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Introduction

Teachers in secondary education are increasingly expected to differentiate their teaching based on the needs of
students (Tomlinson et al., 2003). To differentiate, among other things, teachers need information about their
students’ capabilities to make informed decisions about what activities and instructions to offer to which students.
Computer-Based Assessment (CBA) can be applied as a means for teachers to obtain such information about their
students to facilitate their differentiated teaching (Molenaar & Knoop-Van Campen, 2018). CBAs are educational
software tools that, for a particular school subject, allow students to practice their knowledge or skills, leading to
results about students’ performance or ability level at that point in time. Information derived from CBAs,

henceforth termed student data (SD), has the potential to support teachers to differentiate.

An increasing number of studies show the positive influence using SD may have on the quality of teachers’
instruction. Yet, it is also apparent that using SD is a complex process (Keuning & van Geel, 2021) and that
teachers differ in the extent to which they actually use SD in their teaching (Kester et al., 2018; Lomos et al.,
2023). The aim of our study is to contribute to our understanding of how and why teachers in secondary education
use CBAs and SD, with the subsequent aim of providing recommendations for teacher professional development.
In the sections below, we provide background information on differentiated teaching, the role of SD, and the

theory of planned behavior that we use for understanding teachers’ current practices.
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Differentiated Teaching and the Role of Student Data

Based on work demonstrating the superiority of individualized instruction over one-size-fits-all approaches, it is
advocated that instruction should be differentiated by responding to differences between students (Vandewaetere,
Desmet, & Clarebout, 2011). Teachers in secondary education are therefore increasingly expected to adapt their
teaching to differences between students. Those differences may concern several aspects of learning, such as the
cognitive, social, and affective level (Vandewaetere et al., 2011).

In this paper, we focus specifically on differentiated teaching on the cognitive level. Teachers may do so by
adapting to student needs in the way content is presented (content), the way content is learned (process), or the
way students respond to the content (product) (Dixon, Yssel, McConnell, & Hardin, 2014; Tomlinson et al., 2003).
Differentiation occurs by choosing specific instructional activities at the classroom, small-group and individual
level (Corno, 2008). To do so (Vogt & Rogalla, 2009), teachers need to be able to understand and identify student
differences and use this knowledge to adapt their instruction or lesson plans to support learning for all students.
Given that classrooms often contain 25 students or more, and that the teacher only has one pair of eyes to monitor
those students, teachers do not always have time on a regular basis to obtain a detailed overview of the current

level of understanding and needs for support of every student.

This is where CBAs can play a beneficial role. Educational technology that allows students to develop their
knowledge or skills, results in a wealth of data about their current performance level, for example, in terms of test
scores, details of provided answers, and time it took to complete a task (Van Leeuwen, 2019). These data are often
used for supporting students in two ways (Molenaar & Knoop-van Campen, 2016): First, by having the CBA
support the student directly, for example, by automatically selecting subsequent tasks to work on based on the
students’ current level Second, the collected data can be used to inform the teachers, who can use these student

data (SD) to prepare their classroom instruction to support differentiated teaching (Farley-Ripple et al., 2019).

Using student information derived from CBAs to inform teachers can be seen as part of the research domain of
learning analytics, which is defined as “the measurement, collection, analysis and reporting of data about learners
and their contexts, for purposes of understanding and optimizing learning and the environments in which it occurs”
(Siemens & Gasevic, 2012). SD obtained from CBAs provides teachers with an overview of student performance
data which complements their own observations. This can help teachers understand the subsequent instructional
needs of their students. Recent studies indeed show that SD is used by teachers at two levels of instructional
planning. First, teachers use these data to plan the activities and the content they cover in subsequent lessons
(Farley-Ripple et al., 2019; Van Geel, Keuning, Visscher, & Fox, 2016). Second, teachers use these data during
real-time enactment of lessons when they have access to a teacher interface that is continuously updated (often
called dashboards). Molenaar and Knoop-Van Campen (2018), for example, showed how teachers used different
types of feedback in the classroom after they consulted a teacher dashboard with information about students’
mathematical skills.

