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Abstract: The present study investigates eight Grade-4 classes (9- to 12-year-olds, 52.1% girls) who worked on at least 10
lessons using project RegioDiff material. The study focuses on one of these lessons (including nine text passages and
corresponding tasks) and on students with low (19 students, percentile <15) and high reading skills (29 students, percentile
> 70). While students were working with the material, screencasts were recorded (30h). The construct “task performance”
(processing time, response accuracy, and task engagement) was then analysed using the screencasts. The analysis revealed
that the two groups differed significantly in the processing time of two tasks, but not in the total time spent on all nine
tasks. Significant differences were revealed also for general task engagement. Task engagement was highly correlated with
processing time. Participants with higher reading skills spent more time on the tasks and were more engaged than
participants with lower reading skills. However, we did not find any differences in terms of answer accuracy. This indicates
that task difficulty and student reading skills were well matched. The study also shows how tasks may be adapted or
augmented in order to match the learning environment more closely to student learning needs.
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1. Introduction

In today’s classrooms, teachers encounter many different forms of student diversity (Messiou et al., 2020).
Students also often differ in terms of their reading skills, even though they are in the same grade level (OECD,
2019). Differentiation and digitalization allow for greater inclusion when teaching in a diverse classroom
setting.

In the project RegioDiff, we developed digital materials for primary school content lessons (Paleczek, 2020;
Paleczek, Ender, Berger, Prinz & Seifert, 2022). These materials combine factual texts with tasks containing
elements that foster reading comprehension (reading strategies, cooperative learning, vocabulary work, etc.).
The texts and tasks are differentiated into four different difficulty levels. While all students work on the same
topic within a comparable time frame (i.e., one content lesson), the text they read is matched to their reading
skills, thus aiding greater inclusion during the lesson (Feyerer, 2012). The digital materials used in the present
study are described in the following section. In subsequent sections we then focus on addressing whether
students with above average reading skills, and students with strongly below average reading skills, differ in
terms of their processing time, response accuracy and task engagement, and how these three constructs
correlate with one another. The question of how or whether material might need to be adapted to make it
more inclusive was also addressed.

2. The digital learning environment

The RegioDiff digital learning environment is designed to cover different topic areas. Each topic consists of
various text passages, where, usually, each passage is linked to a corresponding task right after or before
reading the text passage. The different types of tasks provided are all known to support students’ reading
comprehension.

Students first enter a code in order to access the digital learning environment. They then see the topics

prepared by the teacher on their tablets. Students choose their assigned level by clicking on the appropriate
fruit symbol (see Figure 1) and start working on the topic individually. At certain points, students cooperate
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across reading levels in order to solve tasks. Working in such a digital learning environment requires access to
an internet connection. The differentiated texts and tasks are now described in more detail below.

- . approximate
percentile reading =
fruits number of words per
rank performance . L
differentiation level
>70 above-average apple ._’i \: 750
O
31-70 | average cherry Y 575
15-30 below-average pear % 350
e
severely below-
<15 grapes 250
average

Figure 1: Reading levels

2.1 Differentiated texts with glossary words

Each topic consists of various text passages that are differentiated into four reading levels (see Figure 1). On
the one hand, the differentiation is based on word count, with the number of words decreasing as one moves
from the highest to the lowest reading level. On the other hand, the words, sentences, and texts also vary in
terms of their complexity (using fewer complicated synonyms, fewer nested sentences, etc.). Table 1 shows
two different levels (the highest differentiation level (hdl) and the lowest differentiation level (Idl)) for the
topic used in the present investigation.

Table 1: Idl and hdl reading text information

Word- Sentence- Passive Glossary
. gSmog RIX
Passage Title count count sentences (hdl/Idl) (hdl/IdI) Words
(hdi/Idl) (hdl/1dl) (hdi/Idl) (hdi/Idl1)

1 The city Graz 58/17 6/2 0/0 5.42/4.71 2.89/2.72 5/1
2 Districts of Graz 35/14 4/2 0/0 4.71/3.48 2.74/2.41 1/1
3 The coat of arms 49/28 5/5 0/0 4.48/1.46 | 3.90/2.15 3/3

of Graz
4 Center of Graz 110/21 10/1 1/0 6.12/10.25 | 4.10/4.36 12/4
5 Egg:gkézrg 142/80 13/10 0/0 5.29/3.72 | 4.81/3.49 8/4
6 Kunsthaus Graz 98/21 8/2 0/0 5.50/3.48 5.29/3.02 7/3
7 Island in the Mur 73/29 7/3 2/0 6.02/3.48 4.42/2.87 5/2

