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A B S T R A C T   

To improve students’ reasoning about text-based evidence, in two studies, we examine the effects of a brief 
intervention (i.e., Evidence-Based Reasoning, EBR) on students’ evidence identification, as determined by their 
performance on an objective evidence identification (EID) task, and their evaluation, selection, and ultimate use 
of evidence in writing. In Study 1, we found that the EBR intervention effectively improved students’ identifi-
cation of different types of evidence (e.g., anecdotal, descriptive). Moreover, students with higher prior 
knowledge benefited more from the intervention. Study 2 aimed to replicate Study 1, and to further examine 
whether the positive effects of the EBR intervention manifested when students completed a multiple text reading- 
writing task. The effects of the EBR intervention on students’ evidence identification were replicated in Study 2. 
Nevertheless, this positive effect did not transfer to students’ completion of a multiple text reading-writing task. 
In contrast to Study 1, students with lower prior knowledge benefited more from the intervention in Study 2. 
Students’ evidence evaluation and their selection and inclusion of evidence in writing did not differ across EBR 
intervention and control conditions, suggesting directions for future work.   

1. Introduction 

Whether reading the newspaper or studying for class, students 
frequently encounter different types of text-based evidence in their ac-
ademic and non-academic lives. Students use such evidence to evaluate 
controversial claims, make decisions, and understand complex topics. 
Indeed, such evidence-based reasoning skills have been emphasized in 
the Common Core State Standards (2010) and the Next Generation 
Science Standards (2013), alike, and have been listed among the focal 
learning goals in introductory undergraduate courses in domains like 
psychology (American Psychological Association, 2013), sociology (Pike 
et al., 2017), and statistics (Carver et al., 2016). While evidence, 
generally, may be considered to be any information about the world, 
text-based evidence is distinct in that it comes to students indirectly via 
some source (e.g., a newspaper), rather than being directly collected by 
the learner (Kienhues et al., 2011; Stadtler & Bromme, 2007). Despite 
the ubiquity with which students encounter text-based evidence, prior 
research, particularly in the natural sciences, has predominantly focused 
on students’ collection and analysis of their own evidence or data (e.g., 
Hug & McNeil, 2008; Lin, 2007; Mason, 2001; Takao & Kelly, 2003). As 
a contrast, studies of students’ text-based evidence use have primarily 
been done in the social sciences, where these have focused on students’ 

evaluations of source or author as indirect or secondary judgments that 
students can use to determine evidence quality (Rouet et al., 1996; 
Wolfe & Goldman, 2005). Unexamined has been how students identify, 
use, and evaluate evidence per se when this is presented via text. 
Nevertheless, some initial work suggests that students have significant 
deficiencies in evidenced-based reasoning (Mason & Boscolo, 2004; 
Mason et al., 2010), defined here as the ability to identify, interpret, 
evaluate, and draw conclusions based on evidence. Across two studies, 
we report the results of a brief intervention intended to improve stu-
dents’ evidence-based reasoning when learning about a complex and 
controversial topic (i.e., whether or not charismatic megafauna ought to 
be housed in zoos). 

1.1. Definition and types of evidence 

Evidence is commonly defined based on Toulmin’s (1958) model of 
argumentation. That is, evidence is conceptualized relationally, as the 
information or data provided in support of an assertion or claim (Kuhn, 
1991; McNeill & Krajcik 2007; Reznitskaya et al., 2007). Here, we 
further define evidence as any information about the world, purpose-
fully gathered, either by individuals, directly, or obtained from some 
secondary source. 
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Within this broad definition, a variety of evidence types have been 
examined. For instance, Kuhn (1991) identified three types of evidence, 
including nonevidence, pseudoevidence, and genuine evidence, reported by 
learners to explain causal phenomena (e.g., school failure, unemploy-
ment). Nonevidence refers to information irrelevant to a causal expla-
nation or that simply restates the phenomenon itself. Pseudoevidence 
refers to a mere description of a possible cause. Finally, genuine evi-
dence attempts to establish a link between a cause and an outcome in a 
variety of ways, including by describing the co-occurrence between the 
two. In defining genuine evidence, Kuhn (1991) suggested that this type 
of evidence needs to be correct, but not necessarily conclusive or high in 
quality, in explaining the cause of a given phenomenon. Analyzing in-
dividuals’ interview responses, Kuhn (1991) found that while nearly 
every participant, including adolescents and adults, could generate at 
least one piece of pseudoevidence, less than half of participants gener-
ated any genuine evidence in their explanations. Similar to Kuhn’s 
(1991) taxonomy, McNeill and Krajcik (2007) distinguished between 
two types of evidence (i.e., appropriate evidence and inappropriate 
evidence) based on their relevance to a stated claim, with the provision 
of more appropriate evidence on the part of learners associated with 
higher content knowledge. 

