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A B S T R A C T   

Across two studies we examine the role of bias in preservice teachers’ (PSTs) selection of educational applica-
tions for classroom use. In Study 1, participants were asked to rate and form recommendations based on four app 
reviews, varying in their source bias or commercial motivations (e.g., a sponsored post on a third-party review 
site; a commercial site with a real teacher testimonial) and in their introduction of one-sided or two-sided content 
(i.e., content bias). In Study 2, participants were asked to rate eight differentially attributed app reviews and 
complete two bias discrimination tasks, purposefully constructed to capture PSTs’ reasoning about source bias 
and content bias. Results from Study 1 showed that PSTs were somewhat effective at discounting reviews 
demonstrating source bias but were less effective at considering content bias. Study 2 showed that while PSTs 
considered two-sided information to be more trustworthy than one-sided information, they did not seem to 
differentiate between commercially biased reviews, of different types. Implications for supporting PSTs and all 
students to reason about forms of bias are discussed.   

More than 80 million students and teachers use Google’s G-Suite for 
Education (Google, 2019); the online quiz app, Kahoot, has 70 million 
active users each month (Kahoot, 2018); 70% of elementary schools use 
Epic! to access educational books and videos (Maughan, 2016). These 
are just some of the educational applications (apps) available to teachers 
for use with their students. Despite the variety and popularity of these 
apps, little is known about the parameters that teachers may consider 
when selecting apps for classroom use. This is at the same time that 
teachers have ready access to a plethora of sources (e.g., commercial 
websites, tech blogs, app store reviews), varying in quality, providing 
recommendations for and reviews of various applications. In two 
studies, we consider how preservice teachers (PSTs) make decisions 
regarding educational app selection based on differentially attributed 
reviews including positive or negative content. In particular, we 
consider the role of bias in PSTs’ app selection decisions for classroom 
use. 

At least four distinct conceptualizations of bias have been identified 
in prior work. These include (a) attitude bias, or inaccuracy in in-
dividuals’ judgements stemming from their desire to maintain their 
existing beliefs (e.g., confirmation bias, Klayman, 1995; Nickerson, 

1998; West & Kenny, 2011), (b) cognitive bias, reflecting limitations in 
the heuristics individuals rely on in decision making (e.g., Costello & 
Watts, 2014; Das & Teng, 1999; Hilbert, 2012), (c) source bias as 
reflective of authors’ non-benevolent or ill intent (e.g., Kammerer et al., 
2015; Pérez et al., 2018), and (d) content bias as expressed in one-sided 
information presentation (e.g., Brenner et al., 1996; Flanagin et al., 
2020). Although all of these conceptions of bias reflect a degree of in-
accuracy, imprecision, or skew relative to a hypothesized objective or 
neutral information state (Neal & Grisso, 2014), the latter two forms of 
bias are the focus of the present two studies as these may be expected to 
be most robustly represented in content in texts. That is, individuals may 
be expected to regularly encounter and need to reason about and eval-
uate one-sided (i.e., content biased) information, provided by authors 
demonstrating source bias or ill intent. 

1. Theoretical frame 

Recognizing and reasoning about source bias and content bias may 
be considered to be a facet of digital literacy. Although a variety of 
frameworks of digital literacy exist (e.g., Hargittai, 2005; Janssen et al., 
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2013; Martin & Grudziecki, 2006), among the most prominent and 
comprehensive of these is that by Eshet-Alkalai (2004; see also Eshe-
t-Alkalai & Amichai-Hamburger, 2004). In particular, they propose a 
multi-componential approach to conceptualizing digital literacy as 
including five constituent literacies (i.e., photo-visual literacy, repro-
duction literacy, information literacy, branching literacy, and 
socio-emotional literacy), with a sixth dimension – real-time thinking – 
later added (Eshet-Alkalai, 2012). Photo-visual literacy refers to in-
dividuals’ abilities to fluently navigate and make meaning from the 
variety of graphic symbols and multimedia information, beyond text, 
pervasive online. Reproduction literacy refers to individuals’ abilities to 
create “meaningful, authentic, and creative” work by transforming and 
integrating disparate pieces of existing information (Eshet-Alkalai, 
2004, p. 98). Information literacy constitutes individuals’ skills in criti-
cally evaluating information, with the identification of bias expressly 
specified as a facet of information literacy. Branching literacy, also 
termed hypermedia literacy, refers to learners’ abilities to navigate the 
multitude of information available online. Socio-emotional literacy refers 
to individuals’ abilities to understand the (social) norms of online 
communication in a way that allows them to derive its benefits and 
avoid its pitfalls. Finally, real-time thinking refers to students’ abilities to 
simultaneously process a large amount of visual stimuli, as is, for 
instance, required during video game play. 

In this study, we examine information literacy as a facet of digital 
literacy, or PSTs’ abilities to appropriately recognize source and content 
bias when making decisions regarding classroom technology adoption. 
Examining information literacy within this particular population is 
critical as digital literacy for teachers and PSTs, alike, may be expected 
to be unique in functioning across three dimensions of instantiation 
(Falloon, 2020). That is, at the personal level, teachers, like all infor-
mation users, need literacies of various types to competently navigate 
digital contexts. At the professional level, PSTs need digital literacy to 
specifically make pedagogical decisions for their classroom. Finally, at 
the transmittal level, PSTs need to able to recognize, foster, and assess the 
digital literacies of their students. Taken together these multiple di-
mensions of digital literacy impose particular demands on teachers and 
PSTs, still pursuing a course of study (Burnett, 2011). In two studies, 
these demands are examined. In particular, we consider how PSTs’ 
(personal) information literacy skills, and specifically their abilities to 
recognize source bias and content bias, extend to their professional 
decision making, when selecting educational apps for classroom use. 

1.1. Source bias 

Originating in Wineburg’s (1991) seminal work on experts’ histori-
cal reasoning, sourcing refers to individuals’ attendance to available 
information about author and document origin and their use of this 
information for interpretation, including in rendering judgements of 
source trustworthiness. Trustworthiness judgements have been 
conceptualized as stemming from two author-related dimensions – 
expertise and benevolence (Hendriks et al., 2015; Thomm & Bromme, 
2016). Expertise refers to authors’ knowledge, authority, or ability to 
know the information communicated. Benevolence refers to authors’ 
intent to provide accurate and quality information or not. A lack of 
benevolence, therefore, can be understood as reflecting an author’s bias 
or intention to present information other than what is accurate, com-
plete, and in the reader’s best interest. 

Students’ abilities to identify author bias or lack of benevolence is 
contingent on their considering where an absence of benevolence may 
come from. Most commonly this has been operationalized as authors 
demonstrating a commercial bias, or providing information with the 
intention of selling a product rather than objectively informing readers. 
Students’ abilities to identify authors’ commercial bias has repeatedly 
been examined in prior work. For instance, Kammerer et al. (2016) 
asked university students to formulate recommendations about whether 
or not the German national football team should take nutritional 

supplements, based on information provided on two websites. The 
websites were designed such that one was attributed to a commercial 
entity and the other not. Content on the websites was developed to be 
consistently positive, consistently negative, or to provide inconsistent 
information (i.e., positive information on the commercial site and 
negative information on the non-commercial site). Across two studies, 
students were found to attend longer to (Study 1) and to access to a 
greater extent (Study 2) the “about us” section of each page (i.e., 
providing source information about the commercial nature of each site), 
when encountering conflicting, rather than consistent, information and 
to judge the commercially motivated site to be less trustworthy than the 
unbiased website. Crucially, the trustworthiness discounting of the 
commercially biased website occurred only when it conflicted with the 
information presented on the unbiased site, suggesting some limitations 
in students’ abilities to spontaneously recognize and attend to websites’ 
commercial bias. Indeed, Kiili et al. (2018), in a large sample of early 
adolescents evaluating academic and commercial resources providing 
health information, found 38.9% of students to not question the 
expertise of a commercial resource and only 19.0% of students to be able 
to successfully recognize commercial bias; with similar results suggested 
by large-scale assessments of older students, as well (Wineburg et al., 
2016). 

