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The effect of a teaching intervention on students’ online research skills
in lower secondary education

Tuulikki Alamettälä and Eero Sormunen.

Introduction. Information literacy skills are crucial in today’s world. But teaching these skills is
challenging and calls for new pedagogical approaches. This paper reports the results of a teaching
intervention designed by practicing teachers in a lower secondary school.
Method. A quasi-experimental pre-test/post-test design was used to investigate the effect of the
intervention. Students’ learning outcomes were measured in four component skills of online research:
search planning and query formulation, Web searching, critical evaluation, and argumentative use of
Web information.
Analysis. A mixed between-within subjects ANOVA (analysis of variance) was conducted to
investigate the impact of the intervention on students’ online research skills.
Results. The intervention group outperformed the control group in an online research performance
test. The intervention effect was most powerful among the students who were less active Web searchers
or social media users or among those with lower self-efficacy in online research. Surprisingly, the
students who had a positive attitude towards traditional teacher-centred learning improved their skills,
but the attitude towards independent online learning did not make a difference in learning outcomes.
Conclusions. Even individual teachers may draw inspiration and ideas from research-based
pedagogies, develop their professional practice effectively, and create effects in students.

Introduction

In today’s Internet-centred information environment, people need online research
skills to make sense of controversial issues typical of public debates and everyday
life. Online research skills refer to the competences of searching, evaluating, and
synthesising information on the Internet. In information sciences, these skills are
traditionally referred to as information literacy (Limberg et al. 2008; Kuhlthau et
al., 2015). In this paper, we focus solely on students’ work on the Web, and we call
these competences online research skills. This is in line with the conceptualisation
adopted in the study of online reading and comprehension (Leu et al., 2015).

Student-centred learning, including learning by searching, evaluating and
integrating information from multiple sources, has become a common practice in
schools (Alexandersson and Limberg, 2012; Lundh, 2011; Rouet and Britt, 2011).
Yet, recent research shows that students’ skills are underdeveloped (Kaarakainen et
al., 2018; Coiro et al., 2015; Kiili and Leu, 2019). Students’ and teachers’ blind trust
in the search engines and their unawareness of the biases caused by the search
algorithms are also fundamental aspects of the problem (Haider and Sundin, 2019;
Sundin and Carlsson, 2016). All in all, we are talking about a complex set of skills
that is not easy to acquire (Brand-Gruwel et al., 2005).

Teaching online skills is a challenge for teachers. Information literacy (including
online research skills) earns little explicit attention in teacher education (Duke and
Ward, 2009; Tanni, 2013). Practicing teachers are uncertain about effective
teaching practices (e.g., Colwell et al., 2013). Studies suggest that information
literacy instruction is often weakly designed and technically oriented, and it leaves
the learning process without sufficient attention (Limberg et al., 2008). However,
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some studies show that there are individual teachers who actively develop their
professional practice in information literacy instruction (Sormunen and
Alamettälä, 2014).

Research-based pedagogical models have been developed for information literacy
instruction in library and information science. Guided inquiry design is one of the
most established frameworks (Kuhlthau et al., 2015). This framework is based on
extensive studies of students learning through research assignments. It provides a
framework to help schools develop their curricula and detailed guidelines for
teachers to guide students through the inquiry process. It is grounded in the idea
that information literacy is developed by training information practices in a
collaborative inquiry process. In the process, the teacher identifies the crucial
points at which students need support and offers targeted guidance. (Kuhlthau et
al., 2015)

Although novel pedagogical frameworks have been developed, it is not easy for an
individual teacher or teacher team to implement them in the classroom. The
suggested models, for example guided inquiry design, assume that the renewal of
the pedagogical practice is a school-wide process. Overall, we have little research-
based evidence of the effects of novel pedagogies in online research. Some
researcher-designed teaching interventions, especially those that are curriculum-
embedded, have been shown to be helpful for students (Macedo-Rouet et al., 2013;
Chu et al., 2011). However, we lack studies in which a pioneering teacher or teacher
team designs an intervention to improve their professional practice of teaching
online research skills. Another problem is that most studies deal with short-term
interventions in which a reliable measurement of development in complex
competences is difficult. Studies on the long-term effects of teaching interventions
on online research skills are urgently needed (Bråten et al., 2011).

This study aims to fill the gap in research regarding teacher-designed interventions
to develop students’ online research skills. In a previous paper (Alamettälä and
Sormunen, 2018), we reported how teachers designed and experienced a teaching
intervention informed by guided inquiry design. We have also reported the effect of
the intervention on students’ self-efficacy and attitudes (Alamettälä et al., 2019). In
the present study, the goal is to show its effect on students’ online research skills.
We are also interested in seeing how students’ success in the pre-test, information
and communication technologies activity, self-efficacy beliefs and behavioural
intentions in online research, attitudes towards learning and sex predict their
learning outcomes in the intervention.