The castle Hill

8 and the clock 159/66 14/8 2/0 5.02/3.81 5.39/3.65 4/2

tower
9 Graz Cathedral 46/18 4/2 2/0 5.25/3.48 4.17/2.77 6/2

Graz Whole Text incl.
headlines (6 775 70 7 5.49 7.69 51

hdl

words)

Whole Text incl.
Graz Idl headline (6 300 36 0 3.85 4.90 22
words)

Difficult words are marked in the texts as glossary words. These words can be specific content-related
vocabulary, places (countries, cities, rivers, etc.), persons etc. that students might be unfamiliar with. Students
obtain explanations of such terms by clicking on them. A pop-up-window then opens and offers a written
explanation, a picture (if possible) and an audio of the explanation in order to ease understanding. The latter
feature is especially helpful for weak readers. The explanations are the same for all reading levels. Figure 2
shows a sample pop-up window for a glossary word. Figure 3 shows the same passage in the learning
environment, comparing hdl and Idl reading level.

At the beginning of each text passage, students are asked to read the passage carefully and then to click on the
button that leads them to the text-related task.
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Ji peacocks
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Figure 2: Example for a glossary word pop-up-window

Read the paragraph carefully and then click on Exercise Read the parageaph carefully and then elick on Exaercise
Eggenberg Palace Eggenberg Palace
Eggenberg Palace is the most imporfant baroqus palacs in the whele of Styria. It is alse a UNESCO Eggonierg Palace has four cormer fouers. They represent the four poins of fhe compass and the
World Heriage Site. four elements (carth, air, fire and waler)
Construction of the casfle began in 1625 (about 400 years age). Numbers played a major role in Much of the palace reminds us of our calendar
the construction f this sight. The casile has four corner lowers. They represent the four poinis of fhe

A year has 365 days. There are 365 windows throughout the casfle
compass (north, south, east, wesi) and the four elements (earth, air, fire and water).

A year has 52 weeks. There are 52 exterior windows in the castle.
There are 365 windows thraughout the caslle, representing the 365 days of the year. The 52 exferior
windows represent the 52 weeks of the year. On each floor fhere are 31 reoms representing fhe Mmonthhos aimeximum of{3 1 doye: Thets/ars §1soma;on sachfloos
masimum number of days in a month. The 24 -

numbers are meant fo remind us of the Gre

there are 24 <fale

oms represent the hours of a day. All fhese Aday has 24 ho

The palace park is @ protected area
Eggenberg Palace also has a palace park. This is under profection. Peacocks roam freely
throughoul the park.

Figure 3: Example for a text passage hdl (left) and Idl (right)

2.2 Tasks

There are different task formats following the text passages. In general, the tasks are either reading strategy
tasks (e.g., Duke et al., 2021), cooperative learning tasks (e.g., Hattie & Zierer, 2019), or reading
comprehension tasks (e.g., cloze texts, judging whether statements are true or false; Duke et al., 2021). All
such tasks are known to foster reading comprehension. Usually, the tasks are also differentiated into four
difficulty levels. Only the first and the last task are the same for all differentiation levels. The first task always
involves a pre-reading strategy (predicting content by the heading) paired with a cooperative learning exercise
(think-pair-share). The last task is the balloon game (see Figure 4) in which students have to answer a text-
related question by clicking on the correct letters in order to fill the boxes provided. Clicking on wrong letters
makes the balloons burst. As soon as the task is solved, the balloons fly into the air.

Find the missing Leffers and answer the question.

