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Abstract
Sourcing - identifying, evaluating, and using information about the sources of information 
- assists readers in determining what to trust when seeking information on the Internet. To 
survive in the post-truth era, students should be equipped with sufficient sourcing skills. 
This study investigated the efficacy of a teacher-led intervention aimed at fostering up-
per secondary school students’ (N = 365) sourcing during online inquiry. The intervention 
(4 × 75  min) was structured in accordance with the phases of online inquiry: locating, 
evaluating, synthesizing, and communicating information. During the intervention, teach-
ers demonstrated why and how to source, and students practiced sourcing by investigat-
ing a controversial topic on the Internet. Students worked in small groups and their work 
was supported with analysis and reflection prompts. Students’ sourcing skills were mea-
sured with a web-based online inquiry task before and after the intervention. Compared 
to controls, the intervention fostered students’ abilities in three of the four skills measured 
(sourcing in search queries, credibility judgments, and written product). Depending on the 
sourcing skill, 4–25% of students showed improved performance. The students with low 
sourcing skills to begin with, benefited the most from the intervention. The study demon-
strated that students’ sourcing skills can be supported throughout online inquiry.

Keywords  Intervention · Online inquiry · Sourcing · Adolescents · Multiple document 
comprehension
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Introduction

One of the more recent developmental waves in literacy education is the digital wave in 
which the reader is seen as an information explorer (Tierney & Pearson, 2021) who engages 
in online inquiry to solve problems and make meaning of various topics (Coiro, 2021; Leu 
et al., 2019). Online inquiry includes the processes of specifying information need and 
locating, critically evaluating, synthesizing, and communicating online information (Leu et 
al., 2019). When engaging in successful online inquiry, a skillful digital reader attends to, 
represents, and evaluates the sources of the information found (Bråten et al., 2018c). These 
practices, termed sourcing (Bråten et al., 2018c; Wineburg, 1991), assist readers to avoid 
trusting misleading information, which is widespread on the Internet. A recent study (Kiili 
et al., 2021) showed that sourcing can be employed throughout online inquiry, and readers 
may engage in sourcing also in the earliest phases of inquiry. Interestingly, sourcing in the 
earlier phases of online inquiry supported sourcing in the later phases of inquiry, suggesting 
the importance of approaching sourcing as an iterative practice.

Despite the importance of sourcing, studies in offline and online contexts have shown 
that many students lack adequate sourcing skills (e.g., Barzilai et al., 2015; Kobayashi, 
2014; McGrew et al., 2018; Strømsø & Bråten, 2014). As a result, various intervention stud-
ies have been conducted on how students’ sourcing might best be supported (see reviews by 
Brand-Gruwel & van Strien 2018; Brante & Strømsø, 2018; Bråten et al., 2018c). Teaching 
these skills is essential to equip students with strategies for managing diverse information in 
the 21st century. However, in the interventions implemented in the Internet context, sourc-
ing skills have not been systematically taught and measured during all the phases of online 
inquiry. This study extends previous work by examining whether upper secondary school 
students’ sourcing can be enhanced throughout online inquiry by a teacher-led intervention 
in an authentic Internet context.

Sourcing during online inquiry

The present study on sourcing during online inquiry has been informed by two theoreti-
cal models: the Online Research and Comprehension Model (Leu et al., 2019, see also 
Kiili et al., 2018) and the Documents Model (Perfetti et al., 1999; Rouet, 2006). Accord-
ing to the Online Research and Comprehension Model (Leu et al., 2019), a problem-based 
online inquiry comprises five key processes: specifying information need and locating, criti-
cally evaluating, synthesizing, and communicating online information. In the model, these 
processes are considered to be recursive and reciprocal so that evaluation, for example, is 
intertwined with the other processes. The Documents Model (Perfetti et al., 1999; Rouet, 
2006), initially developed in the context of interpreting historical documents, accentuates 
the importance of source information in building a coherent representation across multiple 
documents, including conflicting information. This requires readers to connect information 
about sources, such as authors and their expertise and intentions, to the documents’ contents 
to compare, contrast, and evaluate multiple documents (Perfetti et al., 1999; Rouet, 2006). 
Ideally, sourcing occurs during all online inquiry phases (Kiili et al., 2021) when readers 
gradually build a coherent representation of the topic they examine. Next, we will describe 
how sourcing can be applied during each online inquiry phase.
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The online inquiry begins with specifying the information need i.e., what kind of infor-
mation is needed to solve a problem at hand. The skillful readers can make use of source 
information already in this phase of online inquiry. For example, they set goals that empha-
size the importance of credible information on the topic of interest, and they can consider 
which sources provide the most reliable information (Kiili et al., 2021). These consider-
ations can be employed when locating information with search engines (Leu et al., 2019).

When formulating search queries, skillful readers, who frame their search terms by citing 
reliable persons, organizations, or research-based information, can be considered to be prac-
ticing sourcing (Kiili et al., 2021). Furthermore, when skimming the search engine results 
page to make text selections online readers can attend to source features (e.g., in titles, 
URLs, or example texts) to initially evaluate the credibility and relevance of online texts 
(Hahnel et al., 2020; Rieh, 2002). Even though sourcing during selecting potential online 
texts from search engine result page has been previously examined (e.g., Gerjets et al., 2011; 
Haas & Unkel, 2017; Hautala et al., 2018) sourcing practices during specifying the informa-
tion need and formulation of search queries have rarely been investigated (Kiili et al., 2021).

In recent years, students’ sourcing has been increasingly examined in the later phases 
of online inquiry in relation to evaluating the credibility of online texts and using source 
information to synthesize and communicate information in written products (e.g., List et 
al., 2017; Salmerón et al., 2018; Strømsø et al., 2013). When skillful readers explore the 
selected online texts, they can evaluate texts’ source information, including the author’s 
expertise and intentions as well as the venue’s area of expertise and publishing practices 
(cf. Perfetti et al., 1999; Rouet, 2006). Evaluation of sources informs the readers’ judgments 
of the accuracy of information. The relation between the source and content evaluation is 
reciprocal, thus, the judgments of the content validity can also inform the judgments of 
source trustworthiness (Barzilai et al., 2020). However, the importance of source evaluation 
is highlighted if readers lack prior knowledge about the topic (Bråten et al., 2018b; Bromme 
& Goldman, 2014).

The last phases of online inquiry concern synthesizing and communicating information 
during which students complete and communicate their representation of the examined 
topic. The Documents Model (Perfetti et al., 1999; Britt et al., 2018) is particularly useful to 
understand how readers synthesize selected information in their written products. According 
to the Documents Model, readers can construct two types of representations when reading 
multiple texts: an intertext model and an integrated mental model. The intertext model pos-
its that source information (e.g., author/venue and their expertise/intentions) is connected to 
the document’s content and other information sources (Perfetti et al., 1999; Rouet, 2006). 
These links are of two different types: source-to-content and source-to-source.

Source-to-content links show how a reader combines information about the source of 
a document with its content whereas source-to-source links show how a reader connects 
sources from multiple documents by showing the relationships between them, such as sup-
porting, complementing, or opposing. The intertext model is particularly useful in situations 
where readers confront conflicting information that prevents them from coherently integrat-
ing the content of multiple documents, the reliability of which needs to be ensured (Britt et 
al., 2014). The integrated mental model, in turn, focuses on the content of documents and 
describes readers’ understanding of the topic discussed across them. The full documents 
model is realized when readers interconnect the intertext and integrated mental models (Per-
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fetti et al., 1999) by tracking who said what and by using this information to interpret and 
evaluate the documents’ content (Britt et al., 2014).

Previous sourcing interventions

In recent years, interventions to improve students’ sourcing skills have been conducted at 
different educational levels (see reviews by Brand-Gruwel & van Strien, 2018; Brante & 
Strømsø, 2018). Modeling effective strategies, use of worksheets, prompts, guided practice, 
and group discussions have been common instructional methods in most of these interven-
tions (see also Hämäläinen et al., 2020; McGrew & Byrne, 2020). Further, during interven-
tions, students have been tasked to read multiple documents including controversies (see 
Brante & Strømsø, 2018; Bråten et al., 2019). At the lower educational levels, identification 
of source information and credibility evaluation have been emphasized whereas older stu-
dents have been taught to cite sources more precisely and use source features in interpret-
ing documents’ content (see Brante & Strømsø, 2018). Even though some of the longer 
teacher-led interventions (e.g., Argelagós & Pifarre, 2012; Kingsley et al., 2015) conducted 
in the Internet context have covered the whole process of online inquiry (defining questions, 
searching, evaluating, synthesizing, and presenting information), sourcing has not been 
taught for students when specifying their information need or formulating search queries.

