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Abstract 

In a sample of 281 Norwegian upper-secondary school students, structural equation 

modeling was used to test hypothesized relationships between beliefs about justification for 

knowing, interest, and knowledge across two controversial socio-scientific topics: climate 

change and nuclear power. Results indicated that beliefs in justification by multiple sources 

had a positive direct effect on knowledge about climate change and positive indirect effects 

on knowledge about both topics mediated by topic interest. Beliefs in personal justification 

had only a negative direct effect on knowledge about climate change, and beliefs in 

justification by authority were not related to knowledge about any of the topics, neither 

directly nor indirectly. Findings are considered in light of the existing literature on epistemic 

beliefs concerning justification for knowing and suggestions for future research are offered. 

 

Keywords: Epistemic beliefs, justification for knowing, topic interest, topic knowledge, socio-

scientific topics. 
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Investigating Relations Between Beliefs About Justification for Knowing,  

Interest, and Knowledge Across Two Socio-Scientific Topics 

 

Introduction 

 In the 21st century, gaining accurate knowledge about controversial socio-scientific 

topics is more important than ever. In democratic societies, such topics are often publicly 

debated (Bromme & Goldman, 2014; Sinatra, Kienhues, & Hofer, 2014), and participation in 

a constructive democratic discourse on how to approach and solve them requires that people 

have some common ground in terms of basic topic knowledge despite other disagreements 

they might have (Sinatra et al., 2014). In an educational context, it is therefore pertinent to 

investigate other psychological constructs that may underlie students’ knowledge about socio-

scientific topics. In the current study, we focused on two such constructs, epistemic beliefs 

concerning the domain of science and topic interest, as predictors of students’ knowledge 

about two publicly debated and essential socio-scientific topics: climate change and nuclear 

power plants. Additionally, we investigated the extent to which interest in these topic might 

mediate the effects of epistemic beliefs on students’ knowledge about them. 

Theoretical Assumptions and Prior Research 

 Within educational psychology, epistemic beliefs are considered forms of personal 

epistemology that concern lay persons’ views about the nature of knowledge and the nature of 

knowing (Hofer & Bendixen, 2012). Several dimensions of epistemic beliefs have been 

focused in the literature, including beliefs about the certainty, simplicity, and source of 

knowledge, as well as the justification for knowing (Hofer & Pintrich, 1997; Schommer, 

1990). However, in the last decade, particular attention has been given to beliefs about 

justification for knowing, which concern the ways in which individuals evaluate knowledge 

claims (Hofer & Bendixen, 2012). A main impetus for this direction within epistemic belief 
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research has been the philosophically inspired conceptualization proposed by Greene, 

Azevedo, and Torney-Purta (2008). The core argument of these authors was that thinking 

about justification for knowing is the centerpiece of personal epistemology, especially 

distinguishing between justification by an internal personal source and justification by an 

external authoritative source. Later, Greene, Torney-Purta, and Azevedo (2010) provided 

empirical evidence for the validity of these two dimensions concerning justification for 

knowing at a domain-specific level (i.e., in math and history). 

 In a think-aloud study framed by Greene et al.’s (2008) theoretical work, Ferguson, 

Bråten, and Strømsø (2012) also found that students justified knowledge claims by both 

personal opinion and an external authoritative source when reading about a controversial 

socio-scientific topic. In addition, however, participants were found to justify knowledge 

claims by multiple sources, meaning that they judged knowledge claims by checking several 

sources of information for consistency. In a later study using a questionnaire designed to 

capture all three dimensions (i.e., personal justification, justification by authority, and 

justification by multiple sources), Ferguson, Bråten, Strømsø, and Anmarkrud (2013) further 

validated this trichotomous framework concerning justification for knowing, which also forms 

the basis for the current empirical investigation. Within this framework, personal justification 

refers to the evaluation of knowledge claims in relation to one’s own views or opinions about 

the claims in question, justification by authority refers to the evaluation of knowledge claims 

by appealing to a reputable external source (e.g., a teacher or a scientist), and justification by 

multiple sources refers to the evaluation of knowledge claims by cross-checking and 

corroborating across different information sources. Of note is that beliefs falling on these 

three epistemic belief dimensions are considered domain-specific in the sense that they vary 

across academic domains or disciplines (Muis, Bendixen, & Haerle, 2006).¹  
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 A number of recent empirical studies have established links between beliefs about 

justification for knowing and learning and performance (Bråten & Strømsø, 2010; Conley, 

Pintrich, Vekiri, & Harrison, 2004; Greene et al., 2010; Mason, Ariasi, & Boldrin, 2011; 

Mason, Boldrin, & Ariasi, 2010; Muis, 2008; Muis & Franco, 2010; Strømsø & Bråten, 

2009). With respect to research conducted within the trichotomous framework described 

above, the general trend is that beliefs in personal justification are negatively related to 

performance whereas beliefs in justification by multiple sources are positively related to 

performance (Bråten, Anmarkrud, Brandmo, & Strømsø, 2014; Bråten & Ferguson, 2014; 

Bråten, Ferguson, Anmarkrud, Strømsø, & Brandmo, 2014; Bråten, Ferguson, Strømsø, & 

Anmarkrud, 2013; Bråten, Ferguson, Strømsø, & Anmarkrud, 2014; Ferguson & Bråten, 