Findings from other studies suggest that the use of SD derived from CBAs for teaching in class is a dominant
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factor that explains differences in student learning gains (Holstein, McLaren, & Aleven, 2018; Koedinger,
McLaughlin, Hefferman, 2010; Ysseldyke & Bolt, 2007). Faber, Luyten and Visscher (2017) examined the effects
of one of the most commonly used CBA in Dutch education, Snappet. Teachers were scored to what extent they
used Snappet to differentiate their teaching, and this score was related to student achievement. This finding
suggests that the effectiveness of Snappet for student learning depends on if, and how intensive, these systems are
used by teachers in the classroom. As a result of the SD, teachers reported a better overview of the progress of
lessons and of students' understanding of the assignments (Faber & Visscher, 2016). Furthermore, teachers
reported that they were better able to respond quickly and purposefully to students' questions and learning needs.
Holstein et al. (2018) compared students’ learning gains in a condition when teachers had access to SD offered
via smart glasses (glasses that allow the user to receive additional information displayed on top of reality) to a
condition in which teachers did not, and found a positive impact on student learning for the condition with the

smart glasses.

Similarly, Koedinger et al. (2010) examined effects of ASSISTments, which is a web-based CBA aimed at
mathematics that includes an interface for teachers displaying SD. In a quasi-experimental study, these authors
found an interaction effect of teacher and student use, which meant that increased teacher use was not only
associated with learning gains by students who did use the CBA but also among those students with little or no
use. This latter finding suggests that students who did not use CBAs, benefitted from teachers adapting their

whole-class instruction based on what they learned from the SD available through ASSISTments.

Teachers’ Use of Student Data in Class

In contrast to these studies that show teachers’ successful use of CBAs and SD to realize differentiated instruction,
there are also studies showing the difficulties teachers experience with regard to this process (Wayman &
Jimerson, 2014). Kester and colleagues (2018) provided an overview of differentiation practices based on SD
concerning Dutch teachers. They conclude that a large group of teachers struggled with correctly identifying
students’ needs based on SD generated by CBAs, indicating a need for developing the required data literacy to do
s0. In the context of higher education, Van Leeuwen (2019) showed that teacher are not always able to take the

subsequent step of translating the interpretation of data to actual teaching strategies.

The use of CBAs and SD is a time-consuming process, with the result that teachers tend to focus on low-
performing students and to a lesser extent to the needs of high-performing students (Datnow & Hubbard, 2015;
Admiraal, Vermeulen, and Bulterman-Bos, 2020). In general, Keuning and Van Geel (2021), Wise and Yung
(2019), as well as Mandinach and Beth (2016) stress that using SD for differentiated teaching is a challenging
process involving a multitude of teacher competences. The study by Kippers, Wolterinck, Schildkamp, Poortman,
and Visscher (2018) that focuses on teachers’ use of data to inform instruction more broadly (so also concerning
technology other than CBAS), reports that teachers use data for instruction in only 25%-50% of their lessons.
From the interviews the authors conducted to gain more insight into these findings, it appeared that teachers often
lacked the skills of how to translate the data into subsequent action. For example, concerning differentiation on

the process dimension, teachers did not know how to adjust students’ pacing of studying the materials, since the
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teachers were tied to a schedule in which they teach particular content in particular weeks. Other teachers only

reported ways of using data to criticize or reward students instead of increasing differentiated teaching.

There is thus variety in the extent to which teachers are able to use SD, and using SD is not yet common practice.
Nevertheless, if teachers use SD for differentiated teaching, this seems to have a positive effect on students’
learning (Deunk, Smale-Jacobse, de Boer, Doolaard, & Bosker, 2018; Holstein et al., 2018). More insight into
differences between teachers in why they use CBAs and SD would therefore be useful as a starting point for
professional development of teachers concerning the use of CBAs and SD to stimulate differentiated teaching
(Datnow & Hubbard, 2015; Wayman & Jimerson, 2014).