1.2. Content bias 

While Kammerer et al. (2016) and Kiili et al. (2018) primarily 
examined (commercial) bias as stemming from features of source, other 
work has examined students’ attention to content bias (i.e., the intro-
duction of one-sided rather than two-sided information), as well. This 
work has stemmed from Walton’s (1991) definition of bias as “a lack of 
appropriate balance or neutrality in argumentation … [when] an arguer 
supports one side too strongly and/or too often” (p. 19). Marttunen et al. 
(2021) examined this notion of content bias among upper secondary 
students evaluating a blog and a YouTube video on vaccine effective-
ness. They found just 37.4% of students evaluating the blog and 21.0% 
of students evaluating the YouTube video to attend to the unbalanced 
nature of the arguments that these resources introduced, alongside 
students’ more general limitations in justifying their credibility ratings 
of these different resources. 

Of course, content bias, or one-sided information presentation, ought 
not be considered to be independent of source. For instance, the com-
mercial motivations or bias of a source may lead them to include only 
one-sided or content biased information. This interaction between as-
pects of source- and content-related bias were examined by Uribe et al. 
(2016). In their study, undergraduate and graduate students were asked 
to evaluate blogs with (a) either one-sided (i.e., advertising only the 
advantages) or two-sided (i.e., considering advantages and disadvan-
tages) product reviews, attributed to (b) expert or non-expert sources (i. 
e., expert communicator or regular consumer), with either (c) explicit or 
implicit advertiser intent (i.e., commercial sponsorship) specified. Each 
of the three main effects examined in their study were found to be sig-
nificant: That is, blogs presenting one-sided, rather than two-sided, 
content were rated as having lower credibility. Expert communicators 
were rated as more credible than regular consumers. And, the specifi-
cation of explicit advertising intent was associated with lower credibility 
ratings than implicit advertising intent. A number of interesting 
two-way interactions also emerged; among these, that the introduction 
of two-sided, rather than one-sided, content mitigated the credibility 
reducing effects of explicitly stated advertising intent. 

This interaction between content-related and source-related facets of 
bias is examined here, across two studies. In particular, we integrate 
analyses from Kammerer et al. (2016) and Uribe et al. (2016) to intro-
duce students to commercially biased or unbiased sources (Kammerer 
et al., 2016), evidencing explicitly identified or only implicit commer-
cial intent (Uribe et al., 2016), and introducing educational app reviews 
that are either one-sided or two-sided in nature. Across two studies, PSTs 
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were asked to rate educational app reviews attributed to four different 
sources, differing in the form and extent of their commercial bias: (a) an 
objective, third-party review site (R–O), (b) a third-party review site 
disclosing a sponsored post (R–SP), (c) a commercial site including a 
“real” teacher testimonial (C-RTT), and (d) a commercial site with no 
testimonial (C-NT); with these reflecting the range of 
commercially-biased source attributions that PSTs may be expected to 
navigate when selecting apps for classroom use and with each of these 
differentially attributed sites also introducing content bias or not (i.e., 
introducing reviews in a one-sided or two-sided fashion). In two studies, 
we examine the extent to which these various aspects of source- and 
content-related bias influence PSTs’ ratings of various app reviews and 
their likelihood of recommending the apps reviewed for purchase to 
other teachers, thus examining PSTs’ personal and professional infor-
mation literacy. 

1.3. Study 1  

1. To what extent do source bias and content bias impact PSTs’ app 
review ratings?  

2. To what extent do source bias and content bias impact PSTs’ app 
review recommendations? 

Across Research Questions 1 and 2, we expected a main effect for 
both source bias and content bias. That is, we expected PSTs to rate each 
of the three commercially motivated reviews (i.e., R–SP, C-RTT, C-NT) 
as less trustworthy than the objective, third-party review (i.e., R–O). 
And we expected the introduction of one-sided, rather than two-sided, 
content to also result in lower app review ratings. Likewise, we ex-
pected PSTs to recommend apps reviewed by commercial sources to a 
significantly more limited extent than the app reviewed by the objective 
review site and to recommend apps where reviewers considered both 
benefits and limitations to a greater extent. We further expected the 
effects of source bias and content bias to compound such that PSTs 
would rate the two-sided review attributed to the objective, third party 
review site as most trustworthy and recommend the app that this review 
described to the greatest extent. Due to the novelty of the commercial 
source attributions examined, we did not have specific hypotheses 
regarding the extent to which PSTs would be able to discriminate among 
these.  

3. To what extent do PSTs’ ratings of app reviews, including source bias 
and content bias, predict source recall? 

Given that source recall captures individuals’ attention to author and 
publisher information during reading (Brante & Strømsø, 2018; Bråten 
et al., 2009), we expected PSTs’ more positive evaluations of the R–O 
review and more negative evaluations of the R–SP, C-RTT, C-NT reviews 
to predict source recall.  

4. To what extent do PSTs report source bias and content bias as 
generalized criteria that ought be considered when using reviews to 
select educational apps for classroom use? 

Although this was an exploratory question to capture PSTs’ general 
reasoning about how app reviews ought be evaluated, we expected PSTs 
to report considering source bias (e.g., commercial motivations) and 
content bias (e.g., whether only one-sided information was introduced) 
when deciding whether or not to trust a review. 

2. Methods 

Study 1 adopted a 4 (i.e., source bias) × 2 (i.e., content bias) mixed 
effects design, with preservice teachers asked to rate and form recom-
mendations based on four differentially attributed app reviews. Source 
bias was the within-subjects factor with four levels. Content bias was a 

between-subjects factor with two levels. 

2.1. Participants 

Participants were 143 undergraduate students, recruited from a large 
university in the Northeastern United States (age: M = 19.86, SD =
1.06). The sample was majority female (80.60%, n = 108; male: 18.66%, 
n = 25), with one student identifying as non-binary. The sample was 
majority White (87.79%, n = 115), 5.34% (n = 7) of the sample iden-
tified as Hispanic/Latino, 3.05% (n = 4) identified as mixed-race or 
multiracial, 2.29% (n = 3) identified as Asian, and 1.53% (n = 2) 
identified as African American. Within the sample, 62.41% (n = 83) of 
students were freshman, 28.57% (n = 38) were sophomores, 6.02% (n =
8) were juniors, 3.01% (n = 4) were seniors, and one student was taking 
courses beyond their senior year (0.75%). All students were pursuing 
education-related majors, including elementary and secondary 
education. 

A mixed-effects ANOVA for two groups (i.e., with content bias as the 
between subjects factor), with four measurements (i.e., for source bias as 
the within subjects factor), and with α = 0.05, β = 0.80, ε = 1.00, and 
correlation among measures set to 0.5, by convention, determined that a 
sample of only 24 students would be needed to detect a medium effect (f 
= 0.25). 

2.2. Materials 

Four reviews of fictitious educational apps were created. Each review 
had two main parts. First, the domain and functionality of each app were 
described. Second, four benefits of the app were identified (i.e., one- 
sided content condition) or two benefits and two limitations (i.e., two- 
sided content condition) were specified. Benefits were labeled as key 
benefits. Limitations were written to parallel the benefits identified in the 
one-sided content condition and were labeled as either key limitations (i. 
e., for the R–O, R–SP, and C-RTT reviews) or as future directions (i.e., for 
the C-NT review). This future directions label, although identifying 
similar limitations as the other three reviews, was intended to be 
consistent with what would be found on a commercial website. 

The source attribution of each app review was communicated via 
writing style and a corresponding logo (e.g., a corporate website or a 
third-party review site). For instance, the R–O review was written in 
first-person and included a logo for the Teachers Talk Tech Blog. The 
R–SP review was similarly written in first-person and included a logo for 
Class Tech: Real Classrooms, Real Teachers, Real Reviews. However, this 
also contained a disclosure statement that: “This is a sponsored post. 
CiviQuest sent me a free copy of the software and I may receive a small 
fee if you purchase CiviQuest after reading this post.” The C-RTT review 
was written in a mix of third-person, when the Doctor Diagnosis app was 
described, and first-person, when the real teacher testimonial was 
introduced; a logo for the Doctor Diagnosis app was included. The C-NT 
review included the logo for Discovery Digs, the app itself, and was 
written in third-person. See the Appendix for sample materials. 

Reviews were presented in a random order and were 171 (SD =
13.88) words in length, on average. 

2.3. Measures 

Measures used in this study included PSTs’ ratings of the four app 
reviews, purchase recommendations for each app review, source infor-
mation recall, and the criteria PSTs cited for the generalized evaluation 
task. 

