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In Finnish primary schools, teachers’ pedagogical freedom and varying digital skills influ-
ence the use of technology in classrooms *. Furthermore, conflicting research evidence creates
uncertainty when choosing digital devices and learning environments at the municipal, school
and classroom level . Researchers have reported on both the disadvantages but also on the
benefits of the use of digital devices for children and young people’s development; the focus on
communicating with friends while doing homework is detrimental to concentration, but the
use of well-designed digital materials in education promotes the learning of new knowledge
and skills °. As citizenship and participation in everyday life and work now require the use of
technology, it is important to study the impact of digitalisation on young people’s learning,
learning outcomes and learning situations in schools. Studying the impact is difficult due to
the multiple interconnected phenomena, but the DigiVOO research project addressed this
challenge by applying a variety of research designs and related empirical data within the same
large-scale project. The research groups from the Universities of Tampere and Helsinki carried
out this study on the impact of digitalisation on learning situations, learning, and learning
outcomes of lower secondary school students on assignment from the Ministry of Education
and Culture.

This summary report about the DigiVOO initial results first presents the data collected for
and utilised in the study (see Tables 1 and 2) and then answers the research questions set for
the project in the original assignment. The summary concludes with a set of findings and
recommendations (pages 17-23). The research findings and the underlying analyses will be
published in detail in a subsequent, larger peer-reviewed research report.

The digitalisation of education refers not only to the integration of technology in classrooms
but also to a change in pedagogical practices *. Since the current Core Curriculum for Basic
Education 2014 emphasises the active role of the learner themself in the learning process *,
this study looked at the implementation of digitalisation from the perspective of the learn-
er’s agency. A student is an active agent when, with the support of the teacher, he or she sets
goals, regulates his or her own learning and monitors his or her progress by solving problems
in collaboration with others ¢. The sub-studies of our research project provided preliminary
indications that students’ active agency, i.e., working towards self-imposed goals, was rarely
supported when using digital devices and environments. Thus, although technology is part
of every school day and seems to have been integrated into classrooms quite effectively, no
change in pedagogy was observed in this study. The question is whether digital devices and
environments are being used to their full potential in schools. In the future, in-service train-
ing for teachers should focus on how to improve the use of digital technologies. Furthermore,
if change is considered important, more research is needed on how to utilise technology in a
student-centred way.

Sanna Oinas, Risto Hotulainen & Mari-Pauliina Vainikainen
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The nationally representative longitudinal
study

The initial sample for the national follow-up
survey for the 2021-2022 school year included
15562 pupils from 146 schools. The sample was
randomly stratified by Statistics Finland to en-
sure representativeness by region, type of mu-
nicipality and school size. Schools were divided
into three groups, with participation of either
seventh, eighth or ninth grade pupils. The as-
sessment covered all pupils in the school in the
relevant grade level. In the 2021 autumn semes-
ter, 83 schools with 7745 pupils took part in the
assessment. Although the data loss was quite
large, the data were still well representative of
the different regions of Finland and school types.
The relative proportions of pupils from different
backgrounds in the data were well in line with the
statistics for the country as a whole. Pupils com-
pleted a 90-minute assessment battery contain-
ing a wide range of different competency tasks
(mother tongue and mathematics as defined in
the curriculum, programming, interactive prob-
lem solving, multiliteracy and adaptive mathe-
matical thinking) and questionnaires measuring
attitudes and beliefs. In addition, the data cover
the assessment log data recorded during the as-
sessment period.

The next data collection took place in Janu-
ary-February 2022. The second measurement
was only one lesson long, during which students
completed a shortened set of tasks. The final as-
sessment was carried out in May 2022, with a
90-minute assessment battery, which was very
similar to the initial measurement. Slightly fewer
students participated in the final measurement
than in the previous measurements, but the cov-
erage of the data remained good. The autumn
and spring assessments also comprised teacher
surveys that were carried out in the participating
schools.
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The intensive data used in the DigiVOO study

In one of the target schools of the intensive study,
mobile surveys were conducted after each lesson
for a period of five full school days, plus the day
when the survey was introduced in classrooms
during the morning lessons. The surveys in-
cluded questions measuring the digital nature
of the lesson, motivation and group dynamics.
In this school, all pupils of secondary school age
(n=247) were invited to take part in the survey,
which ultimately involved 118 pupils from dif-
ferent grade levels. The data was collected with
pupils’ own smartphones using the m-Path ap-
plication. Lesson surveys were administered at
the end of each lesson and an open-ended survey
was available for half an hour (15 minutes be-
fore and after the lesson). The questionnaire was
individually targeted according to the student’s
own timetable and different students therefore
received a different number of questionnaires to
complete. During the survey period, a total of
1488 responses were received, i.e., an average of
around 13 responses per pupil.

In the three schools, the intensive study involved
large-scale interviews (N=23 + 19 + 18 pupils)
and observations (8 + 7 + 6 pupils). In two of the
schools, the study also included a digital literacy
test taken by the pupils (N=413).