2013; Kendeou, Braasch, & Bråten, 2016; Trevors, Kendeou, Bråten, & Braasch, 2017). Of 

note is that different measures of performance have been used in this body of research, 

ranging from multiple text comprehension to conceptual change learning and science 

achievement. Additional evidence for a positive relationship between beliefs in justification 

by multiple sources and learning and performance comes from research on Internet-specific 

epistemic beliefs (i.e., beliefs about what knowledge and knowing are like on the Internet; 

Bråten, Strømsø, & Samuelstuen, 2005). In brief, this body of work indicates that higher 

beliefs in the need to check knowledge claims against other information sources positively 

predict adaptive strategy use and Internet-based learning (Chiu, Liang, & Tsai, 2013; Lee, 

Chiu, Liang, & Tsai, 2014; Kammerer, Amann, & Gerjets, 2015; Kammerer, Bråten, Gerjets, 

& Strømsø, 2013; Strømsø & Bråten, 2010; see also, Greene, Yu, & Copeland, 2014).     

 Findings concerning justification by authority have been less consistent, however. 

While justification by authority have been found to be unrelated to performance in some 

studies (Bråten et al., 2013; Bråten, Ferguson, Strømsø, et al., 2014; Kendeou et al., 2016), 

other research has found a positive relationship between this variable and performance in 
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specific task contexts and cultural groups (Braasch, Bråten, Britt, Steffens, & Strømsø, 2014; 

Strømsø, Bråten, Anmarkrud, & Ferguson, 2016). Moreover, a recent study by Bråten and 

Ferguson (2014) suggested that a positive relationship between justification by authority and 

performance may be limited to justification by scientific authority. 

 In addition to research on epistemic beliefs in relation to learning and performance, a 

number of studies have examined relationships between epistemic beliefs and motivation 

constructs (for a recent review, see Chen & Barger, 2016). This line of research is grounded in 

Hofer and Pintrich’s (1997) landmark review of personal epistemology, in which they 

proposed that beliefs about knowledge and knowing may be activated by specific topics and 

domains and impact learners’ motivation with respect to those topics and domains. 

Accordingly, epistemic beliefs can be considered to indirectly affect learning and 

performance through motivation (Hofer & Pintrich, 1997; Pintrich, 2002). Further 

specification of this idea of mediation through motivation is found in theoretical work by 

Buehl (2003) and Muis (2007), who suggested that epistemic beliefs influence motivation 

constructs such as self-beliefs, values, and achievement goals. Such motivation constructs 

may in turn influence learners’ knowledge generation and achievement (see also, Barger & 

Linnenbrink-Garcia, 2017). On the basis of this view, we set out to test a model where a 

particular value-related motivation construct, individual topic interest, was assumed to 

mediate the effects of the different types of justification beliefs included in Ferguson et al.’s 

(2012, 2013) trichotomous framework on students’ knowledge. Of note is that individual 

interest in a particular topic or activity is considered a part of the value component of 

motivation within expectancy-value theory of achievement motivation (Wigfield & Eccles, 

2000). In the present study, we targeted students’ interest and knowledge with respect to two 

scientific topics (i.e., climate change and nuclear power). And, because our measures of 
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interest and knowledge concerned scientific topics, justification for knowing beliefs were 

measured with respect to the domain of science. 

 Of note is that individual or personal interest, which refers to a relatively stable 

motivational disposition to be attracted by and engaged in specific topics or domains, figures 

prominently within motivation theory (Hidi & Renninger, 2006; Schiefele, 1999, 2009; 

Schunk, Meece, & Pintrich, 2014; Wigfield & Eccles, 2000), as well as in theories of domain 

learning (Alexander, 1997; 2012). For example, Schiefele (1999) has regarded individual 

interest as a dispositional motivational characteristic defined by the positive feelings and 

personal significance attributed to particular topics or domains, and in Alexander’s (1997) 

model of domain learning, individual interest involves an investment and involvement in a 

particular field that interacts with knowledge and strategic processing. Also, the will to 

engage in a topic is regarded as an aspect of individual topic interest by several theorists (e.g., 

Alexander, 1997; Hidi & Renninger, 2006; Schunk et al., 2014). Much motivation research 

has documented that interest in particular topics and domains positively predicts performance 

with respect to those topics and domains, presumably because it is associated with deeper-

level strategic processing of information and more adaptive self-regulation (for review, see 

Schunk et al., 2014). 

 Prior research has also found that justification for knowing beliefs may be related to 

individual interest. For example, Strømsø and Bråten (2009) found that the more students 

believed that knowledge claims about a scientific topic need to be justified through rules of 

inquiry and the evaluation and integration of multiple sources, the more likely they were to be 

interested in that topic. Likewise, Bråten, Anmarkrud, et al. (2014) found that the more 

students believed in the importance or necessity of justifying knowledge claims in natural 

science by checking multiple external sources for consistency, the more interested they were 

in understanding science texts. However, to the best of our knowledge, previous research has 
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not tested direct and indirect relationships between different justification beliefs in science, 

individual interest in a scientific topic, and knowledge about the topic. 

