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ABSTRACT 

Online news literacy training has been so far insufficiently conducted and 
evaluated, and even less so with younger news consumers. Against the 
backdrop of online news cognitive processing, interventions against 
misinformation, and inquiry-based learning, we designed, conducted, and 
evaluated a pilot online news literacy training with 36 elementary school 
students from Germany. In a causal comparison, quantitative data from N = 
29 students attest high participant acceptance and substantial effects of the 
inquiry-based training on participants’ ability to correctly assess online news 
credibility, and on the corresponding cognitive processing route, moving this 
from intuitive to analytic processing. Despite the small sample, the experiment 
was only underpowered regarding the between-subject effect, whereas the 
power was sufficient for all other effects. These encouraging findings of the 
pilot training may be the result of knowledge reorganization associated with 
inquiry-based learning. Further educational research and practice are needed 
to understand the efficacy of the training at scale.  

 
Keywords: misinformation, information literacy, elementary school, 
cognitive processing route, inquiry-based learning. 
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INTRODUCTION 
 

With the increasing use of digital media among 
children (Feierabend et al., 2021), their susceptibility to 
misinformation and fake news is also increasing (Carter 
et al., 2021; Maftei et al., 2022; Queiroz De Jesus & 
Hubbard, 2021).  

Similarly to advertising, disinformation may 
generally aim to covertly influence attitudes and 
persuade target persons to a certain, not necessarily 
desirable, behavior (commercial, political, social, 
health-oriented, etc.). Children in particular between the 
ages of seven to nine years are not naturally able to 
assess news with regards to its credibility, even after 
receiving credibility warnings (Roberts et al., 2021). 
Consequently, the cognitive integration of 
misinformation fosters misconceptions that can affect 
the everyday lives of individuals and society in the long 
term (Pennycook, 2022).  

To avoid negative consequences of disinformation 
and misinformation, many authors (e.g., Corser et al., 
2022; Dumitru, 2020; Loos et al., 2018; Nagel, 2022; to 
cite only a few of the most recent publications), call for 
educational interventions aimed to improve children’s 
information literacy related to online news. In response 
to this, we aimed to design, conduct, and evaluate an 
online news literacy pilot training for elementary school 
students. Correspondingly, the remainder of this paper 
includes a literature overview on misinformation and 
information literacy, the cognitive processing of online 
news, and possible interventions to foster information 
literacy.  

Based on these theoretical considerations, we 
propose an inquiry-based pilot training for elementary 
school students that we subsequently evaluate in terms 
of participants’ credibility evaluation discernment of 
true and fake news and cognitive processing 
improvement. Finally, we draw conclusions about 
information literacy interventions at early ages. 

 
THEORETICAL FRAMEWORK 

 
The theoretical framework outlined below starts with 

definitions of key concepts and outlines our 
understanding of Internet users’ cognitive processing of 
online information. Against this background, we discuss 
interventions aimed to increase Internet users’ 
information literacy related to misinformation. We 
further suggest an instructional design for such 
interventions, along with basic evaluation criteria. 
 

Misinformation, disinformation, fake news, and 
information literacy 
 

Mass media are generally expected to provide 
consumers with truthful information, which in turn 
requires journalistic quality assurance. If news quality is 
not provided, media propagate misinformation. When 
this happens intentionally, we label it disinformation. 
Within this latter genre, fake news is defined as news 
articles with verifiably false content, aiming to mislead 
news consumers, therefore mimicking the form of 
professional news media (Lazer et al., 2018). 

Among multiple research domains investigating this 
phenomenon, the production, propagation, and 
reception of misinformation stands in the focus of 
communication research. The cognitive processing of 
misinformation and persuasion through disinformation 
are well-established topics of social psychology and, 
increasingly, of cognitive psychology (Pennycook, 
2022). Building upon conceptual approaches and 
empirical findings, the educational sciences aim to 
foster news consumers’ information literacy, training 
them to think critically and recognize misinformation as 
such, and to resist persuasion attempts through 
disinformation. 
 
Cognitive processing of online news 
 

From a cognitive perspective, information 
consumers can fall for fake news due to several effects. 
For instance, the illusory truth effect supports the 
reception of information by increasing the belief in 
repeated propositions (Hasher et al., 1977). The mere 
exposure effect may cause a positive evaluation of 
something that was previously evaluated neutrally 
(Zajonc, 1968). Confirmation bias makes people more 
likely to actively search for and integrate evidence that 
supports personal assumptions and beliefs (Nickerson, 
1998). Altogether, these effects contribute to cognitively 
integrating misinformation and developing 
misconceptions. 