The DigiVOO study used a wide range of assessment data. Some of the data
were collected for the DigiVOO project during the 2021-2022 academic year. In
addition to the new data, a number of previous assessment data were utilised,
which allowed the analysis to be extended to include back to the beginning of the

millennium.

TABLE 1. Data collected during the DigiVOO study in 2021-2022

I: Nationally representative
longitudinal study

Il: Teacher survey

11l: Mobile surveys

IV: Digital literacy test

V: Observational and
interview data

Participants

Originally 7745 7th to 9th
graders from 83 schools
around Finland in October
2021, February 2022 and
May 2022

944 teachers from 72
schools participating in the
national longitudinal study

in autumn 2021, and 303
teachers from 56 schools in
spring 2022

118 students

413 pupils

21 lessons in three lower
secondary schools.
Altogether 50 7th and 8th
grade pupils participated.

What was studied?

Pupils’ competences in
mathematics, language of
instruction and problem
solving; pupils’ conceptions
of learning, themselves as
users of digital technology,
and the use of digital
technology in schools

The connections of
teachers’ background and
subjects taught with the
utilisation of digital
technology in teaching

The effects of
digitalisation on pupils’
experiences of individual
lessons and how
digitalisation influences
the group dynamics of
learning situations

Pupils’ competences in the
different areas of digital
literacy and critical thinking

How digital technology was
utilised in lessons. Pupils
were interviewed about their
conceptions on learning in
digital environments.

Data used in

substudy

Substudies 2-5 and 7-12
(pages 16-20)

Substudy 1 (page 16)

Substudy 13 (page 21)

Substudy 15 (page 22)

Substudy 14 (page 21)
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Learning to learn assessment data

The DigiVOO project utilised the national 9th
grade learning to learn assessment data from
2001 and 2012. In addition to cognitive tasks
and belief questionnaires, the assessments in-
cluded questions on students’ use of computers
and the internet. In addition, these assessments
included experimental parts to test the impact of
the assessment method on students’ test perfor-
mance. In 2001, the sample included 82 schools
whose ninth graders (N=8765) participated in
the assessment. In 2012, the sample consisted
of 82 schools with 9th graders (N=7800) taking
the assessment. Of the schools participating in
the 2012 spring evaluation, 74 were the same
as in 2001. In both years of the study, about
half of the participants completed the tasks in
a printed exercise book and half using a com-
puter. The analyses in this chapter include only
those pupils who used the 2001 version of the
assessment battery, as the new 2012 version did
not include the questions on the use of digital
technology.
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PISA data

The project used data from all rounds of the
PISA assessments (2000-2018) in Finland. As
the main focus was on the 2018 data, the other
data were also examined from the perspective
of reading literacy, which was the main assess-
ment area in 2018. Previously, reading literacy
had been the main assessment area in 2000 and
2009. The analyses included 5649 students from
2018, 5882 from 2015, 8829 from 2012, 5810
from 2009, 4714 from 2006, 5796 from 2003
and 4864 from 2000. The data are described in
more detail in the Finnish first results (Arinen &
Karjalainen 2007; Kupari et al. 2004; Kupari et
al. 2013; Leino et al. 2019; Sulkunen et al. 2010;
Vettenranta et al. 2016; Vilijarvi et al. 2001). In
the present study, the data were used not only
for literacy outcomes but also for the use of dig-
ital literacy in a variety of contexts as measured
in the ICT surveys. The PISA 2018 data also
included information about the intensified or
special support received by pupils, collected as a
national option for the first time.



TABLE 2. Existing data utilised in the DigiVOO study

PISA data from all
assessment cycles in
2000-2018

VII: National 9th grade
learning to learn
assessments
2001 and 2012

VII: Pupil survey data on
remote learning during
COoVID-19

Participants

Number of
pupils per year
2018: N = 5649
2015:N =5882
2012:N =8 829
2009:N =5810
2006:N=4714
2003: N = 5796
2000: N = 4 864

Number of
pupils per year
2012: N =7 800
2001: N =8765

Number of
pupils per year
2020: 1615
2021:1136

What was studied?

How digital learning in
schools is related to
reading literacy in
different points of time

How pupils’ earlier
experiences in using digital
environments predicted their
performance on digital
assessments compared to
paper-based assessments
when digitalisation was still
rarely used in schools.

How the level of
digitalisation of schools
during 7th and 8th grade
predicted pupils’ learning

outcomes in 9th grade

Data used in

substudy

Substudy 6 (page 18)

Intermediate report of the
DigiVOO-study:

PDF

Intermediate report of the
DigiVOO-study:

PDF
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https://trepo.tuni.fi/bitstream/handle/10024/138448/978-952-03-2377-6.pdf
https://trepo.tuni.fi/bitstream/handle/10024/138448/978-952-03-2377-6.pdf

MAIN FINDINGS

Digital technology is so far rarely used in Finnish lower seconda-
ry schools. The use is rather one-sided, focusing on information
retrieval, editing and storage. Pupils are rarely active agents in
lessons utilising digital technology.