While Kuhn (1991) and McNeill and Krajcik (2007) broadly distin-
guished evidence according to its suitability or not in support of a claim, 
others have distinguished evidence according to the type of information 
about the world that it provides for learners. For instance, in a review, 
Hornikx (2005) distinguished among four evidence types (i.e., evidence 
that is anecdotal, statistical, causal, or expertise-based in nature). While 
anecdotal evidence consisted of individual experiences or examples, 
statistical evidence provided a numerical summary of a large number of 
examples. Causal evidence explained a cause-and-effect relationship 
between events (e.g., the provision of a relaxation room and employees’ 
health). And, expert evidence attributed opinions or points-of-view to 
figures of authority. When encountered via text, students have generally 
been found to rate anecdotal evidence as less persuasive than evidence 
that was statistical, causal, and expertise-based, with no additional 
differences found among these (Hoeken & Hustinx, 2003; List & 
Rubenstein, 2019). However different patterns of results have some-
times been documented (Hornikx, 2005). 

Building on Hoeken and Hustinx’s (2003) taxonomy, List et al. 
(2021) further categorized statistical evidence into two types, including 
evidence that was descriptive (i.e., providing a numerical value for a 
single variable) and correlational (i.e., describing a relationship between 
two variables), with both evidence types commonly reported via text. 
Moreover, List et al. adopted a more formal definition of causal evidence 
than that used by Hoeken and Hustinx (2003). While Hoeken and 
Hustinx (2003) examined causal evidence as any causal antecedent 
mapped onto some outcome, List et al. defined causal evidence as the 
determination of a causal relationship via experimentation, including 
random assignment and variable manipulation. Here too, as in List et al., 
we introduce students to four different evidence types; namely, evidence 
that is (a) anecdotal, (b) descriptive, (c) correlational, and (d) causal. In 
prior work, List et al. (2021) found students to be fairly successful in 
identifying anecdotal evidence, but to struggle with differentiating the 
other three evidence types. In the present studies, we build on List et al.’s 
(2021) work to examine students’ identification and evaluation of these 
four different evidence types and students’ evidence use in writing. 
Moreover, we examine the extent to which introducing students to a 
brief intervention intended to foster evidence-based reasoning by 
introducing students to different evidence types, improves students’ 
evidence identification, evaluation, selection, and use in writing. 

1.2. Evidence-based reasoning 

Students’ reasoning about text-based evidence has most commonly 
been examined in domain specific ways (e.g., Chinn & Brewer, 1993; 
Mason, 2001; McNeill & Krajcik, 2007; McNeill et al., 2006). Chinn and 

Brewer (1993) examined students’ reasoning about anomalous data in 
science, with anomalous data defined as evidence contradictory to stu-
dents’ prior knowledge of a certain phenomenon. Chinn and Brewer 
(1993) proposed seven types of reasoning that students may engage in in 
response to anomalous data. These included (a) ignoring, or neglecting, 
the anomalous data, (b) rejecting anomalous data by providing an 
explanation, (c) excluding anomalous data by declaring it to be irrelevant 
to the theory, (d) holding anomalous data in abeyance, (e) reinterpreting 
anomalous data by providing an alternative explanation, (f) making 
peripheral theory change, but not fully accepting the anomalous data, and 
(g) accepting anomalous data and making theory change. Later, an 
additional response type, namely uncertainty (i.e., questioning the val-
idity of the anomalous data) was added (Chinn & Brewer, 1998). 
Building on Chinn and Brewer’s (1993, 1998) work, Mason (2001) 
likewise examined the criteria that students used to evaluate and decide 
whether to accept or reject anomalous data on two scientific topics, 
dinosaur extinction and the construction of the Pyramids at Giza. Mason 
(2001) identified 24 categories of criteria that students used in their 
evidence evaluations and generally found these to correspond to Chinn 
and Brewer’s (1998) eight types of reasoning. 