We build our study on the constructive approach to learning (Phillips, 2000). In
this theoretical framework, the student is seen as an active participant in the
learning process, actively creating his/her own knowledge and skills based on
his/her prior knowledge and experiences. We build on the task-based information
interaction framework in which information interaction is understood and
examined as cognitive and behavioural activities throughout the stages of task
performance (Järvelin et al., 2015). The study assumes (as most intervention
studies, e.g., Argelagós and Pifarré, 2012; Chen et al., 2014) that the effect of
teaching on students’ skills can be measured in a pre- and post-test design
simulating a realistic online research process.

Previous research

Quite a few studies have been published on online research teaching interventions
in lower (or upper) secondary education. Online research skills have been
approached from two angles: some studies have focused on online research skills
and how they have been changed by the intervention (Argelagós and Pifarré, 2012;
Baji et al., 2018). In other studies, online research has had only an instrumental
role, and learning has been measured as a change in subject content knowledge and



problem-solving skills (Chen et al., 2014; Chen et al., 2017).

Both Argelagós and Pifarré (2012) and Baji et al. (2018) carried out quasi-
experimental studies with a pre- and post-test control group design. Argelagós and
Pifarré worked with 7th and 8th graders for two academic years, and Baji et al.
studied 6th graders for six weeks. Argelagós and Pifarré utilised a Web-based
learning environment in their intervention, and Baji et al. used the Big6 model
(Eisenberg and Berkowitz, 1990) as the framework for their intervention. Both
studies showed an intervention effect.

Argelagós and Pifarré (2012) measured students’ skills in defining the problem and
searching for information, scanning and processing information and organizing
and presenting information. The experimental students outperformed the controls
in defining the problem and searching the Web. As the experimental group
searched more effectively, they could also devote more time to scanning and
processing information, which also helped them organize and present information;
their task performance scores were higher and Pi. The researchers concluded that it
is important to support students as they develop their searching skills.

Baji et al. (2018) concluded that the Big6 model, integrated into the curriculum,
improved the students’ information literacy skills and helped them assimilate a
deeper understanding of the research process. To perform the test, they used a
modified version of the tool for real-time assessment of information literacy skills
(TRAILS) for the 6th-grade students, which includes multiple-choice questions.

Chen et al. (2014) also conducted a quasi-experimental pre-post study with an
experimental group and a control. Chen et al. (2017) used students’ academic
achievements as the moderating factor in their study instead – there was not a
control group. Chen et al. (2014) conducted their three-week study among 7th
graders, and Chen et al. (2017) studied elementary school students for six years,
following them from grade 1 to grade 6. Both studies applied the Big6 framework in
their interventions and found an intervention effect.

Chen et al. (2014) measured students’ memory of the learned subject content, their
comprehension of scientific concepts and problem-solving skills. Their results
showed that the experimental group outperformed the controls on comprehension
and problem-solving tests but not on the subject content (memory) test.

Chen et al. (2017) examined students’ memory and comprehension of subject
contents. Regardless of prior academic success, students’ fact memorisation and
conceptual understanding of subject content improved. In general, the progress
level in comprehension was higher than in memory learning. Low-achieving
students progressed most in both memory and comprehension learning compared
to the medium- and high-achievers.

There are plenty of studies on how different student-related factors explain
differences in higher-level Internet skills, i.e., online research skills. For example, it
is suggested that students’ digital skills benefit from active use of information
technology at home (Fraillon et al., 2014). There is also empirical evidence that
self-efficacy beliefs (Rohatgi et al., 2016) and attitudes towards information
technology (Petko et al., 2017) are associated with the students’ skill level. Sex has
been related to computer competences, but no consensus has been reached on sex
differences in online research skills (Fraillon et al., 2014; Kaarakainen et al., 2018).

We did not find any empirical studies on how the above-mentioned student-related
factors predict how students benefit from online research teaching interventions.
Aesaert et al. (2017) speculated that slightly overoptimistic self-efficacy judgements
could be ideal for effective learning of competencies. The authors argue that
moderate overestimation motivates students to persist in their efforts. It seems that
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discussions on the association among attitudes towards online research, active free-
time use of the Internet, and sex, and the effect of online research teaching
interventions is even more rare in the research literature.