On the other hand, discarding or ignoring 
misinformation and thus resisting persuasion attempts 
requires three types of knowledge described by Friestad 
and Wright’s (1994) persuasion knowledge model 
(PKM). First, topic knowledge enables news recipients 
to make sense of the message. Second, persuasion 
knowledge includes news consumers’ beliefs about 
what a persuasion episode is and how they could be 
persuaded. Third, agent knowledge consists of 
assumptions about an agent’s motives, goals, and 
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strategies behind a persuasion attempt. A meta-analysis 
by Eisend and Tarahi (2021) confirms the relationship 
between persuasion knowledge in the sense of the PKM 
and information consumers’ capacity to resist 
persuasion. 

Accepting information as credible is a result of 
cognitive processing, which can take place analytically 
(e.g., searching for scientific articles and checking facts) 
or intuitively (e.g., trusting one’s “guts feeling”) 
(Pennycook, 2022; Petty & Cacciopo, 1986). Analytic 
processing is more laborious, therefore slower, and more 
likely to lead to an accurate discernment of fake vs. 
truthful news. Intuitive processing is less laborious, 
therefore faster, but often less accurate (Faragó et al., 
2023; Pennycook, 2022). 

While these effects are confirmed with adults, for the 
most part, fake news effects on children are not yet 
sufficiently researched. From the age of approximately 
six, children can perform inductive and deductive 
thinking, and thus form their own opinions and beliefs 
(Markovits, 2013). Biases like confirmation bias, which 
affects such beliefs, could also emerge around that age. 
Further effects like the mere exposure effect and the 
illusory truth effect should be challenged at a young age, 
while children are beginning to consume media, and are 
presumably not repeatedly exposed to fake news, yet. 
 
Information literacy interventions 
 

From a mass communication research perspective, 
interventions against misinformation and manipulation 
through disinformation are typically classified in two 
broad categories: fact checking and inoculation (Lazer 
et al., 2018). While the former term may be self-
explaining, the latter means confronting news 
consumers with fake news in a weaker form, example 
given, in computer game environments (Traberg et al., 
2022), in order to immunize consumers to a 
misinformation threat (McGuire, 1961). Both fact 
checking and inoculation require and, in practice, 
comprise providing news consumers with various types 
of information in the framework of the PKM (Friestad 
& Wright, 1994). Fact checking mainly requires domain 
knowledge, the simplest type of knowledge being that a 
piece of news may be untruthful. Inoculation focuses on 
agent knowledge (Traberg et al., 2022). While the 
effects of both methods, especially in association with 
analytic reasoning (Faragó et al., 2023), have been 
empirically confirmed in many studies (e.g., Koch et al., 
2023; Traberg et al., 2022), likely as result of intuitive 
processing, inoculation seems to induce generic 

skepticism towards online news, rather than improving 
(analytic) discernment of truthful vs. fake news 
(Modirrousta-Galian & Higham, 2023). The latter effect 
would be desirable from a media education perspective. 

An effective alternative approach can be found in 
Wineburg et al.’s (2022) lateral reading technique, an 
application of source credibility evaluation (Kiili et al., 
2023) in which news consumers pay less attention to the 
news per se and search for “lateral” information about 
the news authors, their social and political activity, and 
their sponsors. In terms of the PKM, lateral reading 
focuses on providing news consumers with agent 
knowledge. Study participants considerably improved 
their ability to assess news credibility after being trained 
in lateral reading (Fendt et al., 2023; Wineburg et al., 
2022). As lateral reading comprises active and concerted 
search for specific information, the analytic route likely 
contributes to this improvement. 

These interventions have primarily been 
administered to adults (e.g., Fendt et al., 2023; Pérez-
Escolar et al., 2021; Traberg et al., 2022; Wineburg et 
al., 2022), with only a few to adolescents, and even less 
to children. For instance, Nygren et al. (2021) conducted 
a fact checking intervention with 14 to 16-year-old 
pupils, after which participants could assess online news 
credibility more accurately. Extrapolating the findings 
to children requires researchers to consider human 
cognitive development. Whereas children develop a 
theory of mind from a very young age, and may also 
develop metacognition (as to understand how theory of 
mind contributes to persuasion), their persuasion 
knowledge may not be sufficient, they may not be aware 
of the agents behind misinformation (as to draw on 
theory of mind), or they may have insufficient topic 
knowledge. Resistance as an attitude against persuasion 
(e.g., against truth bias) usually develops later (Evans & 
Park, 2015; Markovits, 2013). In this vein, Castonguay 
(2022) found that disclosing the advertising intention in 
online sources (e.g., online videos) activates persuasion 
knowledge, whereas, for the least mature audience (5–
12 years of age), such disclosure may not be sufficient. 
Similarly, Roberts et al. (2021) observed that warning 
children about inaccurate news content does not 
improve their news credibility assessment. Addressing 
this challenge, and notwithstanding the major research 
gap, some authors emphasize the importance for fake 
news interventions or media literacy education in 
elementary school (e.g., Corser et al., 2022; Dumitru, 
2020, Loos et al., 2018; Nagel, 2022), but without 
delivering concrete intervention concepts. 
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Instructional design approaches supporting 
information literacy interventions 
 

As the above discussed examples show, 
interventions against fake news imply involving media 
consumers in complex activities that can require 
instructional approaches like problem-based learning 
(PBL; Scheibenzuber et al., 2021). PBL was proven to 
generally have a positive and large effect (d = .66) on 
skill development (Dochy et al., 2003). Comparable 
effects were found with elementary school children 
(Heindl, 2019), which suggests that information literacy 
interventions for children may benefit from a problem-
based design. 