Pupils receiving intensive or special support, pupils with an im-
migrant background, and lower achievers report using digital te-
chnology at school more often than other pupils. There appears
to be a negative correlation between digital technology use and
learning outcomes, but this relationship is largely explained by
the use of digital devices for differentiation. However, the study
shows that digitalisation does not impair learning results.

Digitalisation enables the differentiation of learning and assess-
ment in novel ways compared to when traditional materials are
used. This can increase pupils’ motivation and engagement in
learning situations. Task environments can be designed to provi-
de the right level of challenge for each pupil, with tasks becoming
easier or harder according to ability. An adaptive environment
helps not only those who need support, but also those who are
progressing more quickly. In addition, pupils can be provided with
individualised feedback on their learning in a way that supports
the learning process.

-research project
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THE EFFECTS OF
DIGITALISATION ON
LEARNING SITUATIONS

school subjects?

During the project, the impact of digitalisation
on learning situations was investigated in four
different sub-studies using five different types of
data. Based on a survey of teachers (N=944) and
lesson observations (N=21), teachers very rarely
made pupils active users of digital technologies.
In the teacher survey, teachers considered that
digital technologies requiring basic digital skills -
such as multimedia presentations by pupils - were
only used in class about once a month. In par-
ticular, teachers’ confidence in their own digital
skills predicted the use. Finnish language teach-
ers were more likely than other teachers to use
basic digital technologies. Digital technologies
requiring advanced skills were very rarely used
in schools. Advanced use was strongly predicted
by teachers’ confidence in their own digital skills.
Mathematics teachers were the most likely to use
advanced digital technologies in their teaching.
Teachers” responses thus reflected the fact that
programming is part of the objectives of the 2014
Core Curriculum in mathematics.

The data show that digital technology is used in
schools to complete pre-structured tasks. In the

8 -research project

What are the learning situations utilising digital
technology and how are they different from other
learning situations?

How are the group dynamics in digital learning
situations and how are they different from other
teaching situations?

How is digital technology utilised in different

interviews, pupils (N=50) expressed their wish
for tasks that would allow them to produce con-
tent based on their ideas and creativity. Based on
the observations, digitally delivered learning sit-
uations most often involved a digital presentation
or a task where the pupil saved a photograph or a
photocopy in an online environment. This means
that technology was used in an instrumental way
without any change in pedagogy. Gamified learn-
ing situations implemented digitally were used as
breaks between other learning activities.

Based on the mobile survey data, the digital de-
livery of the lesson explained some of the motiva-
tion and group dynamics of the pupils (N=118)
and the effects were mostly positive. Digitalisa-
tion of the lesson increased interest in mathe-
matics and in mother tongue as well as increased
pupils’ effort. In contrast, in physics and English
digital delivery of the lesson was associated with
lower levels of effort in the lesson.

However, on average, lower secondary school
pupils’ ratings of their own interest and effort in
different subjects were quite high. Furthermore,



when looking at the national longitudinal data
(N =7000), a link was found between digitally de-
livered learning situations and social inclusion.
The practice of basic digital skills in lessons was
positively associated with pupils’ self-concept as
digital technology users and positively reflected
their perceived social inclusion. However, for pu-
pils with special needs, advanced use of digital
technologies was also associated with experienc-
es of loneliness and exclusion. The results suggest
that digitally-enhanced learning situations may
benefit some pupils in terms of motivation and
experiences of belonging to a group but may also
harm others with the opposite experiences.

In addition, differences in benefits were also
found by subject. The impact of digitalisation
on learning situations is therefore not clear. Like
everything else in school, the use of digital devic-
es and environments in teaching requires teach-
ers to use pedagogical judgement, to know their
pupils and to understand when and how to use
technology. With technology now ubiquitous in
everyday life, it is important to remember that
digitalisation is reflected in learning situations

and group dynamics in an uncontrolled way, in-
cluding pupils’ phones. In the interviews, pupils
(N=50) reported that they were following so-
cial networking sites and communicating with
friends, especially in lessons where phones were
allowed to be used. Partly for this reason, they
considered digital interaction and privacy skills
to be the most important skills for the future.
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THE EFFECTS OF
DIGITALISATION ON LEARNING

needs?

The effect of digitalisation on learning was exam-
ined by building a learning environment utilising
learning analytics. The environment included
interactive and game-based tasks to explore the
development of problem-solving and program-
ming skills, as well as adaptive tasks to support
the development of mathematical thinking. In the
mathematical reasoning tasks, pupils (N=4000)
had the opportunity to check their solutions,
which was thought to help them develop their
reasoning. In addition, the potential of digitalisa-
tion was exploited in all tasks by providing per-
sonalised, real-time feedback on progress to both
pupils and teachers. The aim was to investigate
whether pupils’ skills in mathematics and prob-
lem solving develop over the academic year to
draw conclusions about digital approaches, learn-
ing environments and materials for learning. In-
vestigating the usefulness of digital learning en-
vironments and materials is important because
it is known that not all digital materials support
learning. For example, some of the materials in
digital learning environments commonly used
by schools are built in such a way that little use
is made of research on the effects of feedback on
learning.

