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Introduction

Reading comprehension is an essential skill for processing textual information and 
acquiring knowledge, especially for the subject of history given the abundance of 
texts students are required to read in their textbooks. The expository format of these 
texts is often challenging for many students in lower secondary education. As a result, 
there have been many studies on how to support students’ reading comprehension, 
and over the last decade, an increasing number of studies used computer-supported 
or digital learning environments to achieve this goal. Previous research on cognitive 
and metacognitive support in digital learning environments has shown positive 
effects on students’ reading performance in secondary education (Cheung & Slavin, 
2012; Lan, Lo, & Hsu, 2014; Moran, Ferdig, Pearson, Wardrop, & Blomeyer, 2008). 
However, how instructional support in these kinds of learning environments adds to 
the students’ learning process often remains unclear, since most studies only focus 
on performance or self-regulation as an outcome measure (Devolder, van Braak, 
& Tondeur, 2012; ter Beek, Brummer, Donker, & Opdenakker, 2018). Therefore, it 
is necessary to unravel how digital learning environments support or contribute to 
students’ reading process and outcomes. 

This dissertation focuses on a Digital Learning Environment (DLE) called 
“Gazelle”, which was specifically designed for reading expository history texts in 
lower secondary education in the Netherlands (ter Beek, Spijkerboer, Brummer, & 
Opdenakker, 2018). The DLE aimed at stimulating students’ reading comprehension, 
self-regulated learning, and motivation using cognitive, metacognitive, and 
motivational scaffolds called ‘hints’. Hints were incorporated in the DLE, where 
students could access them when needed. In addition, the DLE provided teachers 
with visualised data output about students’ reading performance. The DLE was used 
between 2016 and 2018 in various lower secondary classrooms in the Netherlands for 
the subjects of history and geography. The current dissertation focuses on the subject 
of history education.

The main aim of this dissertation was to analyse the practical implementation 
of the DLE, and its effects on students’ (1) text comprehension, (2) self-
regulation, (3) motivation, (4) engagement, (5) historical content knowledge, 
and (6) historical reasoning ability, as well as on teachers’ use of data and 
their instructional practice in this field. By focusing on all these interrelated 
aspects, the results at hand provide a comprehensive overview of the use and 
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usefulness of a DLE to support students’ reading comprehension in history 
education. Two main research questions were explored simultaneously:   

 ¥ How do seventh-grade students and their history teachers use and experience a 
DLE enriched with strategic hints and visualised student data (i.e., how do they 
use it)?

 ¥ What are the effects of using the DLE on students’ reading process and learning 
outcomes, and on history teachers’ instructional practice (i.e., how useful is it)? 

 
Figure 1.2 (see Chapter 1, p. 26) provides an overview of the concepts incorporated 
in this dissertation, as well as the studies and chapters in which they are included.

Summary of Main Findings

The first study (Chapter 2) focused on the provision of cognitive and metacognitive 
instructional scaffolding—in the form of hints—and its effects on students’ text 
comprehension, self-regulated learning (SRL), reading strategy awareness, and 
motivation. During six weeks, 174 seventh-grade students from three different 
schools read expository texts in the DLE. Three different versions of support were 
offered. From weeks 2 to 5, students from Experimental group A could decide to 
access cognitive and metacognitive hints containing reading strategy instruction for 
the subject of history, whereas students from Experimental group B could decide 
to access similar hints for the subject of geography, but not for history. Students 
from the control group had no access to hints in either subject. Results showed 
that solely providing these hints did not lead to significant differences between the 
groups; nevertheless, students in both experimental groups significantly increased 
their levels of problem-solving strategy awareness. Although not every student in 
Experimental group A accessed at least one hint (contrary to what was expected), 
in-depth analyses comparing students who used one or more hints vs. students who 
did not use hints showed significantly better posttest text comprehension for the hint 
users. There were no significant differences with regard to students’ SRL, awareness 
of reading strategies, and motivation (in terms of task value and self-efficacy). In 
general, posttest results showed no significant improvement in students’ reading 
performance after six weeks; in fact, the average student performance decreased in 
all groups. Comparative analyses of all students, based on different initial reading 
levels (i.e., below-average, average, and above-average readers) showed that the 
performance of average and above-average readers significantly declined, but that 
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this was not the case for below-average readers. Furthermore, students’ motivation 
significantly declined for the below-average readers in terms of self-efficacy beliefs, 
and for above-average readers in terms of task value.