Which sight in Graz has the shape of a shall®

29909099

Figure 4: Balloon exercise

2.3 Reading levels and differentiation

Reading abilities within a classroom differ even though children are taught at the same grade level (Paleczek,
2020). The RegioDiff reading material offers four differentiation levels. To decide on the appropriate
differentiation level, prior to beginning the study, student reading comprehension was measured using the
GraleV Reading Comprehension Test (Paleczek, Seifert, Franz, Wohlhart, & Riedl, in prep.; Seifert & Paleczek,
2021). The GraleV was developed to assess the reading comprehension of learners in Grades 3 and 4 and it
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consists of four subtests (one at word level, one at sentence level, and two at the text level). The number of
correctly solved tasks in a certain amount of time is converted into percentile ranks, which are then used to
determine the appropriate differentiation level of the text for each child. For example, if a child achieved a
percentile rank of 60, 60 percent of participants performed worse or the same and 40 percent performed
better (Paleczek & Seifert, 2021). Children with a percentile rank of 70 or above were classified as achieving
above-average reading performance (hdl), and those at a percentile rank below 15 were placed in the severely
below-average reading level (Idl) (Paleczek, 2020). Further information on the reading levels is provided in
Figure 1.

Differentiating the texts makes it possible for all children in a class, regardless of their reading level, to work on
the same topic and thus to acquire knowledge together (Seifert, Schwab & Gasteiger-Klicpera, 2014). Providing
the text at different levels of difficulty is intended to make it possible for all students to read the text in
approximately the same amount of time (i.e., in one lesson for both the text and the tasks). Moreover, in
terms of Wygotski's zone of proximal development (Wygotski, 1987), student reading of a text matched to
their own reading abilities facilitates the development of reading comprehension.

2.4 Lessons

Once teachers hand out the tablets, the students can start work immediately. They start with the first reading
task (as described above). This activates prior knowledge and facilitates pre-reading conversation with the
whole classroom. Students then work individually on the tablets focussing on their own texts and tasks. Each
time they get to a cooperative task, they have a look around to see who of their classmates is available and
pair up to work on the cooperative tasks. This is not dependent on differentiation levels. It is recommended
that the whole class finish the lesson together. This provides an opportunity for post-reading conversation on
the topic and thus helps to deepen knowledge acquisition.

3. Aims and research questions

The aim of the present paper is to investigate how students of different reading levels interact in the learning
environment and whether it is possible to offer inclusive lessons with such material. To investigate this, we
chose one topic (Graz) and analysed screencasts from hdl and Idl readers.

Student task performance (consisting of processing time, response accuracy and task engagement) was thus
evaluated. The focus was on readers with above-average (working with the hdl) and severely below-average
(working with the Idl) reading skills (Paleczek, 2020). It was thought that differences in processing time
between and within groups would provide insight into how materials might be adapted or improved. It was
thus of particular interest to investigate whether there was a relationship between processing time and
response accuracy, and how students from the Idl and the hdl differed in this regard.

This led to the following research questions:

= 1. What are the respective differences, in terms of task performance, when hdl and Idl readers interact in
the learning environment?

= 2. What should be adapted in the digital learning environment to enable students from these two reading
levels to work together on a topic?

4. Methods

4.1 Sample

Eight Grade 4 classrooms (N = 131 students) used the digital material on their tablets after parents’ consent to
take part in the study. In the present study, we concentrated on those students assigned to the Idl (n = 24) and
to the hdl (n = 32). After eliminating incomplete, faulty, or inadequate data (e.g., arising from students turning
off the screencast prematurely, technical problems, student absence), 48 screencasts remained for analysis (IdI
19 (9 female) and hdl 29 (16 female) students), providing a total of approximately 30 hours of video material.

The students attended Grade 4 primary school and were between nine and twelve years old. Regarding the
children's first language (L1), 70.8% were L1 learners (Idl: 52.6%; hdl: 82.8%).
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4.2 Design and procedure

For the screencasts, the program "AZ Screen Recorder - No Root" was installed on the tablets to record the
screen while students were working in the digital learning environment. The screencast program was started
before the lesson began. Prior to the recording, students had already worked on between three and five digital
texts. This was to ensure that everyone was able to orient themselves within the learning environment and to
reduce any bias that might occur due to lack of familiarity.

The construct task performance was defined in advance as being a proxy for student behaviour in the learning
environment. Task performance consists of three categories: 1) processing time, 2) response accuracy, and 3)
task engagement. These were all determined by means of the screencasts.

For the processing time, the start and end time of a text passage task was noted and its duration was
calculated. This procedure was based on Baum et al. (2019) and Fadljevi¢ et al. (2020).