10 -research project

What kinds of effects do digital practices, learning
environments, learning products and learning
materials have on learning and how are they
different from other learning?

How does digitalisation influence the learning
of particular pupil subgroups and their support

What kind of competence needs has digitalisation
created for pupils and teachers?

The results showed that not all pupils were in-
terested in completing digital learning tasks on
a voluntary basis, with around one in five pupils
showing little interest in completing the tasks,
according to the response times recorded in the
log data. When looking at those pupils who did
engage with the digital features of the tasks, posi-
tive improvements were observed in mathemati-
cal reasoning skills (Figure 1) and in the curricu-
lum-based mother tongue tasks. It was also found
that adaptive tasks in particular enabled pupils
to perform above age-specific expectations. The
possibility to check the solution to the task im-
proved pupils’ performance. The more often a pu-
pil checked the task, the stronger the development
of mathematical thinking. It was also found that
ninth-grade boys performed best on mathemati-
cal reasoning tasks. Knowing that pupils progress
at very different rates in the classroom, a well-de-
signed digital task environment can support pu-
pils’ individual progress and provide progressive
challenges for pupils who are further along in
their learning. In the future, it would therefore be
important to focus on developing a range of dig-
ital environments that support thinking and pro-
vide appropriate challenges for pupils learning at



different paces.

Regarding problem solving, it was found that pu-
pils had adopted different strategies to solve prob-
lems such as finding suitable growing conditions
for plants or writing a graphical code to program
a robot. In a digital environment, both systemat-
ic exploration and experimentation through trial
and error make it possible to find a solution to
a problem, which may support the ability of dif-
ferent learners to develop their problem-solving
skills. However, recognising that real-life prob-
lems may not always be best approached with a
trial-and-error strategy, it would be important for
schools to pay attention to developing systemat-
ic thinking. With the proliferation of digital en-
vironments, there is a risk that a strategy based
on unsystematic exploration will become more
common and systematic thinking, which requires
perseverance, will become less common if no at-
tention is paid to training thinking skills.

The impact of digital devices and environments
on learning was also studied in interviews with
secondary school pupils. In all schools (N=3),
pupils (N=50) agreed that they prefer to write us-
ing a computer rather than pen and paper, but for
reading, they prefer paper books.

Knowing that pupils progress

at very different rates in the
classroom, a well-designed
digital task environment can
support pupils’ individual
progress and provide progressive
challenges for pupils who are
further along in their learning. In
the future, it would therefore be
important to focus on developing
a range of digital environments
that support thinking and provide
appropriate challenges for pupils
learning at different paces.

Pupils’ scores on the mathematical thinking task, in which it was
possible to utilise digital feedback and check the correct answers.

B 1st measurement

AVERAGE SCORE
N w N o o ~ )
o =] <} o =3 =} =}
S S <} <} S S s}

-
o
[S]

all boys boys utilising

digitalisation

all girls girls utilising all girls

digitalisation

7th grade

M 2nd measurement

girls utilising
digitalisation

m 3rd measurement

all boys boys utilising

digitalisation

all girls girls utilising

digitalisation

all boys boys utilising

digitalisation

8th grade 9th grade

FIGURE 1: Pupils’ scores on the mathematical thinking skills task. The figure shows the scores of all
pupils and separately of those who utilised the opportunity to get feedback and check their answers

in real time.

-research project | 11



THE EFFECTS OF DIGITALISATION
ON LEARNING OUTCOMES

What kinds of effects do digital practices, learning

motivation?

The arrival of digital devices in schools has
sometimes been blamed for the decline in
young Finns’ assessment results since 2006. In
this study both the DigiVOO data and the PISA
data show that the use of digital devices is nega-
tively related to skills at the individual level, but
that an unequivocal causal link between digital
devices and skills cannot be demonstrated. The
phenomenon is multidimensional and can also
be caused by multiple independent phenomena
coinciding in time.

In the curriculum-based tasks in mother
tongue and mathematics in the DigiVOO data,
it was found that there was a statistically sig-
nificant difference between the scores of sev-
enth, eighth and ninth graders in both mother
tongue and mathematics in the initial autumn
measurement. In mother tongue, seventh and
eighth graders showed a statistically significant
increase in proficiency over the course of the
school year, with no further difference between
the groups at the end of the spring measurement
(Figure 2). However, in the ninth grade, profi-
ciency in both mother tongue and mathematics
declined from the initial to the final measure-
ment, probably due to a lack of effort on tasks in
the May assessment. In mathematics, there was
no statistically significant change in the perfor-
mance of seventh or eighth graders at the level
of the whole data set, but a gendered analysis
showed an improvement in the performance of

12 -research project

environments, learning products and learning
materials have on learning outcomes and how are
they different from other learning?