2.3.1. App review ratings 
PSTs were asked to rate each review along three dimensions. In 

particular, PSTs were asked to specify how reliable is this review, how 
objective is this review, and how much do you trust this review, with each of 
these evaluated on a five-point scale from not at all (1) to a lot/very (5). 
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Reliabilities for the three-item ratings ranged from Cronbach’s α = .69, 
for the C-RTT review, to α = 0.80, for the R–SP review. 

2.3.2. App recommendations 
PSTs were further asked to respond to the prompt: Based on this re-

view, would you recommend that a teacher buy [app name] for their class-
room, with yes and no options provided in counterbalanced order. 

2.3.3. Source recall 
After rating each of the four app reviews and submitting corre-

spondent recommendations, participants were asked to complete a 
source recall task. In particular, they were asked to “write anything you 
remember about the source of these reviews,” in association with each of 
the apps presented. PSTs’ recall of source information was scored as 
correct or incorrect, if any relevant author or publisher information was 
accurately reported in association with the correspondent app. PSTs’ 
source recall scores were totaled across the four apps, such that scores 
ranged from zero to four. Inter-rater agreement was 93.19%, based on 
two raters scoring all participants’ responses. 

2.3.4. Generalized evaluation criteria 
Finally, PSTs were asked to provide generalized advice regarding 

what factors other teachers ought to consider when choosing educa-
tional technology apps based on reviews. This question was intended to 
capture the extent to which PSTs extrapolated the need to consider 
source bias and content bias in app reviews, based on the four reviews 
they read. In particular, PSTs received the following prompt: “A teacher 
asks you for advice choosing a website or app to help their students 
learn. Based on the reviews you read, which factors would you recom-
mend that this teacher consider?” PSTs’ responses were coded for 
whether or not they identified the need to consider source bias or content 
bias. Source bias was identified when PSTs discussed the need to eval-
uate author reliability, commercial intent, or other source-related fea-
tures. Content bias was identified when PSTs reported the need to 
consider whether reviews introduce both benefits and limitations or 
information in a two-sided manner. Responses not evidencing source 
bias or content bias, typically described the need to attend to specific 
app features (e.g., its affordability), rather than review features, like 
source- or content- bias. Inter-rater agreement for codings of source bias 
and content bias was 80.34%, based on all responses scored and with 
disagreements resolved through discussion. 

2.4. Procedures 

This study adopted a 4 (i.e., source bias) × 2 (i.e., content bias) 
mixed-effects design. Source bias was the within-subjects factor, with 
PSTs asked to rate each of four apps, ascribed to sources differing in the 
nature of their commercial bias (i.e., R–O, R–SP, C-RTT, C-NT). Content 
bias with a between-subjects factor with two levels (i.e., one-sided or 
two-sided content). PSTs were either asked to read all four app reviews 
including only benefits (i.e., one-sided content) or both benefits and 
limitations (i.e., two-sided content). PSTs were asked to rate each of four 
app reviews and then to recommend whether or not other teachers 
should purchase the reviewed app. Finally, PSTs were asked to complete 
a source recall measure and to answer a generalization question asking 
them to identify what factors ought to be considered when evaluating 
educational technology app reviews. All measures were completed via 
Qualtrics at a time and location of PSTs’ choosing. 

3. Study 1 results 

3.1. To What Extent Do Source Bias and Content Bias Impact PSTs’ App 
Review Ratings? (Research Question 1) 

A repeated measures ANOVA was run with PSTs’ ratings of each of 
the four differentially attributed app reviews as the within-subjects 

factor and app reviews presenting one-sided or two-sided content as 
the between-subjects factor. Only a main effect for source attribution 
was identified, F(2.93, 383.18) = 19.44, p < .001, η2 = 0.13, with a 
Huynh-Feldt adjustment applied to degrees of freedom due to a violation 
of sphericity (ε = 0.98). No significant main effect for content bias 
condition (p = .11) and no interaction between source bias and content 
bias were identified (p = .45). Post-hoc pair-wise comparisons found 
PSTs to rate the R–SP (M = 2.89, SD = 1.04) review as significantly less 
trustworthy than the three other reviews (R–O: M = 3.55, SD = 0.74; C- 
RTT: M = 3.42, SD = 0.78; C-NT: M = 3.13, SD = 0.84), ps < .05. 
Additionally, both the R–O and the C-RTT reviews were rated as 
significantly more trustworthy than the C-NT review, ps ≤ .01. See 
Table 1 for descriptives. 

3.2. To What Extent Do Source Bias and Content Bias Impact PSTs’ App 
Review Recommendations? (Research Question 2) 

A Cochran’s Q, the non-parametric alternative to the repeated 
measures ANOVA for binary data, was found to be significant, Cochran’s 
Q(3) = 19.15, p < .001. A series of McNermar’s tests, the non-parametric 
alternative to a paired-samples t-test, were used for post-hoc compari-
sons. The only significant differences found were that the R–SP review 
was recommended to a significantly more limited extent than the other 
three reviews, ps < .01. In particular, while only 42.96% (n = 58) of 
PSTs recommended that other teachers purchase CiviQuest based on the 
R–SP review, 62.69% (n = 84) of PSTs recommended that other teachers 
buy GeoWhirl based on the R–O review, and 65.15% (n = 86) of PSTs 
recommended that other teachers buy Doctor Diagnosis and 65.41% (n 
= 87) recommended Discovery Digs based on the two commercial 
websites (i.e., C-RTT and C-NT reviews). 

Additionally, an independent samples t-test was used to determine 
whether the number of apps that PSTs recommended other teachers buy 
differed in association with content condition, with recommendation 
scores ranging from 0 to 4. The t-test was significant, t(130) = 3.39, p <
.001, Cohen’s d = 0.59. In particular, PSTs reading one-sided reviews 
recommended significantly more apps for purchase to other teachers (M 
= 2.63, SD = 0.94) than PSTs reading reviews that were two-sided in 
nature (M = 2.07, SD = 0.98). Descriptive information is in Table 1. 

3.3. To What Extent Do PSTs’ Ratings of App Reviews, Including Source 
Bias and Content Bias, Predict Source Recall? (Research Question 3) 

We ran a hierarchical regression model to predict whether PSTs’ 
evaluations of each differentially attributed review predicted source 

Table 1 
Study 1: Descriptive Information (N = 143).   

One- 
Sided 
Content 

Two- 
Sided 
Content 

Overall Percent 
Recommend 

M(SD) M(SD) M(SD) 

Objective, third-party 
review site (R–O): 
GeoWhirl 

3.41 
(0.75) 

3.69 
(0.71) 

3.54ad 

(0.74) 
62.69% (n =
84) 

Sponsored post on a third- 
party review site 
(R–SP): CiviQuest 

2.81 
(1.14) 

3.02 
(0.94) 

2.90abc 

(1.05) 
42.96% (n =
58) 

Commercial website with 
a real teacher 
testimonial (C-RTT): 
Doctor Diagnosis 

3.42 
(0.76) 

3.41 
(0.81) 

3.42be 

(0.78) 
65.15% (n =
86) 

Commercial website with 
no teacher testimonial 
(C-NT): Discovery Digs 

3.07 
(0.85) 

3.19 
(0.82) 

3.13cde 

(0.84) 
65.41% (n =
87) 

Note: Superscripts indicate significant differences. For instance these can be 
interperted as students rating CiviQuest, based on the R-SP review, significantly 
lower than they rated GeoWhirl (a), Doctor Diagnosis (b) and Discovery Digs (c). 
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recall scores. Content bias condition (i.e., the introduction of one-sided 
or two-sided information) was entered in Step 1; PSTs’ ratings of each of 
the four differentially attributed reviews were entered in Step 2. The 
model was overall significant, F(5, 127) = 2.85, p < .05, R2

adj = 0.07. 
PSTs’ ratings of CiviQuest, the app reviewed in a sponsored post, (β =
− 0.23, p < .05), and Discovery Digs, the app reviewed on the corporate 
website with no teacher testimonial (β = − .18, p < .05), were individ-
ually significant predictors in the model. Correlations are in Table 2; a 
full regression model is in Table 3. 