Wineburg (1991) compared how history experts and high school 
students reasoned about historical documents pertaining to the Battle of 
Lexington during the Revolutionary War, with these documents consti-
tuting the evidence base for participants’ argumentative reasoning. 
Wineburg (1991) found experts, rather than high school students, to use 
three types of heuristics including (a) corroboration (i.e., comparing and 
contrasting information from different sources), (b) sourcing (i.e., eval-
uating evidence based on its source of origin), and (c) contextualization 
(i.e., considering when and where the events took place). Following 
Wineburg (1991), various studies have examined students’ reasoning 
about documents as evidence in history (e.g., Britt & Aglinskas, 2002; 
Rouet et al., 1996; Rouet et al., 1997; Stahl et al., 1996). 

In this paper, like Wineburg (1991), we focus on students’ reasoning 
about evidence, in general, rather than about anomalous data, in 
particular (Chinn & Brewer, 1993). At the same time, we move beyond 
Wineburg (1991) to examine evidence-based reasoning in a more 
domain-general fashion, beyond history, and the extent to which this 
can be developed through intervention. In particular, we evaluate a brief 
intervention to foster students’ evidence-based reasoning including ev-
idence identification, evaluation, interpretation, and use in writing. 

1.3. Interventions to facilitate evidence-based reasoning 

Some interventions targeting evidence-based reasoning have been 
implemented in prior work. The majority of these have focused on stu-
dents’ evidence use during argumentation (e.g., Iordanou, 2010; Ior-
danou & Constantinou, 2014; Reznitskaya et al., 2007). For instance, in 
order to improve pre-service teachers’ evidence use when arguing about 
climate change, Iordanou and Constantinou (2014) developed an 
intervention asking students to engage in argumentation with a peer, 
who held the opposite point of view, and then to reflect on the quality of 
their argumentation by completing three templates or graphic orga-
nizers prompting students to find evidence and evaluate and refute ev-
idence provided for the opposing side. After eight weeks of intervention, 
students used significantly more evidence in their counter-arguments on 
a transfer topic at posttest (M = 2.14) as compared to at pretest (M =
0.86), corresponding to a large effect (η2

p = 0.42). Similar interventions 
improving students’ argumentation through increased evidence use 
have also been carried out in science (e.g., chemistry: McNeill et al., 
2006), with a large effect found (Cohen’s d = 1.08) when scaffolds were 
provided continuously, rather than faded. Nevertheless, these in-
terventions focused on evidence use for argumentation (i.e., reasoning 
with evidence) rather than on improving students’ evidence-based 
reasoning (i.e., reasoning about evidence, including evidence identifi-
cation and evaluation) during processing. 
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Another line of evidence-based reasoning interventions has focused 
on students’ evaluation of evidence-claim relationships during pro-
cessing. In particular, Chinn and Buckland (2012) developed Model- 
Evidence Link (MEL) diagrams as a tool to scaffold students’ evidence- 
based reasoning when learning about controversial topics in science. 
Specifically, MEL diagrams provide students with a number of claims 
and pieces of evidence and ask them to draw different types of con-
nections between these (i.e., identifying evidence as strongly supporting, 
supporting, contradicting, or irrelevant to various claims). Then, students 
are asked to explain the connections identified. By drawing these 
different types of connections, students are supported to consider not 
only the relevance of evidence to particular claims, but also its quality. 
MEL diagrams have been adapted to different classroom settings (e.g., 
Lombardi, Sibley, & Carroll, 2013; Lombardi, Sinatra, & Nussbaum, 
2013; Rinehart et al., 2014). For instance, Lombardi et al. (2013) 
modified MEL diagrams to teach middle school students about climate 
change, finding that students who used MEL diagrams performed better 
on a post knowledge test (M = 95.5) than students who did not (M =
90.7), reflecting a medium effect (η2 = 0.06). Although MEL diagrams 
have been found to be effective in improving students’ knowledge in 
science, these specifically focus on evidence-claim relations. In the 
present investigations, we are interested in examining a broader range of 
processes related to evidence based reasoning (i.e., beyond evidence- 
claim alignment) and considering the range of text-based evidence 
that students may encounter when learning, rather than focusing only 
on evidence use in science. 