From the many instructional designs defined under 
the umbrella of PBL, inquiry-based learning (IBL) 
appears promising as its effects have been affirmed in 
many empirical studies (Lazonder & Harmsen, 2016). 
IBL aims to develop learners’ problem-solving skills by 
conducting their own research similar to the scientific 
discovery process (Pedaste et al., 2015), which in turn 
requires them to argue about science questions, conduct 
experiments, draw conclusions, and explain their own 
ideas and how these ideas can be extended to different 
phenomena and contexts (Jerrim et al., 2020). Pedaste et 
al. (2015) identify five inquiry phases that can be 
performed in various order and extent depending on the 
specific learning environment: First, the subject is 
introduced, or a learning challenge is set (orientation). 
Second, a question is asked or a hypothesis is stated as a 
possible response to the challenge (conceptualization). 
Third, an exploration or experimentation may include 
process planning or data analysis (investigation). 
Fourth, a solution to the initial problem is created 
(conclusion). Fifth, the results discussion and the inquiry 
itself can be included in and connected with every other 
phase (discussion). These types of activities need to be 
combined with direct instruction, access to learning 
content, and contextual support (Suárez et al., 2017). 

IBL success can be improved through technology 
(Pedaste et al., 2015). To create an IBL environment in 
this study, we used the tools Fakefinder and Fakefinder 
Kids designed by a German governmental broadcasting 
company (SWR, 2019). Fakefinder Kids was designed 
for elementary school children from the third grade 
upwards and introduces them to the topics of 
advertising, chain letters, and image manipulation. 
Fakefinder presents a chatroom in which a virtual friend 
asks questions about news samples, gives tips on how to 
assess them, and ultimately confirms or corrects the 
assessment made. In line with the limited research on 

fostering children’s information literacy, these tools 
were so far insufficiently evaluated regarding their 
effects on news credibility assessment accuracy and 
possible changes in the associated cognitive processing 
level. 
 
Evaluating information literacy interventions 
 

The development of learning environments needs to 
go hand in hand with their evaluation. For the purpose 
of this pilot study, we applied two basic evaluation 
criteria. First, engaging children in any kind of 
intervention requires their acceptance. More 
specifically, attitudinal acceptance (e.g., perceiving the 
activity as “fun”) and behavioral acceptance (i.e., 
carrying out instructional tasks) towards the training 
environment were deemed relevant to the intervention’s 
success (e.g., Granić & Marangunić, 2019). 

The second basic evaluation criterion was children’s 
performance in evaluating the information. As stated 
above, the intervention aims at improving the 
discernment between real and fake news, rather than 
inducing generic skepticism towards news 
(Modirrousta-Galian & Higham, 2023). In other words, 
the intervention should decrease fake news credibility, 
while the credibility of true news should ideally remain 
unchanged. This ability may require moving the 
cognitive processing route from no processing to 
intuitive and, ultimately, to analytic processing (Faragó 
et al., 2023). 

 
Research questions 
 

The primary research gap we address in this study is 
that insufficient research has been conducted on the 
causal relationship between information literacy training 
approaches, cognitive processing of online news, and 
the accuracy of credibility assessments. Even less 
research has been conducted with elementary school 
students (Queiroz De Jesus & Hubbard, 2021; Stanley & 
Lawson, 2020). Hence, we designed and conducted a 
fake news-focused information literacy training for 
elementary school students and examined the following 
research questions (RQs). 

RQ1. To what extent do elementary school students 
accept the information literacy training focused on fake 
news, as indicated by their fun perception and the 
number of completed tasks? 

RQ2. What is the effect of the information literacy 
training’s problem-based design on the elementary 
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school students’ ability to correctly assess online news 
credibility, as compared with direct instruction? 

RQ3. What is the effect of the information literacy 
training’s problem-based design on the elementary 
school students’ cognitive route of online news 
credibility assessment, as compared with direct 
instruction? 

Given the pilot character of the study, these RQs are 
stated to gain a first insight in the training’s feasibility 
and acceptance, and to identify the largest training 
effects, if any. 