The Present Paper: Studying Teachers’ Reasons for Using CBAs and SD

A limitation of most studies on CBAs is that little to no information is available on how often and why teachers
use evidence from CBAs to adapt their instruction for differentiated teaching. Thus, the purpose of the present
paper is to examine that question by using teachers’ questionnaire, logbook and interview data. As other
researchers have indicated (i.e., Admiraal et al., 2017; Tondeur, Hermans, van Braak, & Valcke, 2008; Tubin,
2006), a useful way of mapping teachers’ practices and underlying reasons for their practices is by creating a
typology. Typologies of teachers (usually based on cluster analyses) provide a categorization of teachers into
certain types, based on characteristics that are selected beforehand. In the present project, our aim is to create a
typology of teachers concerning their self-reported use of CBAs and SD and reasons for doing so, to serve as a

starting point for formulating goals for professional development.

For our typology, we will focus on teachers’ self-reported use of CBAs and SD (in terms of whether and how it
is used) and on teachers’ reasons for doing so. To study teachers’ reasons for using CBAs and SD, we use elements
from the Integrative Model of Behavior Prediction (IMBP; Fishbein & Azjen, 2010). The IMBP is generally
considered a suitable framework to study teachers’ intentions of displaying certain behavior and has been applied
in the context of teacher interaction with educational technology (i.e., Kreijns, Vermeulen, Kirschner, Van
Buuren, & Van Acker, 2013; Prenger & Schildkamp, 2018). The IMBP states that three key constructs relate to a
person’s intention to display behavior (in this case the use of CBAs and SD), namely Attitude, Perceived Social
Norm and Self-efficacy. Attitude is the extent to which teachers experience a sense of favorability for performing
the behavior. Attitude is determined by the beliefs a teacher has about the likelihood that performing the behavior
will have certain outcomes, which could be both positive and negative. Thus, when teachers, for example, believe
that using CBAs and SD in their practice will have negative consequences (either for themselves or for their

students), they are unlikely to do so.

Perceived social norms consist of the extent to which teachers experience support from their colleagues for
displaying a certain behavior, to what extent their colleagues display the behavior, and whether teachers think the
behavior is expected of them. When social norms are high, teachers will regard the use of CBAs and SD as being
considered important and will be more likely to display this use themselves (Datnow, Park, & Kennedy-Lewis,

2012; Wayman, Jimerson, & Cho, 2012). Lastly, self-efficacy is the extent to which teachers perceive themselves
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to be capable to display a certain behavior. Self-efficacy thus reflects the extent to which teachers think they
possess the required skills to use CBAs and SD in their classroom. Thus, to summarize, we will create a typology
based on teachers’ self-reported use of CBAs and SD, and on teachers’ self-reported attitude, perceived social
norms and self-efficacy.

The current project was conducted by a research consortium consisting of five schools in secondary education and
a team of researchers. Teachers from the consortium schools feel a growing need for professional development in
transferring CBA generated SD into a more differentiated way of teaching, for both the whole class and individual
students. To be able to do so, the schools need to know how their teachers currently use CBA and SD and what
need they have for professional development. As it stands, existing studies do not always provide details on how
and how often teachers use CBAs and SD and current studies are inconclusive about which interventions promote
teachers’ use of data (Marsh, 2012). Creating a typology of this use could therefore serve as a starting point for
professional development by recommending specific steps for each profile (type), both for the consortium of this
project as well as for other schools. The following research question was formulated:

What types of teacher profiles can be identified concerning how and why teachers use student data as a

tool for differentiated teaching?

Method

Design and Participants

This study reports on the results of a project with a consortium of schools that explicitly expressed their desire to
increase the professional development of their teachers concerning the use of CBAs and SD. The study had a
mixed design, in which the quantitative data had dominant status and the qualitative data was used as an additional
source of information to understand the quantitative findings. Leech and Onwuegbuzie (2009) provide
terminology to describe studies with a mixed methods design. Using their terminology, our study had a fully
mixed concurrent dominant status design. This means that multiple data sources were used, which were collected

around the same time (concurrently), and of which one had dominant status (the quantitative data).