The Present Study 

 Based on theoretical assumptions and prior research, we developed the model shown 

in Figure 1. The fit of this hypothesized model to data was tested in a sample of Norwegian 

upper secondary school students. This is the first study that investigates different types of 

justification for knowing constructs as predictors of topic interest and topic knowledge, 

including how topic interest may mediate the effects of different justification constructs on 

topic knowledge. Of note is also that our dependent measures of knowledge about climate 

change and nuclear power were previously validated knowledge tests developed in 

collaboration with independent experts in those areas (see Materials below). Finally, we 

tested our model across two topics (i.e.,  climate change and nuclear power), which also adds 

to the novelty of this empirical work. While previous studies in this area have included only 

one topic, targeting both climate change and nuclear power allowed us to probe the 

generalizability of our findings across two different scientific topics of great societal 

importance. Taken together, these aspects of the current study show that it represents a unique 

extension of prior work in the area that may have theoretical as well as educational 

implications. While the scientific understanding of climate change is widely accepted among 

young people in Norway, there is still considerable controversy concerning viable solutions 

(e.g., technological solutions vs. extensive societal changes). With respect to nuclear power, 

the resistance to this energy form is generally strong in Norway, with controversy concerning 

whether Norway should engage in further research on nuclear power (Stenseth, Bråten, & 

Strømsø, 2016). 

[Figure 1 about here] 
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 As can be seen in Figure 1, interest in the topic was hypothesized to have a direct 

positive effect on students’ knowledge about the topic. This assumption was grounded in 

much prior theoretical and empirical work linking interest to performance (Schunk et al., 

2014). Further, we hypothesized that the interest variable, in turn, would be directly affected 

by beliefs in personal justification and justification by multiple sources. The effects of these 

two justification variables on knowledge were thus assumed to be mediated by topic interest. 

These assumptions are consistent with several theoretical models conceptualizing epistemic 

beliefs as contributors to various motivation constructs (Barger & Linnenbrink-Garcia, 2017; 

Buehl, 2003; Hofer & Pintrich, 1997; Muis, 2007), as well as with prior empirical work 

linking beliefs about justification for knowing to individual interest (Bråten, Anmarkrud, et al., 

2014; Strømsø & Bråten, 2009). Specifically, we hypothesized that personal justification had 

a direct negative effect on topic interest whereas justification by multiple sources had a direct 

positive effect. To the extent that students believe claims in science to be justified by personal 

opinion, it seems reasonable to expect that they will be less attracted by and engaged in 

complex scientific topics. This is because students relying on personal justification may be 

more likely to trust their own preconceptions about a controversial scientific topic without 

bothering to engage with the issue in order to develop a well-reasoned position (cf., Bråten, 

Strømsø, & Samuelstuen, 2008). Moreover, to the extent that students believe claims in 

science to be justified by checking multiple external information sources for consistency, it 

seems reasonable to expect that they will be more attracted by and engaged in such topics. 

This is because students relying on justification by multiple sources may be more likely to 

view a controversial scientific topic as an intriguing puzzle to be figured out through 

engagement and involvement with the topic (cf., Richards, Conlin, Gupta, & Elby, 2013). 

 We also hypothesized that personal justification and justification by multiple sources 

had direct effects on knowledge about the scientific topic. These assumptions about direct 
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effects were grounded in theory linking epistemic beliefs not only indirectly, but also directly, 

to performance (Buehl, 2003), as well as in empirical evidence suggesting that justification 

beliefs falling on these two dimensions may uniquely predict performance when controlling 

for other motivational and cognitive variables (Bråten et al., 2013; Bråten, Ferguson, 

Anmarkrud, et al., 2014). Specifically, on the basis of this research, we expected that beliefs 

in personal justification would directly and negatively affect topic knowledge. In contrast, 

beliefs in justification by multiple sources were expected to directly and positively affect topic 

knowledge. Given previous inconsistent findings with respect to beliefs in justification by 

authority (see above), we were not able to specify the direction of any indirect or direct effect 

this variable might have on topic knowledge. 

 Finally, based on prior research on the trichotomous justification belief framework 

(Braasch et al., 2014; Bråten et al., 2013: Strømsø et al., 2016), we expected personal 

justification and justification by authority to be negatively correlated, while personal 

justification was expected to be positively correlated with justification by multiple sources. 

Presumably, students relying on internal, subjective means of justification are less likely to 

rely on an external authoritative (i.e., objective) source. Still, a substantial proportion of those 

who rely on personal justification may also search for and check various other sources in 

order to confirm or reinforce their preexisting views or opinions. We expected justification by 

an external authoritative source and justification by multiple sources to be negatively 

correlated. Presumably, students who rely on an external authoritative source do not feel the 

need to consult additional sources to evaluate knowledge claims. 

Method 

Participants 

Participants were 281 students (54% male) from 12 classes at a large public upper 

secondary school in southeast Norway with an overall mean age of 17.1 years (SD =.68). In 
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Norway, compulsory schooling begins at age 6 and lasts for 10 years. Upper secondary 

education lasts for 3 years and is non-compulsory. It comprises courses leading to 

qualifications above the compulsory lower secondary level but below the level of higher 

education. All participating students were completing college preparatory courses, with 58% 

attending the second year and 42% attending the third year of upper secondary school. The 

majority (80%) were born in Norway and learned Norwegian as their first language, and the 

rest were bilingual, raised in Norway, but with parents from different parts of the world. All 

materials were therefore in Norwegian. The sample was relatively homogenous with respect 

to socio-economic status (i.e., middle class). Collection and handling of all data in the current 

study met the requirements of the Personal Data Registers Act and were approved by the 

Norwegian Social Science Data Services. 