Next, we present three intervention studies carried out at the upper secondary school 
level that have aimed directly at improving students’ sourcing skills. Thus, these interven-
tions informed the ways sourcing was taught in the present study even though they were not 
conducted using an authentic Internet context.

Britt and Aglinskas (2002) conducted one of the first studies, comprising three short 
interventions (2 × 40 min), focused directly on students’ sourcing skills. They designed a 
computer-based environment that prompted high school students to identify and attend to 
source features in history texts. The environment was designed based on principles of teach-
ing through situated problem solving, supporting expert representations, decomposing the 
task, supporting transfer, providing explicit instruction, and motivating engagement. The 
efficacy of the interventions was tested with a sourcing test in which students read excerpts 
from six authentic texts that addressed controversial historical topics. While reading, they 
were allowed to make notes on the texts that they could later use when answering questions 
on the identification and evaluation of the sources and the central narrative, perspective on 
the controversial issue, and arguments used in the texts. For sourcing scores, correct infor-
mation about the sources in students’ note sheets was also counted. In all three interventions, 
the intervention group showed greater improvement in their scores than the controls. When 
computer-based and textbook-based teaching were compared, the essays produced by the 
group using a specially designed computer-based environment contained more source infor-
mation and citations of sources than the essays of the textbook-based group.

Similarly, Braasch et al. (2013) examined the efficacy of a short (60 min) researcher-led 
sourcing intervention among upper secondary school students (N = 130). The intervention 
used a contrasting cases approach where two hypothetical adolescents, one with less and 
one with more sophisticated strategies, evaluated excerpts of online texts on the health risks 
of cell phone use. After familiarizing themselves with the cases, students were prompted to 
independently identify, compare, and contrast the strategies used by the hypothetical adoles-
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cents. They then discussed with a partner the strategies they had identified to decide which 
of these were the best and why. Finally, the best strategies were collected and shared in a 
whole-class session. Students who participated in the intervention included more scientific 
concepts related to El Niño in their essays, displayed better rankings of the usefulness of the 
texts, gave more source-based justifications for their rankings, and more often attributed the 
trustworthiness of the texts to source features than those of controls.

Bråten et al. (2019) recently conducted a comprehensive sourcing intervention in natu-
ral sciences among upper secondary school students (N = 250). Compared to the studies 
described above, the intervention was teacher-led and markedly longer (9 × 90 min). In the 
scripted lessons (3 × 90 min), teachers used a contrasting cases approach (see also Braasch 
et al., 2013) and texts that varied in their source information. After these lessons, the stu-
dents practiced the principles of adaptive sourcing through an individual writing assignment 
(3 × 90 min) and a group-based oral assignment (3 × 90 min). Students’ performance was 
measured by immediate and delayed post-tests. In both tests, the students in the interven-
tion group produced more source-based justifications for their text selections than controls. 
They also spent more time reading the selected texts and revisited the texts more often than 
controls. Further, students who participated in the intervention included more references to 
source features in their written products than controls.

The sourcing interventions described above have led to important understandings of how 
to teach sourcing skills for upper secondary school students, and younger and older students 
as well. For example, task assignments and reading materials applied in the lessons have 
included controversies related to the investigated topic (Britt & Aglinskas, 2002; Bråten et 
al., 2019) and/or contrasting cases approach (Braasch et al., 2013; Bråten et al., 2019) which 
both elicit students’ sourcing behavior when reading multiple documents. Further, interven-
tions have highlighted explicit instruction of sourcing strategies as well as students’ guided 
practice after whole-class instruction. In addition, prompts or questions in the worksheets 
have been applied to enable students’ independent work and to guide their attention to the 
specific source features at the time. In two of the studies (Braasch et al., 2013; Bråten et al., 
2019), discussions with peers and in the whole class were seen as important in sharing stu-
dents’ ideas and learning. During the last lesson of the study by Bråten et al. (2019), students 
gave presentations in small groups by drawing on sources they had selected and reflecting 
their sourcing activities during the task. Informed by previous studies, we applied several 
instructional methods in designing the intervention to promote students’ sourcing through-
out online inquiry, such as structuring the online inquiry task, using contrasting topics and 
task prompts, explicit teaching of sourcing strategies, and collaborative work (see Method: 
Design and implementation of the intervention).

The present study

The present study investigates the efficacy of a teacher-led intervention that aimed at 
enhancing upper secondary school students’ sourcing during online inquiry. The design of 
the intervention followed the online inquiry phases (Leu et al., 2019). To facilitate students’ 
sourcing during different phases of online inquiry and build a coherent representation of the 
examined issue (Perfetti et al., 1999), we applied instructional methods that have been used 
in previous sourcing interventions. During the intervention (4 × 75 min), students worked 
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collaboratively to solve a controversial health-related problem with authentic online infor-
mation. Students’ work was supported with explicit instruction and a joint, digital working 
document, including task prompts. Students’ learning of sourcing skills was compared to 
that of control students by using a quasi-experimental pre-post design.

The following research questions were set:
RQ1. Did upper secondary school students’ sourcing in different phases of an online 

inquiry through a teacher-led intervention increase compared to controls?
RQ2. How did students’ sourcing performance change during the intervention?
RQ3. How were students’ pre-intervention sourcing skills, reading fluency, prior topic 

knowledge, and topic order in the tasks associated with changes in their sourcing perfor-
mance during the intervention?

In terms of RQ1, we assumed that the intervention group would outperform the con-
trol group in sourcing in credibility judgments and written products when their pre-sourc-
ing skills, reading fluency, prior topic knowledge, and topic order were controlled for. 
The assumptions are in line with previous sourcing interventions that have successfully 
enhanced upper secondary school students’ sourcing in their credibility evaluations, such as 
source-based justifications for their text selections (Bråten et al., 2019) and usefulness rank-
ings (Braasch et al., 2013). Further, it could be assumed that students will integrate more 
sources to their essays after the intervention (Bråten et al., 2019; Britt & Aglinskas, 2002). 
Because previous interventions have not examined sourcing in specifying information need 
or in search querying, we did not set specific hypotheses on these sourcing practices.

In our analysis (RQ1), we controlled for students’ pre-sourcing skills, their prior topic 
knowledge, reading fluency, and topic order. Students’ pre-sourcing skills were controlled 
for because they are important predictors of their post-intervention performance (e.g., 
Hämäläinen et al., 2020; McGrew & Byrne, 2020). Prior topic knowledge and reading flu-
ency were controlled for because of their fundamental role in reading comprehension. The 
reading comprehension models accentuate the role of prior knowledge when readers make 
meaning from the texts (Cervetti & Wright, 2020), whereas the lower-level reading skills, 
such as reading fluency, serve as a foundation for reading comprehension (Duke & Cart-
wright, 2021). Accordingly, the recent review by Anmarkrud et al. (2021) shows that the 
most examined cognitive skills in relation to sourcing are prior knowledge (e.g., Mason 
et al., 2014; Stang-Lund et al., 2019) and reading skills (e.g., Macedo-Rouet et al., 2020; 
Potocki et al., 2020), even though the results have been somewhat mixed.

In addition, the topic order of the texts was controlled for (RQ1) because investigated 
topics may elicit students’ sourcing differently (Bråten et al., 2018b). For example, students 
have valued author expertise to a greater extent when the topic has been less familiar to 
them (e.g., Bråten et al., 2018b; McCrudden et al., 2016). It also seems that the relationship 
between individual differences and sourcing may vary with the topic addressed in reading 
materials (Anmarkrud et al., 2021).

In terms of RQ2, we assumed that students would differ in how their sourcing perfor-
mance changed during the intervention. We expected that the substantial portion of the 
students, but not all, would improve their sourcing performance. For example, McGrew 
and Byrne (2020) conducted a sourcing intervention study among high school students, and 
observed students who increased, did not change, or decreased their sourcing on the online 
content evaluation task. Finally, we did not set any hypothesis about RQ3, as previous stud-
ies have not investigated how the above-introduced factors (pre-intervention sourcing skills, 
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reading fluency, prior topic knowledge, and topic order) are associated with changes in 
students’ sourcing performance during the intervention. As these factors are related to mul-
tiple document literacy and sourcing (see Anmarkrud et al., 2021; Bråten et al., 2018c), 
their associations with changes in students’ sourcing performance were worth solving in the 
present study.