What kinds of effects does digitalisation have
on the commitment to learning situations and

eighth grade girls during the follow-up period.
In mathematics, the scores of ninth-grade boys
were statistically significantly higher than all
other groups at the initial measurement in the
autumn, but the difference disappeared when
scores declined in the spring. In mathematics,
the scores of ninth-grade girls also declined
during follow up. In contrast, in mother tongue,
where the gender gap in favour of girls was quite
large, the decline in proficiency was statistically
significant only for boys, while girls’ proficiency
remained unchanged over the school year.

In mathematics, the differences between
schools were quite small, with school explain-
ing only 1-4% of the variance depending on
grade level and time point. In mother tongue
in the eighth grade, school explained up to 7%
of the variation in scores at baseline, but other-
wise differences between schools were small. In
both mother tongue and mathematics, the use
of basic digital technologies was quite strongly
negatively related to proficiency at school level,
especially at baseline, i.e., digital technologies
were used more in schools with lower initial
proficiency levels (Figure 3). In mother tongue,
the negative association was still observed in the
spring, while in mathematics it was no longer
evident at the school level. The effects in moth-
er tongue also weakened after taking into ac-
count pupils’ background and grade level, and
this may be partly explained by the fact that in



Mother tongue

Mathematics

Problem-solving

100,00 100,00 100,00
80,00 80,00 80,00
60,00 p— 60,00 60,00 —
T —
pr—
40,00 40,00 40,00
20,00 20,00 20,00
0,00 0,00 0,00
Autumn Spring Autumn Spring Autumn Spring
e Oth grade e Oth grade e 9th grade
e 8th grade e 8th grade e 8th grade
= 7th grade e 7th grade e 7th grade
FIGURE 2: The development of performance in mother tongue, mathematics and problem-solving

tasks during an academic year in the 7th, 8th and 9th grade. The figure displays percentages of
correctly solved items.

the seventh grade, where proficiency was slightly
lower, digital literacy was used more than in the
other grades. For advanced digital technology,
the effects were similar but less pronounced, and

The results thus confirm the interpretations made
in the other sub-studies that digital technology
seems to be used in schools primarily for support
and differentiation and it is not at the expense of

the school-level associations disappeared entirely

after accounting for background in both mother
tongue and mathematics.

learning outcomes.

FIGURE 3: The use of digital technology as a predictor of performance in mother tongue and mathe-

matics during one academic year.

Individual level | School level
Mother tongue/ 67***/I65**Mothermngue/ Mother tongue/ Isa***/ITG*,*Mcthertongue/
mathematics in » mathematics in mathematics in * mathematics in
the autumn the spring the autumn the spring
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*.15'!*.12*** C10FEE) _pgEEE *.29*%*.41*** *.38***/ ns
|
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Basic level Basic level Basic level Basic level
digitalisation in + digitalisation in digitalisation in » digitalisation in
the autumn  -35%%%/.36™1"  the spring the autumn 67 /. 73%9%  the spring
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2 419k - 11%ER)10%% -47%*/ns
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Performance in mother tongue and mathematics

100,00
90,00
80,00
70,00
60,00
50,00

Native pupils 1st generation 2nd generation

Immigrant background

B Mother tongue

2,5th No support
generation

40,00
30,00
20,00
10,00

0,00

Intensified
support

Special support

Educational support

B Mathematics

FIGURE 4: Background-related differences in learning outcomes. 1st generation immigrants are child-
ren of non-native parents born outside of Finland. 2nd generation immigrants are children of non-na-
tive parents born in Finland. 2,56th generation immigrants are born in Finland, but one of their parents

is non-native.

Other sub-studies using the same data clearly
show that pupils with intensified or special sup-
port needs and those with an immigrant back-
ground report using more digital technology at
school (Figure 5). For pupils receiving intensi-
fied or special support, there was a negative cor-
relation between the use of digital technology
in school and performance on tasks in mother
tongue and mathematics, i.e., also within these
groups, digital technology seemed to be targeted
most at pupils with lower levels of proficiency.
For pupils with an immigrant background, the
use of digital technology in school was not asso-
ciated with performance in mathematics. Anal-
yses of PISA data show that, in addition to pupils
who received support, pupils who performed
worse on the reading literacy assessment also re-
ported using more digital technology at school.
The PISA data show a negative association be-
tween reading literacy and digital technology
use in school for all pupils, although the associ-
ation was strongest for pupils receiving special
support. On average, lower achievers and pupils
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receiving intensified or special support reported
using digital technologies more often at school,
which may partly explain the negative associ-
ations observed. However, this phenomenon
requires further research to draw reliable con-
clusions. The results suggest that digital learning
materials are being used to differentiate instruc-
tion for pupils with special needs and for pupils
who do not speak the language of instruction in
their home language. The results raise the ques-
tion of how planned and teacher-pupil-centred
the use of digital technologies in schools is and,
on the other hand, whether digital materials are
used to carry out school tasks or whether they
are used alongside school tasks.