For the quantitative part of the study, 42 teachers from five secondary schools in the Netherlands completed a
questionnaire and a logbook. Their mean age was 43 years (M = 42.71, SD = 12.06; range 27-62) and they had
on average 15 years of teaching experience (M = 15.14, SD = 11.69; range 3-41). Ten teachers who reported either

a very high or very low use frequency of LA during the study were selected to participate in an interview.

Participants signed informed consent. The study design was approved by the ethics committee of Utrecht
University under file number 19-043.

Data and Procedure

Teachers completed an online questionnaire at the beginning of the project. They were sent a link by one of the

researchers to the online questionnaire, which took about 10 minutes to complete. Then they received a link to the
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online logbook, once a week for a period of 20 weeks. The logbooks took about 5 minutes to complete. About
halfway through this period, 10 teachers were invited for an interview via telephone. These interviews lasted about
20 to 30 minutes.

Questionnaire

A questionnaire was administered, in which a difference was made between the use of CBA and the use of SD,
the first focusing on teachers’ experience with administrating training and assessments through CBA’s, and the
second concerning the use of SD resulting from CBA’s. The first part of the questionnaire contained questions
about demographics and teachers’ number of teaching hours. The second part of the questionnaire was based on
the Teaching and Technology Questionnaire (see Admiraal et al., 2017) and measured teachers’ self-efficacy (7
items, a = 0.74), attitudes (6 items, o = 0.87), and experienced social norms in the school (6 items, o = 0.74)

regarding the use of CBAs.

Table 1. Example Items for the Questionnaire.

Scale Example item (translated from Dutch)

Self-efficacy CBA I have sufficient knowledge to use CBA's in my courses.
Attitude CBA I like to work with CBA's in my courses.

Social norms CBA The use of CBA's in class is appreciated in this school.
Self-efficacy LA I have sufficient knowledge to use student data from

CBA's to differentiate my teaching.
Attitude LA I like to differentiate my teaching, based on student data
from CBA's.
Note. CBA = Computer-Based Assessment

Concerning the use of SD for the purpose of differentiated teaching, we measured teachers’ self-efficacy (6 items,
a = 0.86) and attitudes (5 items, a = 0.83). We did not measure social norms regarding use of SD, as we had
expected this variable to be high for all participating consortium schools. All items were rated on a five-point-

scale ranging from “totally disagree” to “totally agree”.

Logbook

Additionally, teachers completed a weekly logbook in which they detailed how often they had employed CBAs
in their classes (in hours per week), and how often they consulted the resulting SD (as a percentage of classes in
which CBA was used). Teachers also reported how often they used SD during class and how often they used SD
in-between classes. Teachers were also asked to indicate to what extent the SD influenced their teaching, which
was measured by the number of ways teachers reported how they used SD. Teachers could choose from a list of
options how they used SD, including whether SD shaped classroom instruction or interaction with a particular

student (similar to the categories by Farley-Ripple et al., 2019).
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Interview

Halfway through the data collection, short interviews were held with 10 teachers to get a better understanding of
their experience with the use of SD — in terms of both frequency of use and their satisfaction —and their reasons
for choosing to use SD. We selected teachers that stood out in terms of low or high use of SD. Before beginning
the interviews, we prepared a summary of the logbooks the teachers had completed up to that point. The interviews
were conducted by reading these summaries to the teachers, and asking them to respond and elaborate on the
provided answers in the logbooks. The interviews took about 20 to 30 minutes. The first two authors created a
summary of the conversation after each interview was conducted. The summaries were used to interpret the

teacher profiles resulting from the quantitative analyses.