Additionally, we added the student scores. Since the two differentiation levels differed in the total number of
scores students could achieve (28 and 46 for Idl and hdl, respectively), we calculated percentages (response
accuracy). For Exercises 2 and 5, which involved solving the task in the booklet instead of in the digital learning
environment itself, students automatically received 100% as soon as the task was completed. For example, in
Exercise 5, learners had to write sentences and read them to another child.

For the category task engagement, we captured the students’ response behavior. For this purpose, we used an
ordinal scale: "3" meant that the task had been solved independently and completely; "2" meant that the task
had been solved partially or with help (for example, from a classmate); "1" was selected when children had not
solved the task or when someone else had solved it for them. The audio data from the screencasts were the
main source for determining task engagement scores. Children's statements were used to track whether and
how a child had solved the tasks. This category seems particularly significant with regard to Exercise 2 and
Exercise 5, as these are not digitally solvable tasks. For statistical analyses, a sum score was formed (maximum
27: three points for each of the nine exercises).

4.3 Analyses

In addition to one of the authors of the present paper, seven interns of the RegioDiff project, who were
trained in advance by the author, were responsible for analysing the screencasts. In order to calculate
interrater reliability, all interns evaluated the same screencast after their training. Interrater reliability as
indicated by Cohen’s Kappa coefficient, shows how much the evaluators assigned the same value to the
measured variables (Grouven et al., 2007; Hemmerich, 2019). For the evaluated data, the level of agreement
between an evaluator and the author was then checked. Since the available evaluation data are partially
interval-scaled, the linearly weighted kappa was calculated. According to Altman (1991), a kappa value of .60
or higher is good; .80 or higher is very good (Hemmerich, 2019). For the screencast evaluated, it was between
.873 and .952 (see Table 2), which is why no further training or adaptation of the procedure was required and
the evaluators then assessed further screencasts independently.

Table 2: Linearly weighted Cohen's kappa to test interrater reliability.

Rater | Cohen’s Kappa (linear weighting)
1 927

.945

91

.891

.952

.873

oo Uk, wN

Descriptive analyses, mean comparisons and correlations were conducted using SPSS. Since the samples were
smaller than 30, a test for normality was performed (Shapiro-Wilk test: Shapiro & Wilk, 1965, cited in
Hemmerich, 2021). The categories processing time and answer accuracy were not normally distributed (p <
.001), so that a non-parametric test (Mann-Whitney U test) was used (Bortz & Doring, 2016). Mann-Whitney U
tests were also used for the ordinal data on task engagement (Pospeschill & Siegel, 2018). Additionally, a
Bonferroni correction was made.
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5. Results

Table 3 gives descriptive data on task performance, operationalised by processing time, answer accuracy and
task engagement for both differentiation levels. The results for these indicators are described separately in the
following sections.

Table 3: Descriptives for Idl and hdl

Mean

Differentiation Time spent in learning Processing time Percentage of Task

Level environment in min per task in sec | scores achieved engagement
per task

Mean (SD) 25.91 (12.57) 70.41 (45.49) 87.32 (17.84) 23.90 (2.99)

Idl (n=19) Minimum 497 13.00 42.86 17.00

Maximum 48.48 169.44 100.00 27.00
Mean (SD) 28.54 (8.33) 100.40 (34.91) 90.46 (10.46) 26.21(1.31)

hdl (n=29) Minimum 15.43 46.44 65.29 23.00

Maximum 49.28 161.67 100.00 27.00

5.1 Differences between Idl and hdl interaction in the digital learning environment

5.1.1 Processing time

As can be seen in Table 3, the range of processing time was very large in both groups. Thus, the students’
processing time differs not only between but also within groups. The largest range was seen for the time taken
to complete tasks among those in Idl (13.00 to 169.44 seconds per task).

An overview of the individual tasks helps provide insight into how the learning environment may be adapted
and into the differences arising concerning student interaction with it. Figure 5 shows the processing time per
task for both groups. For each task and level, there is a boxplot showing the range, the median and the first
and third quartile. The points above and below are outliers, i.e., the particularly low and high values,
respectively (Kohn, 2005).

600
500
400 -

300

Processing time in seconds

200

T el g

Task 1 2 3

Figure 5: Boxplots of the processing time per task in Idl and hdl readers

As can be seen in Figure 5, there are clear differences between the groups in the tasks 2, 4 and 5. However,
after applying a Bonferroni correction of the alpha-level (.005), the Mann-Whitney U tests showed a
statistically significant difference only between the two groups in Task 4 (U =51.0, Z = -4.74, p < .005) and Task
5 (U =110.0, Z = -3.49, p < .005). No difference was detected in the total time the two groups spent reading
and solving tasks in the learning environment.