In the second study (Chapter 3), behavioural and cognitive engagement 
profiles were distinguished using log file data from the DLE in the second year of 
the overarching research project. In contrast to the variable-centred approach of 
the first study, this study adopted a person-centred approach. By doing so, it was 
possible to explore the relation between students’ individual activity in the DLE and 
their reading comprehension performance. In total, 327 seventh-grade students from 
four secondary schools worked in the DLE for six weeks. Five engagement profiles 
were identified based on predictor variables, which included students’ time on task, 
hint use, average score at first try, and judgment of learning (JOL) accuracy. Latent 
profile analyses (LPA) showed that a five-profile solution had the best and most 
meaningful fit to the data. The first and largest profile, which was labelled as ‘naïve 
readers’, included students with relatively low scores on all predictor variables. The 
second profile, the ‘stubborn readers’, highly resembled the ‘naïve readers’ profile, 
with the exception of JOL accuracy; students from this profile seemed to be well 
aware of their low performance in the DLE but did not access hints to improve their 
performance. The third profile, the ‘help-seeking readers’, showed average scores on 
the predictor variables, but used significantly more hints than the first two profiles. 
The fourth profile, the ‘independent readers’, scored relatively high on all predictor 
variables, except for hint use, indicating that students from this profile obtained high 
performance scores even without accessing additional support in the form of hints. 
Lastly, the fifth and smallest profile, the ‘uncertain readers’, included students that 
scored high on all predictor variables, except for JOL accuracy, indicating that these 
students often underestimated themselves. Subsequently, the relations between these 
engagement profiles and students’ motivation (i.e., students’ task value, self-efficacy, 
and intrinsic motivation) and text comprehension performance were investigated. 
Results showed that highly engaged students initially had significantly higher task 
value and intrinsic motivation compared to students who showed little engagement. 
In addition, highly engaged students showed better text comprehension. 

