit of the model to the data. Although
the RMSEA value was good and the SRMR value was acceptable, the CFI value indicated a weak
fit [95]. Although this could at first sight leave some concerns about whether other types of models may
fit the data better, such as more simple cross-lagged models [ 18], the inclusion of latent difference factor
means allowed us to assess whether, and when, any change occurred. Moreover, a series of Ay? tests
indicated that the parsimonious multivariate proportional change model fitted the data best, and that
none of the variables was spurious. An additional analytic caution for interpreting our findings is that
data were collected from teachers who were nested in teams. We were unable to correct for this
dependency in the data, because we did not have enough power to do so: the amount of parameters vastly
exceeded the amount of teams. Future research must establish to what extent being a member of a team
affects the coupling of reflective activities to and from other variables.

Lastly, despite the benefits of a longitudinal design, inferring causality must still be done with caution,
as unmeasured variables may account for the found effects better than the measured variables [18,20].
Although we used variables which were shown to be important to elevate self-reflection, we used
only a small set of variables that make up a school’s capacity for change (i.e., teachers’ learning
activities, personal and structural resources, and directive influences such as leadership). Additionally,
self-reflection’s initial level and changes were not fully explained by the variables in the model.
Inclusion of variables tapping into such concepts as the sharing of information, teacher commitment,
functional team conflict, distributed leadership practices, and shared focus on teacher learning, would
validate and expand our findings [29,31,106—109]. Investigating whether these relations also hold over
time using data gathered from principals and students, or in other organizations or industries, would be a
fruitful endeavor for future research (e.g., [110]).
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5. Conclusions

All in all, an image rises from this longitudinal study that, in a Dutch VET context, educational
improvements are driven by the reciprocity between self-reflective activities and perceptions of task
interdependence. Interacting with team members to complete tasks provides input for teachers’
reflections about one’s functioning, which in turn provide input for subsequent interactions, and so on.
Sustained engagement in self-reflection then results in sustained beliefs in self-efficacy, which suggests
that the reciprocity between interaction and reflection can thus continuously offer teachers mastery
experiences. Finally, a considerate and stimulating transformational leader can furthermore facilitate
this process. Together, the present findings point to the important role transformational leadership
practices play in facilitating teamwork and sustaining teachers’ levels of reflection.
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Appendixes
Appendix 1. Response rates per occasion.
Questionnaires: tl t2 t3
Send 853 857 822
Returned 454 449 389
Response rate 53% 52% 47%
Dropped -16 —87 —65
Unique responses on measurement occasions
Occasions 1 and 2 and 3 144
Occasions 1 and 2 or 1 and 3 or 2 and 3 82 45 54
Occasion 1 or 2 or 3 167 82 81
Total unique responses in the data set 655

Note: cases could be dropped, for instance, because not all returned questionnaires were filled out completely.
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Appendix 2. Sample descriptives per occasion.

tl 12 t3
gender (men) 66% 68% 60%
age (years) mean 48 48 48
sd 9 10 10
min 22 20 21
max 62 63 65
Job size >32h 61%  62% 58%
Tenure >20 years 33% 32% 32%
10 years 20%  22% 22%
< year 4% 2% 0%
Education Master 16% 16% 14%
Bachelor 2%  74% 79%

2nd education 12% 10% 7%

Note: Years and percentages have been rounded.

Appendix 3. Variables and their scales.

All scales were responded to as follows: (1) disagree much, (2) partially disagree, (3) do not disagree,
do not agree, (4) partially agree, (5) agree much.

Transformational Leadership: Individual Consideration and Intellectual Stimulation

Includes attending to the needs and feelings of individual teachers, support of professional
development of teachers and challenging teachers to constantly evaluate their current knowledge and
daily practices [2,10,12].

My Leader Invariant  Residual Variances

Factor

Loadings t © @
takes the opinions of individual teachers seriously 1.000 0.507 0325 0.418
shows appreciation when a teacher takes the initiative for educational improvement 0.998 0.443 0.386 0.436
listens carefully to the ideas of team members 0.955 0434 0362 0.383
has an eye and an ear for problems being experienced by teachers with policy implementation 0.930 0.387 0.349 0.325
helps teachers to express their emotions 0.839 0.548 0475 0.542
encourages teachers to try new things in line with their own interests 0.940 0.335 0.369 0.332
stimulates teachers to reflect on how to improve in the department 0.949 0.298 0.328 0.275
encourages teachers to seek and discuss new information and
ideas which are relevant to the direction in which the department is developing 0914 0303 0279 0321
engages individual teachers in discussion of personal and professional goals 0.847 0.325 0.331 0.393
encourages teachers to experiment with new teaching methods 0.833 0.532  0.596 0.614
creates sufficient opportunities for teachers to work on their professional development 0.913 0.646 0474 0.545

Cronbach’s alphas are at: t1 = 0.956; t2 = 0.947; t3 = 0.943.
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Appendix 3. Cont.
Task Interdependence

Refers to the degree to which interaction and coordination of team members are required to complete
tasks [9,12,55].