1.4. Overview 

In this paper, we present results from two studies implementing an 
Evidence-Based Reasoning (EBR) intervention, aimed at improving un-
dergraduates’ identification and reasoning about text-based evidence. 
This intervention is focused on introducing students to the different 
types of evidence that may be commonly presented through text (i.e., 
anecdotal, descriptive, correlational, and causal evidence), in a domain- 
general fashion. We refer to students’ evidence-based reasoning in this 
study as domain-general rather than domain-specific for three primary 
reasons. First, as described by Hornikx (2007), students are introduced 
to anecdotal and statistical evidence in domains as disparate as: 
“advertising, argumentation, public policy, health communication, 
cognitive psychology, and mass communication” (p. 152). Likewise, the 
need for appropriate causal reasoning and for students to be able to 
distinguish between correlation and causation is essential when students 
read and evaluate headlines in the popular press, across subjects (Adams 
et al., 2017; Buhse et al., 2018; Mueller & Coon, 2013). Indeed, the 
criterion task used in these two studies asked students to evaluate evi-
dence about whether or not charismatic megafauna should be included 
in zoos. The texts presenting this evidence were introduced as brief 
newspaper stories and the evidence itself considered a variety of char-
ismatic megafauna-related factors (e.g., cost of maintaining charismatic 
megafauna; individuals’ experiences visiting charismatic megafauna in 
zoos). In this way, the variety of evidence used to evaluate the EBR 
intervention, its relatively brief explanation, and its presentation within 
newspaper sources were all expected to encourage students’ processing 
of such evidence in a domain-general way, rather than cuing students to 
approach such evidence in a domain-specific fashion. Finally, because 
the sample targeted in these studies did not have particular knowledge 
of charismatic megafauna, we expected them to have to rely on domain- 
general strategies when reasoning about evidence. This stands in 
contrast to studies like Wineburg’s (1991) that have focused on expert 
historians and high school students enrolled in Advanced Placement 
History, asked to reason about historical documents. In Study 1 we 
compare an experimental group receiving the full EBR intervention to a 
group receiving the practice only portion of the EBR intervention and a 
control group. In Study 2, to increase comparability between groups, we 
compare the EBR intervention group to a control group receiving a 

complementary training on writing about evidence, but with no specific 
training on identifying different evidence types included. 

2. Study 1 

The goals of Study 1 were three-fold. First, we were interested in 
whether students’ identification and evaluation of four types of text- 
based evidence could be improved with a brief EBR intervention. Sec-
ond, we sought to examine whether the EBR intervention could affect 
students’ selection of different types of evidence to support claims, when 
students completed a multiple text reading-writing task. Finally, we 
were interested in whether this intervention could affect students’ ul-
timate use of different evidence types in writing. Specifically, we had the 
following research questions:  

1. Does performance on an objective measure of evidence identification 
(i.e., an EID task) differ for students assigned to the full EBR training, 
only the practice portion of the EBR training, or to a control group?  

2. Do ratings of different types of evidence, embedded in a multiple text 
reading-writing task, differ for students assigned to the full EBR 
training, only the practice portion of the EBR training, or to a control 
group?  

3. Does the selection of different types of evidence to include in writing, 
during a multiple text reading-writing task, differ for students 
assigned to the full EBR training, only the practice portion of the EBR 
training, or to a control group?  

4. Does actual use of different types of evidence in writing during a 
multiple text reading-writing task differ for students assigned to the 
full EBR training, only the practice portion of the EBR training, or to 
a control group? 