Although the first two studies showed the importance of analysing students’ 
reading processes and outcomes when using a scaffolded DLE to read expository 
history texts, it is equally important to consider the role of teachers in this process. 
Earlier studies have shown that reading strategy instruction in history education 
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does not occur often (Linthorst & de Glopper, 2015; Ness, 2006). This might be 
explained by the fact that history teachers do not feel capable of providing this type 
of instruction, or that they lack the knowledge and motivation to do so (Greenleaf, 
Schoenbach, Cziko, & Mueller, 2001; Hall, 2005). Professional development (PD) 
training enables teachers to practice these skills, thereby improving their self-
efficacy beliefs, knowledge, and motivation (Desimone, 2009). The third study of this 
dissertation (Chapter 4) focused on the participating history teachers and their beliefs, 
attitudes, knowledge, and instructional practices with regard to reading strategies. 
The study consisted of two phases. In the first phase, history teachers in Experimental 
condition A were provided with an extended visualisation of student performance 
data in the DLE and were observed during several lessons. In the second phase, these 
teachers received PD training and a guiding manual on how to translate these student 
performance data into structured, explicit reading strategy instruction. Teachers 
in Experimental condition B were provided with extended data visualisations in 
Phase 2, but received no PD training. Teachers in the control condition were only 
provided with basic visualisations of student performance data in both phases. The 
results showed that teachers in both the experimental conditions and the control 
condition reported high levels of perceived strategy instruction knowledge after 
each phase. Likewise, regardless of condition, teachers reported positive attitudes 
towards reading strategy instruction; however, their self-efficacy beliefs regarding 
this instruction were slightly less positive compared to their perceived knowledge. 
Teachers mainly explained strategies such as orienting on a text or adjusting reading 
strategies when encountering problems, whereas strategies with regard to reflection 
and evaluation occurred rarely during their instruction. Moreover, modelling 
behaviour was not observed often. Comparisons of the observational data in both 
phases showed that teachers in the experimental conditions used a wider range of 
strategies during their classroom instruction and used modelling behaviour more 
often after the PD training. Although these results seem promising, it is important 
to note that the overall variation in reading strategy instruction was relatively low in 
all conditions. To gain more insight in the quantitative data with regard to teachers’ 
instruction, this mixed-method study was complemented with micro-level content 
analysis of qualitative interview and focus group data about teachers’ experience with 
the DLE. All teachers mentioned contextual barriers that, in their opinion, hampered 
their use of the DLE, such as limited preparation time, high workload, unavailability 
of IT resources, and other pressing school matters.
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The final study of this dissertation (Chapter 5) investigated the relations 
between subject-specific reading skills—defined as (1) recognising causal relations; 
(2) explaining historical events; (3) generating suitable research questions; (4) 
ordering of concepts; and (5) perspective-taking—and students’ historical content 
knowledge and historical reasoning ability, to explore which specific reading skills 
are of importance. Furthermore, the identified profiles from Chapter 3 were used 
to explore the relations between students’ behavioural and cognitive engagement in 
the DLE and their historical content knowledge and historical reasoning ability. The 
majority of the participants from the second year of the overarching research project 
completed an additional Historical Content Knowledge (HICK) test approximately 
four to six weeks after completion of the last lesson in the DLE. The HICK instrument 
consisted of two parts: the multiple-choice questions (MCQ) measured students’ 
historical content knowledge, whereas the open-ended questions (OEQ) measured 
students’ historical reasoning ability. Results showed that all subject-specific reading 
skills correlated significantly with both historical content knowledge and historical 
reasoning ability. However, multiple regression analysis showed that not all skills 
were unique significant predictors. The skills that were defined as ‘explaining 
historical events’, ‘generating historical questions’, and ‘ordering of concepts’ were 
all significant unique predictors for historical content knowledge. For historical 
reasoning ability, only ‘explaining’ and ‘generating questions’ were significant unique 
predictors. The subject-specific reading skills we defined as ‘identifying cause and 
effect’ and ‘perspective-taking’ correlated significantly with students’ historical 
content knowledge and historical reasoning ability, but were not unique predictors. 
Furthermore, from analyses with regard to the engagement profiles it could be 
concluded that students who showed high behavioural and cognitive engagement 
while reading (i.e., the ‘independent readers’, ‘help-seeking readers’, and ‘uncertain 
readers’) performed significantly better on both components of the delayed HICK test 
compared to students with lower engagement (i.e., the ‘naïve readers’ and ‘stubborn 
readers’). 

Integrative Findings and Experienced Challenges

Research on implementing educational technology in an ecologically valid, subject-
specific context is often accompanied by various practical and scientific challenges. 
Similar to the context of PD intervention research, the combination of rigorous 
research and explorative analyses at the early stages of using an original DLE, 
including a detailed discussion of the integrative findings, may offer relevant starting 
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points for improvement (Hill, Beisiegel, & Jacob, 2013; see also Chapter 4). The 
following subsections shed light on aspects of the use and usefulness of the DLE that 
were apparent across the studies in this dissertation.

Students’ use of the DLE. The overarching research project aimed to support 
students’ self-regulation skills in a DLE in the context of reading comprehension 
of expository texts. Since students read the texts individually, it was expected that 
providing them with the choice to deliberately access supportive hints would invoke 
SRL processes. Following this approach, the support mechanism embedded in the 
DLE (in the form of cognitive, metacognitive, and motivational hints) was dependent 
on students’ metacognitive monitoring, followed by (deliberately) accessing a hint 
by clicking on one of the hint buttons. However, in both years of the intervention 
students accessed, on average, few hints. 

In the first year of the overarching research project, students from the 
Experimental groups A and B almost accessed no hints at all. In the first study 
(Chapter 2), half of the students from Experimental group A did not access any of the 
available hints and about 15% of the students only accessed a hint once. Metacognitive 
hints were accessed rarely overall. When asked for an explanation, students argued 
that they “did not know they were there”, that to them, “using hints is like cheating”, or 
that they ignored the hints on purpose, because “hints only contained even more text 
to read”. In response to their explanations, the DLE was adapted in such a way that 
students were informed about the use and usefulness of hints via a pop-up screen at 
the beginning of each lesson, starting from the second phase of year 1. Nevertheless, 
the results from the subsequent interventions (i.e., Phase 2, year 1; both phases in 
year 2) did not show a substantial increase in students’ overall hint use. The second 
study (Chapter 3) showed a high variation in hint use between the students, and 
more than half of the students belonged to the profiles in which overall hint use was 
relatively low. 