To summarise, only a few longitudinal teaching intervention studies have been
conducted on online research skills in secondary education. Some have measured
the effect of the intervention with performance tests (e.g., Argelagós and Pifarré,
2012). Most studies do not elaborate on their findings of how different student
groups are affected by the interventions. One exception is Chen et al. (2017), who
used students’ academic achievement as a moderating factor for their learning
benefits in an intervention, concluding that low-achieving students displayed the
most progression. Three studies (Baji et al., 2018; Chen et al., 2014; 2017) applied a
specified pedagogical framework (Big6), but we lack studies on other frameworks.
For example, the guided inquiry design (Kuhlthau et al., 2015) has been assessed
only in studies that lack a rigorous design of measuring learning outcomes (e.g.,
Scott, 2017; Chu et al., 2008; Chu et al., 2011). Further, we found only two studies
that had adopted a longitudinal approach to follow students’ progress in a scale of
school years (Argelagós and Pifarré, 2012; Chen et al., 2017). Finally, we observed
that previous research has neglected the viewpoint of an individual teacher who
wants to adjust some ideas of the research-based pedagogical frameworks into the
everyday professional practice in the school.

Research questions

The aim of this study is to find out how students’ online research skills develop in a
teaching intervention informed by guided inquiry design in the 7th grade and how
the development of skills is associated with various student-related factors. The
research questions are:

1. Does the teaching intervention improve students’ online research skills?
2. In the teaching intervention on online research skills, are students’ benefits

associated with their success in the pre-test of online research skills,
information technology- and Internet-related activity, self-efficacy beliefs and
behavioural intentions in online research, attitudes towards learning or sex?

Methods

The research was conducted as a pre-post intervention study with a control group.
The study was quasi-experimental and used a non-equivalent groups design. The
groups were selected based on a convenience sample without randomisation.
Quasi-experiments are useful when random allocation is difficult, for example, in
educational field interventions (Bryman, 2008, p. 40-41; Price et al., 2015).

Participants

The study was conducted in an urban school in a medium-sized city in southern
Finland. The school serves as a teacher training school and has about 300 students
who come from the neighbouring area without entrance examinations.

Data were collected during the 2015–2016 school year when the students were 7th
graders, aged 12–14 years. The intervention group was comprised of three parallel
classes of 58 students in total (35 girls, 23 boys). Two classes not exposed to the
interventions were studied as a control group, which consisted of 36 students (19
girls, 17 boys).

Procedure

The teaching intervention was integrated into two courses: autumn 2015 and
spring 2016. A Finnish language teacher designed and implemented the
intervention, and two history teachers were involved in the second course. All were



experienced teachers and also taught student teachers. Teachers of the control
group were not involved in the study.

Guided inquiry design was introduced to the teachers, but they had the right to
decide how to apply it in their pedagogical practices based on the requirements of
the curriculum. Therefore, some features of the framework were incorporated by
teachers into school practices. The teachers aimed to follow two instructional
principles of the framework: to emphasise the first stages of the inquiry process
(open, immerse, explore, identify) and to let students choose their own topics of
interest. To keep track of information sources, inquiry logs were introduced to the
students. In addition, the students worked in groups (shared knowledge building),
and the teachers also worked as a team.

Course 1 was part of the Finnish language curriculum, and course 2 was a joint
project of Finnish language and history. In course 1 (September 2015), students
made a brochure about recommended practices in social media. The theme of
course 2 (April–May 2016) was the Finnish Civil War. The students worked on two
end-products: a source-based presentation in history and a fictive text in the
Finnish language. The main learning goals were that the students learn to search
information on the Internet, evaluate the information and use it appropriately in a
given task. The teaching intervention is described in more detail in Alamettälä and
Sormunen (2018). The control group remained compliant with the school’s
curriculum.

Before the intervention, the school librarian briefly introduced information
searching to all students, including controls. The lesson dealt with the school
library and information searching on the Web (e.g., how to use search engines and
formulate queries). Then, the teachers continued with another lesson with
textbooks to familiarise students further with the basics of information searching
(including planning and defining the search, evaluating sources and listing
references). Thus, all students were able to learn the basics of information
searching, but the intervention group was exposed to extra activities informed by
guided inquiry design.

Materials

Evidence of students’ skills in online research can be collected in various ways, for
example, by knowledge tests, self-assessments (including self-efficacy scales) and
performance tests. The biggest limitation of knowledge tests is that they measure
factual knowledge rather than practical skills (Sparks et al., 2016). The problem
with self-assessments is that the students easily underestimate or overestimate
their skills (Bussert and Pouliet, 2010, pp. 136–137). Authentic tests or exercises
have shown to be the most effective way to document actual applied skills (Schilling
and Applegate, 2012). Integrated performance tests such as ORCA (online reading
comprehension assessment) (Kennedy et al., 2016) and NEURONE (oNlinE
inqUiRy experimentatiON systEm) (Sormunen et al., 2017) seek to expose the
participants to the challenges of an online research process.