Across research questions, we expected students receiving the full 
EBR training to outperform students in the other two conditions on all 
outcome measures of interest. In other words, we expected students 
receiving the full EBR training to have higher scores on the EID task, 
more accurate evidence ratings (i.e., rating causal evidence as more 
trustworthy than anecdotal evidence), more sophisticated evidence se-
lection (i.e., selecting causal evidence at a higher rate than anecdotal 
evidence), and better evidence use in writing (i.e., including more evi-
dence and elaboration). 

3. Method 

3.1. Participants 

Participants were 134 undergraduate students from a large univer-
sity in the northeastern United States. An a-priori power analysis using 
G*Power (Faul et al., 2007) for a multiple linear regression with a total 
of three predictors (i.e., prior knowledge as a control and two indicator 
codes for intervention conditions, relative to the control group), an 
alpha level of 0.05, and power set to 0.80, suggested a sample of 77 
students was needed to identify a medium effect (f2 = 0.15) and a sample 
of 36 students was needed to identify a large effect (f2 = 0.35). Effect 
sizes were determined based on those found in prior research (e.g., 
Lombardi et al., 2013; McNeill et al., 2006). This indicates that the 
sample we recruited was sufficient to detect a medium to large effect. 

Students were 19.10 years old (SD = 0.92), on average. Participants 
were mostly female (85.82%, n = 115; male: 14.18%, n = 19), and White 
(91.04%, n = 122; Hispanic/Latino: 2.24%, n = 3, African American: 
2.24%, n = 3; Asian: 0.75%, n = 1). Three students (2.24%) reported 
biracial or multiracial status. Two students (1.49%) did not report their 
race/ethnicity. Participants were mostly freshmen (73.13%, n = 98; 
sophomores: 17.91%, n = 24; juniors: 7.46%, n = 10; seniors: 1.49%, n 
= 2) and represented various education-related majors. This study had 
IRB approval and all students consented to participation. Students were 
recruited from an introductory Educational Psychology course and 
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received extra credit for participation. Although this is a convenience 
sample, we specifically sought to examine college students’ evidence- 
based reasoning as college constitutes the stage wherein students both 
exhibit the level of epistemic sophistication needed to recognize the 
importance of substantiating claims with evidence and are expected to 
commonly demonstrate such epistemic sophistication when completing 
academic assignments (e.g., writing argumentative essays, Hofer, 2004; 
Muis & Sinatra, 2008). Indeed, evidence-based reasoning at the college 
level has been commonly investigated in prior research (e.g., Heijltjes 
et al., 2015; Iordanou & Constantinou, 2015; Sadler et al., 2004). 

3.2. Procedure 

This study had four parts. First, students were asked to complete a 
prior knowledge measure, assessing their understanding of research 
methods. Then, students were randomly assigned to one of the three 
conditions, including the full EBR intervention, the practice only portion of 
the EBR intervention, or a control group. Then, all students were asked to 
complete a multiple text reading-writing task. Finally, students were 
asked to complete an objective measure of evidence identification. All of 
the measures were administered via Qualtrics and students completed 
the study at a place and time of their choosing. See Fig. 1 for study 
procedures. 

Fidelity of implementation was assured in two primary ways. First, 
log data (i.e., time on task) was examined to ensure participant 
engagement. Log data showed that students spent a minimum of 5.12 
min on the study (Control group: Min = 5.12 min; Practice only group: 
Min = 8.15 min; Full EBR condition: Min = 14.22 min), including 
completing the pre-task, intervention, reading-writing task, and post- 
task measures. Three outliers, who spent a disproportionately long 
time on the study, according to the three standard deviations above or 
below the mean rule (Howell et al., 1998), were removed from analyses. 
No participants spent a disproportionately short amount of time on 
study completion. Additionally, two students were removed from the 
study who reported that they paid “none at all” attention during study 
completion, on a post-task fidelity check. When outliers are not excluded 
from analyses, results further support EBR effectiveness (i.e., both the 
full EBR and practice only groups performed significantly better than the 
control, rather than the full EBR group only). After excluding outliers, 
students spent an average of 42.03 min (SD = 44.55) in the control 
group, 60.44 min (SD = 75.63) in the practice only group, and 71.05 min 
(SD = 113.49) in the full EBR intervention group on study completion. 
Although the specific time that students devoted to each portion of the 
intervention (i.e., EBR instruction and practice sessions) was not 
recorded, analyzing time differences across conditions suggests that 
students spent approximately 10.60 min on the instruction portion of the 
EBR intervention and 18.41 min on the practice portion of the EBR 
intervention. Time differences across the three conditions were not 