3.4. To What Extent Do PSTs Report Source Bias and Content Bias as 
Generalized Criteria That Ought Be Considered When Using Reviews to 
Select Educational Apps for Classroom Use? (Research Question 4) 

When asked to generally describe what factors teachers ought to 
consider when selecting apps for classroom use, 43.28% (n = 58) of PSTs 
described the importance of considering source bias, while 8.96% (n =
12) of PSTs identified the importance of considering content bias. The 
need to consider source bias was reflected in responses like: “I would 
consider the source of the review, the objectivity of it, and what the 
person’s motives are for recommending it.” The need to consider content 
bias was reflected in responses like: “Look at the honesty [of] reviews – I 
don’t always trust overly optimistic reviews.” It is important to note 
both that considerations of content bias were much less frequent than 
considerations of source bias and that in all cases, except two, PSTs 
considering content bias also considered source bias, rather than these 
constituting independent dimensions of evaluation. 

4. Study 1 discussion 

Study 1 was carried out to examine the role of source bias and 
content bias in PSTs’ evaluations and purchase recommendations of 
educational apps for classroom use. Four different types of source at-
tributions were examined in Study 1. These included R–O, R–SP, C-RTT, 
and C-NT attributions, with each of these differentially attributed re-
views introducing app information in either a one-sided or two-sided 
fashion. As such, the source attributions examined in this study repre-
sent an expanded set of commercial motivations, as compared to those 
examined in prior work (i.e., where sources have only been identified as 
commercially motivated or not, Kammerer et al., 2016), and were 
intended to reflect the variety of commercial motivations that PSTs may 
encounter when selecting technology in real-world contexts. 

Generally, PSTs were found to be attendant to source bias in both 
their app review ratings and purchase recommendations. In particular, 
PSTs discounted the R–SP review, as compared to the other three 
differentially attributed app reviews. This seemingly stands in contrast 
to much of prior work documenting the difficulties that even under-
graduate students experience when asked to engage in source evaluation 
(Britt & Aglinskas, 2002; List et al., 2017; Wineburg & McGrew, 2017) 
(although it should be noted that PSTs did not distinguish among the 
R–O review and the C-RTT review). PSTs’ discounting the R–SP review 
may be attributed to this review explicitly identifying a commercial bias 

via a disclosure statement, printed at the top of this review; whereas 
sources’ commercial motivations needed to be inferred in the case of the 
two corporate reviews introduced. At the same time, it is important to 
acknowledge that the R–SP review, in this case, was attributed to an 
anonymous and unknown reviewer; PSTs may evidence more trust in 
sponsored posts when these are written by authority figures, individuals 
with high personal appeal, or those otherwise familiar to PSTs (e.g., 
EdTech influencers, Hwang & Jeong, 2016). 

Still, PSTs had difficulties distinguishing between the R–O and the C- 
RTT reviews in their ratings and among the R–O, C-RTT, and C-NT re-
views in their purchase recommendations. This is concerning as it sug-
gests that even when attending to source, PSTs may imbue neutral, 
third-party review sites with the same degree of trustworthiness as 
only ostensibly “real” reviews, likely selectively chosen by commercial 
entities. On the one hand, this absence of differentiation may be 
attributed to PSTs’ awareness of the Federal Trade Commission’s 
endorsement guidelines, requiring that companies provide “honest and 
not misleading,” content in advertising. That is, corporate websites may 
constitute a unique type of source, demonstrating both a commercial 
bias and an interest in providing accurate and quality product infor-
mation. On the other hand, this may suggest that even when attending to 
source, PSTs may only do so in a superficial, rather than deep-level, 
manner [e.g., failing to interrogate why a particular teacher testimo-
nial may have been selected to be featured on a commercial website or 
failing to disentangle author (i.e., a real teacher) and publisher (i.e., a 
commercial website)]. This suggests a relative naivete on the part of 
PSTs’ reasoning about source information in a real-world, decision- 
making context. Alternatively, PSTs, in particular, may be especially 
swayed by reviews from real teachers, regardless of whether these are 
introduced by a third-party review site or a commercial website. This is 
consistent with findings that PSTs value on-the-ground, practitioner 
information, even above research experts’ recommendations (Merk & 
Rosman, 2019). In fact, the real teacher testimonial provided on the 
commercial website seemed to mitigate PSTs’ discounting of this site, 
relative to the corporate site with no teacher testimonial included, such 
that PSTs considered it to be as trustworthy as the R–O review. 

Although PSTs were found to be somewhat effective at discounting 
reviews based on issues of source bias, more limited results were found 
with regard to content bias. No main effect for content bias condition 
was found on preservice teachers’ review ratings and, unexpectedly, the 
presentation of two-sided reviews was associated with PSTs recom-
mending fewer apps for purchase, than the introduction of one-sided 
content. These findings stand in contrast to prior work suggesting that 
students demonstrate a trustworthiness preference for two-sided, rather 

Table 2 
Study 1: Correlation between App Review Ratings and Source Recall.   

2. 3. 4. 5. 

1. Objective, third-party review site (R–O): 
GeoWhirl 

.25** .18* .06 -.03 

2. Sponsored post on a third-party review site 
(R–SP): CiviQuest 

1.00 .21* .16 -.24** 

3. Commercial website with a real teacher 
testimonial (C-RTT): Doctor Diagnosis  

1.00 .24** .05 

4. Commercial website with no teacher 
testimonial (C-NT): Discovery Digs   

1.00 -.19* 

5. Source recall    1.00 

*p < .05, **p < .01. 

Table 3 
Study 1: Regression model predicting source recall.  

Predictor Unstandardized βa p 

B SE 95% CI 

Lower 
limit 

Upper 
limit 

Step 1: 
Content Bias: 

Condition 
− 0.14 0.24 − 0.61 0.34 -.05 .57 

Step 2: 
GeoWhirl Rating 

(R–O) 
0.01 0.17 − 0.32 0.34 .01 .95 

CiviQuest Rating 
(R–SP) 

− 0.31 0.12 − 0.54 − 0.07 -.23 .01* 

Dr. Diagnosis Rating 
(C-RTT) 

0.26 0.16 − 0.06 0.57 .14 .11 

Discovery Digs Rating 
(C-NT) 

− 0.30 0.15 − 0.59 − 0.02 -.18 .04* 

Note: F(5, 127) = 2.85, p < .05, R2
adj = 0.07; All coefficients are based on the last 

step of the model. *p < .05. aGiven that standardized coefficients are scale-free 
and unstandardized coefficients are not, both are included to aid both com-
parison and interpretation. 
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than one-sided, content (Chen, 2016; Mayweg-Paus & Jucks, 2018; 
Uribe et al., 2016). These inconsistent results may be explained in a 
number of ways. First, the lack of difference in ratings across content 
bias conditions may suggest the strength of source as a heuristic in 
dictating evaluations of review trustworthiness (List & Du, 2021; Rouet 
et al., 1997). Second, the introduction of any limitations in reviews 
seemed to temper PSTs’ recommendations. This may suggest that in-
dividuals generally expect and want reviews to be positive, where 
two-sided content may elsewhere be preferred. Alternatively, given that 
individuals likely weight the volume of positive and negative informa-
tion introduced (Purnawirawan et al., 2012, 2014), the balanced pre-
sentation of positive and negative information, in this case, and the 
introduction of only single reviews for each educational app considered, 
may have limited PSTs’ purchase recommendations. That is, the limi-
tations introduced may not have been sufficiently cushioned by the 
positive information available, in association with each app. Finally, in 
specifying app limitations in a manner that was parallel to the app 
benefits introduced in the one-sided content condition, we may have 
made these overly flawed, preventing PSTs from recommending that 
others purchase a particular application. 

PSTs’ source recall performance was only predicted by their appro-
priate discounting or lower rating of the R–SP and C-NT reviews, the two 
reviews rated as least trustworthy across participants. This may further 
point to the role of trustworthiness discrimination as a mechanism for 
evaluation (Cerdán & Marín, 2019; Goldman et al., 2012; Wiley et al., 
2009). That is, it may be violations of PSTs’ expectations regarding 
source trustworthiness, rather than the presentation of trustworthy 
sources, that trigger attendance to source and, therefore, predict source 
recall. This may be why PSTs’ lower ratings of sources evaluated as least 
trustworthy were the only individually significant predictors in the 
model. Still, these results should be interpreted with caution as the 
model including both content bias condition and all four trustworthiness 
ratings was found to explain only 7% of variance in source recall, cor-
responding to a small effect. 