Materials 

 Justification belief measures.  The Justification for Knowing Questionnaire (JFK-Q) 

was used to assess beliefs about justification for knowing in the domain of science. This 

measure was initially described by Bråten et al. (2013) and Ferguson et al. (2013), and has 

later been used and validated in several studies (e.g., Ferguson & Bråten, 2013; Trevors et al., 

2017). It consists of 18 items written to assess three dimensions of justification for knowing: 

personal justification, justification by authority, and justification by multiple sources. The 

items targeting personal justification focus on the extent to which students consider it 

appropriate to evaluate knowledge claims on the basis of personal views or opinions. The 

higher students score on this dimension, the more they can be assumed to believe that 

knowledge claims in science can be justified by appealing to subjective, internal means of 

justification (sample item: If I think that something is correct in natural science, then no one 

can prove that I am wrong). The items targeting justification by authority focus on the 

credibility of claims based on scientific research and conveyed by teachers, textbooks, and 
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scientists. The higher they score on this dimension, the more students can be assumed to 

believe that knowledge claims in science can be justified by appealing to an authoritative 

external source or scientific methodology (sample item: If a scientist says that something is a 

fact, then I believe it). Finally, the items targeting justification by multiple sources concern the 

extent to which students believe it is necessary to cross-check and corroborate claims across 

several information sources. Higher scores on this dimension can thus be assumed to 

represent stronger beliefs in the importance or necessity of justifying knowledge claims in  

science by checking multiple external sources for consistency (sample item: To be able to 

trust knowledge claims in natural science texts, I have to check various knowledge sources).   

Students rated each item on a 10-point anchored rating scale (1 = disagree completely, 

10 = agree completely). For further information regarding dimensionality and reliability 

estimates in the present sample, see the Results section below. 

Topic interest measures. We assessed individual interest and engagement in the topic 

of climate change with a 12-item measure that has been used and validated in prior research 

(Bråten, Gil, Strømsø, & Vidal-Abarca, 2009; Strømsø, Bråten, & Britt, 2010). On this 

measure, students indicated how interested or engaged they were in the topic of climate 

change by rating each item on a 10-point anchored scale (1 = not at all true of me, 10 = very 

true of me). Six of the items concerned interest in the topic without targeting active 

engagement or involvement on the part of the students (sample item: I am interested in 

international climate issues), while the other six items focused more on how engaged and 

involved they were in the topic and, thus, targeted to what extent students were willing to act 

for the benefit of the Earth’s climate (sample item: I try to convince others that we should 

reduce the discharge of greenhouse gases). The internal consistency reliability (Cronbach’s α) 

for students’ scores on the 12-item topic interest measure concerning climate change was .94.   
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 We assessed students’ individual interest and engagement in the topic of nuclear 

power with a parallel 12-item measure that used an identical 10-point anchored rating scale. 

This topic interest measure also has been used and validated in prior research (McCrudden, 

Stenseth, Bråten, & Strømsø, 2016; Stenseth et al., 2016). On six of the items, students just 

indicated how interested they were in issues concerning nuclear power (sample item: I am 

interested in issues concerning the safety of nuclear power plants), while the six other items 

focused more on the extent to which they were actively engaged and involved in the topic 

(sample item: I can imagine being a member of an organization working with issues 

concerning the use of nuclear power). The internal consistency reliability (Cronbach’s α) for 

students’ scores on the 12-item topic interest measure concerning nuclear power was .90.  

Topic knowledge measures. A previously used and validated 15-item multiple-choice 

measure was used to assess topic knowledge about climate change (e.g., Bråten et al. 2009; 

Bråten, Strømsø, & Salmerón, 2011; Strømsø et al., 2010). This measure contained items 

central to the topic of climate change (e.g., climate gases, global warming, the greenhouse 

effect, the Kyoto Protocol) and assessed to what extent students had established accurate 

factual and conceptual knowledge about this topic. Also, the measure covered scientific (e.g., 

climate gases) as well as political (e.g., the Kyoto Protocol) aspects of climate change. A 

climate researcher at the University of Oslo, who was not part of the project, carefully 

checked the response alternatives (i.e., the correct choice and the distractors) for each item. 

Students’ scores were the number of correct responses. Test-retest reliability was estimated 

with an independent sample of first-year undergraduate students (n = 56), with the test and the 

retest administered two weeks apart. This resulted in a test-retest reliability (Pearson’s r) 

of .77. 

In addition, we administered a parallel 15-item multiple-choice measure targeting 

knowledge about nuclear power, which also has been used and validated in prior research 
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(McCrudden et al., 2016; Stenseth et al., 2016). This topic knowledge measure included items 

that were central to the topic of nuclear power (e.g., nuclear power plants, nuclear fission, 

radioactive waste, the International Atomic Energy Agency) and assessed to what extent 

students had established accurate factual and conceptual knowledge about this topic. The 

measure covered both scientific (e.g., nuclear power plants) and political (e.g., the 

International Atomic Energy Agency) aspects of nuclear power. A nuclear physicist at the 

University of Oslo, who was not part of the project, carefully checked the response 

alternatives (i.e., the correct choice and the distractors) for each item. Students’ scores were 

the number of correct responses. Test-retest reliability was estimated in an independent 

sample of third-year upper-secondary students (n = 82), with the test and the retest 

administered two weeks apart. This resulted in a test-retest reliability (Pearson’s r) of .72. 

Sample items for both topic knowledge measures are included in the Appendix. 