Teachers’ use of the DLE. With regard to the use of the DLE by teachers, all 
studies showed that teachers were willing to incorporate a DLE into their regular 
history lessons to let their students read expository texts. Although some teachers 
mentioned that the contents of the texts did not always align with the subject taught 
in the regular curriculum at that time in the school year, they implemented the DLE 
in their lessons, resulting in the majority of their students finishing all lessons in 
the DLE. Most teachers used the basic visualised data output in both years to track 
students’ progress in the DLE (i.e., whether they finished a lesson) and performance 
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on their reading tasks; the teachers experienced this as a useful tool, even though 
they did not use it frequently. 

However, even though the teachers emphasised the usefulness of the visualised 
data output, they did not use it to substantiate or adapt their regular instruction. 
During the lesson observations, the extended data visualisations were seldom used 
during teachers’ instruction. Teachers indicated several contextual barriers for using 
the data output in their regular lessons, such as time pressure and high workload. 
Moreover, most of the teachers viewed the DLE as something separate from their 
regular lessons, for example by introducing it to their students as “the university’s 
research”, which might explain why they did not integrate the data output in their 
regular lessons. Furthermore, teachers did not always implement the use of the DLE 
as planned, which is a central issue in the discussion section of Chapter 4. These 
implementation difficulties have also been described by many other studies in this 
area (Dignath & Büttner, 2008; Staman, Timmermans, & Visscher, 2017; van Kuijk, 
Deunk, Bosker, & Ritzema, 2016). 

The effects of using the DLE for students. In general, when comparing pre 
and posttest scores, students’ text comprehension performance declined in each 
study, irrespective of their experimental condition, their initial reading level, or their 
engagement profile membership. This conclusion contradicts earlier findings by 
Cheung and Slavin (2012), who found that intensive reading interventions resulted 
in larger and positive effects on students’ reading performance. Likewise, student 
motivation for the subject of history declined throughout the school year, which 
concurs with the findings of Azevedo, Cromley, and Seibert (2004), who found less 
stated interest by students when they were scaffolded with domain-specific hints. This 
finding can also be explained by the fact that student motivation is known to decrease 
after the transition from primary to secondary education and during a school year in 
general (Opdenakker, Maulana, & den Brok, 2012). 

Nevertheless, in-depth analyses of students’ hint use, as reported in Chapter 2, 
showed a positive and significant difference in posttest text comprehension between 
students who used hints and students who did not, in favour of the hint users. 
Comparisons between students with different initial reading comprehension levels 
showed that the performance scores of below-average students did not decrease 
significantly. Additionally, the findings with regard to the engagement profiles in 
Chapter 3 showed that students who used the hints frequently performed better on the 
reading comprehension posttest compared to students from the profiles who used few 
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hints, with the exception of the ‘independent readers’ profile. Combined, these findings 
indicate that for some students, in particular those who struggle with reading texts, 
using hints may contribute to their reading comprehension performance. For other 
students, in particular above-average readers (see Chapter 2) and the ‘independent 
readers’ profile (see Chapter 3) practicing reading comprehension in a non-adaptive 
DLE is not as effective and possibly even detrimental for their motivation in terms 
of task value. For these students, it might be more beneficial to work in a dynamic 
DLE that can adapt to students’ individual needs. Hence, it is essential to carefully 
determine which students may benefit from the embedded support in a static DLE, 
and which students need different or more challenging reading tasks.

The effects of the DLE on teacher practices. Based on the available data, it 
is difficult to draw firm conclusions about the usefulness of the DLE for the teachers 
involved in this research. The implementation of the DLE often did not happen as 
planned, and the experimental group consisted of a small number of teachers. In 
addition, the participating teachers differed between the first and second year of the 
overarching research project. Since four new teachers were added to Experimental 
group A in the second year of the overarching research project (see Chapter 4), it was 
not possible to compare their experiences with the previous year. 