Research Question 4, although explored only preliminarily in Study 
1, provides further evidence of PSTs’ considerations of both source bias 
and content bias when reasoning about differentially attributed app 
reviews. 

5. Study 2 

Study 2 was carried out to replicate results from Study 1 and to 
further interrogate PSTs’ considerations of source bias and content bias, 
as these manifest in their evaluations of differentially attributed app 
reviews, presenting one-sided or two-sided content. 

We had the following research questions:  

1. To what extent do source bias and content bias impact PSTs’ app 
review ratings?  

2. To what extent do source bias and content bias impact PSTs’ app 
review recommendations? 

Although Study 1 found a main effect for source bias but not content 
bias, based on prior research we nevertheless expected main effects for 
both source bias and content bias to emerge. In particular, we expected 
PSTs to rate as most trustworthy and to recommend to the greatest 
extent the R–O review; in contrast, and based on results from Study 1, we 
expected PSTs to rate as least trustworthy and recommend to the most 
limited extent the R–SP review.  

3. To what extent do PSTs’ ratings of app reviews, including source bias 
and content bias, predict source recall? 

Based on prior research and results from Study 1, we expected PSTs’ 
ratings of the app reviews rated as least trustworthy (e.g., the R–SP and 
the C-NT reviews) to predict source recall. 

4. How do PSTs rate the bias of two differentially attributed app re-
views and justify these ratings? 

Due to the novelty of source attributions examined in this study, this 
question is included exploratorily. We did not have specific predictions 
regarding the extent to which PSTs would recognize bias in deliberately 
selected and purposefully matched reviews. 

6. Methods 

A fully-crossed within-subjects design was used in Study 2. In 
particular, PSTs were asked to rate eight reviews, attributed to four 
different sources, exhibiting differing types of commercial motivations 
(i.e., R–O, R–SP, C-RTT, C-NT reviews), and introducing content in a 
one-sided or two-sided fashion. 

6.1. Participants 

Participants were 34 undergraduate students (age: M = 18.59, SD =
0.99) who were recruited from an introductory Educational Psychology 
course at a large university in the northeastern United States. The 
sample was primarily female (94.12%, n = 32). The majority of partic-
ipants identified as White (85.29%, n = 29), with one student identifying 
as Black (2.94%), two students identifying as Hispanic (5.88%), and 
three students identifying as Asian (8.82%). The majority of participants 
(61.76%, n = 21) were pursuing education related majors and were 
enrolled in their first year (64.71%, n = 22). 

An a-priori power analysis was conducted for a repeated-measures 
ANOVA with eight measurements, with α = 0.05, β = 0.80, ε = 1.00, 
and the correlation among measures set to 0.5, by convention. To detect 
a medium effect (f = 0.25) required a sample size of 16 participants (a 
large effect η2 = 0.13 was found for source bias in Study 1). This suggests 
we had requisite sample size for follow-up analyses of interest. 

6.2. Materials 

The same four reviews as were used in Study 1 were also used in 
Study 2, with an additional four reviews added to allow for a fully 
balanced design. The additional reviews were written in the same 
manner as the original four, with a correspondent logo included and 
writing style used to reflect the attribution of each source (e.g., with 
reviews written in first- or third-person). 

6.3. Measures 

Measures used in Study 2 were similar to those used in Study 1, 
including PSTs’ ratings of each app review, recommendations that other 
teachers purchase the app or not, and recall of source information. 
Moreover, in Study 2, PSTs were further asked to complete two bias 
discrimination tasks. 

6.3.1. App review ratings 
As in Study 1, PSTs were asked to rate the reliability, objectivity, and 

trustworthiness of each review on a five-point Likert scale. Cronbach’s α 
reliabilities for the three item scales ranged from 0.68, for the two-sided 
sponsored review to 0.89, for the one-sided C-RTT review. 

6.3.2. App recommendations 
Moreover, PSTs were again asked to determine whether or not they 

would recommend that other teachers purchase the app based on each 
review introduced. 

6.3.3. Source recall 
Rather than capturing source recall in an open-ended fashion, as was 

the case in Study 1, Study 2 introduced PSTs to a variety of source and 
review characteristics and asked them to select whether or not each 
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characteristic applied to each app review. Five source characteristics 
were introduced: (a) written by a real teacher, (b) from the company 
website, (c) sponsored post, (d) included a real teacher testimonial, and (e) 
from a technology review site. Additionally, PSTs could select whether or 
not each review included limitations. PSTs received one point for each 
correctly selected source or content characteristic, with total source 
recall scores able to range from 0 to 20. 

6.3.4. Bias discrimination tasks 
After completing the source recall task, participants were further 

asked to complete two bias discrimination tasks. These presented PSTs 
with two purposefully chosen app reviews and asked them to rate which 
of the two directly juxtaposed reviews was more biased and to justify 
their ratings. The reviews chosen for the first bias discrimination task 
were the R–O review, presenting only one-sided benefits, and the C-NT 
review, presenting two-sided content, with this pairing allowing us to 
disentangle PSTs’ relative consideration of source bias (i.e., in the C-NT 
review) and content bias (i.e., in the R–O review). The reviews chosen 
for the second bias discrimination task included the R–SP review and the 
C-RTT review, both with one-sided content introduced. This allowed us 
to probe how PSTs conceptualize different types of source bias, 
including that stemming from corporate sponsorship (i.e., the R–SP re-
view) or from a company’s preferential selection of a “real” teacher 
testimonial (i.e., the C-RTT review), with both of these requiring PSTs to 
critically consider the objectivity of a seemingly authentic teacher voice. 
Both the bias discrimination tasks and the reviews included within them 
were introduced in counterbalanced order. 

PSTs were first asked to rate each review on a five-point Likert scale 
from not at all biased to very biased. Then, they were asked to respond to 
the prompt: Which app review do you think is more biased or do you think 
they are equally biased? Please explain. PSTs’ explanations were coded for 
whether or not they reflected each of four types of justifications. These 
were justifications based on (a) source bias, (b) content bias, (c) the 
evidentiary-basis of the review, and the (d) linguistic features of the 
review. Justifications based on source bias reflected PSTs’ reports that 
one of the reviews was more or less biased due to author or publisher 
characteristics, including the presence of a commercial motivation. 
Justifications including content bias identified reviews as biased because 
they presented one-sided content or only considered app benefits. Re-
sponses considering the evidentiary-basis of reviews attended to the type 
of information provided in each review, including whether this was fact- 
based, opinion-based, or introduced specific examples. Finally, re-
sponses attending to linguistic features considered the writing style or 
wording of reviews as an indicator of bias. Responses with justifications 
that could not be otherwise coded were placed into the Other category. 
PSTs justifications could be coded in multiple ways (e.g., if they 
considered both source bias and content bias). Inter-rater agreement was 
87.21% based on all bias discrimination justifications coded, with dis-
agreements resolved through discussion. See Table 4 for sample 
justifications. 

6.4. Procedures 

Study 2 used a within-subjects design. PSTs were asked to rate eight 
app reviews. That is, PSTs were asked to rate reviews attributed to four 
different sources (i.e., R–O, R–SP, C-RTT, C-NT) and introducing one- 
sided and two-sided content. PSTs were again asked to make a pur-
chase recommendation after rating each app review and to complete a 
source recall measure after rating all eight reviews. Finally, PSTs were 
presented with two bias discrimination tasks, purposefully constructed 
to capture their reasoning about source bias and content bias in differ-
entially attributed reviews. Again, this study was completed through 
Qualtrics, at a time and location of participants’ choosing. 

7. Results 

7.1. To What extent do source bias and content bias impact PSTs’ app 
review ratings? (Research question 1) 

A repeated-measures ANOVA was run with source attribution (i.e., 
R–O, R–SP, C-RTT, C-NT) and content bias (i.e., one-sided or two-sided 
content introduced) as the two within-subjects factors. No significant 
main effect for source attribution was identified, p = .26. However, a 
main-effect for content bias condition was identified, F(1, 33) = 6.15, p 
< .05, η2 = 0.16. No significant interaction effect was found, p = .41. In 
particular, across source attributions, PSTs considered reviews pre-
senting two-sided content to be more trustworthy (M = 3.65, SD = 0.58) 
than reviews introducing content that was one-sided (M = 3.30, SD =
0.79), t(33) = 2.48, p < .05, Cohen’s d = 0.43. Descriptive information is 
in Table 5. 