Procedure  

The authors and four trained research assistants group administered the measures on 

paper in students’ ordinary classrooms. After having completed a demographic survey and the 

justification belief measures, students completed the topic interest and the topic knowledge 

measure in that order for one of the topics and then for the other, with the order of the two 

topics counterbalanced. All completed the materials during an ordinary 45-min class period. 

Analytic Approach 

We used structural equation modeling with Mplus 7 (Muthén & Muthén, 2012) to test 

our hypothesized model for each of the topics separately. To test the mediated effects of 

personal justification and justification by multiple sources that we hypothesized, we used the 

model command “indirect” in the Mplus 7 software. Considering the analytic situation with 

respect to sample size, number of parameters to be estimated, reliability estimates, and 

previous use of the measures, as well as a need to reduce model complexity (Brown, 2015; 
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Ding, Velicer, & Harlow, 1995), we decided to use a combination of latent and composite 

score variables. Initially, we examined the dimensionality of scores on the justification belief 

and topic interest measures by means of confirmatory factor analyses (CFA), which formed 

the basis for a well-fitted measurement model of justification beliefs and separate composite 

score measures for topic interest about climate change and nuclear power, respectively.     

To assess the overall fit of a model, we used common estimates reported in Mplus 7: 

the chi-square statistics (non-significant estimates indicate very good fit), the comparative fit 

index (CFI), the root mean square error of approximation (RMSEA), and the standardized 

root mean square residual (SRMR). After reviewing the literature concerning cut-off criteria 

for goodness of fit (Bentler, 1990; Bentler & Bonett, 1980; Hu & Bentler, 1998, 1999; Marsh, 

Hau, & Wen, 2004; Schermelleh-Engel, Moosbrugger, & Müller, 2003), and taking the 

current analytic situation (e.g., model complexity) into consideration, we adopted the 

following criteria for model evaluation: CFI ≥ .90, RMSEA ≤ .08, and SRMR ≤ .09 indicate 

an acceptable fit of the model, while CFI ≥ .95, RMSEA ≤ .05, and SRMR ≤ .06 indicate a 

good model fit.  

Results 

Preliminary Analyses 

A three-factor CFA model of justification beliefs including all 18 items of the JFK-Q 

did not result in an acceptable fit to the data, χ
2
[132] = 386, p < .001; CFI = .77; RMSEA = 

.083, 90% CI [.073 - .093]; SRMR = .103. We therefore respecified and reevaluated the 

model based on factor solutions obtained in previous research (Bråten, Ferguson, Anmarkrud, 

et al., 2014; Ferguson et al., 2013). The final measurement model, which included 12 items,  

fit the data well, χ
2
[51] = 94, p < .001; CFI = .95; RMSEA = .055, 90% CI [.037 - .072]; 

SRMR = .056. In this model, four items were included in  the justification by authority factor, 

five in the justification by multiple sources factor, and three in the personal justification 
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factor. Reliability estimates are shown in Table 1. The reliability for personal justification was 

somewhat lower than desirable, presumably due to the small number of items included in this 

factor. Still, a reliability of .62 is comparable to that obtained in prior work (Ferguson & 

Bråten, 2014; Ferguson et al., 2013). Moreover, several methodologists (e.g., Hair, Black, 

Babin, Anderson, & Tatham, 2006; Kerlinger & Lee, 2000) have argued that such an estimate 

may be acceptable if measures are used in group-based research and not for making 

consequential decisions about individual students. Of note is that not only the three factors 

that we obtained in the current study, but also the items that loaded on each factor, were 

consistent with the results of prior factor analyses of the JFK-Q (Bråten, Ferguson, 

Anmarkrud, et al., 2014; Ferguson et al., 2013). 

[Table 1 about here] 

With respect to the interest measures, we tested a two-factor CFA model including all 

24 items, with the two factors concerning interest in climate change (12 items) and nuclear 

power (12 items), respectively. We included interest in both climate change and nuclear 

power in this CFA to try to confirm that they really represented two distinct topic interest 

constructs. The initial model did not result in an acceptable fit to the data, χ
2
[251] = 819, p < 

.001; CFI = .84; RMSEA = .090, 90% CI [.083 - .097]; SRMR = .079. The modification 

indices suggested that two of the nuclear power interest items loaded on the climate change 

interest factor, and that five parallel items had common error variance across the two factors. 

These suggestions for modification were reasonable from a substantial point of view because 

the cross-loadings were related to policy interest and the common error variance for the 

parallel items was related to similarity in wordings. We therefore tested a modified model 

allowing the two first-mentioned items to cross-load and the five parallel items to correlate. 

The modified model had an acceptable fit to the data, χ
2
[244] = 602, p < .001; CFI = .90; 

RMSEA = .072, 90% CI [.065 - .080]; SRMR = .065, indicating that the interest measures 
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represented two distinct topic interest constructs that could be used to test our hypothesized 

model for climate change and nuclear power separately. Due to the complexity of the 

estimation (the CFA interest model had 80 freely estimated parameters alone) and the fact that 

the reliability estimates for both interest measures were very high, we used composite-score 

interest measures in testing the hypothesized model. These composite scores were computed 

by dividing the scores for all items by the number of items so that the scores potentially 

ranged from 1 to 10. For the topic knowledge measures, composite scores were computed by 

adding the correct number of responses to the multiple-choice items so that the scores 

potentially ranged from 0 to 15. 