Invariant Invariant
Factor Residual
Loadings Variances

For the conduct of our jobs, the members of my team need information from each other 1.000 0.128
To do our jobs well, we have to work together as a team 1.012 0.087

The work of one team member influences the conduct of the tasks of other team members 0.880 0.623
To do our work well, we have to coordinate our work as a team 0.987 0.169

Cronbach’s alphas are at: t1 = 0.783; t2 = 0.779; t3 = 823.
Occupational Self-Efficacy

A future-oriented belief about the level of competence person expects to display in a given
situation [9,12,55,90].

Invariant Residual Variances
Factor
Loadings

t2 t3

I in calm wh fronted with difficulties i
can remain calm when confronted with difficulties in 1.000 0421 0363 0.299
my work because I know that I can fall back on my competences

hen I fronted with blem i k
When I am confronted wi ' a problem 1%1 my work, 0.999 0352 0242 0243
I can usually find different solutions

Whatever happens in my work, I can usually manage 1.005 0.277 0.292  0.220

My past experiences have prepared me well for my current work 1.024 0411 0.315 0.391
In my work, I achieve the goals which I have set for myself 0.937 0.413 0321 0.283

I am adequately equipped to face the demands of my work 0.966 0.330 0.287  0.265

Cronbach’s alphas are at: t1 = 0.801; t2 = 0.800; t3 = 0.850.
Reflection

An individual learning activity aimed at making implicit knowledge explicit [9,12,42,55].

Invariant  Residual VVariances
Factor

Loadings € .
I ponder what I find important in my work 1.000 0.140 0.181 0.141
I monitor progress with regard to the goals of my work 0.935 0.255 0.210 0.219
I reflect on the manner in which I do my work 0.985 0.147 0.197 0.180
I compare my performance with how I performed one year ago 0.921 0.526 0501 0.425
I think about my communication with colleagues 0.976 0.277 0.256 0.212

Cronbach’s alphas are at: t1 = 0.823; t2 = 0.815; t3 = 0.854.
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Appendix 4. Chi-square difference (Ay?) tests of invariance and stability.
TLcs Task SE Refl
factor loadings A’s  equal—unequal  24.143(20) 8.061(6) 9.658(10) 4.758(8)
residual variances y’s equal—unequal 36.889(22) T  4.380(8)  55.265(12) * 23.961(10) *
autoregressions B’s absent—free  183.144(2) * 88.125(2) * 154.481(2) * 163.616(2) *
*p<0.01, " p<0.05, degrees of freedom (df) in parentheses, TLcs = transformational leadership consideration
and stimulation; task = task interdependence; SE = self-efficacy; Refl = self-reflection, Ay? tests of the
autoregressions include the assumption of measurement error with a mean of 0, and TLcs, SE, and Refl had
variant residual variances, Task had invariant residual variance, A significant Ay? test indicates a worsening
through restraint. The more restraint model is listed first in the second column. Thus, significance indicates to
select the second listed model, and vice versa.
Appendix 5. Correlation Table.
Means, Standard Errors of the means, and Correlations from the measurement model.
Variables Mean S.E. 1 2 3 4 5 6 7 8 9 10 11
1. TLes [1] 3.680 0.051
2.TLes[2] 3.804  0.047  0.415*
3. TLes [3] 3.884 0.048 0.471 * 574%
4. Task [1] 4.556 0.027 0.116 *  0.064 T 0.034
5. Task [2] 4.505 0.029  0.107* 0.113* 0.083* 0.113 *
6. Task [3] 4.467 0.032 0.118*  0.106 * 0.106* 0.100 *  0.139 *
7.SE[1] 4.088 0.031 0.115* 0.002 0.034 0.085*  0.059*  0.060 *
8. SE [2] 4.147 0.030 0.071 7 0.032 0.004 0.046 *  0.080 * 0.026 0.164 *
9.SE [3] 4.126 0.034 0.076 0.032 0.037 —0.025 0.053 * 0.047° 0.132*  0.155*
10. Refl [1] 4.350 0.026 0.049 0.055 0.015 0.094 *  0.080 * 00467 0.116* 0.080*  0.056 *
11. Refl [2] 4.271 0.029 0.055 0.067 * 0.055 0.080 0.111 0.0477  0.072* 0.109* 0.078 * 0.140 *
12.Refl [3]  4.261  0.030 0.132% 0.108* 0.097* 0.091* 0.092* 0.105* 0.112* 0.084* 0.100%*  0.151*  0.188*