Method

Participants

Participants comprised 365 students (Mage = 17.35; SD = 0.40) from eight upper secondary 
schools in Finland. Females accounted for 58.6%, which is equivalent to the proportion 
of females graduating from upper secondary school in Finland (Suomen virallinen tilasto 
[Official Statistics of Finland], 2020). In terms of parental education, 75.2% of students’ 
mothers and 66.1% of their fathers had a tertiary level degree. Data were collected in 2018–
19, before the COVID19 pandemic, during an obligatory language arts course “Texts and 
influence”. While all students completed the tests and tasks, only the responses of those who 
gave their informed consent were used in this study. If a student was underage, consent was 
also requested from his/her guardian(s).

Research design

We applied a quasi-experimental pre-post design with a nonequivalent control group (see 
Handley et al., 2018). For practical reasons, the intervention group teachers (N = 5) were 
recruited based on their opportunity and willingness to implement the intervention lessons. 
The control group teachers (N = 6) were not from the same schools as the intervention group 
teachers and were recruited after the intervention group teachers. The intervention group 
comprised 196 students (56.1% females) in nine courses and the control group of 169 stu-
dents (61.5% females) in seven courses.

As pre- and post-tests, the students performed an online inquiry task. We counterbalanced 
the topic order (vaccination and fats) in both conditions. Between the tests, the intervention 
group participated in a teacher-led intervention (4 × 75 min lessons) on online inquiry as a 
part of their Texts and influence course (total of 23 × 75 min lessons) while the control group 
participated in a regular Texts and influence course. The control group teachers received 
intervention materials after the completion of the study. Thus, during the study, the control 
group was not exposed to any of the teaching materials used in the intervention.

Design and implementation of the intervention

To promote students’ sourcing during online inquiry, we designed a teacher-led intervention 
that was informed by several instructional principles (see also Kiili et al., 2022). First, we 
designed an online inquiry task that was structured into manageable sequences (Van Mer-
riënboer & Kirschner, 2007) following the phases of online inquiry (Leu et al., 2019) and 
related learning objectives (see Table 1). It is notable that for practical reasons, we were able 
to design a 4 × 75 min unit. As a consequence, we combined the instruction of the first two 
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phases of online inquiry, i.e., specifying the information need and searching for information, 
into the first lesson. More emphasis was put on searching for information than on specifying 

Table 1  Phases of Online Inquiry, Learning Objectives, Description of the Sub-Tasks, and Evaluation Criteria 
for Intervention Lessons (4 × 75 min)
Lessons for 
online inquiry

Learning objectives Description of the 
sub-tasks *

Evaluation criteria **

Lesson 1:
Task assignment
Planning search
Locating 
information

Students are able to specify 
their information need.
Students are able to 
select purposeful search 
strategies.
Students are able to for-
mulate search queries by 
utilizing core concepts and 
source information.

In your small group, 
select one of the four 
controversial health 
topics.
Explore on the 
Internet what kinds 
of stakeholders write 
about the issue. 
Select two different 
stakeholders whose 
views you will exam-
ine more closely. Se-
lect two online texts 
that represent each of 
the stakeholders (total 
four texts).

Students’ search plan includes 
main concepts about the inves-
tigated topic and related authors 
and venues.
Students have specified purpose-
ful search queries related to their 
topic and related venues.
Students have selected two stake-
holders differing in e.g., expertise, 
motives and point of views to the 
topic.
Students have selected online 
texts that are suitable for the task.

Lesson 2:
Evaluating 
information

Students are able to evalu-
ate multiple aspects of 
online texts.
Students are able to 
identify source features 
and evaluate them when 
interpreting the quality of 
content.

Evaluate and analyze 
the selected four 
online texts.

Students have recognized different 
source features and realized how 
those features affect the credibility 
and plausibility of online texts.
Students have recognized the 
main claim in each online text and 
considered how well it is justified 
in the text.
Student have utilized their notions 
about online text’s source features 
when evaluating the credibility 
and plausibility of text’s content.

Lesson 3:
Synthesizing 
information 
from multiple 
online texts

Students are able to com-
pose a text that compares 
the different views of 
sources and motives and 
evidence these views are 
based on.
Students are able to cite 
the sources by provid-
ing the reader with an 
adequate amount of source 
information.

Compare the views 
of the stakeholders, 
consider potential 
reasons for their dif-
ferent views, and con-
sider whose views are 
the most plausible.

Students’ synthesis includes 
insightful considerations of simi-
larities and differences in selected 
online texts (not just listed).
Students have realized why 
critical reading on the internet is 
important and what kind of online 
texts should be relied on when 
making important decisions.

Lesson 4:
Communicating 
to others the 
results of the 
inquiry

Students are able to 
communicate the main 
findings of the inquiry to 
other students and engage 
in discussions about the 
findings.

Present your findings 
to other small groups 
in the concluding 
seminar.
Discuss what you 
have learned about 
critical reading 
online.

* Students’ working document including prompts for each lesson can be found as Appendix 1, see also 
Kiili et al. (2022).
** Evaluation criteria were given for students before they engaged in the online inquiry task.
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information need, thus, searching for information was taught explicitly whereas specifying 
the information need was taught only implicitly.

Second, we created task scenarios on controversial topics that required students to search 
for and select sources with different perspectives and to compare and contrast the views 
of the sources. Texts with contrasting views have been shown to elicit sourcing (Brante 
& Strømsø, 2018). Third, we designed instructional materials for teachers that they uti-
lized in teaching explicitly effective sourcing practices that students then practiced with an 
online inquiry task. Explicit teaching combined with practice has shown to be an effective 
instructional method (Heijltjes et al., 2014). Fourth, students’ sourcing was supported with 
a working document (Appendix 1) that included task prompts that were designed to elevate 
sourcing (see Gerjets et al., 2011; Kammerer et al., 2016). We also provided prompts to 
foster students’ reflection. Finally, students’ learning was supported by collaborative work 
(Chen et al., 2018). We created an online workspace (OneNote, Google Docs) to enable 
sharing and co-authoring as well as easy access to all instructional materials.

Task

Students were tasked to explore in small groups one of four controversial health topics 
(cell phone radiation, food additives, the sun and health, or sleeping pills) during the four 
lessons of the intervention. We selected controversial topics because contradictory informa-
tion seems to enhance students’ attention and comparison of texts’ source features (e.g., 
Stadtler & Bromme, 2014). We also ensured beforehand that different ideas on the topic 
were expressed by different stakeholders on the Internet. The students were provided with 
four different task scenarios from which they selected one to work with in small groups. The 
extract below presents one of the task scenarios.

I am a 23-year-old student from Lahti. During the last semester, I was very busy with 
my studies, and the situation led to sleeping difficulties. I woke up early in the morn-
ings and couldn’t sleep anymore. I visited a doctor who gave me a prescription for 
sleeping pills. However, my fellow student said that it can be harmful to take sleeping 
pills. Thus, for now, I have decided not to take the prescribed pills. Could you clarify 
what the Internet says about the issue?

To orientate the students to the overall task, we provided them with a task overview that 
explained what they were expected to do during the four lessons. They were asked to con-
sider the stakeholders (e.g., researchers, experts, politicians, laypersons, vendors) who were 
writing about the topic. They were also asked to think about why the different stakeholders 
were writing about the topic, the stakeholders’ expertise on the issue, and the kind of evi-
dence the stakeholders relied on in their writings. The students were also informed that they 
would be asked to compare the different stakeholders’ points of view (e.g., commonalities, 
differences, tensions in points of view).

Materials

Immediately after the pre-test and before the first intervention lesson, the students in the 
intervention group received an information package including the task assignment, descrip-
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tion of task phases, task scenarios of alternative topics, learning objectives, and evaluation 
criteria (see Table  1). Analysis and reflection prompts, designed to direct students’ joint 
work and thinking during the online inquiry, were included in the working documents 
(Appendix 1).

For teachers, we created a manual that included the task assignment, flow of the inter-
vention, learning objectives, evaluation criteria, and a timetable for each lesson with links 
to the instructional materials. The instructional materials included information about effec-
tive online inquiry strategies, including declarative (what) and procedural (how) knowledge 
about the strategies and reasons why these strategies are useful. Teachers were also provided 
with slides that included instructions for students’ working.

All the materials for students were shared digitally through Microsoft OneNote work-
space. The analysis and reflection prompts and instructional materials are described in more 
detail in Kiili et al. (2022).