Nevertheless, the qualitative teacher interviews and focus groups, as well as the 
experiences teachers communicated personally to the researchers throughout the 
overarching research project, indicated that teachers found it relevant to work with 
the DLE in their lessons. They were interested to see how their students performed 
and they were convinced about the potential usefulness of the basic and extended 
visualised student data. In general, their participation stimulated the teachers to 
reflect on their instructional practice with regard to reading strategy instruction, 
which can be considered a useful first step towards more and improved reading 
instruction in history education.

Limitations and Methodological Considerations

The overarching research project that formed the basis of this dissertation adopted 
a small-scale, practice-oriented approach. An advantage of this approach is that 
the research has been conducted in an ecologically valid context, which is relevant 
for educational practice. However, although the available data have been analysed 
carefully and extensively to provide both a qualitative and quantitative overview of 
the use and usefulness of implementing a DLE, there are several general limitations 
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that influence the results reported in this dissertation. These general limitations 
include methodological considerations such as the instruments used as well as several 
decisions made throughout the data analyses, which are outlined in the following 
subsections.

The influence of grouping procedures on study outcomes. All studies in 
the current dissertation have been involved in a process of choices and decisions with 
regard to grouping procedures. Like a kaleidoscope, using a certain lens or focusing 
on specific groups provides a unique picture of certain elements and outcomes in the 
process of students’ self-regulated reading of texts in a DLE, but it is important to 
keep in mind that using a different lens might show different results. To determine 
the impact of the results found in the current studies, it is essential to reflect on these 
grouping procedures. 

In Chapter 2, the distinction between below-average, average, and above-average 
students, based on means and standard deviations of the initial reading comprehension 
test scores, offers a basic indication of students’ performance at that time. Likewise, 
the two operationalisations of hint-users and non-hint users were based on rather 
arbitrary cut-off points. The results showed that the operationalisation of ‘hint users’ 
as students who used one or more hints during the intervention led to significant 
differences on students’ posttest text comprehension, whereas the operationalisation 
of ‘hint users’ as students who used multiple hints versus using a single hint, or no 
hints at all, did not yield any significant result. Including both operationalisations 
of the term ‘hint user’ showed the difficulty of determining why students used 
these hints and whether this use was effective for students’ text comprehension. 
For example, students may have accessed a single hint out of curiosity, but this does 
not tell us anything about whether they used the supportive strategy information 
provided. Another possibility is that using a single hint was helpful to these students 
in such a way that they did not need to access another, similar hint. 

In Chapters 3 and 5, groups of students (i.e., ‘reader types’) were created based 
on Latent Profile Analysis (LPA). The predictor variables used in the LPA, such as 
time on task and hint use, were based on the availability and suitability of log file 
data. Moreover, the determination of the best fitting profile solution was based on 
a combination of three criteria typically used in LPA research: statistical model fit, 
parsimony, and interpretability (Hickendorff, Edelsbrunner, McMullen, Schneider, 
& Trezise, 2018). Several indicators were used to determine the statistical model fit: 
Akaike information criterion (AIC), Bayesian information criterion (BIC), and the 
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entropy statistic. However, in light of the practice-oriented approach of the second 
study (Chapter 3), the interpretability and practical value of the final profile solution 
were the deciding factors in opting for the five-profile solution. The results reported 
in Chapters 3 and 5, for example those with regard to the differences between the 
profiles, are highly influenced by this choice, which should be taken into consideration 
when interpreting the results.

Measuring self-regulated learning using self-reports. In this dissertation, 
students’ SRL was measured using self-report questionnaires, but there is an ongoing 
scientific debate about this approach (Azevedo, 2009; Schellings & van Hout-Wolters, 
2011; Veenman, 2007). Self-report measures are widely used and easy to administer 
in large-scale testing, but they offer a subjective and personal interpretation 
(e.g., students report what they think they do). On the other hand, recent studies 
emphasise the temporal structure of SRL processes, and propose that multimodal 
data should be included more often to understand students’ regulation of learning 
(Noroozi et al., 2019). Learning analytics provide the opportunity to measure and 
support students’ SRL processes in real-time (e.g., what students actually do), using 
online trace data such as log files, eye-tracking, facial expressions, or even students’ 
heart rate, perspiration, and electro-dermal activity (Bannert, Molenaar, Azevedo, 
Järvelä, & Gašević, 2017). It must be noted, however, that these multimodal data offer 
challenges as well, since these datasets are often extensive and hard to interpret.