7.2. To What extent do source bias and content bias impact PSTs’ app 
review recommendations? (Research question 2) 

A Cochran’s Q was run to examine whether PSTs’ recommendations 

Table 4 
Study 2: Sample Bias Discrimination Justifications.  

Justifications 
Category 

Example Task 1 Task 2 

Source bias of the 
review 

“The BioVerse app review is more 
biased because it is from the 
BioVerse website, while the 
GeoWhirl review is from a real 
teacher. The BioVerse review is 
more biased because the owner 
wants everyone to use this app, 
while the GeoWhirl one is 
completely unbiased and simply 
to inform other teachers of her 
experience with the app.” 

38.24% 
(n = 13) 

64.71% 
(n = 22) 

“CiviQuest is more biased 
because they may receive a small 
fee if the reader makes a 
purchase. Therefore they are 
going to say biased things.” 

Content bias of 
the review 

“I think BioVerse is more biased 
because it doesn’t include any 
limitations and only boasts about 
the app.” 

26.47% 
(n = 9) 

26.47% 
(n = 9) 

“Neither of them gave limitations 
and only talked about the 
positives of both apps.” 

Evidentiary-basis 
of the review 

“I do not think either review is 
bias because they are both stating 
facts and quotes from user of the 
app.” 

26.47% 
(n = 9) 

5.88% (n 
= 2) 

“I think the Doctor Diagnosis is 
more bias because they talk 
about their opinions on the 
product more rather than just 
stating the facts.” 

Linguistic 
features of the 
review 

“I believe that BioVerse is less 
biased than GeoWhirl because 
the review for BioVerse used less 
personal language such as my 
students, I, etc ….” 

17.65% 
(n = 6) 

8.82% (n 
= 3) 

“Doctor Diagnosis is much less 
biased in a first look, but honestly 
the ad overall seems ingiunzione 
[disingenuous] and over 
produced. Them saying ‘take our 
word for it!’ seems so commercial 
and makes me personally 
uninterested and wonder if the 
teacher behind the sciences is 
actually some paid actor.”  
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that other teachers purchase apps based on differentially attributed re-
views were disproportionate in association with particular source at-
tributions or with the presentation of one-sided vis-à-vis two-sided 
content. The overall test was significant: Cochran’s Q(7) = 27.59, p <
.001. McNemar’s tests were used for post-hoc, pair-wise comparisons. 
These determined that PSTs recommended the app described in the two- 
sided R–SP review (26.47%, n = 9) to a significantly more limited extent 
than the apps described in the one-sided (61.76%, n = 21) and two-sided 
(52.94%, n = 18) R–O reviews, the one-sided (67.65%, n = 23) and two- 
sided (73.53%, n = 25) C-NT reviews, the one-sided C-RTT review 
(67.65%, n = 23), and the one-sided R–SP review (58.82%, n = 20), ps <
.05. Further, PSTs recommended the app described in the two-sided C- 
RTT review to a significantly more limited extent (32.35%, n = 11) than 
the apps described in the one-sided C-RTT review (67.65%, n = 23) and 
the one-sided (67.65%, n = 23) and two-sided (73.53%, n = 25) C-NT 
reviews, ps < .01. In short, PSTs recommended apps described in the 
two-sided R–SP review (26.47%) and the two-sided C-RTT review 
(32.35%) to a disproportionately limited extent. 

Moreover, two recommendation scores were computed to capture 
how many differentially attributed reviews, introducing one-sided 
content vis-à-vis two-sided content PSTs recommended that others 
buy. A paired-sample t-test determined that PSTs recommended signif-
icantly more apps based on one-sided reviews (M = 2.56, SD = 1.13) 
than based on two-sided reviews (M = 1.85, SD = 0.82), t(33) = 2.77, p 
< .01, Cohen’s d = 0.47. See Table 5 for descriptive information. 

7.3. To What extent do PSTs’ ratings of app reviews, including source bias 
and content bias, predict source recall? (Research question 3) 

A linear regression model was run with source recall scores, entered 
as the dependent variable, and PSTs’ ratings of each app review entered 
as the eight independent variables. Due to the number of predictors in 
the model and limited sample size, a backwards regression approach was 
used to statistically optimize parsimony and model fit. Both the initial 
model, with eight predictors [F(8, 25) = 2.50, p < .05, R2

adj = 0.27], and 
the final model, with two predictors [F(2, 31) = 7.11, p < .01, R2

adj =

0.27], were significant. PSTs’ ratings of the objective, two-sided review 
(β = 0.46, p < .01) and the one-sided, commercial review with no 
teacher testimonial (β = − 0.33, p < .05) were the only two remaining 

and individually significant predictors in the final model. Still, the 
importance of these two specific predictors should be interpreted with 
caution as backwards regression is an exploratory, rather than theory- 
driven, technique (Hancock et al., 2010). See Table 6 for correlations. 
See Table 7 for a regression model. 

7.4. How do PSTs rate the bias of two differentially attributed app reviews 
and justify these ratings? (Research question 4) 

PSTs’ performance on each of the two bias discrimination tasks was 
examined. 

7.4.1. Discrimination between source and content bias 
The first bias discrimination task asked PSTs to discriminate among 

the R–O review presenting one-sided information and the C-NT review, 
presenting two-sided content. However, PSTs did not differ in their bias 
ratings of these two sources, considering them both to be fairly unbiased 
(R–O one-sided: M = 2.79, SD = 1.32; C-NT two-sided: M = 2.91, SD =
1.14), p = .73. In justifying their bias discrimination ratings, 38.24% (n 
= 13) of PSTs considered source bias and 26.47% considered content 
bias (n = 9), or the evidentiary basis for reviews (n = 9). 

PSTs’ bias discrimination scores, reflecting the difference in their 
ratings of the R–O review and the C-NT review, were computed. Positive 
scores reflected PSTs considering the one-sided R–O review to be more 
biased than the two-sided C-NT review, while negative scores reflected 
PSTs considering the C-NT review to be more biased than the R–O re-
view. A series of four ANOVAs were run to examine whether PSTs’ bias 
discrimination scores differed in association with their citing rating 
justifications considering source bias, content bias, the evidentiary basis 
for reviews, or reviews’ linguistic features or not. Bias discrimination 
scores differed in association with PSTs’ source bias-related and 
evidentiary basis-related justifications. In particular, PSTs justifying 
their ratings based on considerations of source bias rated the C-NT re-
view as more biased than the R–O review to a significantly greater extent 
(bias discrimination score: M = − 1.54, SD = 2.07) than PSTs not justi-
fying their bias ratings in this way (M = 0.76, SD = 1.22), F(1, 32) =
16.78, p < .001, η2 = 0.34. Conversely, PSTs considering the evidentiary 
basis for reviews in their bias rating justifications considered the R–O 
review to be significantly more biased than the C-NT review (bias 

Table 5 
Study 2: Descriptive Information (N = 34).    

One-Sided  Two-Sided 

Avg. Rating Recommend  Avg. Rating Recommend 

Objective, third-party review site (R–O) GeoWhirl 3.36 (0.90) 61.76% (n = 21) Class Cast 3.86 (0.69) 52.94% (n = 18) 
Sponsored post on a third-party review site (R–SP) CiviQuest 3.19 (1.12) 58.82% (n = 20) Business Builder 3.48 (0.81) 26.47% (n = 9) 
Commercial website with a real teacher testimonial (C-RTT) Doctor Diagnosis 3.27 (1.03) 67.65% (n = 23) Map Master Pro 3.70 (0.82) 32.35% (n = 11) 
Commercial website with no teacher testimonial (C-NT) Discovery Digs 3.38 (1.14) 67.65% (n = 23) BioVerse 3.55 (0.82) 73.53% (n = 25)  

Table 6 
Study 2: Correlation between Review Ratings, Source Recall, and Bias Discrimination Scores.   

2. 3. 4. 5. 6. 7. 8. 9. 10. 11. 