Task 4 was a cloze text (see Figure 6) and in Task 5, the participants had to write an info box about a famous

Graz landmark described in the text. In Task 5, about 75 percent of Idl finished within 250 seconds, while 75
percent of level hdl finished within 435 seconds.
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Which word is missing® Drag the correct word into fhe senfence. Which word is missing ¥ Drag the correcl ward info he senfence.

Brerae [ semmisqee [ City Hall Herrengerse [ Square ] =

In the city centre of Graz, you can find, for example, the Main and the

In the city cenire of Graz, you can find, for exampl, the | The -

is also Located there. You can also see the Archduke Johann | | which is about 160
yeors old. The status in the middle of the fountain is made of _ . If you then walk
The gale square is of

along] |, you come to
] y

the end of Herrengasse.

Figure 6: Cloze text in hdl and IdI

5.1.2 Response accuracy

With regard to average response accuracy, there is a difference of 3.14 percentage points between the groups.
Table 4 shows the response accuracy for each task. As response accuracy has no validity for Tasks 2 and 5, they
are excluded from the table. Both groups scored the lowest in Task 7, in which the correct word had to be
selected from three in a cloze text (see Figure 7). In none of the exercises did the two groups differ significantly
in terms of response accuracy.

Which is the right word ¢ Decide between the three words. Which is the right word ¢ Decide befween the three words.

On | the river Mur, there is a floating island. the river Mur, thees is the Murinsel.

Vito Asconci this island. The island is shaped like a |

The inhabitants coll this island
The island is shaped like a

Figure 7: Cloze text with word selection in hdl and IdI

Table 4: Descriptives for percentage of response accuracy per task

task Idi hd!
Mean (SD) Mean (SD)
1 97.37 (11.47) 94.83 (13.98)
3 94.74 (22.94) 96.55 (18.57)
4 89.47 (31.53) 86.03 (18.70)
6 84.21 (37.46) 94.48 (14.04)
7 76.63 (38.62) 84.14 (19.55)
8 84.21 (23.88) 86.62 (22.63)
9 84.89 (21.65) 90.59 (16.26)

5.1.3 Task engagement

Task engagement shows the students' response behavior. A maximum task engagement score of 27 points was
possible (9 tasks, each a maximum of 3 points). A Mann-Whitney U test revealed a significant difference in
overall task engagement between the groups (U = 142.5, Z = -3.035, p = .002), with students in Idl scoring 2.31
points lower than those in hdl (see Table 4).

Frequency analyses of task engagement among those who achieved the maximum number of points provide
an overview of the maximum engagement per task (see Figure 8). It was found that only 52.6% in Idl (hdl:
86.2%) were capable of solving Task 2 fully and independently. In Task 6, all hdl readers achieved full points for
task engagement.
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Idl mhdl

Figure 8: Proportion of participants achieving the maximum number of points in task engagement, separately
for both differentiation levels

5.2 Correlations

Task engagement correlated highly significantly with the response accuracy (Spearman's p = .48, p < .001).
Thus, students scored higher when they were more engaged. There is a medium correlation (Cohen, 1988)
between processing time and task engagement (Spearman's p = .35, p = .015). The correlation between
processing time and response accuracy was r = .34 (p = .018), which also indicates a medium level of
correlation (Bortz & Doéring, 2016; Cohen, 1988).

Figure 9 shows the time required for the exercises on the X-axis, and the achieved scores in percent on the Y-
axis. The two groups are similarly distributed, although there are two Idl readers who clearly spent less time
and solved fewer tasks correctly than others. Most students finished the last task between minute 20 and
minute 30. The graph also shows that children who took at least 40 minutes solved at least 80 percent of the
tasks correctly.