Descriptive statistics and reliabilities for all constructs involved in the final model 

testing are displayed in Table 1, together with zero-order correlations between those 

constructs. Of note is that students' interest in climate change was higher than their interest in 

nuclear power, t(276) = 18.39, p <.001, Cohen’s d = 0.88. There was also a small but 

statistically significant difference between the knowledge scores indicating that students had 

more knowledge about climate change issues than about nuclear power issues, t(280) = 2.98, 

p <.01, Cohen’s d = 0.18.  

Hypothesized Model Testing  

We first tested the hypothesized model for the topic of climate change (see Figure 1). 

The fit indices indicated an acceptable fit of the model, χ
2
[69] = 124, p < .001; CFI = .94; 

RMSEA = .053, 90% CI [.038 - .068]; SRMR = .055 As expected, there was a direct positive 

effect of topic interest on topic knowledge (β = .21, p < .001), and beliefs in justification by 

multiple sources had, in turn, a direct positive effect on topic interest (β = .24, p < .001). Also 

as expected, there was a mediated effect of justification by multiple sources on topic 

knowledge via topic interest (β = .05, p = .01). There was no statistically significant direct 

effect of beliefs in personal justification on topic interest, however (β = -.11, p = .18), and 
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hence no mediated effect of personal justification on topic knowledge. Topic knowledge was 

directly affected by beliefs in justification by multiple sources (β = .12, p < .05) and personal 

justification (β  = -.22, p < .001). As expected, personal justification had a direct negative 

effect whereas justification by multiple sources had a direct positive effect on topic 

knowledge. Finally, beliefs in justification by authority did not have any statistically 

significant direct effect on topic knowledge (β = .06, p = .43) or topic interest (β = -.11, p = 

.11). Taken together, the justification belief variables explained 8% of the variance in topic 

interest, and the model explained 13% of the variance in topic knowledge.  

[Figure 2 about here] 

Testing the hypothesized model for the topic of nuclear power also resulted in an 

acceptable fit of the model, χ
2
[69] = 120, p < .001; CFI = .94; RMSEA = .052, 90% CI [.036 

– .067]; SRMR = .055. This model is displayed in Figure 3. Again, there was a direct positive 

effect of topic interest on topic knowledge (β = .31, p < .001), and beliefs in justification by 

multiple sources had, in turn, a direct positive effect on topic interest (β = .25, p < .001). 

Thus, consistent with our expectation, there was a mediated effect of justification by multiple 

sources on topic knowledge via topic interest (β = .08, p < .01). There was no statistically 

significant direct effect of beliefs in personal justification on topic interest, however (β = -.12, 

p = .16), and hence no mediated effect of personal justification on topic knowledge. For this 

topic, the direct effect of justification by multiple sources (β = .09, p = .19) or personal 

justification (β = -.15, p = .09) on topic knowledge was also not statistically significant. More 

of the expected effects thus reached statistical significance for climate change than for nuclear 

power. Still, the valences of all these effects were in the expected direction for nuclear power. 

As for climate change, beliefs in justification by authority did not have any statistically 

significant direct effect on topic knowledge (β = -.04, p = .58) or topic interest (β = -.08, p = 
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.27). Taken together, the justification belief variables explained 8% of the variance in topic 

interest, and the model explained 14% of the variance in topic knowledge.  

[Figure 3 about here] 

Discussion 

This is an era where an almost infinite amount of unvetted information on almost any 

topic is just a mouse-click away (Magilano, McCrudden, Rouet, & Sabatini, 2018). Therefore, 

trying to understand individual factors that underlie students’ building of accurate factual and 

conceptual knowledge about controversial socio-scientific issues seems like a worthwhile 

educational enterprise (Sinatra et al., 2014; Trevors et al., 2017). In the present study, we built 

on scholarship within personal epistemology (Greene et al., 2008, 2010; Ferguson et al., 2012, 

2013) and assumed that one such factor would be students’ beliefs about the justification for 

knowing in science, in particular their beliefs regarding justification by personal opinion and 

justification by multiple external sources. Moreover, we assumed that in addition to having 

direct effects on students’ topic knowledge, beliefs in personal justification and justification 

by multiple sources would indirectly affect topic knowledge through their influence on topic 

interest. 

Our assumptions regarding justification by multiple sources were largely supported in 

the present study. Thus, with respect to climate change, this variable had direct as well as 

indirect positive effects on topic knowledge, and with respect to nuclear power, it indirectly 

(but not directly) had a positive effect on students’ knowledge. While the direct positive effect 

that was found for climate change is consistent with prior work within the trichotomous 

justification belief framework (Ferguson et al., 2012, 2013), the finding that justification by 

multiple sources may work through topic interest provides new evidence about the adaptive 

role of such epistemic beliefs. Thus, to the extent that students believe that justification of 

knowledge claims in science relies on comparing and cross-checking several sources of 
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information, they also seem more likely to develop interest for the topics in question. In turn, 

such topic interest may provide impetus for building a reliable knowledge base with respect to 

those topics. Although they have not focused on justification by multiple sources and topic 

interest in particular, this finding also gains credence by being consistent with several 

conceptualizations highlighting potential indirect effects of epistemic beliefs on performance 

via motivation (Barger & Linnenbrink-Garcia, 2017; Buehl, 2003; Hofer & Pintrich, 1997; 

Muis, 2007). Presumably, justification by multiple sources did not have a direct positive 

effect on knowledge about nuclear power because knowledge about this topic was more 

strongly predicted by topic interest. While this made it harder for justification by multiple 

sources to explain unique variance in topic knowledge about nuclear power, it may also have 

contributed to a stronger indirect effect of justification by multiple sources for this topic. 