Following this argument, the variables used in this dissertation do not provide 
a comprehensive image with regard to students’ SRL process. Students’ hint access 
is visible in the log file data, but it is unknown whether students considered the 
hints useful or whether they applied the strategy information provided in the hint. 
Moreover, hint use in itself is neither a good nor a bad SRL strategy. As described 
by Roll, Baker, Aleven, and Koedinger (2014), not using the hints can lead to what 
the authors call ‘productive failure’: avoiding help (and, to a certain extent, repeated 
failure) is often associated with better learning than seeking help when students 
encounter problems (Baumeister, Bratslavsky, Finkenauer, & Vohs, 2001). Students 
may benefit from engaging in self-initiated solution attempts before they use the 
available support. Therefore, not using hints can also indicate the use of a deliberate 
SRL strategy, apart from the strategies that were measured with the self-report 
questionnaires. Therefore, it is essential to study the entire process from encountering 
a problem to finding a solution, which may or may not include the use of supportive 
hints. To this aim, qualitative research methods, such as think-aloud protocols, 
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process-mining techniques, or sequence analysis with regard to students’ behaviour 
in a DLE could provide additional, more detailed information about students’ self-
regulation processes when working in digital environments. 

Measuring reading comprehension, historical content knowledge, and 
historical reasoning ability using researcher-developed tests. Several outcome 
measures in this dissertation were developed specifically for this research project. By 
doing so, the results fit well within the research context. Since the contents of the texts 
and hints embedded in the DLE were created in cooperation with the participating 
teachers, it was important to align the corresponding multiple-choice questions 
with these contents. The multiple-choice questions in weeks 1 and 6 of each phase 
functioned as pretest and posttest measures of students’ reading comprehension 
performance. However, these tests only contained ten multiple-choice items, and, 
therefore, did not fully resemble reading comprehension instruments frequently 
used in the educational literature. The use of researcher-developed tests to measure 
reading comprehension occurs regularly in practice-oriented research (cf. ter 
Beek, Brummer et al., 2018), since it can be challenging to fully capture students’ 
comprehension in combination with the practical and contextual constraints of a 
regular lesson. This should be taken into consideration when interpreting the results 
with regard to students’ text comprehension.

The instrument to measure students’ historical content knowledge and historical 
reasoning ability was also created specifically for the fourth study (Chapter 5), even 
though it was based on the Assessment of Social Studies Knowledge (ASK) instrument 
of Vaughn et al. (2013). According to Reich (2009), historical content knowledge can 
be measured with multiple-choice questions, but this type of questions cannot fully 
capture students’ historical reasoning ability. Therefore, three open-ended questions 
were created to measure students’ historical reasoning ability, but this was still a 
written test. Although relevant results were found with regard to students’ historical 
reasoning ability, oral and interactive methods, such as think-aloud protocols, 
student interviews, or classroom discussions, might give a more detailed overview of 
how students think and reason historically. 

The possible barriers of practice-oriented research. Conducting educational 
research in an ecologically valid context is desirable in many ways, but it can also 
offer practical challenges for both researchers, teachers, and students. The studies in 
this dissertation attempted to find a balance between the intended scientific research 
design and its feasibility in daily educational practice. However, this led to several 
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limitations with regard to the available data and the context in which the studies were 
conducted. 

Although the intervention underlying this dissertation lasted for two full years, 
we were only able to report student results with sufficient reliability for the first phase 
of each school year because there were many missing data for the second phase. Both 
teachers and students experienced more implementation difficulties in the second 
phase compared to the first phase; for teachers, this was mostly in terms of planning 
and availability of IT resources, while for students their motivation to work with 
the DLE was often an issue. Student evaluations and experiences from the lesson 
observations showed that a vast group of students experienced working in the DLE 
as boring and useless, and some teachers suggested that the lack of a reward (e.g. 
grades, bonus points, or other forms of extrinsic rewards) was the main cause of 
this negative perception. These findings show that it is challenging to implement 
a DLE, which should be conceived as a ‘safe’ practise environment due to the lack 
of performance pressure, in a school culture that is mainly focused on grades and 
student performance. 