METHODOLOGY 
 
Research design 

 
Notably, many of the existing studies on fake news 

interventions were built upon a pre-post design (e.g., 
Nygren et al., 2021), which does not support causal 
conclusions. Our study was built upon a mainly 
quantitative design including basic descriptive 
measures, a causal comparison, and, addressing RQ3, a 
quantitative content analysis.

 

 
Figure 1. Comparison of the teaching units 

 
The causal comparison aimed to assess the effects of 

the problem-based instructional design – specifically, 
inquiry-based learning – as an additional element to 
providing the same information via direct instruction. 
Therefore, we compared a group where the fake news-
related contents were taught via direct instruction 
(baseline group) with a group in which the same content 
was learned through inquiry (intervention group), as 
depicted in Figure 1. 
 
Population and sample 
 

For this pilot study, we deemed appropriate a 
convenience sample gathered as efficiently as possible. 

In this sense, and in order to protect the potential 
participants, we chose older school classes from the 
elementary school where the first author worked. The 
sample size was chosen to be as small as possible while 
still having enough statistical power to detect 
differences between groups. According to G*Power 3.1, 
in order to identify large effects of the size f = .50 (partial 
η2 = .20) by means of repeated-measures ANOVA with 
an alpha error probability of .05 and power .80 in two 
groups, at two datapoints with a moderate correlation 
(.50) among repeated measures, a minimum sample size 
of 26 participants was required for between factors and 
12 for within factors and within-between interaction. 

Intervention: inquiry-based learning

Day 1: Lesson 1 (ca. 60 min.)
• Orientation:

Introduction & Problem statement
• Conceptualization:

Research assignment, Starting the 
mind map

• Investigation:
Research & Exploration

• Conclusion:
Completion of mind map

• Discussion:
Presentation & Comparison

Baseline: direct instruction

Day 1: Lesson 1 (ca. 60 min.)
• Stating learning objective: 

Introduction, Learning Goal
• Orienting students:

Activating prior knowledge
• Presenting new material:

Exercise book entry, Posing questions
• Practice:

Research & Exploration,
Review & Feedback

• Evaluation & Reflection

Day 2: Lesson 2 (ca. 60 min.)
• Stating learning objective: 

Introduction, Learning Goal
• Orienting students:

Activating prior knowledge
• Presenting new material:

Exercise book entry, Posing questions
• Practice:

Research & Exploration,
Review & Feedback

• Evaluation & Reflection

Day 2: Lesson 2 (ca. 60 min.)
• Orientation:

Introduction & Problem statement
• Conceptualization:

Research assignment, Starting the 
exercise book entry

• Investigation:
Research & Exploration

• Conclusion:
Completion of exercise book entry

• Discussion:
Presentation & Comparison
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Based on these considerations, the participants were 
4th grade students from an elementary school with 
approx. 250 students at the periphery of a large city in 
southern Germany. After receiving approval from the 
university department’s ethics committee and the school 
principal, the study involved 36 students (24 girls and 12 
boys) in two grade 4 classes, aged around 10, from 
which N = 29 (n1 = 13 comprised the reference group in 
one of the classes and n2 = 16 the treatment group in the 
other class) provided complete and valid data for the 
study. 
 
Intervention 
 

The training aimed to improve participants’ ability 
to assess online news as true or fake, as a result of 
improved cognitive information processing. Keeping in 
mind the PKM (Friestad & Wright, 1994), the learning 
materials included information on potential risks of 
Internet use in children’s everyday lives, addressing 
phenomena like chain letters and hidden advertising in 
social networks, influencers, and picture and video 
manipulations, along with background information, 
personal consequences, and recommendations for 
avoiding related pitfalls. 

The intervention group worked out and elaborated 
on this information in the framework of an IBL approach 
with the stages: orientation, conceptualization, 
investigation, conclusion, and discussion (Pedaste et al., 
2015), as presented in Figure 1. The first lesson, which 
lasted about 60 minutes, began with gathering students’ 
assumptions about possible dangers in their daily 
Internet use. The subject was introduced via the 
problematization of fake news and applying the problem 
to the living environment; subsequently, they worked 
out a research assignment for the lesson (orientation). 
The teacher started a mind map on the board, which the 
children continued self-directedly during the lesson 
(conceptualization). Students’ assumptions made at the 
beginning were explored, systematically investigated, 
and verified at workstations (investigation), and the 
students created own mind maps in their exercise books 
(conclusion). The mind maps were presented and 
compared (discussion). In the second lesson one week 
later, lasting around 60 minutes again, the students made 
assumptions about how the knowledge they had gained 
on the first day could be applied to fake news 
(orientation). The teacher formulated a research 
assignment (conceptualization). In response, the 
students started learning at the workstations 
(investigation) and following created an exercise book 

entry together on the board, which they eventually 
transferred to their notebooks and checked against their 
initial assumptions based on the mind map (conclusion). 
The training concluded with a summary and discussion 
of the new understandings and potential applications in 
students’ everyday lives (discussion). 