Regarding the mechanism by which justification by multiple sources can contribute to 

topic interest, one possibility is that this way of justification in science translates into viewing 

controversial science topics as complex puzzles to be solved by collecting, comparing, and 

combining several pieces of evidence. Consequentially, individuals may become more 

attracted to and engaged in such topics. Although somewhat speculative, this possibility finds 

some support in qualitative work suggesting that viewing science as something that has to be 

figured out may spark engagement and persistence when dealing with challenging scientific 

topics (Richards et al., 2013). 

More limited support was found for our assumptions regarding personal justification 

in this study. Thus, while the pattern of prediction was consistent with our expectations for 

both topics, only the direct negative effect on topic knowledge about climate change was 

statistically significant. In particular, the weaker relationships between personal justification 

and interest in both topics suggest that stronger beliefs in personal justification of knowledge 

claims in science may not necessarily weaken students’ interest in controversial socio-
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scientific topics. Still, beliefs in personal justification may have negative effects on students’ 

knowledge generation regarding such topics, for example because it may lead to more 

superficial or biased processing of information presented by external sources (Bråten & 

Ferguson, 2014). Given our findings, more research is needed to examine the extent to which 

personal justification has negative effects on accurate knowledge generation across various 

socio-scientific topics. Because our participants scored quite low on personal justification, we 

also cannot entirely rule out the possibility that floor effects might explain why some of the 

paths from this variable were not statistically significant in the current study. 

Finally, beliefs in justification by authority were not found to be related to topic 

knowledge in this study, neither directly nor indirectly. Of note is that this measure included 

items referring to justification by a science teacher or a science textbook in addition to a 

scientist, and that scores on this measure also have been found to be unrelated to students’ 

performance in prior work (Bråten et al., 2013). At the same time, however, when this belief 

dimension has been conceptualized more narrowly, addressing only justification by scientific 

authority (i.e., by a scientist or scientific research), it has been found to explain unique 

variance in students’ science achievement (Bråten & Ferguson, 2014). In further research on  

direct and indirect relationships between epistemic beliefs, topic interest, and topic 

knowledge, we therefore suggest that different types of justification by authority are included 

as separate dimensions in the same study, such as justification by a teacher, a textbook, and a 

scientist, respectively. 

Among the limitations of the present study is that beliefs about justification for 

knowing were assessed with a questionnaire rather than “in action”, for example through 

think-alouds and observations (Mason, 2016). To the extent that researchers attempt to 

capture how individuals respond to specific learning tasks by activating and deactivating fine-

grained epistemic resources, as described within the contextualized resource view of Elby and 
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colleagues (Elby & Hammer, 2010; Elby, Macrander, & Hammer, 2016; Hammer & Elby, 

2002), such process-oriented methodologies are required. When trying to assess more stable 

epistemic beliefs, however, domain-specific or topic-specific self-report measures seem more 

appropriate (Bråten, 2016). In the current study, we acknowledged the domain-specific nature 

of epistemic beliefs by measuring beliefs about justification for knowing in science. However, 

another possibility is to study the relationships between the targeted constructs by using 

questionnaires addressing justification beliefs, interest, and knowledge at the same level of 

specificity, that is, by measuring justification beliefs with respect to the particular topics in 

question (Bråten et al., 2009). This is because measuring beliefs and the other constructs at 

the same level of specificity may strengthen the predictive relationships among them (Bråten 

et al., 2009; Pajares, 1996). 

 Moreover, questions about causality cannot be answered adequately by our cross-

sectional design using only correlational data. Thus, while the structural equation modeling 

that we performed comes with causal terminology and is often referred to as causal modeling, 

it should be acknowledged that our approach was suitable for testing predictive relationships 

but not revealing causes. As such, we cannot be sure about the direction of effects or rule out 

the possibility of bidirectional relationships among the constructs that we included in our 

model. For example, we cannot entirely rule out that topic interest or topic knowledge are 

predictors of justification beliefs in science. It may seem less likely that interest and 

knowledge at a topic-specific level underlie justification beliefs at a domain-specific level 

than the other way around, however, because justification beliefs concerning science in 

general may be considered to frame and guide the acquisition of interest and knowledge about 

specific topics. Of note is also that our reason for testing this particular relationship between 

variables was theoretical, with the assumption that epistemic beliefs underlie motivation and 

performance rather than vice versa being consistent with several theoretical models (Barger & 
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Linnenbrink-Garcia, 2017; Buehl, 2003; Hofer & Pinrich, 1997; Muis, 2007). We  

acknowledge, however, that longitudinal studies or experimental studies targeting justification 

beliefs and assessing changes in topic interest and topic knowledge are needed to discover 

causal relationships between these constructs. Preferably, such studies should test these 

relationships while assessing justification for knowing “in action” and using more extensive 

data on learning and performance. Despite the fact that participants had more knowledge 

about climate change than about nuclear power, this difference was quite small. Future 

research could therefore study direct and indirect effects of justification for knowing for a 

range of topics that differ more with respect to participants’ level of knowledge. 