The test used in this study applied the ideas of integrated performance tests. Pre-
and post-tests covered four competence dimensions: 1) search planning and query
formulation skills, 2) search performance skills, 3) critical evaluation skills, and 4)
argumentation skills. The pre- and post-tests had the same form but different
themes in order to prevent memorisation. In the first test, the students were asked
to find an answer to the following question: “Can shopkeepers refuse to sell energy
drinks to schoolchildren?” In the second test, the question was: “In which school
subjects might computer gaming have positive effects?” The students performed
the test assignment online but wrote the answers on paper. Neither task was only a
simple fact-finding task; they both required information searching and
interpretation. However, they were formulated so that it was possible to find



straightforward, justified answers.

Before seeking information, the students were asked to think up various search
terms. Next, they were allowed to use laptops and search with the help of online
search engines. Students were required to list the search terms they used, name two
of the best sources and justify their choices. At the end, they were asked to give a
well-justified answer to the question. The search plans, queries, sources and their
justifications and the answers were assessed and scored.

The basic data on students’ backgrounds, including their computer and Internet
use, attitudes towards learning, behavioural intentions and self-efficacy beliefs in
online research were surveyed by a questionnaire reported in a previous
publication (see Alamettälä et al., 2019). Students’ information technology activity
was measured in three dimensions: school-related technology activity (two items),
free time information-seeking activity (two items) and social media activity (two
items). Two sets of items measured attitudes towards independent online learning
(four items) and traditional teacher-centred learning (four items). The third
attitude component measured behavioural intentions (intent to act a certain way
with regard to the attitude object) in online research, including searching (seven
items), evaluation (five items) and writing (four items). Self-efficacy beliefs were
targeted to information searching (three items) and writing (three items).

Data collection

The tests were carried out before the first intervention course and after the second.
The total number of students was 94, 87 of which completed both tests. The tests
took about 30 minutes each. The students were tested in their regular classrooms
during their Finnish language lessons. The questionnaire regarding self-efficacy
and attitudes was administered two times: before and after the intervention. The
background information was collected between the first and the second
intervention course.

Scoring

The scoring of search plans aimed to assess students’ abilities to identify the core
and auxiliary concepts of the search topic and find appropriate search terms to
represent those concepts. Any string-level word form was accepted (various
inflectional and derivational forms). The student could earn 0–6 points by

identifying the core concept of the topic and presenting it in meaningful
search terms (0–2 p)
identifying auxiliary search concepts and presenting them in meaningful
search terms (0–2 p)
suggesting optional search plans (0–2 p)

The quality of queries used in searches was assessed similarly to search plans. The
student could earn 0–4 points by

formulating a query in which the core concept of the topic is represented with
a meaningful search term (0–2 p)
applying auxiliary search concepts by representing them with meaningful
search terms (0–2 p)

The meaningfulness of search terms to represent a search concept was estimated
using a three-category classification: strong (1 point), weak (0.5 points) and off-
topic (0 points). Altogether, one could earn a maximum of 10 points in search
planning (scaled by a factor of 0.2 in the overall test score).

The first author assessed the sources (2) selected by the student based on their
relevance in the task completion. The source was relevant if it correctly answered



the question from the test task. The student earned one point for each relevant
source. The maximum number of points for search performance was 2.

The students were also asked to justify the chosen sources, and the justifications
were evaluated. The criteria for evaluation were relevance (factual content) and
reliability (Borlund, 2003). The student earned 1 point by justifying the chosen
information source based on its relevance and 1 point based on its reliability. The
maximum was 2 points regardless of whether the student evaluated one or two
sources.

Measuring the use of information was simplified, and the evaluation was based on
whether the student was able to give the correct answer (max 1 point) and justify it
(max 1 point). The researcher assessed the relevance the same way as above (see
search performance skills). The student could earn one point by giving the correct
answer and another point by presenting a source-based argument to support the
answer (for example, by referencing to authorities).

The overall test score was a sum of component scores all equalised to a maximum
of 2 points. It is noteworthy that, in this kind of test, the search performance
component dominates the two last components. Without relevant search results, it
is difficult to achieve high scores in the evaluation and use of sources.

Data analysis

SPSS version 25 was used for statistical analyses. A mixed between-within subjects
ANOVA (analysis of variance) was conducted to investigate the impact of the
teaching intervention on students’ online research skills. A mixed between-within
subjects ANOVA is an extension of the repeated measures ANOVA and can be used
in a study with two independent variables: one is a between-subjects variable (e.g.,
group: intervention or control) and the other a within-subjects variable (e.g., time:
pre or post). (Pallant, 2013, pp. 284–292)

Prior to the analysis, assumptions of normality were tested using the Kolmogorov-
Smirnov test and the Shapiro-Wilk test (Field, 2009, pp. 145–148). Data in both
groups were normally distributed (p > o.05). There were no outliers, as assessed by
box-plot. The homogeneity assumption of variances and covariances in the data
sets was verified by Levene’s test of homogeneity of variances (p > 0.05) and Box’s
M test (p > 0.05), respectively (Field, 2009, pp. 150–152, 604).