The training was based on self-directed and 
collaborative learning in small groups at various 
workstations in the classroom offering 7 tasks in total. 
Five stations supported 5 generic tasks: researching 
information online, creating methods to discover fake 
news and protect themselves, creating their own fake 
news, debunking fake news, and practicing lateral 
reading (McGrew & Byrne, 2020). Two further stations 
additionally included the tools Fakefinder Kids and the 
Fakefinder School. This interactive, game-based 
website features TikToks, chat histories, and YouTube 
videos, where students can identify image manipulation, 
chain letters, or advertising (SWR, 2019). The students 
were confronted with news from different virtual chat 
partners, had the possibility to check the source, and 
classified the news as true or fake. The decision could 
be made by source checking or by lateral reading, as the 
students had access to the internet at all times. 
Fakefinder provided task-specific feedback. 
Complementarily, the teacher gave feedback on learning 
progress and results. Decisions about the total number 
of worked out tasks, the depth of research, and the time 
spent on each task were left to the students. 

Starting the first lesson, the teacher stated the 
learning goals of the lessons also addressing students’ 
relevant background knowledge. He provided the 
students with new information and wrote an exercise 
book entry. The students solved Fakefinder (SWR, 
2019) tasks in plenum and reflected on their new 
knowledge in a teacher-led conversation in class. The 
teacher gave feedback and initiated discussions on 
understanding issues. Concluding the lesson, students 
reflected again on the newly acquired knowledge and 
related this to their own media consumption. The second 
lesson was similarly structured, and included more 
advanced knowledge. 

With the baseline group, the same information was 
taught following the principles of direct instruction 
(Slavin, 2018) as shown in Figure 1. Starting the lesson, 
the teacher stated the learning objectives, reviewed 
prerequisites, and presented new material. He asked 
questions to assess students’ understanding before 
proceeding to the practical exercise. Subsequently, he 
reviewed the practice and gave feedback. Finally, 
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distributed practice and review were performed to 
ensure knowledge storing and recalling. 
 
Measures 
 

In response to the research questions, students’ 
attitudinal acceptance of online news literacy training 
was operationalized as students’ perception of the 
training “being fun,” a corresponding question being 
answered on a 4-point Likert scale. The behavioral 
acceptance was assessed as the number of tasks solved 
during the training. 

 
Table 1. Content analysis codes 

 
 Codes Description Examples 
0 No processing No answer  

1 Intuitive 
processing 

Participants decide to 
what extent the news is 
credible based on “gut 
feeling” or hunch. 

“I cannot 
imagine 
that.“ 

2 Memory-
based analytic 
processing 

Participants analyze news 
based on previously 
acquired factual 
knowledge. 

“Egypt is too 
warm for 
snow.“ 

3 Investigative 
analytic 
processing 

Participants actively 
search for information on 
message, author, or source 
during the training, and 
analyze the news based on 
the newly acquired 
knowledge. 

“I found on 
the Internet 
that…” 

 
The ability to correctly assess online news 

credibility (RQ2) was measured showing the students 8 
examples of online news, from which 4 were truthful 
and 4 fake, and asking how credible they thought these 
were, on a Likert scale from 1 = not credible at all to 4 
= entirely credible (Pennycook et al., 2020). The scale 
was reversed for the fake news examples, thus reflecting 
the distance between students’ assessment and the actual 
news quality (1 = best assessment to 4 = worst 
assessment) and corresponding with the German school 
grading scale.  

The news credibility scores were calculated as the 
sum of all items, taking values from 8 to 32, and 
separately of the true and fake items (assessing the true 
and fake news identification), with values from 4 to 16 
each. As this variable was a formative construct, 
Cronbach’s alpha was not deemed meaningful (Stadler 
et al., 2021); therefore, it was not calculated. The 
cognitive route (RQ3) (Faragó et al., 2023; Pennycook, 

2022; Petty & Cacciopo, 1986) was assessed by asking 
the students to justify their news assessment. Students’ 
answers were collected for a quantitative content 
analysis and then analyzed. Each student statement was 
seen as one unit of analysis. No answer was coded as 0, 
an intuitive answer as 1, a knowledge-based answer as 
2, and an analytic answer as 3. An overview of the 
analysis codes is provided in Table 1. The corpus was 
first analyzed by the entire authors team (3 coders). 
Discrepancies were discussed refining the code book 
until consensus was reached. At about one fourth of the 
corpus, no more discrepancies occurred, after which the 
material was coded by the first author alone. The first 
three measures were regarded as interval scales, the last 
one as an ordinal scale. 
 