The use of digital technology in education was
also slightly negatively related to pupils’ profi-
ciency in interactive problem-solving tasks at
the individual level and more strongly at the
school level in both the autumn and spring as-
sessments. Differences were particularly clear at
baseline, i.e., again, digital technology seemed



Utilisation of digital technology in schools

0,70
0,60
0,50
0,40

-0,10
-0,20

-0,30

1st generation 2nd generation
Immigrant background

M Basic level of digitalisation

2,5th generation Intensified support

0,30

0,20

0,10 l
0,00 — e -

Special support

Educational support

W Advanced level of digitalisation

FIGURE 5: Background-related differences in the utilisation of digital technology in schools.

to be used more in schools with lower baseline
skills. At the individual level, digital technolo-
gy was targeted at pupils with support needs or
with an immigrant background, and this again
largely explained the negative association be-
tween advanced digital technology use and
proficiency in problem-solving tasks. However,
regarding the use of basic digital technology,
taking into account pupils’ background did not
explain the findings. The results of the follow-up
study suggest that the use of digital technology
does not undermine pupils’ learning outcomes
in problem-solving tasks but is primarily a mat-
ter of increased utilisation of digital technology
with pupils who experience different challenges
in their learning.

The previous learning to learn assessment data
also showed that the link between digitalisation
and learning outcomes has never been straight-
forward. In the assessments carried out in the
early 2000s, the overall performance on the on-
line version of the test was lower than when the

assessment was carried out on paper, but this
may be partly explained by the technology in use
at the time - the differences between online and
paper versions levelled out over the next decade.
However, already at the beginning of the mil-
lennium, it was found that pupils’ experiences
of digitalisation had an impact on their perfor-
mance on digital assessment tasks. In the early
digital assessments, pupils’ experience of using
digital technology positively explained their test
scores on the online test, while for pupils who
took the paper test, the use of digital technology
did not significantly predict test scores. Thus, it
can be concluded that in the early 2000s, pupils’
use of digital technology facilitated their tran-
sition to online assessments and perhaps facil-
itated test-taking, giving pupils an additional
advantage over others, especially when the in-
terfaces of assessment platforms were still quite
modest at the beginning of the millennium.
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PART 1 - LOWER SECONDARY SCHOOL
PUPILS AS DIGITAL TECHNOLOGY USERS

Teachers reported infrequent
use of digital technology in their
teaching. They also very rarely in-
volved pupils as active users of dig-
ital technologies. Digital technologies requiring
basic skills were only used in class about once
a month. In particular, teachers” confidence in
their own digital skills predicted the use, and
Finnish language teachers used basic digital
technology more than other teachers. Digital
technologies requiring advanced skills were
used significantly less — almost not at all. Ad-
vanced use was also strongly predicted by the
teacher’s high digital self-efficacy, and math-
ematic teachers reported more use than other
teachers. Various digital literacy projects and
curriculum changes have guided teachers to use
digital technologies in their teaching but com-
pleting the “digileap” would require supporting
teachers’ own digital skills, in-service training
and conducting research on learning process-
es supported by digital technologies. (Joona
Halinen, Oskari Schoning & Faruk Nazeri)

Completing the “digileap” would
require supporting teachers’ own
digital skills, in-service training and
conducting research on learning
processes supported by digital
technologies.
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On average, lower secondary
school pupils’ perceptions of their
digital literacy were quite positive,
but the evaluations declined slight-
ly both from one grade to the next and over the
course of the school year. A small number of
pupils reported anxiety about digital technol-
ogy, so reinforcing basic digital skills at school
could help reduce anxiety. On the positive side,
the use of technologies requiring advanced
digital skills increased slightly from autumn
to spring, meaning that during the school year
some pupils were able to try out things like pro-
gramming or 3D modelling. The development
of digital literacy can be compared to the de-
velopment of reading skills, for example. When
pupils learn to form words from letters, they
need practice and adult guidance to achieve the
literacy skills needed to learn. Similarly, pupils
who appear to be coping with their digital de-
vices will benefit from practice and guidance to
become ready for future digital literacy. (Risto
Hotulainen & Sanna Oinas)

The development of digital literacy
can be compared to the development
of reading skills, for example. When
pupils learn to form words from
letters, they need practice and adult
guidance to achieve the literacy
skills needed to learn. Similarly,
pupils who appear to be coping with
their digital devices will benefit from
practice and guidance to become
ready for future digital literacy.



Lower secondary school pupils (N ~7000) as digital technology users

Sharing a file, writing text, using the Internet and email
Digital safety

Preparing multimedia presentations

Basic skills

Playing educational games

Sharing one’s knowledge with others
Programming

3D drawing and modelling

Blogging

Creating digital games

Advanced skills

Robotics and maker culture

Getting familiar with AR/VR technologies

80 %
Weekly

90% 100%

M Daily

40 %
M A couple of times a year

50 % 60 % 70 %

® Monthly

0%
H Never

10% 20% 30%

FIGURE 6. The pupils were asked to evaluate how often they had practiced the abovementioned skills
in school. The questionnaire utilised the scale developed by Korhonen and colleagues (2020). The
pupils answered the questions on a 7-point scale, but for the purposes of this figure, values 3 (once
a month) and 4 (a couple of times a month) as well as 5 (once a week) and 6 (a couple of times a

week) were combined,

A small minority of pupils report-
ed very high digital stress, and just
over half of pupils experienced av-
erage stress in the spring. It would
be essential to identify the underlying causes of
the anxiety, stress and nervousness associated
with digital technology to support these pupils
and develop learning environments in the best
way possible. (Kukka-Maaria Polso)