1. One-sided, objective, third-party review site (R–O): GeoWhirl .42* .27 .27 .05 .04 .23 .03 .12 -.25 .33 
2. Two-sided, objective, third-party review site (R–O): Class Cast 1.00 .03 .53** .06 .58*** .04 .16 .45** -.23 -.11 
3. One-sided, sponsored post on a third-party review site (R–SP): CiviQuest  1.00 .17 .55*** -.08 .72*** .30 -.18 .25 .04 
4. Two-sided, sponsored post on a third-party review site (R–SP): Business Builder   1.00 .30 .40* 0.21 .23 .27 -.12 .06 
5. One-sided, commercial website with a real teacher testimonial (C-RTT): Doctor 

Diagnosis    
1.00 .19 .54*** .41* .05 .14 .01 

6. Two-sided, commercial website with a real teacher testimonial (C-RTT): Map 
Master Pro     

1.00 .01 .47** .46** -.30 -.17 

7. One-sided, commercial website with no teacher testimonial (C-NT): Discovery Digs      1.00 .48** -.32 .17 .06 
8. One-sided commercial website with no teacher testimonial (C-NT): BioVerse       1.00 -.08 .21 -.06 
9. Source recall        1.00 -.46** .18 
10. Bias Discrimination Score 1         1.00 -.49** 
11. Bias Discrimination Score 2          1.00 

*p < .05, **p < .01, ***p < .001 
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discrimination score: M = 1.11, SD = 1.62), as compared to PSTs not 
justifying their bias ratings in this way (bias discrimination score: M =
− 0.56, SD = 1.87), F(1, 32) = 5.63, p < .05, η2 = 0.15. 

7.4.2. Discrimination between different types of commercial bias 
The second bias discrimination task asked PSTs to discriminate 

among the R–SP and C-RTT reviews, each demonstrating different forms 
of commercially motivated source bias. A paired-sample t-test deter-
mined that PSTs did not differ in their bias ratings of these two reviews, 
p = .63. In justifying their bias ratings, the majority of PSTs only 
considered source bias-related features (64.71%, n = 22), followed by 
PSTs considering content bias (26.47%, n = 9). 

We computed bias discrimination scores as the difference between 
PSTs’ ratings of the bias of the R–SP review and the C-RTT review, such 
that positive scores reflected PSTs considering the R–SP review to be 
more biased and negative scores reflected PSTs considering the C-RTT 
review to be more biased. Two ANOVAs were used to examine whether 
justifications reflecting considerations of source bias or content bias or 
not, were associated with differences in bias discrimination scores. 
Other bias ratings justifications were not examined as these were re-
ported by less than 10% of the sample. Significant differences were, 
indeed, found. In particular, PSTs considering source bias had signifi-
cantly higher bias discrimination scores (bias discrimination score: M =
0.77, SD = 1.88) than PSTs not considering source bias (bias discrimi-
nation score: M = − 0.92, SD = 2.11), meaning that source bias con-
siderations resulted in PSTs rating the R–SP review as more biased than 
the C-RTT review, F(1, 32) = 5.78, p < .01, η2 = 0.15. No significant 
differences in bias discrimination scores based on PSTs’ considerations 
of content bias or not were identified, p = .32. 

8. Study 2 discussion 

Results from Study 2 had important consistencies and inconsistencies 
with results from Study 1. While Study 1 determined a main effect for 
source attribution on PSTs’ app review ratings, this main effect was not 
replicated in Study 2. Conversely, Study 2 found a main effect for con-
tent bias whereas Study 1 did not. In part, these results may be explained 
by the more limited sample size used in Study 2. Moreover, these results 
may be attributed to a difference in design. That is, in Study 1, PSTs were 
randomly assigned to view reviews in either a one-sided or two-sided 
fashion. In Study 2, because a fully-crossed, within-subjects design 
was used, PSTs were asked to rate reviews including both one-sided and 
two-sided content; with the latter potentially cuing them to the need to 
consider content bias in evaluating information. 

Importantly, results from Study 2 were consistent with those found in 
prior work; PSTs considered two-sided information to be more trust-
worthy than one-sided information, when asked to evaluate the trust-
worthiness of app reviews (Mayweg-Paus & Jucks, 2018; Pechmann, 
1992; Uribe et al., 2016). At the same time, these more favorable ratings 
did not extend to PSTs’ app recommendations, with PSTs recommending 
apps based on two-sided reviews from the R–SP site and the C-RTT site to 
a significantly more limited extent. First, this indicates than in the 
specific context of product information, review trustworthiness and 
product purchase intent ought to be viewed as two separate constructs. 
That is, as was the case here, when trustworthy reviews provide 
two-sided information, this may serve to reduce purchase intent. Sec-
ond, it is notable that the discounting of two-sided content occurred in 
instances when teachers’ voices were represented in the reviews intro-
duced (i.e., in the case of the R–SP and the C-RTT reviews). This may 
further support interpretations from Study 1 that PSTs accord a partic-
ular degree of credulity to reviews from practitioners, taking their 
identified app limitations to heart. Conversely, the commercial moti-
vations of these reviews, in addition to their presentation of two-sided 
content, may have amplified the significance of the limitations intro-
duced. In other words, if a sponsored or commercial site puts forward 
limitations, this may especially damn the appeal of a product in buyers’ 
eyes. 

A great deal of insights in Study 2 come from examining PSTs’ 
reasoning about the two bias discrimination tasks introduced. The first 
of these asked PSTs to expressly juxtapose the role of content bias and 
source bias in their evaluations. The second bias discrimination task 
asked preservice teachers to differentiate between two commercially 
motivated reviews (i.e., the R–SP review and the C-RTT review). No 
significant differences in PSTs’ ratings of the bias of an objective, third- 
part review site (nevertheless introducing one-sided content) and a 
commercial site, introducing two-sided content, were identified. More-
over, PSTs did not seem to differentiate between commercially biased 
reviews, of different types. These results echo the difficulties with bias 

Table 7 
Study 2: Backward regression model predicting source recall.  

Predictor Unstandardized βc p 

B SE 95% CI 

Lower 
limit 

Upper 
limit 

Initial Model with Eight 
Predictorsa       

1. One-sided, 
objective, third-party 
review site (R–O): 
GeoWhirl 

0.27 0.55 − 0.86 1.40 .09 .63 

2. Two-sided, 
objective, third-party 
review site (R–O): 
Class Cast 

0.82 0.91 − 1.01 2.70 .21 .38 

3. One-sided, 
sponsored post on a 
third-party review site 
(R–SP): CiviQuest 

0.11 0.57 − 1.07 1.29 .04 .85 

4. Two-sided, 
sponsored post on a 
third-party review site 
(R–SP): Business 
Builder 

0.12 0.64 − 1.19 1.43 .04 .85 

5. One-sided, 
commercial website 
with a real teacher 
testimonial (C-RTT): 
Doctor Diagnosis 

0.65 0.54 − 0.46 1.75 .24 .24 

6. Two-sided, 
commercial website 
with a real teacher 
testimonial (C-RTT): 
Map Master Pro 

1.30 0.76 − 0.28 2.87 .39 .10 

7. One-sided, 
commercial website 
with no teacher 
testimonial (C-NT): 
Discovery Digs 

− 1.00 0.58 − 2.20 0.20 -.41 .10 

8. One-sided 
commercial website 
with no teacher 
testimonial (C-NT): 
BioVerse 

− 0.74 0.69 − 2.16 0.68 -.22 .29 

Final Model with Two 
Predictorsb       

2. Two-sided, 
objective, third-party 
review site (R–O): 
Class Cast 

1.86 0.60 0.64 3.07 .46 .004** 

7. One-sided, 
commercial website 
with no teacher 
testimonial (C-NT): 
Discovery Digs 

− 0.81 0.36 − 1.54 − 0.07 -.33 .03* 

Note: aF(8, 25) = 2.50, p < .05, R2
adj = .27. bF(2, 31) = 7.11, p < .01, R2

adj = .27. 
*p < .05, **p < .01. cGiven that standardized coefficients are scale-free and 
unstandardized coefficients are not, both are included to aid interpretation and 
comparison. 
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identification and source evaluation documented in prior work 
(McGrew, 2020; Nygren & Guath, 2019). 