Recommendations for Future Research 

The concept of blended learning, in which online educational materials and traditional 
classroom practice are combined, is becoming increasingly popular in the Dutch 
educational system. Recently, Boelens, De Wever, and Voet (2017) systematically 
analysed four key challenges for blended learning and found that flexibility, 
interaction, support of students’ learning processes, and affect are four important 
components to take into account in research on blended learning environments. The 
results in the dissertation at hand show similarities with the challenges mentioned by 
Boelens et al. (2017). In fact, these four components, especially in light of the main 
findings of the current dissertation, provide useful suggestions for implementing a 
DLE to read texts in future research. 

First, the authors mention the importance of incorporating flexibility. According 
to the self-determination theory of Ryan and Deci (2000), students’ intrinsic 
motivation can be increased by stimulating feelings of autonomy. Although the access 
and use of hints in the DLE was optional, the texts and accompanying assignments 
were fixed and the same for all students. Since the DLE texts had to complement 
the topics of the regular history lessons, students were not offered the possibility to 
choose the subject of their interest or to work in the DLE at their own pace. Future 
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research could increase the levels of autonomy in a DLE and examine whether this 
adds to students’ intrinsic motivation and reading performance. In addition, the 
repeated administration of the hefty MSLQ and MARSI questionnaires (four times 
per school year) led to satiation and sometimes even aversion among the students. 
When self-report questionnaires are to be used in future research, it is important to 
consider the length and flexibility of administering these questionnaires, while also 
considering the reliability of the scale scores of these instruments.

Second, Boelens et al. (2017) emphasise the need for facilitation of interaction 
in blended learning environments. Research on (computer-supported) collaborative 
learning has shown that student collaboration can enhance reading performance 
(Moeken, Kuiken, & Welie, 2016), intrinsic reading motivation (Guthrie, McRae, & 
Klauda, 2007), and even historical reasoning ability (van Drie, 2005). However, the 
design of the DLE used in this dissertation adopted an individual approach towards 
reading texts, because it aimed at measuring students’ individual reading process. 
Therefore, it is only possible to draw conclusions about how students interacted with 
the environment, but not about the possible role of interaction between students. 
Future research could include a cooperative component in the DLE, such as chat 
options, to stimulate and investigate interactions and collaboration between students 
while reading (cf. van Drie, 2005).

Third, it is important to support students’ SRL processes in terms of regulative 
and affective strategies. For example, Boelens and colleagues note that students 
performing below average in online environments may not yet possess the required 
SRL skills to learn independently. The support mechanisms embedded in the DLE 
are a central element of the majority of studies included in this dissertation, but 
more insight is needed into which specific types of strategy support are effective 
for students with different characteristics (ter Beek et al., 2018). The studies in this 
dissertation focused on the actual use of the hints in the DLE; however, they did not 
consider students’ item-level navigation sequences or improvement of given answers 
after using the hints. Future research could include detailed analyses of students’ hint 
using process to uncover whether the hints were helpful for a specific student at a 
specific time point in the reading process. 

Fourth, fostering an affective learning climate—as recommended by Boelens et 
al. (2017)—is important for both students and teachers. When students and teachers 
feel safe, valued, and have positive attitudes towards the task at hand, this may lead 
to higher intrinsic motivation. As mentioned before, the intrinsic motivation of 
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students included in this dissertation decreased over time. To stimulate students to 
read texts, it is important to ascertain what drives these students. The same accounts 
for teachers’ implementation of the DLE. As suggested by one of the participating 
teachers, scientific research in the field of educational technology should be aligned 
with teachers’ practical needs, such as efficient grading or integrating training with 
existing PD programs, to ensure that the research project has practical value and that 
teachers are motivated to contribute. In addition, teachers might also be involved in 
developing the research design or analysing the data, to strengthen their interest and 
responsibility with regard to the research at hand. In the Dutch educational context, in 
which increasing time pressure and workload are predominant, researchers will have 
to coordinate the needs of all parties involved to bridge the gap between educational 
science and practice.