*p<0.01,"p<0.05; TLcs = Transformational Leadership consideration and stimulation; Task = task interdependence; SE = self-efficacy;

Refl = self-reflection; [1], [2], [3] indicate measurement occasions 1, 2, 3, respectively.
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Appendix 6. Latent Difference Score models.
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Bivariate dual change Latent Difference Score model. This model may appear complicated, but
because a number of constraints are typically applied there are few parameters that are estimated.
Roughly from middle left to bottom right: Bold and grey are used to create contrast to make the graph
easier to read. The triangle represents a constant with a mean of 1 and variance of 1, circles represent
factors, squares represent observations. Y and X represent variables. I represents an initial factor with a
mean pr and variance ¢r°>. S stands for slope and represents a systematic constant change factor (or
intra-individual constant growth), also with a mean and variance. ¢‘s represent co-variances between
initial and slope factors. A stands for difference. [1-3] indicate measurement occasions. AY[1]
represents thus the first latent difference score of variable Y, and is the most important parameter; hence
the name of the model. It represents intra-individual change proportional to the levels of its influences on
the previous time point. The A values are a function of slope factor loadings (a’s), autoregressive effects
(B’s), and regressions on other variables (y’s, or couplings). a’s are typically set at one when
measurement occasions are equidistant. The values of A’s may differ over time, even when their
influences are invariant (which they are in the figure, which is indicated by equal labels). They are
created from measurement occasion factors (e.g., Y[2]), by fixing their factor loading at one (@1).
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Furthermore, Y[1] represents the factor of measurement occasion 1 of variable Y, Y1[1] represents the
first item of variable Y on the first measurement occasion, eyi[1] represent the measurement error of the
first item, and y? is its variance. Measurement occasion factor loadings (A’s) must be held invariant.
Measurement error variance can be held invariant (and it is in the figure). The model in the figure is
termed a dual change model because change stems from both a constant change factor (S), and
autoregressions (B’s). The model can be changed into a constant change model by fixing the
autoregressions at zero, and into a proportional change model by removing the slope factor and freeing
the autoregressions.

Appendix 7. Model selection and optimization Chi-square difference (Ay?) tests.

TLcs Task SE Refl
Change model dual—proportional 461.382(2) *  269.723(2) * 71.610(2) *  109.127(2) *
Change model constant—dual 348.621(1) * 1.351(1) 2.249(1) 17.969(1) *

Change model constant—proportional ~ 810.003(3) * 271.074(3 )* 73.859(3) * 127.096(3) *

Proportional change model optimization

i 20.688(1) * 0.606(1) 1.123(1) 2.026(1)
autoregressions B’s equal—unequal

* p < 0.01, degrees of freedom (df) in parentheses, TLcs = transformational leadership consideration and
stimulation; task = task interdependence; SE = self-efficacy; Refl = self-reflection, TLcs, SE, and Refl had
variant residual variances, Task had invariant residual variance. A significant A* test indicates a worsening
through restraint. The more restraint model is listed first in the second column. Thus, significance indicates to
select the second listed model, and vice versa.

Appendix 8. Univariate latent proportional change models, their trajectories, and their
fit measures.

Transformational leadership: individual consideration and intellectual stimulation
(A) Latent proportional change model (B) Trajectories of 4 participants

(1 [2] (3]

W/

Fit. Measures: ? (df) = 2087.860(543) *, RMSEA = 0.066, CFI = 0.859, SRMR = 0.082.
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Appendix 8. Cont.

Task interdependence
(A) Latent proportional change model (B) Trajectories of 4 participants

[1) (2] [31

v v

Fit. Measures: ¢* (df) = 205.247(76) *, RMSEA = 0.051, CFI = 0.983, SRMR = 0.104.

Self-efficacy
(A) Latent proportional change model (B) Trajectories of 4 participants

4
e
3 ///
2
1 : :
[1 [2] 3]

l v V

Fit. Measures: y* (df) = 508.794(159) *, RMSEA = 0.058, CFI = 0.852, SRMR = 0.119.



Societies 2015, 5 213

Appendix 8. Cont.

Self-reflection
(A) Latent proportional change model (B) Trajectories of 4 participants

(11 [2] i3]

Fit. Measures: 2 (df) = 329.371(109) *, RMSEA = 0.056, CFI = 0.906, SRMR = 0.125.

* p < 0.01 (A)’s: Double equality signs indicate that this parameter is contraint to be equal over time;
Observations, measurement occasion factor loadings, and measurement errors are not shown, but their
inclusion is referred to by the gray arrows; (B)’s: Trajectories per variable are based on model estimated values,

derived from initial values of 4 randomly selected participants.
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