The use of digital technology in
lessons and the digital self-con-
cept of the pupil are linked to the
social inclusion experienced by
pupils and, for pupils with support needs, to
feelings of loneliness. Digitalisation can there-
fore increase positive cooperation and a sense
of belonging between pupils, but it can also
produce feelings of exclusion, especially for pu-
pils receiving intensified or special support. The
results concluded that practising basic digital
technology skills in lessons should be seen as a
way of strengthening pupils’ sense of belonging
and social inclusion. (Sanna Vanhanen, Minna
Mikihonko & Mari-Pauliina Vainikainen)

It would be essential to identify the
underlying causes of the anxiety,
stress and nervousness associated
with digital technology to support
these pupils and develop learning
environments in the best way
possible.

Among lower secondary school
pupils with an immigrant back-
ground, the 1st generation (both
themselves and both their parents
were born outside of Finland) and the 2nd gen-
eration (themselves born in Finland, but both
their parents were born outside Finland) were
less successful than the majority population in
digital skills tasks in mathematics and Finnish.
Generation 2.5 pupils (themselves and one of
their parents born in Finland and the other
born elsewhere) performed the best on Finnish
language learning tasks, but slightly worse than
the majority population on mathematics tasks.
Pupils with an immigrant background reported
using digital technology more than the major-
ity population. Use of basic digital technology
in education predicted lower performance in
mathematics only for the majority popula-
tion, but the association was very weak. (Faruk
Nazeri & Mari-Pauliina Vainikainen)
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In all cycles of PISA, there was
a weak negative association be-
tween the use of digital technolo-
gy in schools and scores in reading
literacy at the level of the whole data set. When
looking at reading literacy by achievement lev-
els, the effects largely disappeared. The lowest
achievers and pupils with enhanced and special
support reported using more digital technolo-
gy at school. The results suggest that since the
beginning of the millennium, digital technolo-
gy has been used in schools for differentiation
and as a means of implementing support. (Ne-
stori Kilpi, Ninja Hienonen & Mari-Pauliina
Vainikainen)

When the association between ba-
sic and advanced digital technolo-
gy use and performance in moth-
er tongue and mathematics was
examined in relation to learning and school
support, it was found that the association was
negative in all groups, but it was the strongest
for pupils receiving special support. On aver-
age, pupils receiving support reported using
digital technology more at school and they also
tended to perform worse than other pupils in
cognitive tasks, which may partly explain the
negative associations found. This phenomenon
requires further research to draw reliable con-
clusions. It is important for schools to be aware
of how digital learning materials are being used
in schools when differentiating teaching for
pupils with support needs. (Ninja Hienonen &
Meri Lintuvuori)

It is important for schools to be
aware of how digital learning
materials are being used in schools
when differentiating teaching for
pupils with support needs.
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The amount of use of digital de-
vices or apps in lessons was not as-
sociated with pupils’ self-assessed
fatigue during school mornings or
days. The amount of digital use in lessons was
also not associated with pupils’ self-reported
sleep duration, bedtime, insufficient sleep or
poor sleep due to schoolwork. The study found
that sleep deprivation at night was associated
with the use of digital devices in the evening
for an unfortunately large number of lower sec-
ondary school pupils. (Laura Kortesoja & Ilona
Merikanto)



PART 2 - UTILISATION OF DIGITAL
LEARNING ENVIRONMENTS

Digitalisation enables the differentiation of learning and assessment in novel ways compared to when
traditional materials are used. Task environments can be designed to provide the right level of chal-
lenge for each pupil, with tasks becoming easier or harder according to ability. In addition, pupils can
be provided with individualised feedback on their learning in a way that supports the learning process.

Supporting the development of
mathematical thinking is possible
by developing task environments
that are adapted to the pupil’s level
of competence and in which pupils can follow
the progress of their learning to monitor their
progress and check the tasks they have solved.
The results showed that the more often pupils
checked their solutions, the more their mathe-
matical thinking developed over the course of
the school year. It was also found that ninth-
grade boys performed better on adaptive and
interactive mathematical thinking tasks than
their peers. Digital learning environments
should be designed in such a way that they sup-
port the learner’s cognitive development and
active participation. This requires that learning
environments are always designed based on a
scientific understanding of how pupils learn.
(Sanna Oinas, Mikko Asikainen & Mari-Pauli-
ina Vainikainen)

Digital learning environments
should be designed in such a way
that they support the learner's
cognitive development and active
participation. This requires that
learning environments are always
designed based on a scientific
understanding of how pupils learn.