Procedure 

 
The training was conducted face-to-face, and the 

measures were done as paper-and-pencil tests. 
Attitudinal and behavioral acceptance were measured at 
the end of the training; the ability to correctly assess 
online news credibility and the cognitive route were 
measured both at the beginning and at the end. The study 
procedure is depicted in Figure 2. 

Besides generic descriptive statistics, RQ2 was 
answered by repeated measures ANOVA. The 
Kolmogorov-Smirnov test was not significant (D(29) = 
0.091, p = 0.97), indicating the news credibility scores 
followed a normal distribution. A Q-Q plot confirmed 
the normal distribution of the data. RQ3 involved 
ordinal data; therefore, it was answered using the 
Friedman and Kruskal-Wallis tests. The software used 
was IBM SPSS Statistics version 28. 
 

FINDINGS 
 
RQ1. Training acceptance 
 
With respect to the training environment acceptance, 15 
out of 16 inquiry-based and 12 out of 13 direct 
instruction learners reported they had fun, which 
suggested high attitudinal acceptance. A χ2 test showed 
no significant difference between groups. The 7 tasks 
were solved 16, 12, 10, 13, 12, 14, and 4 times (Table 
2), which indicated high behavioral acceptance. Again, 
the χ2 test showed no significant difference between 
groups.  
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Figure 2. Study procedure 

Table 2. Number of Completed Tasks in the 
Experimental Group 

 

Task 1 2 3 4 5 6 7 

Number of 
completions 16 12 10 13 12 14 4 

 
RQ2. News credibility test performance 

 
With respect to the within-subject effects, 

participants’ online news assessment improved from M 
= 2.32 (SD = .27) in the pretest to M = 1.76 (SD = .41) 
in the posttest. A repeated measures ANOVA indicated 
this improvement as statistically significant, F(2, 26) = 
42.49, p < .001; partial η2 = .61 (large effect). The 
within-subject effects remained significant when fake 
and true online news were considered separately. For 
fake news, participants’ online news assessment 
improved from M = 1.93 (SD = .49) in the pretest to M 
= 1.63 (SD = .47) in the posttest, with F(1, 27) = 9.11, p 
= .005; partial η2 = .25. For true news, participants’ 
online news assessment improved from M = 2.71 (SD = 
.42) in the pretest to M = 1.90 (SD = .57) in the posttest, 
with F(1, 27) = 37.55, p < .001, partial η2 = < .001. 

The between-subject effects were not significant, 
F(1, 27) = 1.36, p = .25; partial η2 = .05 for all online 
news; F(1, 27) = 3.17, p = .09; partial η2 = .11 for fake 
news; and F(1, 27) = .03, p = .86; partial η2 = .001 for 
true news. However, looking at the interaction effects, 
the inquiry-based learners improved their scores from M 
= 2.36 (SD = .27) in pretest to M = 1.63 (SD = .43) in 

posttest, M = .73, which was a stronger improvement 
than the direct instruction group with M = 2.27 (SD = 

.28) in pretest to M = 1.93 (SD = .31) in posttest, M = 

.34. This interaction effect was significant, F(1, 27) = 
5.86, p = .02; partial η2 = .18 (large effect). The 
interaction effect remained significant for fake news 
identification, where the inquiry-based learners 
improved their scores from M = 1.98 (SD = .50) in 

pretest to M = 1.36 (SD = .33) in posttest, M = .62, 
whereas the direct instruction group rose from M = 1.87 
(SD = .28) in pretest to M = 1.96 (SD = .39) in posttest, 

M = -.09.  
 
Table 3. News credibility test performance (RQ2): 

descriptive statistics 
 

 
Instructional 
design 

N Datapoint M SD 

All 
News 

IBL 16 Pretest 2.36 0.27 
Posttest 1.63 0.43 

DI 13 Pretest 2.27 0.28 

Posttest 1.93 0.31 
Total 29 Pretest 2.32 0.27 

Posttest 1.76 0.41 

True 
News 

IBL 16 Pretest 2.73 0.39 

Posttest 1.89 0.67 

DI 13 Pretest 2.67 0.46 

Posttest 1.90 0.43 

Total 29 Pretest 2.71 0.42 

Posttest 1.90 0.57 

Fake 
News 

IBL 16 Pretest 1.98 0.50 
Posttest 1.36 0.33 

DI 13 Pretest 1.87 0.49 

Posttest 1.96 0.39 

Total 29 Pretest 1.93 0.49 
Posttest 1.63 0.47 

 
 