Analyses

The questionnaire and logbooks outlined above resulted in 10 variables, four of which concerned CBAs:
- use frequency: the proportion of hours of implementing CBA’s of total teaching hours as reported
in the logbooks
- self-efficacy: the average on the CBA self-efficacy scale in the questionnaire
- attitude: the average on the CBA attitude scale in the questionnaire

- social norms: the average on the CBA social norms scale in the questionnaire

and six of which concerned SD:
- use frequency: the proportion of CBA hours for which the teacher checked the resulting SD
- use during class: the proportion of times SD were checked during class
- use between classes: the proportion of times SD were checked between classes
- degree of implementation: the average number of ways of using SD (e.g., to adjust content,
instruction, or feedback)
- self-efficacy: the average on the SD self-efficacy scale in the questionnaire

- attitude: the average on the SD social norms scale in the questionnaire

Using the standardized scores (Z-scores) on these ten variables as input, we performed hierarchical cluster analysis
using SPSS for the 35 teachers who provided data on all 10 variables. We used the squared Euclidean distance as
a measure of distance between cases. We considered all seven options that SPSS provides for hierarchical cluster
analysis, using the Variance Ration Criterion (VRC, Calinski & Harabasz, 1974) to examine the ratio explained
variance and total variance, corrected for the number of clusters and cases, and Q for evaluating the difference

between two outcomes of cluster analysis (£2).

The combination of a relatively high VRC with a low Q indicates the optimal number of clusters. In this case, the
optimal number of clusters was found to be four (using Ward’s method, VRC = 6.42; Q = 0.92). After clustering,
we determined in which cluster the interviewed teachers could be placed. The results from the interviews were

used to describe teachers’ experiences and considerations in the different clusters in more detail.
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Results

Descriptive values for the whole sample for all variables are displayed in Table 2. Table 3 displays the four profiles
that we obtained from the cluster analysis, with a brief label (first column) and the typical (standardized) values
on the ten variables that were used to cluster the data. Analyses showed that the four profiles of teachers did not
differ on variables such as age, gender, and teaching experience of the included teachers. We therefore do not

report on those values in the descriptions of the profiles.

Table 2. Teachers' Use of CBA and LA

N Mean SD
CBA Proportion of hours per week (%) 40 30.27 24.05
Self-efficacy (1-5) 41 3.98 0.71
Attitude (1-5) 41 3.59 0.69
Social norms (1-5) 41 3.98 0.55
Student data Proportion of CBASs (%) 40 38.27 29.64
During class (range 0/no — 1/yes) 37 0.85 0.27
Between classes (range 0/no — 1/yes) 37 0.62 0.39
Use of student data to inform practice (0-5) 37 212 1.10
Self-efficacy 41 3.48 0.83
Attitude 41 3.88 0.70

Note. CBA = Computer-Based Assessment, LA = learning analytics.

Profile 1: Engaged Users

In the smallest cluster, the engaged CBA and SD users (profile 1), teachers generally showed relatively high scores
on all included variables except for one. These teachers frequently used CBAs during their lessons and they show
average to high scores on their use of SD. When they used SD, it was mainly between lessons (as opposed to

during class which shows a relatively low score).

The teachers in this cluster report an above average influence of the SD on their teaching (Table 2: ‘Use of student
data to inform practice’). Regarding CBAs, these teachers report above average scores on self-efficacy and
average scores on attitude and social norms. With respect to SD, these teachers feel capable (average scores on
self-efficacy) and positive towards the use of SD (above average scores on attitude), leading to high engagement

for using SD.

Two of the interviewed teachers belonged to this cluster. Both reported that they mainly used SD between classes
(as opposed to during classes) so that they could adjust their planning and instruction based on the SD. This way,
their teaching method was adapted to the students’ needs beforehand and they could focus their attention on the

students during class.
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Profile 2: Selective Users