Two tasks were used to measure
programming skills and compu-
tational thinking, code building
and debugging, and there was a
positive correlation between them. On aver-
age, lower secondary school pupils were quite
skilled at building code in a graphical envi-
ronment, but debugging code, which requires
deeper computational thinking, was more dif-
ficult. In the debugging tasks, all pupils bene-
fited from an increased number of attempts to
find the right code, while in the code building
tasks, skilled pupils solved the task quickly
without extra attempts based on trial and er-
ror. Boys were more skilled at code building,
but girls were more skilled at code correction.
It is important for schools to ensure all pupils
have equal possibilities to learn to think com-
putationally as part of their general education.
(Laura Nyman & Cristiana Mergianian)

It is important for schools to ensure
all pupils have equal possibilities

to learn to think computationally as
part of their general education.
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The use of digital technology in
school was slightly negatively re-
lated to pupils’ performance in
interactive problem-solving tasks
at the individual level and more strongly at
the school level in both the autumn and spring
assessments. The differences were particular-
ly clear at baseline, where digital technology
seems to be used more in schools with lower
baseline performance. At the individual level,
digital technology was targeted more than av-
erage at pupils receiving support and pupils
with an immigrant background, and this largely
explained the negative association between ad-
vanced digital technology use and proficiency
in problem-solving tasks. However, the pupils’
background did not explain the findings relat-
ed to the use of basic digital technology. The
results of the follow-up study suggest that the
use of digital technology does not undermine
pupils’ learning outcomes in problem-solving
tasks but is primarily a matter of targeting digi-
tal technology to pupils who experience differ-
ent challenges in their learning. (Mari-Pauliina
Vainikainen)

In the critical online reading tasks,

it was found that the more the pu-

pils’ (N=4000) prior understand-

ing of each topic matched that of
scientific knowledge, the better they performed
on tasks requiring verification and questioning
of reliability. There were no differences in the
skills of pupils at different grade levels. It seems,
therefore, that critical reading as part of more
general critical thinking skills and multiliteracy
is still developing at the lower secondary school
age and that content-specific knowledge plays
an important role in making interpretations.
Teaching reliability assessment should there-
fore be systematically invested in the teaching
of all school subjects throughout lower second-
ary school. (Carita Kiili, Reijo Kupiainen & An-
nika M Svedholm-Hékkinen)
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Critical reading as part of more
general critical thinking skills and
multiliteracy is still developing at
the lower secondary school age and
that content-specific knowledge
plays an important role in making
interpretations. Teaching reliability
assessment should therefore be
systematically invested in the
teaching of all school subjects
throughout lower secondary school.




PART 3 - UTILISATION OF DIGITAL
TECHNOLOGY DURING LESSONS

On average, lower secondary
school pupils’ ratings of their own
interest and effort in lessons in
different subjects were quite high.
The digital delivery of lessons explained some
of the motivation and group dynamics in the
lessons and these effects were largely positive.
Digital delivery of the lesson increased lesson
engagement in mathematics and in mother
tongue, and digital delivery of the lesson in-
creased pupils’ effort. In contrast, in physics
and English, digital delivery of the lesson re-
duced pupils’ engagement in the lesson. Using
digital devices and environments as part of the
lesson can increase pupil engagement and pos-
itive social interaction, and this should be tak-
en into account when planning lessons. (Satu
Koivuhovi, Natalija Gustavson & Mari-Pauliina
Vainikainen)

Using digital devices and
environments as part of the lesson
can increase pupil engagement and
positive social interaction, and this
should be taken into account when
planning lessons.

Based on lesson observations and
interviews, digital devices and en-
vironments were mostly used in
lessons to refresh knowledge. The
use of digital devices and applications to facil-
itate learning should be critically examined, as
pupils themselves often perceive the tasks of-
fered by the school as too easy. Pupils should be
offered opportunities for problem solving and
creative learning through digital tools rather
than surface-level processing of information,
as the use of easy and surface-level processing
technology sends the wrong message about the
potential of digital devices and environments
to support learning. Digital interaction skills
and personal safety online are topics that pupils
feel should be discussed more in schools. (San-
na Oinas & Risto Hotulainen)

Pupils should be offered
opportunities for problem solving
and creative learning through
digital tools rather than surface-
level processing of information, as
the use of easy and surface-level
processing technology sends the
wrong message about the potential
of digital devices and environments
to support learning.
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In light of the assessment criteria
of an internationally developed
digital literacy test, just over half
of Finnish lower secondary school
pupils ranked in the top third in information
retrieval skills. However, the test results sug-
gest that there is still considerable room for
improvement in pupils’ ability to manage, com-
bine, evaluate and create information. It is rec-
ommended for teachers to share information
with their colleagues on how to teach the differ-
ent aspects of digital literacy in order to facili-
tate the design and implementation of digital
learning situations. Producers of learning ma-
terials should develop a wider range of learning
materials to support digital literacy learning.
(Risto Hotulainen).

It is recommended for teachers

to share information with their
colleagues on how to teach the
different aspects of digital literacy
in order to facilitate the design and
implementation of digital learning
situations. Producers of learning
materials should develop a wider
range of learning materials to
support digital literacy learning.
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