Students from the intervention group were divided into the subgroups High and
Low based on their pre-test scores, information technology activity, self-efficacy,
attitudes and behavioural intentions to examine if these factors are related to the
measured intervention benefits. The division was based on the mean values of each
variable as a cut-off point. The relationships were analysed by applying one variable
at a time. The effect of sex was also analysed.

Results

Does the teaching intervention improve students’ online
research skills?

The mean of the overall test score rose from 3.93 to 4.73 in the intervention group

while staying around 3.7 in the control group F(1, 85) = 6.43, p = 0.013, partial η2 =
0.070. The results of the mixed between-within subjects ANOVA (Table 1) show
that the intervention had a measurable effect on students’ learning. The effect size
was medium (partial eta-squared thresholds: small = 0.01; medium = 0.06; large =
0.14, see Pallant, 2013, pp. 217–218).

Examining one test component at a time reveals that the intervention effect was
most remarkable in search planning and query formulation skills (p = 0.023,



ηp
2=0.059). Argumentative use of Web information was near significance (p =

0.087). However, the scores improved in both groups, suggesting that the change is
related to learning external to the intervention (for example, an effect of the
school’s regular curriculum, or an easier topic to build valid arguments in the post-
test). In Web searching and critical evaluation, the measured difference between
pre- and post-tests indicated a weak intervention effect, but the results were not
statistically significant. It is worth noting that Web searching scores dropped in the
control group by 0.33 points and in the intervention group by 0.08. This suggests
that the relevant sources were more difficult to find in the post-test topic than in
the pre-test topic. No change was observed in the scores of critical evaluation,
indicating that in this sub-task, the intervention was ineffective.

Table 1: Overview of test results of students’ online research skills

Intervention group
(n=55) Control group (n=32) repeated ANOVA

Pre-
test
M

(SD)

Post-
test
M

(SD) t p

Pre-
test
M

(SD)

Post-
test
M

(SD) t p F p ηp2

Search
planning and
query
formulation

1.37
(0.2)

1.46
(0.3) -2.35 0.022* 1.44

(0.2)
1.36
(0.4) 1.14 0.264 5.36 0.023* 0.059

Web searching 1.02
(0.5)

0.94
(0.7) 0.74 0.463 0.89

(0.4)
0.56
(0.7) 2.32 0.027* 1.86 0.177 0.021

Critical
evaluation

0.80
(0.4)

0.92
(0.5) -1.66 0.102 0.73

(0.5)
0.6

(0.4) 0.50 0.620 1.98 0.163 0.023

Argumentative
use of Web
information

0.74
(0.6)

1.42
(0.6) -7.56 0.000* 0.67

(0.6)
1.09 
(0.6) -3.48 0.002* 3.00 0.087 0.034

Overall score 3.93
(1.1)

4.73
(1.4) -4.20 0.000* 3.74

(1.1)
3.71
(1.5) 0.11 0.915 6.43 0.013* 0.070

* statistically significant p < 0.05

What kind of student-related factors explain students’
learning benefits?

Table 2 presents a comparison of intervention benefits achieved in subgroups
formed on the basis of students’ pre-test scores, information technology activity,
self-efficacy and behavioural intentions in online research, attitudes towards
learning and sex. Column set A presents the comparison of online research scores
between the high/low and male/female subgroups in the pre-test, and column set B
the corresponding comparison in the post-test. Column sets C and D present the
measured improvement of scores from the pre-test to the post-test within high/low
and male/female subgroups.

A. Between subgroups
comparison

Pre-test

B. Between subgroups
comparison

Post-test

C. Within
subgroup

high
improvement

D. Within
subgroup

low improvement

High
M (SD)

Low
M

(SD) t p

High
M (SD)

Low
M

(SD) t p
M

(SD) t p
M

(SD) t p
Pre-test
score
nhigh=26,
nlow=29

4.9
(0.6)

3.1
(0.8) 10.17 0.000* 5.5

(1.1)
4.1

(1.4) 4.07 0.000* 0.6
(1.2) 2.29 0.031* 1.0

(1.6) 3.56 0.001*

School-
related
information
technology
activity
nhigh=32,
nlow=23

4.3
(0.1)

3.4
(1.2) 3.06 0.004* 4.9

(1.4)
4.5

(1.5) 0.94 0.352 0.6
(1.2) 2.67 0.012* 1.1

(1.6) 3.28 0.003*
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Table 2: Table 2: Overview of subgroup comparisons