The selective users (profile 2) make below average use of CBA (despite above average self-efficacy and average
social norms in the school). When they did make use of CBAs, they frequently used the resulting SD, both during
and between classes. These teachers report a relatively high influence of SD on their teaching and feel capable in
using the resulting SD. These teachers report average scores on their attitude towards the use of CBAs and show

a positive attitude towards the use of SD (above average scores). Two of the interviewed teachers belonged to this

cluster.
Table 3. Teacher Profiles with Mean Scores on each Variable.
Profile (N n Use of CBA Use of student data
=35)
Proportion Self- Attitude  Social Proportion During Between  Use of Self- Attitude
of hours efficacy norms view of class classes student  efficacy
per week CBA use data to
inform
practice
1. Engaged 3 1.56 0.44 0.24 0.13 0.08 1.05 0.55 0.22 0.53
users (1.24) (0.30) 062) (142 (0.78) (0.00) (141)  (17) (0.91)
2. Selective 9 -0.33 0.64 0.37 -0.11 1.07 0.89 0.92 0.69 0.66
users (0.80) (0.90) (0.82)  (0.45) (0.97) (0.24) (0.31) (1.01) (0.67) (0.50)
3. Early 18 0.12 -0.29 0.18 0.38 -0.36 0.01 -0.32 -0.29 -0.28 0.02
stage users (0.91) (0.88) (0.76) (0.80) (0.74) (0.90) (0.87) (0.66) (0.96) (0.73)
4. 5 -0.36 -0.34
Disengaged (1.40) (1.19)

users

Color indication -0.50 - -0.25 -0.25-0.25 0.25-0.50 0.50-1.00 =>1.00
average high

From the interviews, we gathered that the less frequent use of CBAs, compared with the engaged users in profile

1, may be caused by the fact that parts of the curriculum are not provided digitally. When they did use CBAs, they
used SD during class to provide ad hoc support to individual students or for a plenary discussion of a certain task
or question. One of the two teachers reported the use of SD between classes to adapt instruction for the following

class.

Profile 3: Early-stage Users

Most teachers were categorized as early-stage users (profile 3). These teachers made average use of CBAs, and
average to below average use of the resulting SD (less than profile 1 and 2, but more than profile 4). When they
did make use of SD, this took place more often during class than between classes. They had a positive attitude
towards using CBAs and SD (average scores), and using CBAs was valued highly in the school (above average
scores), but they did not always feel capable in using CBAs and SD (below average scores). It is therefore no

surprise that these teachers report a below average influence of LA on their teaching.
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Six of the interviewed teachers belonged to this cluster. Five of them used SD to help particular students. One
teacher used SD as a motivational tool: Students got extra credits for each successfully accomplished task. The
teachers rarely used SD for differentiated teaching. One teacher indicated that he wanted to differentiate based on

SD, but did not know how. This is in line with the below average self-efficacy scores.

Profile 4: Disengaged Users

Lastly, disengaged users (profile 4) generally scored low on all included variables. They did not use CBAs often
and when they did, they did not often make use of the resulting SD. They had a negative attitude and below
average self-efficacy regarding the use of both CBAs and SD, and they report low social norms within their school
regarding CBAs, leading to disengagement. In the rare case that they used CBAs and SD, this is mostly done
during class, not between classes, and LA use had little influence on their teaching. None of the interviewed

teachers belonged to this cluster.

Discussion

CBAs and resulting SD have the potential to support differentiated teaching and this seems to have a positive
effect on students’ learning. However, research shows there is a lack of teacher knowledge and expertise to
effectively use CBAs and SD for this purpose. This paper focused on providing a typology of how and why
teachers in secondary education use CBAs and SD, which can be used to guide teacher professional development
in this area. We employed a cluster analysis based on teachers’ self-reports of using CBAs and SD, and their
underlying reasons for doing so in terms of attitude, self-efficacy, and social norms within the school. Below, we
discuss our findings and provide recommendations for teachers’ professional development. It must be noted that
due to the relatively small sample size of our study, caution should be exerted in interpreting the results and

subsequent conclusions.

Findings and Implications

Our analysis pointed out four teacher profiles concerning the use of CBAs and SD: engaged users (profile 1),
selective users (profile 2), early-stage users (profile 3), and disengaged users (profile 4). As the labels for the
profiles indicate, we found a considerable variety in our sample of teachers concerning the use of CBA and SD,
which is in line with previous literature concerning SD (Kippers et al., 2018) as well as other studies that created
typologies concerning teachers’ beliefs about and use of ICT in education (Mama & Hennesy, 2013; Prestridge,
2012; Tondeur, Hermans, van Braak, & Valcke, 2008).