Pretest

•News Credibility 
Test:
4 fake + 4 real 
online news items

•Cognitive Route:
justifying the 
assessment

Lesson 1 Topics

•Threat of Internet 
use

•Personal 
Experiences

•Fake News

•Chain Letters

•Advertisements

•Social Media & 
Influencers

Lesson 2 Topics

•Fake News

•Misinformation

•Conspiracy 
Theories

•How to detect 
Fake News: Fact 
Checking

Posttest

•Attitudinal and 
behavioral 
acceptance

•News Credibility 
Test:
4 fake + 4 real 
online news items

•Cognitive Route:
justifying the 
assessment
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Table 4. Overview of ANOVA results 
 

  F p partial η2 

Within-
subject 
effects 

All News F(2, 26) = 42.49 < .001 .61 

True News F(1, 27) = 37.55 < .001 .001 

Fake News F(1, 27) = 9.11 .005 .25 

Between-
subject 
effects 

All News F(1, 27) = 1.36 .25 .05 

True News F(1, 27) = .03 .86 .001 

Fake News F(1, 27) = 3.17 .09 .11 

Interaction 
effects 
datapoint* 
treatment 

All News F(1, 27) = 5.86 .02 .18 

True News F(1, 27) = .08 .78 .003 

Fake News F(1, 27) = 16.95 < .001 .39 

 
The interaction effect related to fake news was 

significant, F(1, 27) = 16.95, p < .001; partial η2 = .39 
(large effect). For true news identification, the inquiry-
based learners improved their scores from M = 2.73 
(SD = .39) in pretest to M = 1.89 (SD = .67) in posttest, 

M = .84; the direct instruction group improved from M 
= 2.67 (SD = .46) in pretest to M = 1.90 (SD = .43) in 

posttest, M = .77. This interaction effect was not 
significant, F(1, 27) = .08, p = .78; partial η2 = .003. A 
results overview is provided in Tables 3 and 4. 
 
RQ3. Cognitive processing route 
 

Related to the within-subject effects, the mean rank 
of the cognitive route score increased from 1.20 before, 
to 1.80 after the training. The increase was statistically 

significant: a Friedman test resulted in 2(1) = 12.46, p 
< .001, with effect sizes r = .55 (large effect) and 
Kendall’s W = .42 (moderate to large effect). These 
increases remained significant when fake and true online 
news were considered separately. For fake news, the 
cognitive route scores increased from 1.28 before, to 

1.72 after the training, with 2(1) = 6.76, p = .009, effect 
sizes r = .46 (large effect) and Kendall’s W = .23 (small 
to moderate effect). For true news, the cognitive route 
scores increased from 1.22 before, to 1.78 after the 

training, with 2(1) = 10.70, p = .001, effect sizes r = .59 
(large effect), Kendall’s W = .36 (moderate effect). 

With respect to the between-subject effects, the mean 
rank of the cognitive route scores increased from 1.12 
for direct instruction to 1.93 for inquiry-based learning. 
A Kruskal-Wallis H test indicated this difference as 

statistically significant, 2(1) = 6.40, p = .01, effect size 

2 = .22 (large effect). The increases remained 

significant when true and fake news were considered 
separately. For fake news, the mean rank of the 
cognitive route scores increased from 1.18 for direct 

instruction to 1.87 for inquiry-based learning; 2(1) = 

4.70, p = .03, effect size 2 = .16 (large effect). For true 
news, the mean rank of the cognitive route scores 
increased from 1.16 for direct instruction to 1.89 for 

inquiry-based learning; 2(1) = 5.35, p = .02, effect size 

2 = .18 (large effect). 

 
Sensitivity analysis 
 

Given the small sample size, we finally conducted a 
sensitivity analysis aimed to determine the smallest 
effects possible to identify in the study. For the F tests 
category, particularly repeated measures ANOVA, with 
α error probability of .05, power (1 – β) = .80, 2 groups 
with a total of N = 29 participants, and 2 datapoints, the 
smallest detectable effect was f = .27 (partial η2 = .07) 
for within-subject and interaction effects. For between-
subject effects, the smallest detectable effect was f = .47 

(partial η2 = .17). For generic 2 tests, also representing 
the Friedman and Kruskal-Wallis tests employed above, 
with α error probability of .05, power (1 – β) = .80, and 

df = 1, the critical 2 value was 3.84. An overview of the 
sensitivity analysis and comparison between required 
and found effect. 

 
DISCUSSION 

 
In this study, we aimed to design, conduct, and 

evaluate an information literacy training based on 
inquiry learning for elementary school children. 
Keeping in mind that, for this age group, special 
participant and data protection regulations apply, we 
chose to first conduct a pilot study with a small number 
of participants, efficiently gathered, on which we could 
gain a first insight into the training’s feasibility and 
acceptance, and to roughly identify the largest training 
effects. 