Free time-
related
information-
seeking
activity
nhigh=33,
nlow=22

3.9
(1.2)

3.9
(1.1) 0.13 0.898 4.7

(1.5)
4.8

(1.3) -0.43 0.667 0.8
(1.5) 2.72 0.010* 0.9

(1.3) 3.39 0.003*

Social
media
activity
nhigh=23,
nlow=32

4.4
(1.2)

3.6
(1.0) 2.56 0.013* 4.8

(1.5)
4.7

(1.4) 0.17 0.864 0.4
(1.1) 1.68 0.107 1.1

(1.5) 4.01 0.000*

Self-efficacy
nhigh=27,
nlow=26

4.4
(0.9)

3.5
(1.1) 3.16 0.003* 5.0

(1.3)
4.5

(1.5) 1.3 0.199 0.6
(1.2) 2.55 0.017* 1.0

(1.5) 3.28 0.003*

Attitude
towards
online
learning
nhigh=27,
nlow=26

4.1
(1.0)

3.8
(1.2) 0.93 0.358 4.7

(1.3)
4.8

(1.9) -0.16 0.871 0.7
(1.3) 2.38 0.025* 1.0

(1.4) 3.46 0.002*

Attitude
towards
traditional
learning
nhigh=28,
nlow=25

4.1
(1.2)

3.9
(0.9) 0.52 0.605 5.2

(1.5)
4.3

(1.2) 2.14 0.037* 1.1
(1.5) 1.21 0.001* 0.4

(1.1) 1.93 0.066

Behavioural
intentions
nhigh=27,
nlow=26

4.2
(0.8)

3.8
(1.3) 1.14 0.256 5.0

(1.4)
4.5

(1.4) 1.38 0.173 0.8
(1.3) 3.61 0.001* 0.7

(1.5) 2.34 0.028*

Female
M (SD)

Male
M

(SD) t p

Female
M (SD)

Male
M

(SD) t p
M

(SD) t p
M

(SD) t p
Sex
nfemale=34,
nmale=21

4.2
(1.1)

3.5
(1.1) 2.19 0.033* 5.0

(1.5)
4.3

(1.1) 1.71 0.094 0.8
(1.3) 3.46 0.002* 0.8

(1.6) 2.38 0.027*

*statistically significant p < 0.05

The high subgroup in the pre-test scores scored 1.8 points higher than the low
subgroup (4.9 vs. 3.1, p = 0.000). In the post-test, the difference was 1.3 points (5.5
vs. 4.1, p = 0.000). Both groups learned, and the difference between the groups
levelled out a bit (improvement 0.6 vs. 1.0). Still, the difference remained clear
after the intervention.

The high subgroup in school-related information technology activity scored 0.9
points higher in the pre-test than the low subgroup (4.3 vs. 3.4, p = 0.004). In the
post-test, the difference levelled out (4.9 vs. 4.5, p = 0.352). In other words,
students actively using the technology for schoolwork at home did better in the pre-
test, but the difference faded during the intervention. Both groups learned, but the
mean measured improvement was higher for the low subgroup (0.6 vs. 1.1).

The free time information-seeking activity variable was not connected with
intervention benefits. No difference was found between the active and passive free
time information seekers in the pre-test (3.9 vs. 3.9) or in the post-test (4.7 vs. 4.8).
Students’ skills developed equally in both subgroups.

The high subgroup in social media activity scored 0.8 points higher in the pre-test
than the low subgroup (4.4 vs. 3.6, p = 0.013). In the post-test, the difference
levelled out (4.8 vs. 4.7, p = 0.864). Thus, the results provided evidence that
students who are less active on social media improved their online research skills
(difference 1.1, p = 0.000), but those who were more active on social media made
hardly any progress (difference 0.4, p = 0.107).



The high subgroup in self-efficacy in online research scored 0.9 points higher in
the pre-test than the Low subgroup (4.4 vs. 3.5, p = 0.003). In the post-test, the
difference levelled out (5.0 vs. 4.5, p = 0.199). Both groups learned, but the low
subgroup seemed to benefit more from the intervention.

Surprisingly, an attitude towards online learning did not predict an intervention
effect. Both the high and low subgroups were approximately at the same level in
the pre-test (4.1 vs. 3.8, p = 0.358) and post-tests (4.7 vs. 4.8, p = 0.871). Contrary
to what was expected, an attitude towards traditional teacher-centred learning
seemed to be a more likely predictor of effective learning. Both the high and low
subgroups succeeded similarly in the pre-test (4.1 vs. 3.9, p = 0.605), but in the
post-test, the high subgroup scored 0.9 points higher than the low subgroup (5.2
vs. 4.3, p = 0.037). The improvement in test results in the High subgroup was
evident (1.1, p = 0.001) but remained speculative in the low subgroup (0.4, p =
0.066).