The open-ended justifications for bias ratings, collected in Study 2, 
point to the variety of factors that individuals consider in determining 
bias. And, the bias-related features that individuals considered then 
dictated which reviews they determined to be more biased. That is, in 
the case of the first bias discrimination task, when individuals attended 
to source bias, they rated the C-NT review as more biased than the R–O 
review; in contrast, individuals attending to the evidentiary basis of 
reviews demonstrated the opposite pattern of results (i.e., rating the one- 
side R–O review as more biased than the two-sided C-NT review). 
Likewise, in the second bias-discrimination task, PSTs considering 
source bias rated the R–SP review as significantly more biased than the 
C-RTT review; with the opposite result found for PSTs not considering 
source bias. These results point to the profound complexity of bias as a 
construct, with PSTs demonstrating variability in not only which sources 
and information they consider to be biased and to what extent, but more 
fundamentally in what they consider bias to be. 

9. General discussion 

This study, among the first of its kind, sought to disentangle the role 
of source bias and content bias in preservice teachers’ evaluations of 
reviews of educational apps. A particular innovation of this study, in 
addition to considering source bias and content bias alongside one 
another, is the variety of source bias types or commercial motivations 
that PSTs were asked to engage. In contrast to prior work introducing 
sources only demonstrating a commercial bias or not, PSTs in these two 
studies were asked to evaluate sponsored and unsponsored posts on 
third-party review sites and commercial websites offering “real” teacher 
testimonials or not; with this range of source attributions allowing us to 
consider PSTs’ bias evaluations in a purposefully constructed, decision- 
making context. Across app review ratings, app purchase recommen-
dations, and open-ended justification tasks, evidence of PSTs’ reasoning 
about both source bias and content bias emerged. That is, source bias 
was found to be associated with PSTs’ app review ratings (Study 1) and 
purchase recommendations (Study 1); content bias was found to be 
associated with purchase recommendations in Study 1 and with both 
app review ratings and purchase recommendations in Study 2. More-
over, PSTs asked to deduce what features of app reviews ought be 
considered, in response to a generalization question in Study 1, and to 
juxtaposed differentially attributed reviews in two bias discrimination 
tasks in Study 2, were found to attend to features of source bias and 
content bias without deliberate instructions to do so. Although likely 
heavily cued by features of the task, we view PSTs’ somewhat sponta-
neous reasoning about source bias and content bias in their open-ended 
justifications to be a promising sign. 

At the same time, considerations of source bias and especially of 
content bias, central to information literacy (Eshet-Alkalai, 2004), were 
not as prevalent as would be ideal. In Study 1, only 44% of participants 
mentioned the need to consider source bias when evaluating app re-
views, in response to the open-ended generalization task, with just 8% of 
participants citing the need to consider content bias. In Study 2, between 
38% and 65% of PSTs considered source bias and 26% considered 
content bias, when asked to comparatively evaluate two selectively 
chosen reviews. These numbers, although consistent with rates of source 
evaluation documented in prior work (Kiili et al., 2018), are especially 
concerning given that PSTs were primarily presented with commercially 
motivated reviews (i.e., R–SP, C-RTT, and C-NT reviews) in both Study 1 
and Study 2. As such, these results leave important room for improve-
ment and intervention to support PSTs’ reasoning about differentially 
attributed app reviews. 

Further notable are the results not found in this study. In particular, 
across both Study 1 and Study 2, PSTs had difficulties differentially 
conceptualizing sources’ commercial motivations. In Study 1, PSTs rated 
the commercial website featuring a real teacher testimonial as just as 
trustworthy as an objective third-party review site. In Study 2, when 
deliberately asked to compare two sources’ commercial motivations via 
a bias discrimination task, PSTs considered the third-party review site 
introducing a sponsored post and the corporate website with a real 
teacher testimonial to be similarly biased. On the one hand, this second 
finding, in particular, may indicate that PSTs view bias (or commercial 
motivations) in a binary fashion (i.e., as present or absent). On the other 
hand, difficulties distinguishing commercially-selected user testimonials 
from objective, third-party product reviews seem particularly prob-
lematic, if consistent with results from prior work finding students to 
struggle with identifying sponsored content during online reading 
(Wineburg et al., 2016). This difficulty is concerning because of the 
general challenges with source evaluation and critical information lit-
eracy that it represents and because of the specific limitations in PSTs’ 
abilities to judiciously choose classroom technology that it indicates. To 
the extent that teachers have a great deal of autonomy and personal 
leeway in selecting apps for classroom use, yet receive relatively limited 
guidance regarding how to do so, we consider helping PSTs to better 
reason about app review bias to be an important direction for future 
work; all the more so because this is an impactful instructional decision 
about which objective, high-quality information, absent commercial 
motivations, is likely to be difficult to come-by (Cherner et al., 2014; 
Karchmer-Klein et al., 2017). We view helping PSTs to more critically 
evaluate and select technology for classroom use to be an important goal 
for programs of teacher education and view achieving this goal to carry 
the dual benefits of improving the quality of classroom technology and 
helping PSTs better instruct their own future students in critical, digi-
tally literate information use. 

9.1. Implications for theory 

In examining PSTs’ evaluations of various app reviews, we 
contribute to two distinct areas of research. First, we investigate infor-
mation literacy, as a facet of digital literacy, as it manifests in PSTs’ 
professional decision making and find strengths and limitations. Second, 
we speak to the burgeoning literature seeking to define bias (Kammerer 
et al., 2016; Kiili et al., 2018). That is, although students commonly cite 
“bias” as a factor in their evaluations of information resources (e.g., Le 
Cocq, 2000; List et al., 2016), what aspects of bias individuals specif-
ically attend to has yet to be well-determined. In this study, we further 
elucidate this construct by documenting the extent to which PSTs attend 
to source bias and content bias within the specific context of selecting 
educational apps for classroom use. In speaking to both of these litera-
tures, two key sets of findings emerge. First, both source characteristics 
and content sidedness were found to represent distinct contributions to 
PSTs’ perceptions of bias and resulting professional decision making (i. 
e., review ratings and purchase recommendations). Second, while PSTs 
were fairly adept at recognizing some forms of bias (i.e., when sources 
expressly stated their commercial motivations), such recognition 
seemed to be somewhat easily bypassed, for instance, through the 
introduction of seemingly “real” teacher testimonials. While the former 
conclusion points to the multidimensional nature of bias as a construct, 
the latter suggests the need to develop PSTs’ reasoning about this 
construct and PSTs’ personal and professional information literacy writ 
large. 
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9.2. Implications for practice 

Although highly tentative in nature, at least three recommendations 
for practice are suggested by this work. First, consistent with prior 
research documenting preservice teachers’ (and undergraduate stu-
dents’, more generally) challenges with critical information literacy these 
should be developed generally as well as within the specific context of 
selecting commercial technologies for classroom use (Bråten et al., 2009; 
Britt & Aglinskas, 2002; Eshet-Alkalai & Amichai-Hamburger, 2004). For 
PSTs, this requires unifying what Falloon (2020) terms the person-
al-ethical and personal-professional dimensions of digital literacy. Second, 
building on the prodigious literature on enterprise-level technology 
integration in schools, more attention should be paid to teachers’ more 
local level (i.e., in the classroom) and autonomous technology decision 
making. Finally, more third-party resources need to be developed to help 
teachers more judiciously choose classroom technology. Integrating 
these three recommendations, engaging preservice teachers in devel-
oping their own educational technology reviews can both provide a 
valuable resource to others and help PSTs systematically consider the 
dimension that may make for a successful app review and the role of 
author motivations in how such dimensions are addressed. Activities such 
as these provide a context wherein personal and professional dimensions 
of PSTs’ informational literacy can be simultaneously developed. 

10. Conclusion 

Across two studies we examine the role of source bias and content 

bias in PSTs’ reasoning about whether or not to select educational apps, 
based on differentially attributed reviews. We find evidence that con-
siderations of both source bias and content bias impact both PSTs’ 
evaluations of review trustworthiness and purchase recommendations to 
other teachers. At the same time, we find substantial variability in the 
review features that PSTs attend to in determining bias, and in their 
conceptualizations of bias, more generally. We believe this variability 
suggests the need to systematically engage PSTs, and all students, in 
discussing various forms of bias, how these manifests, and how these 
should be accounted for within the context of purchase decisions and 
beyond. 
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Sample Stimulus Materials 

One-sided, sponsored post from a third-party review site:
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Two-sided, corporate review with a real teacher testimonial:
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