The IMPB framework (Fishbein & Azjen, 2010) provided a useful tool to capture how these differences in
frequency of use of CBA and SD could be related to underlying reasons. In general, the profiles confirm the
demanding nature and diverse set of skills needed for using CBA and SD for differentiated teaching (Mandinach
& Beth, 2016; Van Geel, Keuning, Frérejean, Dolmans, Van Merriénboer, & Visscher, 2019; Wise & Yung;

2019). Below, we discuss what types of professional development the teachers in these different profiles might
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benefit from.

Profile 1, The engaged users, score average to high on almost all included variables. Concerning their use of SD,
as stated above, there is an interesting distinction between using SD between classes to prepare for subsequent
lessons, on which these teachers score high, and using SD during classes to differentiate between students, on
which these teachers score low. This could mean that these teachers might benefit from programs aimed at
expanding their skill set for employing SD as a support tool for differentiated teaching, specifically concerning

using SD during class to inform their real-time decision making.

The average self-efficacy scores seem to confirm there might be room for further professional development here.
However, a search through the literature seems to indicate that teacher professional development programs are
mostly focused on using SD for lesson planning, or in general, on differentiated teaching (outside the context of
CBAs). Although multiple studies do describe the challenges of using SD for on-the-spot decision making
(Asterhan & Schwarz, 2010; Wise & Yung, 2019), to the best of our knowledge, studies describing programs
aimed at supporting teachers to handle these challenges are scarce if not non-existent. Using SD during class
typically occurs under time pressure and requires teachers to combine information obtained from SD with
observations of student behavior in the classroom. On-the-spot decisions based on SD during class may disrupt
original plans for activities and instruction, and thus requires flexibility. This difference between using SD
between and within classes is thus an interesting topic for future research, as these two aspects may also interact
with each other. Teachers' prior use of student data between classes can potentially influence subsequent rounds

of data use within classes.

Profile 2, The selective users, displayed low CBA but high SD use, and seem to be all-round performing teachers
in terms of using SD during and between classes, and feeling capable and positive about doing so. The second
lowest score for this profile is on social norms within the school regarding the use of CBAs. This suggests that
teachers in this cluster would benefit more from interventions or programs aimed at the school level rather than
programs regarding their own competences (Tezci, 2011). A school's transition to include technology as a
fundamental element in realizing student-centered and differentiated teaching requires effective leadership
(Wayman et al., 2012). It is essential to make sure the belief that technology is a fundamental element to reach
these goals is widely adopted in the school in terms of changing social norms (Tearle, 2003). For example,
Tondeur and colleagues (2008) report that when schools make their goals for teaching with technology explicit
in school policy and involve teachers in creating this policy, social norms and the subsequent use of technology
can be influenced. Working on establishing these social norms could ensure that the selective teachers in profile

2 are stimulated and supported to continue to use CBAs and SD (Kopcha, 2010).

Profile 3 consists of the early-stage users and contained the largest number of teachers in our sample. This profile
shows opposite results from selective users (Profile 2): While selective users report a low experience of social
norms, early stage users report above-average experience of social norms. Furthermore, whereas selective users
feel competent and indeed often use SD, early-stage users do not. It thus appears that early-stage users could

benefit more from programs at the level of teacher competences as opposed to programs aimed at social norms at
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the school level. Since the self-efficacy scores for both CBA and SD are low, it could be wise to start with
professional development aimed at developing CBA competencies and then SD competencies. For example,
helping teachers understand when and how to use CBA in their lessons, and from there moving to interpreting the
SD resulting from the CBAs and using the SD to move to differentiated teaching. Van Geel et al. (2016)
implemented a 2-year training program for primary school teachers that followed such a design and found a
considerable improvement in student learning. Additionally, interventions based on peer collaboration could be
helpful for the moderate CBA and SD users. The engaged and selective users in Profiles 1 and 2, who scored
higher on, for example, self-efficacy, could be excellent role models or partners for the early-stage users in Profile
3. Schipper, Goei, De Vries and Van Veen (2017) for example describe the positive effects of teacher collaboration

in terms of observing and providing feedback on each other’s classes on differentiated teaching.