A sensitivity analysis showed that all effects we 
found, excepting the non-significant ANOVA between-
subject effects, were larger than the required minimum. 
As such, we summarize and discuss the information 
literacy design and the empirical findings associated 
with it below. 

sizes is provided in Table 5. 
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Table 5. Overview of sensitivity analysis and power adequacy 
 

RQ Investigated effect Test type Found effect size 
Required minimum 
effect size 

Adequate 
power 

RQ2 (News credibility 
test performance) 

Within-subject ANOVA partial η2 = .61 partial η2 = .07 Yes 
Between-subject ANOVA partial η2 = .05, n.s. partial η2 = .18 No 
Interaction ANOVA partial η2 = .18 partial η2 = .07 Yes 

RQ3 (Cognitive route) Within-subject Friedman 2(1) = 12.46 critical 2 = 3.84 Yes 

 Between-subject Kruskal-Wallis 2(1) = 6.40 critical 2 = 3.84 Yes 

Note. Sensitivity analysis settings: α error probability = .05, power (1 – β) = .80, 2 groups, N = 29, df = 1, 2 datapoints 
 

RQ1. Training acceptance 
 

The participants accepted the training to a high 
degree, both in the sense of attitudinal and of behavioral 
acceptance. There was no significant difference between 
the experimental groups in terms of perceived “fun” or 
of the number of solved tasks. This is consistent with 
many studies showing children’s affinity with many 
aspects related to the Internet (e.g., Hooft Graafland, 
2018). As for the acceptance of IBL, our findings are 
consistent with studies showing a positive relationship 
between children’s IBL and their curiosity (e.g., van 
Schijndel et al., 2018). For the purpose of this study, the 
high acceptance of the pilot training represents a 
fulfilled prerequisite for further research and 
development. 
 
RQ2. News credibility test performance 
 

The online news literacy training was associated 
with a significant and large pre-post increase in 
participants’ test performance. On the other hand, the 
comparison between the IBL and the direct instruction 
group could not identify any direct effect, and the 
sensitivity analysis suggested that this could be due to 
the small sample, indicating there might be direct effects 
under the sensitivity threshold of part. η2 = .18. 
Nevertheless, there was a significant and large 
interaction effect (part. η2 = .18) between measurement 
time and treatment, such that the pre-post difference was 
larger for the IBL group than for the reference group. In 
other words, and given that both experimental groups 
received the same information on how to recognize 
misinformation, the IBL format appeared to have a large 
effect on participants’ online news literacy 
development. 

This is consistent with previous studies showing 
positive effects of PBL in general (Dochy et al., 2003; 
Hattie, 2009), IBL in particular (Heindl, 2019; Jerrim et 
al., 2020; Pedaste et al., 2015), and online news literacy 
training (e.g., Scheibenzuber et al., 2021) on participants 

of various ages. Whereas PBL and IBL studies included 
elementary school students, too, little was known so far 
about the effects of online news literacy training on this 
particular age group (Queiroz De Jesus & Hubbard, 
2021; Stanley & Lawson, 2020). Our study thus 
contributes to closing this gap in research. 
 
RQ3. Cognitive processing route 
 

In examining the efficacy of our training, we also 
aimed to explain this effect by participants’ cognitive 
processing route (Petty & Cacioppo, 1986). Indeed, the 
training was associated with a significant and large pre-
post shift of participants’ explanations towards analytic 
reasoning and active search of information supporting 
their online news evaluation. There was also a 
significant difference between experimental groups, 
suggesting a large effect of the training on participants’ 
cognitive processing of online news. 
 
Consequences, limitations and future research 
 

As the inquiry-based online news literacy training 
(Pedaste et al., 2015) yielded encouraging results in 
regard to its effectiveness, this study’s consequence for 
educational practice is clear: Implementing such 
training on a larger scale may be an appropriate way to 
address the challenges of misinformation at an early age. 
To achieve this, elementary school teachers should be 
trained, in turn, to develop corresponding teaching skills 
related to both IBL and media literacy. 

Whereas the identified effects are in line with 
previous research (Faragó et al., 2023; Schwarz & 
Jalbert, 2021), the findings are inconclusive with respect 
to the causal relationship between the intervention, the 
cognitive processing route, and participants’ online 
news discernment. A possible mediation effect of the 
cognitive route should be examined in future research. 

A methodological limitation worth mentioning was 
the small sample size. While the study brought adequate 
power with respect to most effects we tested, smaller 
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effects may have been blurred, for example, the 
marginal between-subject effects of the inquiry-based 
training (p = .09; partial η2 = .11 for fake news 
identification). To address this limitation, in future 
research the information competence training should be 
conducted with a larger number of participants. 
Moreover, the stability over time of the training effect 
also remains to be investigated. In future studies, a later 
datapoint could be added for a delayed post-test. The 
employed acceptance instruments were very simple and 
not sufficiently validated for our participants’ age. In 
future studies, we will concentrate on overcoming 
methodological issues and increasing the 
generalizability of our findings. 
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