Lessons

As described in Table 1, the four lessons followed the five phases of online inquiry: defining 
information need, searching for information, evaluating information, synthesizing informa-
tion, and communicating the results of the online inquiry to others (Leu et al., 2019). Table 1 
also describes the tasks prompted during each phase while explicit task prompts for each 
lesson are presented in students’ working documents (Google Docs file for each group, see 
Appendix 1). The first three lessons were based on the teacher’s instructions on sourcing in 
the target phase of online inquiry followed by students’ group work with the Google Docs 
document. The teachers demonstrated the use of effective online inquiry strategies and dis-
cussed these with the students. After each lesson, the groups answered self-evaluation ques-
tions about their working and learning. The fourth lesson, a seminar, concluded the project.

The first lesson began with a teacher-led orientation to the task and students’ selection of 
topics and groups (2–4 students). After orientation, the teacher introduced a set of effective 
search strategies, along with examples of how to use source information in search queries. 
The students then planned their information search in groups by considering and noting 
potential and diverse search terms in the working documents. Next, they conducted a search 
on the Internet and developed their search terms based on their search results. The students 
were then tasked to select four online texts representing two different stakeholders with 
different views on the topic. If needed, the selection of the online texts was completed as 
homework.

In the second lesson, the teacher began with an introduction to the critical evaluation of 
online information. For example, the teacher demonstrated how relying on only one feature 
of the source can lead to incorrect conclusions about the overall credibility of the text. In the 
following group work, students evaluated each selected online text (four texts in total) with 
prompts contained in their working document. They evaluated the author’s/venue’s exper-
tise and intentions and considered how these were reflected in the authors’ argumentation. If 
needed, students continued their work at home.

In the third lesson, the teacher introduced the synthesizing of information from multiple 
online texts and demonstrated how to connect ideas to their sources and how to provide 
rich information about the sources in writing. The students then practiced synthesizing by 
responding to the prompts in their working document. The prompts guided students to con-
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sider differences and similarities in the online texts and the reasons for the differences (e.g., 
source features such as author’s/venue’s expertise and intentions). Students were also tasked 
to justify which of the two stakeholders’ views was more plausible and note anything inter-
esting or surprising that they had found when comparing the texts. As homework, students 
prepared their presentations for the seminar session.

In the seminar (fourth lesson), the teachers divided the students into groups so that the 
different task topics were represented, and the students selected a chair to lead each semi-
nar group. The groups shared and discussed their main findings based on their responses 
recorded in the working documents. At the end of the lesson, the students self-evaluated 
their group work and learning during the intervention.

Fidelity of the intervention

We ensured fidelity before and during the intervention (see McKenna et al., 2014). Before 
the intervention, the intervention group teachers, with one exception, participated in a three-
hour-long professional development session on online inquiry. In the session, we introduced 
the teachers to the intervention plan, and they had an opportunity to suggest modifications. 
A few weeks before the intervention, we shared the revised intervention plan and interven-
tion materials digitally with the teachers. We also assigned the teachers a researcher they 
could contact if they had any further questions about the lessons.

During the intervention, the teachers recorded in a diary any deviations from the inter-
vention plan. After each lesson teachers responded to a three-point scale: The lesson was 
implemented 1 = completely according to the plan, 2 = almost according to the plan, 3 = not 
according to the plan. Further, they were asked to write down the possible deviations from 
the plan. The teachers reported that the first three lessons were implemented completely 
or almost according to the plan (M = 1.44 and SD = 0.53 for all three lessons). The minor 
deviations regarded e.g., roles of absent students and time allocated for some smaller tasks. 
Further, for practical reasons (e.g., available space, size of group) teachers organized the 
fourth lesson’s seminar in slightly different ways (M = 2.22, SD = 0.67).

Further, researchers observed all four lessons of three intervention group courses given 
by three different teachers. After the intervention, all intervention group teachers were inter-
viewed. In addition, we collected the students’ working documents before the post-tests. 
Observations, interviews, diaries, and completed working documents all revealed that the 
intervention lessons had mostly been conducted as planned.

Furthermore, we asked the control group teachers to report how much teaching they gave 
on online inquiry skills, as the mandatory “Texts and influence” course shared some similar 
learning content with the intervention (Opetushallitus, 2015). The control group teachers 
answered a 12-item questionnaire including four items for teaching information search, 
evaluation, and composing a synthesis, on a 3-point scale (1 = not at all, 2 = to some extent, 
3 = a lot). The results indicated that the control group teachers did not teach these issues 
very frequently in their course (means ranged as follows: 1.00–1.29 for information search, 
2.00–2.29 for evaluation, and 1.29–1.57 for synthesis).
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Measures

Reading fluency was measured with a timed word chain test (Holopainen et al., 2004) just 
before the pre-test. The test consisted of 25 chains, each comprising four words written with 
no spaces in between. Students were asked to separate as many chains into primary words 
as possible in 90 seconds. The number of correctly separated words formed the total score 
(0–100). The test-retest reliability coefficient for the original test has varied between 0.70 
and 0.84 (Holopainen et al., 2004).

Prior topic knowledge was measured just before the pre- and post-tests with ten state-
ments, three correct and seven incorrect, about either vaccination or fats. Students were 
tasked to select the three statements they assumed to be the correct ones. They scored one 
point if they selected the correct statement or did not select an incorrect statement (0–1 point 
per statement). Four items on each topic were excluded because they were either too easy 
or the responses were inconsistent in relation to the responses to the remaining six items. 
Therefore, for each topic the score used was 0–6 points. Reliability for vaccination was 0.82 
with 95% CI [0.68–0.96] and for fats 0.94 with 95% CI [0.91–0.96] (Raykov et al., 2010).

Pre-test on sourcing / Post-test on sourcing. We investigated students’ sourcing in the 
pre- and post-tests by applying online inquiry assessment tasks and scoring rubrics devel-
oped in a recent study (Kiili et al., 2021). The specially designed web-based environment 
included instructions, task prompts, and a Google custom search engine. The students’ task 
was to solve a health-related information problem concerning either vaccination or saturated 
fats. The Google custom search engine consisted of 35 preselected authentic online texts per 
topic, which varied in their usefulness including dimensions of source credibility and text 
relevance (see McCrudden, 2018). Accordingly, both topics included the same number of 
more useful, useful, less useful, and not useful texts (in more detail, see Hämäläinen et al., 
2021).

In the task scenario of the vaccination topic, a fictitious expectant mother asked students 
to help her in deciding whether to vaccinate her unborn child. She had received conflicting 
information from two sources: a public lecture given by a civic organization that opposed 
vaccination and a maternity clinic nurse who favored vaccination. In turn, in the task sce-
nario of the fats topic, a fictitious university student asked students to help him decide 
whether to avoid saturated fats in his diet. He had visited a book launch that took a positive 
stance on saturated fats and received advice from a health nurse who took the opposite view.

The task included the four phases of online inquiry (Leu et al., 2019): students (1) defined 
their information need; (2) searched for and selected three online texts; (3) identified and 
noted the main ideas in each selected text and evaluated its credibility; and (4) gave their 
recommendation on the issue and supported it with justifications.

As Table 2 shows, we formed four sourcing variables (Sourcing in specifying informa-
tion need, Sourcing in search queries, Sourcing in credibility judgments, and Sourcing in 
written product) based on students’ responses in the task phases. Table 2 presents the task 
prompts, scoring criteria, and inter-rater reliability of our scoring (Kappa) for each sourc-
ing variable. Scoring criteria were informed by the Documents model framework (Perfetti 
et al., 1999; Rouet, 2006). In the first three online inquiry phases, we identified the source 
information that students included in their search queries and responses concerning their 
information need and credibility judgments. In the analysis of students’ written products, we 
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Sourcing 
variable

Task prompts Scoring criteria Inter-
rater reli-
ability of 
scoring

Sourcing in 
specifying 
information 
need

• What kind of infor-
mation do you need to 
advice the expectant 
mother on whether 
she should vaccinate 
her child (vaccination 
topic)?
• What kind of infor-
mation do you need 
to advice the student 
on whether he should 
avoid saturated fats 
(fats topic)?

0 p. = no source features or evaluative comments in the 
student’s response
1 p. = one source feature or evaluative comment in the 
student’s response
2 p. = two source features or/and evaluative comments 
in the student’s response
3 p. = three or more source features or/and evaluative 
comments in the student’s response

.76

Sourcing in 
search 
queries

• Search for three 
online texts that help 
you to provide the 
expectant mother with 
credible information 
on whether she should 
vaccinate her child 
(vaccination topic).
• Search for three on-
line texts that help you 
to provide the student 
with credible informa-
tion on whether he 
should avoid saturated 
fats in his diet (fats 
topic).

Number of unique source features (organizations, 
credentials, names of persons relevant to the topic, type 
of the document) across all search queries were tallied. 
If student included the same source feature in multiple 
queries, she/he was only credited once.