No difference in learning was observed between the subgroups based on
behavioural intentions in online research. No difference was found between the
subgroups in the pre-test (4.2 vs. 3.8, p = 0.256) nor in the post-test scores (5.0 vs.
4.5, p = 0.173). The subgroups improved test scores about equally (0.8, p = 0.001
vs. 0.7, p = 0.028).

Regarding sex, girls outperformed boys in the pre-test, but in the post-test, the
measured difference was not conclusive. Girls scored 0.7 points higher in the pre-
test than boys (4.2 vs. 3.5, p = 0.033). The measured difference remained the same
in the post-test, but the result did not pass the t-test (5.0 vs. 4.3, p = 0.094). The
problem in achieving statistical significance may be caused by the relatively low
number of boys in the sample (n-males=21), and the higher standard deviation in
the girls’ post-test test scores (SD = 1.53).

Discussion

The aim of our case study was to investigate the effect of a long-term inquiry-based
information literacy intervention designed and implemented by a teacher and her
colleagues in a lower secondary school. The teachers were informed of the guided
inquiry design framework (Kuhlthau et al., 2015), and they applied some aspects of
it to their pedagogical practice (see Alamettälä and Sormunen, 2018). We also
examined how student-related factors such as pre-test success (online research
skills before the intervention), information technology related and Internet related
activity, self-efficacy and behavioural intentions in online research, attitudes
towards learning and sex explain the benefits gained by students from the
intervention.

Our first finding was that the teaching intervention improved students’
performance in online research. The sum of the test scores developed more in the
intervention group than in the control group. The results are in line with the
findings of Argelagós and Pifarré (2012) and Baji et al. (2018). In all studies, the
intervention group outperformed the control group in the post-test. A closer
examination of one component skill at a time showed that the intervention effect
was most powerful in search planning and query formulation. The substantial
progress in this sub-task can be explained by factors related to the pedagogical
design of the intervention (Alamettälä and Sormunen, 2018):

1. All students including controls participated in the information searching unit
arranged by the school librarian and the teacher at the beginning of the first
semester just after the pre-test. All students were expected to learn the basics
of information searching. However, the practical skills seemed to be
developed and sustained only in the intervention group, which practised
these skills during the intervention.



2. The teachers paid attention to the first phases of the inquiry process as
recommended in the guided inquiry framework. They were obviously
supported to conceptualise the topic of the task at hand and formulate their
personal focus on it before the searches were done, that is, before the
technical part. Past research has shown that practising teachers tend to teach
searching as a technical skill (Limberg et al., 2008). The application of the
guided inquiry framework helped to overcome this limitation in the
professional practice.

Similarly, Argelagós and Pifarré (2012) found that the students in the intervention
group outperformed the controls in the component skill defining the problem.
Their study design supported activating prior knowledge and specifying the
information needed.

We were not able to demonstrate an intervention effect in the other sub-tasks. Web
searching scores (based on the relevance of the chosen documents) dropped in the
control group and did not improve in the intervention group. This suggests that the
relevant sources were more difficult to find in the post-test topic than in the pre-
test topic. However, the difference in search task difficulty does not explain the
failure to demonstrate the intervention effect. A likely explanation is that searching
on the Web is always a trial-and-error process through which various details in the
implementation of a search plan (e.g., choice of search words, writing mistakes)
may lead the searcher to fail or succeed. Especially if there are only a few relevant
sources available, the test measure suffers from low stability (see Soboroff, 2004).
The additional random error component in a relatively small dataset makes it
difficult to achieve statistically significant results.

No intervention effect was observed in the critical evaluation of sources
(justifications for the relevance and reliability of sources used). This is a
disappointing result since the team of teachers in the second unit emphasised the
importance of critical evaluation skills as a learning goal. Teachers introduced the
evaluation criteria and a sample of high-quality sources to the students. However,
no organized activities or guidance were included in the intervention to practise
these skills. Therefore, some students ignored the sources offered by the teachers
and used low-quality Web sites as their sources. (Alamettälä and Sormunen, 2018).
In the guided inquiry framework, the teacher team (including the school librarian)
pays a lot of attention to the critical evaluation of sources. They actively guide
students in locating and evaluating information sources. In this intervention, the
teachers did not take such an active role, and the librarian was not involved at all.
Nor did they look at the evaluation from the angle of search engine infrastructures
(cf. Haider and Sundin, 2019, pp. 107-110).