Profile 4, The disengaged users, probably present the most challenging case in terms of teacher professional
development. These teachers score low on attitude, self-efficacy and experienced social norms. It is not surprising
that they rarely use CBAs and SD, given that they score low on all three factors that predict the intention to use
them (Fishbein & Azjen, 2010). For these teachers, it would probably work best to first try to foster a positive
attitude towards the use of CBAs and SD. This could, for example, be done by arranging for them to experience
a successful lesson in which a CBA is used, and subsequently showing them the information that SD has to offer.
As discussed above, this could also be done by having them observe the lesson of a colleague in which CBAs and
SD are used (Schipper et al., 2017), so that these colleagues act as change agents (Fullan, 2009). In turn, being in
contact with colleagues who already incorporate CBAs and SD into their practice could also increase the
experienced social norms. These steps are essential to build the motivation to work on the required skills for
performing these tasks without the help of a colleague, and thus to increase the level of self-efficacy. This implies

an important role for school leaders, who should provide the conditions (time and opportunity) for peer learning.

Summary and Directions for Future Research

After discussing the four profiles separately, the question that remains to be discussed is what overarching lessons
can be learned, especially given that within one school, all four profiles may be prevalent. Given the diversity
between teachers, we would highly recommend school leaders to take this diversity into account. Similar to the
differentiated teaching we aim to offer students, our results suggest that professional development based on
different teacher needs would be the best approach to prepare teachers for using CBAs and SD. Our results lead
to two further suggestions.

First, this study concerned a consortium of schools that explicitly expressed their desire to increase the
professional development of their teachers concerning the use of CBAs and SD. It could thus be expected that
social norms regarding the use of CBAs and SD would be high. However, the results show that social norms as
experienced by teachers were sometimes average or even quite low. This result shows the importance of both the
school and the teacher level in educational innovations. Even when a certain plan is articulated at the school
management level, it takes effort to reach a situation in which this plan is generally accepted within the school by

all teachers (Marsh & Farrell, 2014; Wayman et al., 2012). Profile 4, the disengaged users, are an example of

327



van Leeuwen, Post, Lockhorst, Admiraal, & Kester

teachers who may be relatively isolated within the school, since they experience very low social norms in using
CBA (and probably also in using SD). Thus, for all professional development options we discussed above, taking

into account both the school and teacher level is necessary.

Second, one of the dimensions on which we categorized the profiles played a notable role, namely, whether SD
are used either in-between classes to plan a subsequent class or during class to inform on-the-spot decision making.
There were differences on this dimension between profiles (for example, engaged users versus selective users),
but interesting findings also occurred within profiles on this dimension (for example the engaged users, where SD
were more often used in-between classes than during class). These findings suggest that the different uses of SD
may also have different underlying skills that are needed for that particular use. For example, using SD during
class typically occurs under time pressure and requires teachers to balance classroom management and the
integration of information obtained from the SD with observations of student behavior in the classroom. In
contrast, using SD between classes requires teachers to relate information obtained from SD to the curriculum and
lesson planning. In the current study, we did not distinguish between these different types of uses in our
questionnaires for self-efficacy and attitudes regarding CBAs and SD. Thus, our typology could have been even

more refined by measuring planned behavior for these usages separately.

Conclusion

To conclude, in this study we presented a typology of how and why teachers in secondary education use CBAS
and SD. The results are of scientific relevance because they offer more insight into what distinguishes teachers
with regard to this use. In terms of practical relevance, we offered a number of recommendations for intervention

programs at school or teacher level to support teachers in the use of CBAs and SD.
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