.92

Table 2  Sourcing Variables in the Pre- and Post-Tests, Task Prompts in the Online Inquiry Task, Scoring 
Criteria and Reliability of Scoring (see Kiili et al., 2021)
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identified the source-content and source-source links and used this information in scoring 
the written products.

Statistical analyses

Descriptive statistics and correlations of all employed variables are presented in Appen-
dix 2. The low pairwise correlations (max r = .22) between predictors indicate that there is 
no substantial multicollinearity. In the main analyses (RQ1), the sourcing variables of the 

Sourcing 
variable

Task prompts Scoring criteria Inter-
rater reli-
ability of 
scoring

Sourcing in 
credibility 
judgments

a) What aspects 
make the online text 
credible?
b) What aspects may 
weaken the credibility 
of selected online text?

Per online text:
0 p. = no evaluation of source features (author, motiva-
tion, or venue) across the two responses (a,b).
1 p. = one source feature evaluated at least once across 
two responses
2 p. = two source features evaluated at least once 
across two responses
3 p. = all three source features evaluated at least once 
across two responses
A sum variable with a maximum score of 9 (three 
online texts; 0–3 points for each) was formed. The 
correlations between scores of online texts varied from 
0.21 to 0.41.

.75

Sourcing in 
written 
product

• What is your position 
on whether the expect-
ant mother should 
vaccinate her child 
(vaccination topic)?
• What is your position 
on whether the student 
should avoid saturated 
fats (fats topic)?
• Write below the jus-
tifications that support 
your position. Indicate 
sources that you rely 
on.

0 p. = Student’s recommendation and/or written prod-
uct is NOT in line with consensus among scientists.
Student’s recommendation and written product is in 
line with consensus among scientists
AND
1 p. = student does not mention any sources in his/her 
written product.
2 p. = student mentions specific (e.g., chemistry 
magazine) or implicit sources (e.g., Source 1) in his/
her written product.
3 p. = student’s written product includes one or two 
indications of sourcing that represent source-content 
link, source-source link, or evaluative statement.
4 p. = student’s written product includes three indica-
tions of sourcing that represent source-content link, 
source-source link, and/or evaluative statement.
5 p. = student’s written product includes at least four 
indications of sourcing that represent source-content 
link, source-source link, and/or evaluative statement.
6 p. = student’s written product includes at least five 
indications of sourcing that represent at least two cat-
egories: source-content link, source-source link, and/or 
evaluative statement.
7 p. = student’s written product includes at least five 
indications of sourcing that represent all categories: 
source-content link, source-source link, and evaluative 
statement.

.78

Note. 10% of students’ responses were coded for inter-rater relability (Kappa).

Table 2  (continued) 
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post-test served as dependent variables and were analyzed separately. In each analysis, we 
controlled for the corresponding pre-test score. Group (0 = control, 1 = intervention) was 
used as the independent variable, whereas Reading fluency (0–100), Topic order (0 = vacci-
nation–fats, 1 = fats–vaccination), and Prior topic knowledge (0–6) were also controlled for.

To examine the intervention effect on Sourcing in specifying information need, Sourc-
ing in credibility judgments, and Sourcing in written product, we applied linear regression 
analysis. Because Sourcing in search queries was a non-normally distributed count vari-
able with large over-dispersion, we examined its intervention effect with negative binomial 
regression analysis (Coxe et al., 2009).

The negative binomial regression analysis models the log of the expected count of Sourc-
ing in search queries in the post-test (dependent variable) as a function of independent/con-
trol variables (Coxe et al., 2009). We present regression coefficients as incident rate ratios 
(IRRs) which were obtained by exponentiating regression coefficients using base e. For a 
dichotomous independent variable (i.e., Group), IRR represents the change in the expected 
rate of Sourcing in search queries in the post-test when the value of the independent vari-
able changes from 0 to 1. An IRR > 1 indicates how many times greater the expected rate of 
Sourcing in search queries in the post-test is for students in the intervention group than those 
in the control group. In contrast, an IRR < 1 indicates that the expected rate of Sourcing in 
search queries in the post-test is greater for students in the control group than those in the 
intervention group.

With continuous control variables (i.e., Reading fluency), the IRR represents the change 
in the expected rate of Sourcing in search queries in the post-test when the value of the 
control variable increases by one unit. We determined the statistical significance of all IRRs 
by computing their 95% confidence intervals (CI). An IRR differs statistically significantly 
from the value 1 if its confidence interval does not include the value 1.

All regression analyses were conducted using Mplus statistical package (version 7.4; 
Muthén & Muthén, 1998–2017) with the full information maximum likelihood procedure 
(Enders, 2010), as missing data (0.00–0.17%) were assumed to be missing at random. 
Further, we estimated model parameters by using maximum likelihood estimation with 
non-normality robust standard errors. In the data, students were nested within 16 courses. 
Although intra-class correlations at the course level were small (0.01–0.11) for all variables, 
we used the course as a clustering variable and estimated unbiased standard errors.

Our regression analyses for RQ1 provide more general aggregate-level information on 
the differences between the intervention and control groups in their sourcing performance 
during the intervention. However, aggregate data do not necessarily apply to any specific 
student because the group mean may conceal individual deterioration despite improve-
ment on average. Moreover, individual patterns of change are not revealed in the aggregate, 
although it is information applicable to individual students that is needed to understand who 
benefits from the intervention (i.e., the efficacy of the intervention).

Therefore, we supplement the analyses for RQ1 with a more individual-level examina-
tion of the effects of the intervention on students’ sourcing performance (RQ2) by calcu-
lating the Reliable Change Index separately for each sourcing variable (RCI; Jacobson & 
Truax, 1991) for each student in the intervention group. RCI determines, for each student, 
if a change in the sourcing variables can be attributed to the intervention rather than chance 
or measurement error at p < .05, which corresponds to the value of 1.96 in the standardized 
normal distribution.
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The RCI for an individual student was computed by dividing the difference between his/
her pre- and post-test scores by the pooled standard deviation of the corresponding pre-test 
sourcing variable. When computing the pooled standard deviation, we used information 
from both the intervention and the control groups in order to take into account the poten-
tial differences between the groups in the variation. The RCI value for the individual stu-
dent describes how many standard deviations his/her pre- and post-test scores differ in each 
sourcing variable. Next, we determined the cut-off value by counting the weighted midpoint 
between the pre-test means of the intervention and control groups (Atkins et al., 2005). 
We used individual RCI and cut-off values to classify students into those who showed 
a negative change during the intervention (RCI < -1.96), those who showed no change 
(-1.96 ≤ RCI ≤ 1.96), those who showed a reliable positive change (RCI > 1.96 but did not 
pass the cut-off criterion), and those who also passed the cut-off criterion, thus showing a 
clear positive change (RCI > 1.96 + cut-off) in their sourcing skills.

To answer RQ3, we investigated how the control variables (Pre-test scores, Reading 
fluency and Prior topic knowledge) were associated with the intervention group students’ 
sourcing performance according to the RCIs. As the variable Sourcing in search queries was 
non-normally distributed and there were only a few students in some RCI classes, we used 
bootstrap analysis with 95% CIs for mean differences (Efron, 1987). When 95% CI does 
not include the value 0, the difference between the means of the RCI classes is statistically 
significant. We simulated 2 000 bootstrap samples by using bias-corrected accelerated con-
fidence intervals (Efron, 1987) and stratified sampling according to the students’ courses. 
Further, we investigated how topic order was associated with the intervention group stu-
dents’ sourcing performance according to the RCI by using crosstabulation and χ2 test with 
Cramer’s V for effect size.

Results

Descriptive statistics

Descriptive statistics of students’ performance in sourcing and control variables are pre-
sented in Table 3. In the pretest, the intervention group outperformed the control group only 
in Sourcing in credibility judgments (t(342.03) = -2.05, p = .041, d = 0.22). In all the other 
pre-test sourcing variables and the tests of Reading fluency and Prior topic knowledge, the 
intervention and the control groups performed equally, indicating no remarkable group dif-
ferences at baseline.