100 o o oo e

L4 .. L] (] L] L]
90 ) L
L] °
L] L]
o 80 ° °
o °
8 70 e
% ° e ©
2 60
g
2 50
S
2 40
g
3 30
8
o
e 20 1dl
10 @ hdl
0
0,00 10,00 20,00 30,00 40,00 50,00 60,00

Time in minutes

Figure 9: Required time and percentage of perceived scores
6. Discussion

The screencast analysis conducted on one project RegioDiff text (about the city of Graz) provides hints on how
the digital learning environment can be adapted so that students of the two reading levels can work together
on the materials. The construct task performance was used to compare the work of the below-average readers
(the Idl group) with that of those with high reading skills (the hdl group). Task performance consisted of three
categories, namely, processing time, response accuracy, and task engagement. The group comparisons
showed that the groups did not differ significantly in terms of total processing time spent in the digital learning
environment. In general, this thus supports the belief that the material facilitates inclusive lessons where all
children learn about the same topic in a similar amount of time, albeit with materials fitting their own reading
level. However, there were differences between the groups on specific tasks. The biggest difference in
processing time was in Task 5, in which an information box on a Graz landmark had to be created. The Idl
readers had to write two sentences and the hdl readers five sentences. It is thus understandable that IdI
students completed the task faster. In order to equalize the time needed to complete the task, the number of
sentences required for the Idl group could therefore be increased to three. A similar solution could be
arranged for Task 4 (cloze text). By adding a sentence to the Idl cloze text, the two groups could perhaps work
on the exercise for approximately the same amount of time.
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The fact that students in both groups showed the same response accuracy shows that the difficulty level of the
tasks was matched to the students’ needs in the respective groups. On average, participant task accuracy was
between 76% and 97%. Thus, according to Klieme et al. (2010), it can be concluded that the tasks were not too
difficult, and that self-directed reading was successful. The most difficult exercise was Task 7. Nevertheless,
76.63% (Idl) and 84.14% (hdl) of the participants were able to solve it correctly.

For task engagement, which represents the response behaviour, it can be concluded that the students in hdl
were slightly more engaged and were thus able to solve the tasks more independently compared to Idl
readers. One of the reasons for the lower task engagement of weaker readers could be a lack of reading
motivation (Briigelmann, 2020). It might be possible to compensate for this by adding more motivational
elements to the digital learning environment. The task settings could also be specifically adapted to address
the Idl readers, for example, in Task 2. In this task, students had to write down the names of districts of Graz
that begin with a G. During the evaluation, we noticed that many children clicked on "submit" in this exercise
without actually solving the task. To simplify solving the task, the district map of Graz, which was originally
placed beside the text, could also be added to the task itself. Adding the possibility for students to change the
font and the font size, as Bosse (2017) suggests, could also be introduced. This would make the learning
environment even more individualized. Additional elements could also be added to stimulate task completion
among the less motivated students, e.g., by providing direct feedback through star ratings (Griinberger, 2014).

The correlations found between task engagement and response accuracy showed that response behaviour and
scores achieved were related. As children who do not engage in a task, or solve it only incompletely, receive no
or few points, such correlation is to be expected. As task engagement correlated highly with score
achievement and moderately with processing time, it can be concluded that hdl readers needed slightly more
time, but scored higher than Idl readers. Fadljevi¢ et al. (2020) also concluded that more points were achieved
when learners spent more time on a task. However, using RegioDiff as an example, it is difficult to say whether
the shorter processing time is due to low task engagement or to the given level of the task or text (text length,
complexity). How long students spend on a text and its corresponding task always depends on individual
characteristics (interest, motivation, prior knowledge). Therefore, the level of cognitive activity or task
engagement cannot always be inferred from the measured time (Christmann, 2002).

Task performance was deliberately operationalized in this paper to capture several characteristics that might
be important in assessing student interaction with the learning environment. Distinguishing between
processing time, answer accuracy, and task engagement, made it possible to identify several characteristics
that are significant in such interaction. Adding further (assessment) categories is likely to provide even more
insight. For example, Ozuru et al. (2007) found that accessing the text during the reading task resulted in less
activation of prior knowledge. Schaffner and Schiefele (2013) reached a similar conclusion when they found
that children scored lower on reading comprehension checks when they were able to read up on the text.
Despite this, in RegioDiff, the decision was made to allow access to the text. In this way, the children have the
opportunity to look up passages in the text if they are unclear or while working on the reading tasks. Clicking
back to the text was noted in the evaluation, but not considered further in the construct task performance. A
more detailed consideration of this aspect would be interesting in more in-depth research.
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