In particular, research on efforts to change students’ beliefs about justification for 

knowing is highly needed. Thus, while our study may suggest that instructional efforts to 

strengthen students’ beliefs in justification by multiple sources and weaken their beliefs in 

personal justification, if successful, may have positive consequences in terms of interest and 

knowledge generation, this suggestion needs further empirical backing. Using a 

unidimensional approach to measuring justification beliefs that built on Hofer and Pintrich’s  

(1997) conceptualization, Muis and Duffy (2013) found that undergraduates’ beliefs about 

justification for knowing changed during a one-semester intervention. This intervention took 

place in statistics class and involved constructivist teaching practices. Importantly, 

concomitant changes in students’ perceived self-efficacy also occurred during this 

intervention. In a much shorter intervention study, Ferguson et al. (2013) found that students 

who worked with multiple conflicting documents on a scientific topic strengthened their 

beliefs in justification by multiple sources and weakened their beliefs in personal justification, 

with concomitant changes observed in comprehension performance. Taken together, these 

studies suggest that justification beliefs may be changed through instructional interventions 

and that positive consequences in terms of motivation and performance may follow. However, 
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to more directly assess the instructional implications suggested by the present study, future 

researchers should target different types of justification beliefs through instruction and 

observe the extent to which strengthening beliefs in justification by multiple sources and 

weakening beliefs in personal justification, in particular, will have expected consequences in 

terms of student interest and knowledge generation. 

Conclusion 

 This study provides new evidence regarding the role of epistemic beliefs concerning 

the justification for knowing in students’ knowledge construction. Specifically, it highlights 

the potentially positive role of beliefs in justification by multiple sources and the potentially 

negative role of beliefs in personal justification, with the former type of beliefs also likely to 

work through students’ interest in the topics in question. Although these findings also may 

have practical implications, further experimental work aiming to modify different beliefs 

about justification for knowing is needed to test their educational relevance. Hopefully, this 

study will give impetus to such experimental work.  
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Note 

¹ In addition to dimensional models of personal epistemology (e.g., Hofer & Pintrich, 

1997; Schommer, 1990), which figure prominently within educational psychology, models 

within developmental psychology (e.g., Kuhn, Cheney, & Weinstock, 2000; Perry, 1970) 

describe the development of people’s views about the nature of knowledge and the nature of 

knowing in terms of sequential stages or phases. Developmental models fall outside the scope 

of the current study, however, which is grounded in an educational psychology dimensional 

view of personal epistemology, focusing on multiple dimensions of justification for knowing, 

in particular. 
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Table 1 

 

Descriptive statistics, reliabilities, and zero-order correlations 

 

     1    2    3    4    5    7    8 

1 Justification by authority    -       

2 Justification by multiple sources -.19**    -      

3 Personal justification -.34***  .12    -     

4 Topic interest climate change -.12  .19*** -.05    -    

5 Topic interest nuclear power -.09  .22*** -.06  .70***    -   

7 Topic knowledge climate change  .09  .13* -.24***  .24***  .29***    -  

8 Topic knowledge nuclear power -.03  .15* -.15  .20***  .33***  .51***    - 

 Reliability .851 .781 .621 .941 .901 .772 .722 

 Means 7.13 6.88 2.74 5.40 3.75 7.82 7.35 

 Standard deviation 1.93 1.90 1.61 2.05 1.69 2.56 2.72 

Note: * p < .05, ** p < .01, *** p < .001. 1 Cronbach's α, 2 test- retest reliability.   
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Figure 1 

The hypothesized model. + = positive prediction, – = negative prediction, +/– = valence not 

prespecified. 
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Figure 2 

The model for climate change with standardized path coefficients and explained variance in 

the prediction of dependent variables. * p < .05, ** p < .01, *** p < .001. 
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Figure 3 

The model for nuclear power with standardized path coefficients and explained variance in 

the prediction of dependent variables. ** p < .01, *** p < .001. 
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Appendix  

Sample Items for the Topic Knowledge Measures 

(correct answers are in italics) 

Nuclear power 

3. Radioactive waste from nuclear power plants is … 

a) spent radon 

b) spent uranium fuel  

c) spent bio-fuel  

d) spent nuclear power 

5. The responsibility for ensuring that nuclear power is used for peaceful purposes is held by.. 

a) The OECD’s Atomic Energy Institute  

b) The International Atomic Energy Agency  

c) The UN Panel on Climate Change  

d) The International Renewable Energy Agency  

9. A radioactive element … 

a) has unstable atomic nuclei  

b) has stable atomic nuclei  

c) is among the lightest elements  

d) emits visible radiation  

 

Climate change 

2. The greenhouse effect is due to… 

a) holes in the ozone layer 

b) increased use of nuclear energy 

c) increased occurence of acidic precipitation 
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d) streams of heat that do not get out of the atmosphere 

e) the pollution of the oceans 

5. Some of the most important climate gases are… 

a) chlorine and hydrogen 

b) oxygen and propane 

c) nitrogen oxides and butane 

d) propellants and aerosols 

e) water vapour and laughing-gas 

13. The Kyoto Protocol is... 

a) a binding agreement between USA and EU 

b) a binding agreement managed by the World Trade Organization (WTO) 

c) a binding international agreement managed by the UN 

d) ratified by all the large industrialised countries 

e) an important agreement about the storing of radioactive waste 

 

 

 

 

 

 

 

 

 