Efficacy of the intervention

With respect to RQ1, the regression analyses (see Table 4) showed that the intervention fos-
tered students’ attention to source features in their credibility judgments as well as their use 
of sources in their written products. Furthermore, the intervention group used source fea-
tures in their search queries 2.23 times more often in the post-test than controls. However, 
the intervention did not enhance students’ use of source features and evaluative statements 
in specifying the information need. Additionally, in the post-test, the vaccination task stu-
dents performed better in all the sourcing variables than the fats task students.
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Table 3  Scores of the Sourcing and Control Variables for the Intervention and Control Groups
Intervention group 
(N = 175–191)

Control group 
(N = 143–162)

Pre-test measures (observed range) M SD Md M SD Md
Sourcing in specifying information need (0–3) 1.05 0.96 1 1.01 1.01 1
Sourcing in search queries (0–7) 0.37 0.87 0 0.32 0.72 0
Sourcing in credibility judgments (0–8) 3.50 1.62 3 3.16 1.47 3
Sourcing in written product (0–7) 2.96 1.93 3 2.62 1.74 3
Control variables (observed range)
Reading fluency (4–100) 71.42 16.52 72 71.77 16.46 73
Prior topic knowledge (in the post-test) (0–6) 4.34 1.17 4 4.26 1.03 4
Post-test measures (observed range)
Sourcing in specifying information need (0–3) 0.79 0.94 1 0.63 0.84 0
Sourcing in search queries (0–8) 0.58 1.11 0 0.24 0.54 0
Sourcing in credibility judgments (0–9) 4.41 1.77 4 3.55 1.71 4
Sourcing in written product (0–7) 3.59 2.21 4 2.68 1.88 3

Table 4  Results of Linear (β) and Negative Binomial Regression analysis (IRR; 95% CI) for the Associations 
Between Predictors, Independent Variable (Group) and Students’ Sourcing Performance in the Post-Test

Dependent variables
Predictors Post-test: 

Sourcing in
specifying 
information need

Post-test:
Sourcing in 
credibility
 judgments

Post-test:
Sourcing in 
written 
product

Post-test:
Sourcing in 
search 
queries

β β β IRR [95% 
CI]

Pre-test: Sourcing in specifying infor-
mation need

0.44***

Pre-test: Sourcing in credibility 
judgments

0.43***

Pre-test: Sourcing in written product 0.39***

Pre-test: Sourcing in search queries 1.32 [1.03; 
1.68] *

Reading fluency − 0.02 0.10 0.08 1.02 [1.00; 
1.04]

Prior topic knowledge (in the post-test) 0.02 0.03 0.10 1.28 [1.09; 
1.49] *

Topic order (0 = vaccination-fats, 
1 = fats-vaccination)

0.11** 0.21*** 0.16** 2.41 [1.65; 
3.53] *

Group (0 = control, 1 = intervention) 0.08 0.19*** 0.18** 2.23 [1.28; 
3.88]*

Cohens’dfor group effect [95%CI] 0.16 [-0.05; 0.38] 0.39 [0.17; 
0.61]

0.37 [0.15; 
0.58]

R² = 0.20*** R² = 0.29*** R² = 0.24***

Notes: 
* The association is statistically significant when 95% CI for IRR (Incident Rate Ratio) does not include 
the value 1.
**p < .01; ***p < .001
The rows highlighted in bold present the results between intervention group and control group with 
Cohen’s d [95% CI] for effects.
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The RCI classes for the sourcing performance of the intervention group students are 
presented in Table 5. With respect to RQ2, it is notable that the number of students showing 
no change was high in all the sourcing variables. Further, 4.1% of the students showed a reli-
able or clear positive change in Sourcing in specifying information need, 24.6% in Sourcing 
in search queries, 18.5% in Sourcing in credibility judgments, and 20.5% in Sourcing in 
written product. For Sourcing in search queries, all the students demonstrating a positive 
change, reliable or clear, improved substantially; however, almost one-fifth of the students 
showed a negative change. In comparison, the changes in Sourcing in credibility judgments 
and written product were mostly positive.

RQ3 regarded the associations between control variables (pre-test sourcing variables, 
reading fluency, prior topic knowledge, and topic order) and students’ RCI classes. As shown 
in Table 6, the intervention group students who showed a clear positive change (RCI class 
4) in their sourcing performance scored the lowest in all the pre-test sourcing variables. Fur-
thermore, the students who showed a negative change (RCI class 1) scored the highest in all 
the pre-test sourcing variables. Moreover, the students showing a negative change differed 
from the students in the other RCI classes in all the pre-test sourcing variables (see Table 7). 
Further, in Sourcing in credibility judgments and Sourcing in written product, the students 
showing a reliable change (RCI class 3) or a clear change (RCI class 4), had lower pre-test 
scores in corresponding sourcing variables than those showing no change (RCI class 2). In 
addition, students showing a clear change in Sourcing in written product had lower pre-test 
scores in the corresponding sourcing variable than those showing a reliable change.

With respect to the other control variables, topic order was associated with RCI classes 
in Sourcing in search queries (χ2(2) = 15.32, p < .001, V = 0.22) and Sourcing in credibility 
judgments (χ2(3) = 10.59, p = .014, V = 0.18). The students who explored fats in the pre-test 
demonstrated a clear positive change (RCI class 4) in both variables significantly more 
often than the students who explored vaccination in the pre-test. Conversely, the students 
who explored vaccination in the pre-test demonstrated a clear positive change (RCI class 4) 
in both variables more rarely than students who explored fats in the pre-test. Furthermore, 
the students who explored fats in the pre-test, demonstrated a negative change (RCI class 
1) in Sourcing in search queries more rarely than the students who explored vaccination in 
the pre-test and vice versa. However, topic order was not associated with RCI classes for 

Table 5  Frequencies (f) and Percentages (%) of Students in the Intervention Group Demonstrating Negative 
Change, No Change, Reliable Positive Change and Clear Positive Change in Sourcing Variables
Sourcing variables Negative 

change
(RCI ≤ -1.96)
f (%)

No change 
(-1.96 ≤ RCI ≤ 1.96)
f (%)

Reliable 
positive change
(RCI > 1.96)
f (%)

Clear 
positive change
(RCI > 1.96 + cut-
off)
f (%)

Sourcing in specifying 
information need (N = 172)

20 (11.6) 145 (84.3) 0 (0.0) 7 (4.1)

Sourcing in search queries 
(N = 171)

31 (18.1) 98 (57.3) 0 (0.0) 42 (24.6)

Sourcing in credibility 
judgments (N = 179)

5 (2.8) 141 (78.7) 18 (10.1) 15 (8.4)

Sourcing in written product 
(N = 180)

14 (7.8) 129 (71.7) 20 (11.1) 17 (9.4)

Note. RCI = Reliable Change Index (Jacobson & Truax, 1991)
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Table 6  Means (SD) of Intervention Group Students’ RCI Classes (1 = Negative Change, 2 = No Change, 
3 = Reliable Positive Change, 4 = Clear Positive Change) According to Control Variables Based on Bootstrap 
Analysis
Sourcing variables RCI classes Number of 

students (N)
Pre-test 
score
M (SD)

Reading fluency
(range 0–100)
M (SD)

Prior topic 
knowledge
(range 0–6)
M (SD)

Sourcing in specifying infor-
mation need 
(range 0–3)

1
2
4

20
145
7

2.40 (0.50)
0.88 (0.88)
0.57 (0.54)

70.89 (15.35)
72.68 (15.62)
68.29 (18.20)

4.20 (1.06)
4.43 (1.10)
3.86 (2.04)

Sourcing in search queries 
(range 0– )

1
2
4

31
98
42

1.42 (0.72)
0.12 (0.50)
0.05 (0.22)

73.90 (13.38)
69.21 (16.03)
76.71 (16.16)

4.65 (1.05)
4.19 (1.14)
4.60 (1.23)

Sourcing in credibility 
judgments 
(range 0–9)

1
2
3
4

5
141
18
15

5.60 (1.14)
3.67 (1.53)
2.67 (1.24)
2.27 (1.34)

70.40 (14.86)
72.09 (15.84)
75.22 (14.25)
68.93 (18.92)

4.80 (0.84)
4.32 (1.17)
4.06 (1.06)
4.67 (1.29)

Sourcing in written product 
(range 0–7)

1
2
3
4

14
129
20
17

5.29 (1.44)
3.07 (1.82)
1.95 (1.28)
1.18 (1.02)

71.43 (17.72)
73.11 (15.97)
69.80 (16.30)
67.29 (12.43)

4.07 (0.62)
4.34 (1.22)
4.35 (1.27)
4.47 (1.01)

Note. RCI = Reliable Change Index (Jacobson & Truax, 1991). In variables Sourcing in specifying 
information need and Sourcing in search queries none of the students were classified in RCI class 3.