The dissertation at hand has shown promising results in the area of practice-
oriented research with regard to using DLEs to support expository history text 
reading in lower secondary education. To deepen our knowledge on this topic, 
future research could also dive into the effectiveness of supportive hints by analysing 
different variations of the hints offered, such as hints that appear automatically after 
an incorrect answer, or hints that contain audio or video materials instead of written 
text. Additional trace data and log file data can be added to the analyses to explore 
the role of student engagement more in-depth. In addition, future research into the 
effectiveness of providing teachers with a PD training could be extended with more 
intensive program, enhancing teachers’ involvement. Lastly, research on the effects 
of reading interventions on students’ historical reasoning skills can be enriched by 
using even more components of the framework of historical reasoning of Van Boxtel 
and Van Drie (2018). 

Practical Implications and Recommendations 

For history education in lower secondary education, it is essential to include and 
combine reading strategy instruction and students’ reading of relevant, domain-
specific expository texts. History teachers play a major role in this process: It is 
essential that they acknowledge the relevance and importance of incorporating 
reading strategy instruction in their lessons. As Alexander and Kulikowich (1991) 
put it: 

To teach content information without incorporating instruction in strategic 
processing or to teach strategies in isolation of content information may 
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contribute to segregation of these knowledges when integration is what is 
required. [...] Therefore, if a marriage of content and strategy knowledge is 
desired in our students, then teachers and teacher educators have a critical role 
to play in forging such a meaningful and long-lasting relationship. (p. 186, italics 
in the original)

The implementation of digital technology can offer support to both students and 
teachers to increase their knowledge and practice their skills with regard to reading 
strategies. Although the results did not show significant improvements in students’ 
reading performance or motivation in general, it was found that below-average 
readers’ performance did not significantly decrease, indicating that this group might 
benefit most from this type of practice. In addition, providing students with supportive 
hints improves their awareness of problem-solving strategies, regardless of the actual 
use of these hints. When students do use the hints provided, their performance has 
shown to be significantly better than that of students who do not use hints at all. 
Nevertheless, the current dissertation has shown that the possible benefits of using 
the DLE are dependent on students’ behavioural and cognitive engagement as well as 
on teachers’ implementation of the DLE in relation to the regular history curriculum. 
Students who are behaviourally and cognitively engaged when working in the DLE 
show higher motivation and performance levels compared to students who spend 
little time on a reading task, ignore available support, and do not take the assignment 
seriously. It is therefore important that teachers stimulate students’ cognitive and 
behavioural engagement when reading texts. Moreover, it is helpful when teachers 
adopt a positive stance towards the use of technology for instruction in the classroom 
and are aware of the context factors that may impede successful implementation. 

In general, the participating teachers expressed positive feelings towards using 
the DLE to read texts in their history lessons. Nevertheless, it is important to note that 
the application of digital technology by both teachers and students requires sufficient 
time and space for adaptation and acclimatisation. Rapid developments in educational 
technology provide teachers with a plethora of possibilities to substantiate and adapt 
their instruction. However, in the current context of high work pressure, teacher 
strikes, and alarming burnout rates in Dutch secondary education, considerable 
effort should be devoted by school boards or school leaders to increase the financial 
and developmental resources that can support the integration of digital technology 
in the (history) classroom.
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Conclusion

The results presented in the current dissertation show that educational technology, 
particularly a DLE with supportive cognitive, metacognitive, and motivational hints for 
students, and visualised data output for teachers, can make a significant contribution 
to history education in terms of reading expository texts. This finding is relevant for 
educational practice since students’ comprehension of texts is an indispensable skill 
for interpreting and understanding the past. For the current educational situation in 
the Netherlands, in which experts are reviewing existing educational curricula to take 
into account the knowledge and skills that suit our modern, 21st-century society, it is 
crucial to emphasise the role of reading comprehension and the stimulation thereof. 
This applies in particular to the subject of history in lower secondary education, 
for which the current dissertation has shown that language-oriented lessons in a 
scaffolded DLE can be meaningful. 
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