The last sub-task measured how skilful students were at finding an answer to the
assignment and presenting source-based arguments to support it. Here, we found
only a weak indication that the intervention developed the skills of the
argumentative use of Web sources. As reported in Alamettälä and Sormunen
(2018), we observed that the teachers paid at least indirect attention to the use of
sources. They instructed the students to use inquiry logs, and they reported that
students who used the log seemed to synthesise information better across various
sources than those who had not used it. However, we did not find active, teacher-
guided activities to improve students’ skills in the argumentative use of sources.
For example, Argelagós and Pifarré (2012) argued that scaffolds related to scanning
and processing information helped students in their study to construct knowledge
in a more efficient way. In their study, the intervention improved students’ task
performance, i.e., to present a justified answer to a question.

We also wanted to find out how several student-related factors were connected to
the intervention effects. The pre-test of online research skills indicated that various
student-related variables are associated with the levels of online research
performance. It is important that novel pedagogical approaches do not increase the
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gaps between high- and low-performing students. We followed the example of
Chen et al. (2017), who found that the teaching intervention helped low-achieving
(overall in studies) students improve their online skills more their medium- and
high-achieving peers.

The pre-test revealed four factors, which are related to skill differences in online
research: using information technology for schoolwork at home, using social
media, self-efficacy in online research and sex. In each group, the post-test results
indicated that the intervention decreased the gap between the groups in online
research skills. The finding suggests that those who were less active Web searchers
or social media users or those who were not convinced of their Web skills got a
boost to learn new Internet skills. The evidence for gap reduction regarding sex was
weakest; girls clearly outperformed boys in the pre-test, but in the post-test, the
measured gap was still a borderline case in terms of statistical significance.

Free time information-seeking, behavioural intentions in online research, attitude
towards online learning and attitude towards traditional teacher-centred
learning were student-related variables that did not differentiate students in the
pre-test. The high and low groups related to the first three variables performed in
the post-test equally well. The attitude towards traditional learning made a
difference and emerged as a variable that influenced learning outcomes. The high
group for students preferring traditional teacher- and textbook-centred pedagogies
outperformed the low group in the post-test. This finding is rather confusing,
especially because, at the same time, the high group for students that prefer
independent learning with the help of the Internet did not improve their online
research skills more than the low group.

The relationship between the intervention effect and a positive attitude towards
traditional teacher-centred learning may indicate that our attitude scale also
measures students’ engagement and motivation to learn in school. It seems that
their basic orientation did not change, although the learning object was now online
research skills. Their motivation to learn might be greater than for those who
preferred working online. The 7th-grade students do not have much experience
with online research, and their conceptions of online learning might refer to the
hope of easy learning on the Internet.

Conclusions

This study contributes to the pedagogy of online research skills. We lack
intervention studies on teachers’ professional practices in teaching online research
skills. The results revealed that even individual teachers may draw inspiration and
ideas from research-based pedagogies such as the guided inquiry framework. This
kind of pioneering work helps to improve teaching practices in schools. However,
as most of the pedagogical models emphasise, the renewal of pedagogical practices
is a school-wide process (e.g., Kuhlthau et al., 2015). In an ideal situation, the
whole school would be involved, including the school library.

The study demonstrated the importance of organized activities. The intervention
was effective, but the effect was limited only to one sub-task of online research:
search planning and query formulation. We expect that balanced progress in all
sub-skills could be achieved by operationalising learning goals for each sub-task
more concretely. Furthermore, the learning of complex skills requires that students
come across each sub-task several times in different contexts during their school
years. Obviously, the chances of an individual teacher or teacher team are limited
in this respect.

The case intervention tended to decrease the gaps in students’ online research
skills. This might not happen in all teaching interventions. It might be that the
guided inquiry framework helps students of lower-than-average performance to
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narrow some of the skill gaps. However, those who shared the attitude towards
traditional teacher-centred learning seemed to increase their advantage over their
less-engaged peers. Motivating all students in the learning process overall is a
challenge in schools and needs further research in the context of online research.

We encourage teachers to collaborate and try out new pedagogical models such as
guided inquiry, paying attention to every phase of the online research process, and
researchers should report these experiments to get more research-based knowledge
of online research instruction and its effects on students. Future research could be
conducted among students from different age groups and could also take students’
overall academic achievement into consideration.

This study shares the limitations of quasi-experiments. Intervention and control
groups may not be comparable, and prior differences between the groups may
affect the outcome of the study (Bryman, 2008, pp. 40-41). Our students came
from the same neighbourhood and were not exposed to any entry exams or ability-
based selection procedures. Therefore, we assume there were similar starting level
distributions for both groups. In addition, the pre-test scores showed that students’
online research skills were on the same level in the beginning. However, there
might be other factors that are impossible to control that influence students’
development during and between the intervention units. On the other hand, the
ecological validity of our quasi-experiment is expected to be high because it was
conducted in a natural environment (cf. Bryman, 2008, pp. 40-41).
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