Table 7  Comparisons of the Intervention Group Students’ RCI Classes (1 = Negative Change, 2 = No Change, 
3 = Reliable Positive Change, 4 = Clear Positive Change) According to Control Variables
Sourcing variables Compari-

sons of
RCI 
classes

Pre-test score Reading fluency Prior topic 
knowledge

Mean difference [95% CI] *, Cohens’ d
Sourcing in 
specifying
information need
(N = 170–172)

1 vs. 2
1 vs. 4
2 vs. 4

1.52 [1.27; 1.78], d= -1.80
1.83 [1.39; 2.28], d= -3.58
0.31 [-0.11; 0.72]

-1.79 [-8.97; 5.25]
2.61 [-11.94; 17.51]
4.40 [-9.07; 18.56]

-0.23 [-0.72; 0.27]
0.34 [-1.06; 2.09]
0.57 [-0.75; 2.27]

Sourcing in 
search queries 
(N = 170–171)

1 vs. 2
1 vs. 4
2 vs. 4

1.30 [1.06; 1.57], d= -2.31
1.37 [1.16; 1.64], d= -2.76
0.07 [-0.04; 0.19]

4.70 [-0.88; 10.48]
-2.81 [-9.27; 4.07]
-7.51 [-13.05; -2.09], 
d = 0.47

0.46 [-0.00; 0.86]
0.05 [-0.48; 0.56]
-0.41 [-0.83; 0.03]

Sourcing in 
credibility 
judgments 
(N = 177–179)

1 vs. 2
1 vs. 3
1 vs. 4
2 vs. 3
2 vs. 4
3 vs. 4

1.93 [0.89; 2.88], d= -1.27
2.93 [1.74; 4.03], d= -2.40
3.33 [2.07; 4.50], d= -2.57
1.00 [0.41; 1.61], d= -0.67
1.40 [0.63; 2.09], d= -0.93
0.40 [-0.47; 1.27]

-1.69 [-21.06; 17.68]
-4.82 [-26.33; 16.69]
1.47 [-20.51; 23.44]
-3.13 [-13.79; 7.53]
3.16 [-8.40; 14.72]
6.29 [-8.59; 21.17]

0.48 [-0.26; 1.21]
0.74 [-0.05; 1.54]
0.13 [-0.77; 1.10]
0.26 [-0.23; 0.75]
-0.35 [-1.01; 0.32]
-0.61 [-1.39; 0.21]

Sourcing in 
written product 
(N = 178–180)

1 vs. 2
1 vs. 3
1 vs. 4
2 vs. 3
2 vs. 4
3 vs. 4

2.22 [1.38; 2.99], d= -1.24
3.34 [2.39; 4.25], d= -2.49
4.11 [3.18; 4.89], d= -3.36
1.12 [0.52; 1.76], d= -0.64
1.89 [1.32; 2.40], d= -1.08
0.77 [0.10; 1.41], d= -0.66

-1.68 [-11.10; 8.06]
1.63 [-9.86; 13.40]
4.13 [-6.34; 15.12]
3.31 [-3.97; 10.64]
5.82 [-0.66; 11.99]
2.51 [-6.46; 11.35]

-0.27 [-0.66; 0.09]
-0.28 [-0.89; 0.33]
-0.40 [-1.00; 0.14]
-0.01 [-0.60; 0.57]
-0.13 [-0.69; 0.41]
-0.12 [-0.84; 0.60]

Note. RCI = Reliable Change Index (Jacobson & Truax, 1991) In variables Sourcing in specifying 
information need and Sourcing in search queries none of the students were classified in RCI class 3.
* The mean difference is statistically significant if 95% CI does not include 0. CI was calculated by 
bootstrap analysis.
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Sourcing in specifying information need and Sourcing in written product. In addition to 
topic order, we also found an association between Reading fluency and Sourcing in search 
queries (see Table 7). Namely, students showing a clear change (RCI class 4) in Sourcing in 
search queries scored higher on Reading fluency than those showing no change (RCI class 
2). Prior topic knowledge was not associated with RCI classes.

Discussion

This study reports a sourcing intervention (4 × 75 min) with intervention and control groups 
comprising a total of over 360 upper secondary school students. Whereas previous interven-
tions have measured students’ sourcing only in one or two phases of inquiry (see Brante 
& Strømsø, 2018), our study focused on teaching and measuring sourcing on the Internet 
during the different phases of online inquiry. The uniqueness of the present study also lies 
in examining the characteristics of the students whose sourcing skills improved or did not 
improve during the intervention (cf. McGrew & Byrne, 2020). We first discuss the main 
findings and limitations of the study and conclude with the instructional implications of the 
findings.

As we expected, compared to controls, the intervention group students employed source 
information more often when they evaluated the credibility of online texts and composed a 
written product in the post-test. These results are in line with earlier findings showing that 
even quite short interventions can be effective in fostering upper secondary school students’ 
sourcing skills in credibility judgments and written products (e.g., Braasch et al., 2013; Britt 
& Aglinskas, 2002). Further, the intervention enhanced students’ use of source information 
when they formulated search queries.

However, sourcing in specifying information need did not increase during the interven-
tion. This was not wholly surprising as the value of sourcing in specifying information need 
was not taught as explicitly as that of sourcing in the other phases of online inquiry (cf. 
Heijltjes et al., 2014; Marin & Halpern, 2011). This result suggests that teaching sourcing in 
one phase of online inquiry does not necessarily transfer to other phases of online inquiry, 
highlighting the importance of teaching sourcing in all the inquiry phases. Teaching why 
and how to source in the earlier phases of online inquiry would be important because sourc-
ing in the earlier phases seems to support sourcing in the later phases of online inquiry (Kiili 
et al., 2021).

In the pre-test, students did not commonly make use of sources or source features (e.g., 
organizations, credentials) in their search queries. Thus, it is important to increase students’ 
awareness and procedural knowledge about sourcing in search queries to help them broaden 
their strategic search repertoire. At the group level, our intervention promoted sourcing in 
search queries to some extent, although the students’ post-test scores remained low. Notably, 
one-fourth of the students showed a clear positive change in their performance of sourc-
ing in search queries. As these students had hardly engaged in sourcing when formulating 
search queries at the beginning of the intervention, this result suggests that they may have 
adopted a new sourcing practice. About one-fifth of the students performed worse in the 
post-test than pre-test. This may partly be explained by the topic (cf. Anmarkrud et al., 2021; 
Bråten et al., 2018b). It seems that it was easier to locate useful online texts on the fats topic 
(see Hämäläinen et al., 2021) and this did not require the students to add source information 
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in their queries. In sum, our study extends our understanding of sourcing during information 
search (see also Kiili et al., 2021) as most of the previous studies have focused on students’ 
search strategies and reformulation of queries without paying specific attention to the use of 
sources in search queries (e.g., Wildemuth et al., 2018).

When prompted to evaluate the credibility of online texts, the intervention group students 
attended to and evaluated source features more often than controls. Likewise, the interven-
tions by Braasch et al. (2013) and Bråten et al. (2019) enhanced upper secondary school 
students’ use of source-based justifications for their text selections or rankings. When we 
examined changes in students’ sourcing in credibility judgments, we found that almost one-
fifth of the students showed improved performance, whereas the remainder (79%) showed 
no change. The students who improved had performed rather poorly in the pre-test, attend-
ing, on average, to only one source feature per online text. The intervention helped them to 
move towards more versatile sourcing when judging the credibility of online texts. Interest-
ingly, the students showing no change did not perform particularly well in the pre-test either, 
indicating that there was no ceiling effect. These results suggest that to enhance students’ 
critical online reading skills, there is a need to regularly teach sourcing when students read 
online texts varying in quality.

In addition, it seems that different texts elicit different kinds of sourcing behavior (cf. 
Bråten et al., 2011; 2015). For example, in the present study, some authentic online texts 
missed the name of the author and in some texts, the author’s motives were more obvious 
than in others. Even though students responded to the separate questions regarding aspects 
that strengthened and aspects that weakened the credibility of online texts, they did not 
attend to and evaluate consistently source features (author, venue, intentions) through differ-
ent texts, not even in the post-test. However, paying attention to the author expertise should 
be regularly used sourcing practice (e.g., Bråten et al., 2018b).

Further, the intervention enhanced students’ use of source information in their written 
products when justifying their stance on vaccinating a child or avoiding saturated fats (see 
also Bråten et al., 2019; Britt & Aglinskas, 2002). It should be noted that the scores of stu-
dents’ written products included the mentioned sources but also the use of evaluative state-
ments, source-source links, and source-content links (see Perfetti et al., 1999). Again, the 
students with the weakest skills in the pre-test were mostly those who showed improvement 
(altogether 20.5% improved) in the post-test. This means that they had hardly used the links 
or evaluative statements in their written products before the intervention and that the inter-
vention guided them towards the more sophisticated sourcing practices that are required to 
build an intertext model (see Perfetti et al., 1999).

It is notable that the students were allowed to consult their self-selected online texts 
when composing the written product (cf. Bråten et al., 2019), a procedure which makes this 
subtask easier than when based solely on memory and mental representations, as in some 
earlier studies (e.g., Braasch et al., 2013; Britt & Aglinskas, 2002). However, our task also 
resembles basic school assignments as well as expert practices, where documents are usu-
ally available when composing a written synthesis (cf. Vandermeulen et al., 2020).

Despite our expectations, the number of students whose sourcing performance improved 
was limited (4–25% across different sourcing practices). However, the intervention espe-
cially fostered the performance of the students with the weakest sourcing skills in the pre-
test. This result is important as very limited sourcing skills may result in the recurring use 
of dis- and misinformation (Sinatra & Lomabardi, 2020). Thus, the students whose perfor-
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mance did not change during the intervention had better sourcing skills to start with than 
those whose performance improved.

Some of the more advanced students also performed worse in the post-test than pre-test. 
This may partly be explained by the test topics, which seemed to elicit sourcing activity 
somewhat differently (cf. Anmarkrud et al., 2021). It is also possible that some students 
were not sufficiently motivated to put effort into the post-test assignment (see Bråten et al., 
2018a; List & Alexander, 2018). Alternative explanations may relate to the small group 
work. Teachers reported variation in students’ engagement, some small groups were more 
engaged than others. It may also well be that some groups did not have an optimal con-
struction for learning. Accordingly, small groups including students with weaker and better 
skills, may serve students with better skills if they are the ones giving the elaborated help 
for peers with weaker skills (see review by Wilkinson & Fung, 2002).

Students’ prior topic knowledge and reading fluency were not associated, with one 
exception, with their sourcing skills in the post-test and the changes in their sourcing per-
formance during the intervention. The recent review by Anmarkrud et al. (2021) reported 
mixed results on the contribution of reading fluency and prior knowledge to students’ sourc-
ing skills. The authors suggested that mixed results may be related to the used measures 
(Anmarkrud et al., 2021). Our results regarding the role of prior topic knowledge are in line 
with the study by Kammerer et al. (2016), who likewise applied true/false items, and did not 
find an association between students’ prior topic knowledge and their sourcing skills. Fur-
ther, in our study, the prior knowledge measure only included six items. In terms of reading 
fluency, upper secondary school students have probably reached a reasonable level so that it 
does not hinder them in acquiring sourcing skills. It is notable that in Finland, after 9 years 
of compulsory comprehensive school, about half of the students select academic-oriented 
upper secondary school.

Limitations and future research

The study also has its limitations. First, we arranged a three-hour professional development 
session for the teachers of the intervention group a couple of weeks before the intervention. 
Although this included an introduction to critical online reading skills, the time was quite 
short for teachers to reach a profound understanding of sourcing in online reading. In future 
studies, a longer and more recurrent training program (cf. Bråten et al., 2019) could better 
equip teachers to teach sourcing during online inquiry and also challenge the competencies 
of students possessing better sourcing skills.

Second, sourcing in specifying information need was not taught as explicitly during the 
intervention as sourcing in the other phases of online inquiry. It was only implicitly embed-
ded in the task assignment and in the working document when students planned their infor-
mation search. In the future, studies should improve the efficacy of their interventions by 
including more explicit teaching on sourcing when defining information need.

Third, because the content of language arts courses in upper secondary school is very 
broad, the teachers were not able to find more time for us to investigate the sustainability 
of the results with a delayed post-test. As our results showed different-level changes in stu-
dents’ sourcing performance during the intervention, in future research, it would be impor-
tant to ascertain how permanent these changes are. It should be noted that the similarity of 
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the intervention group students’ outcome means across the differently timed post-tests does 
not tell us how sustainable the learned skills are if changes at the individual level from one 
post-test to another are not also measured (cf. Bråten et al., 2019).

Instructional implications

Our results suggest that the designed sourcing intervention has the potential to promote 
upper secondary school students’ sourcing skills. This requires the explicit teaching of 
sourcing practices and the sequenced practicing of strategies that follow the four online 
inquiry phases. Our study revealed that diverging from these principles is not worthwhile. 
Thus, educators applying the developed intervention should ensure to explicitly teach all 
inquiry practices, including sourcing in specifying information need (cf. Heijltjes et al., 
2014; Marin & Halpern, 2011).

The instructional methods used in this study seemed particularly beneficial for the stu-
dents with the weakest sourcing skills. Thus, highlighting the attention to, evaluation, and 
use of source information through modeling, lecturing, and scaffolding students with guid-
ing questions represent efficient methods of teaching sourcing (cf. Brante & Strømsø, 2018). 
Students with the weaker skills may also profit from discussing and exploring a controver-
sial topic in small groups, as this provides them with opportunities to discover more ways 
to evaluate, use, and interpret source information in online texts (e.g., Kiili et al., 2019). 
Although the students in the present study were allowed to form the small groups by them-
selves, the scaffolded small-group work combined with explicit teaching seemed to be an 
efficient method for students with the weakest skills to learn sourcing skills during online 
inquiry (cf. Wilkinson & Fung, 2002).

Despite these promising results, our intervention did not serve as effectively the students 
who performed better in the pre-test than students who had the weakest skills in the pre-test. 
This suggests that more attention should be put to differentiating instruction, for example, 
by ensuring a sufficient difficulty level of the tasks. This need was supported by teachers’ 
comments in their diaries. They reported that even though the prompts offered opportunities 
for students to practice sourcing at their own level, they observed that some tasks were too 
easy or too difficult for part of the students.

Although the present intervention was designed for upper secondary school students, 
teaching sourcing throughout online inquiry could be scaled down for secondary and even 
upper primary school students. This would require the use of more concrete concepts 
throughout the task. For younger students, sourcing in search queries could be limited to 
professions and selected texts to two contradictory ones written by a professional and a 
layperson. As sourcing in written texts is particularly challenging for primary and second-
ary school students (Kiili et al., 2020; Pérez et al., 2018), students’ composition of a written 
product could be scaffolded with sentence starters requiring integration of sources in their 
writing. Whatever the means of facilitation, it is critical that also younger students also 
experience sourcing when engaging in online inquiry.

There are several ways how our intervention can be improved. First, providing feedback 
on students’ sourcing during online inquiry could scaffold students towards more sophis-
ticated sourcing practices. In the present study, our design did not include any systematic 
feedback procedures or guidelines for the teachers even though feedback plays a crucial role 
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in students’ learning (Hattie & Timperley, 2007; Van der Kleij et al., 2015). The external 
feedback from a teacher is essential (Huisman et al., 2019), but in some circumstances, 
peer feedback can be as effective as teacher feedback (Huisman et al., 2019). Importantly, 
peer feedback not only benefits the receiver but also the provider, as it requires students to 
actively consider the criteria for advanced sourcing (Huisman et al., 2018) and helps them 
to reflect on their own sourcing skills (Van Popta et al., 2017).

Secondly, more attention could be paid to designing engaging tasks. In the present study, 
we designed four alternative task scenarios on health issues that were connected to young 
people’s lives. According to teacher and student feedback, the topics did not, however, initi-
ate interest among some students (see Kiili et al., 2022). This accentuates the importance 
of selecting online inquiry topics that are both topical and novel among young people (cf. 
Anmarkrud et al., 2021). At their best, topics will stimulate productive emotions, such as 
curiosity and enjoyment (Chinn et al., 2021).

Conclusions

When reading and learning through online information, sourcing is one of the key prac-
tices supporting the evaluation of information, comprehension of multiple viewpoints, and 
decision-making (Scharrer & Salmerón, 2016). Sourcing is also an overarching practice that 
can occur throughout online inquiry, starting from the point when readers turn to the Internet 
to solve a problem and ending when they communicate their findings to others (Kiili et al., 
2021). Our study suggests that sourcing can be taught throughout the online inquiry process 
by carefully designing sourcing practices as an integral part of online inquiry.

The rapid spread of false information online has increased concerns about the vulner-
ability of children and adolescents with low critical reading skills (Howard et al., 2021). 
For example, adolescents who use social media frequently tend to overlook sources’ cred-
ibility (e.g., Macedo-Rouet et al., 2020) which may lead them to spread disinformation 
unintentionally. Encouragingly, the intervention implemented here succeeded in enhancing 
the sourcing skills of the students with the weakest skills. However, sourcing is not effort-
less for adolescents or easy to teach for them and thus, promotion of sourcing should be a 
continuous effort and implemented in different school subjects.
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