significant, p = .23. As an additional fidelity check, because both the 
intervention and the performance components of the study required 
responses to open-ended questions, these were reviewed to ensure a 
minimum degree of relevance to and appropriateness for each target 
prompt. 

3.3. Experimental conditions 

Students were randomly assigned to one of three conditions (i.e., to 
the full EBR intervention, practice only, or control conditions) following 
their completion of a prior knowledge measure. 

3.3.1. Full EBR intervention condition 
The full EBR intervention included three parts. First, students were 

explicitly introduced to definitions and examples of the four different 
evidence types (i.e., anecdotal, descriptive, correlational, and causal) 
via a set of researcher-designed slides. Then, students were asked to 
complete an evidence type matching task. Specifically, students were 
presented with four pieces of evidence and asked to identify each piece 
of evidence as anecdotal, descriptive, correlational, or causal. 

Next, students were asked to complete a practice task with eight 
multiple-choice questions, tapping students’ identification and inter-
pretation (i.e., drawing a conclusion) of each type of evidence. For each 
practice question, tailored feedback was provided based on students’ 
responses. Specifically, when students selected the correct answer, they 
received a message confirming that their choice was correct and 
explaining why the choice they selected was the correct answer. When 
an incorrect answer was selected, a message explaining why the choice 
selected was incorrect was presented to participants, as was information 
about the correct answer. For the EBR intervention, we adopted explicit 
instruction and practice with tailored feedback as approaches to inter-
vention because these have been found to be highly effective in pro-
moting students’ strategy learning in prior work (Hattie, 2009; Hattie & 
Yates, 2014). Sample materials used in the EBR intervention are pro-
vided in Appendix A. 

3.3.2. Practice only condition 
Students assigned to the practice only condition completed the same 

set of eight practice questions as students in the full EBR intervention 
condition. Feedback was also provided for each practice question. 
Nevertheless, students in this condition did not receive explicit defini-
tions and examples about the four different evidence types. The practice 
only condition was included based on evidence finding the provision of 
opportunities for practice with feedback to be a central mechanism 
driving students’ learning from educational interventions (Azevedo & 
Bernard, 1995; Swart et al., 2019; Wisniewski et al., 2020). 

Fig. 1. Study 1 Procedure.  
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3.3.3. Control condition 
Students assigned to the control condition neither receive any 

explicit instruction about the different evidence types nor did they 
complete any practice questions. Rather, students in the control condi-
tion proceeded directly to the multiple text reading-writing task, after 
reporting prior knowledge. 

3.4. Materials for the multiple text reading-writing task 

Nine texts were used in the multiple text reading-writing (MTRW) 
task, including an introductory text and eight brief newspaper stories. 
The introductory text presented a definition of charismatic megafauna 
(i.e., “charismatic megafauna, like the panda or the giraffe, are large 
mammals that are popular with and appealing to humans, but may hold 
limited value for the ecosystems that they inhabit”) and described their 
controversial nature (i.e., “although they are highly appealing to 
humans, they require a great deal of maintenance, possibly taking away 
resources from other animals”). After the introductory text, students 
were presented with eight brief newspaper stories, in a random order. 
Each of the eight texts introduced one type of evidence in support of or 
in opposition to the inclusion of charismatic megafauna in zoos. This 
resulted in students reading two pieces each of anecdotal, descriptive, 
correlational, and causal evidence in association with claims supporting 
and opposing the inclusion of charismatic megafauna in zoos. 

Each brief text included a title (e.g., Megafauna Educate Visitors) and 
explicitly identified a claim and supporting evidence. Anecdotal evi-
dence described a single, distinctive experience, with no quantitative 
information provided (e.g., Jane Goodall being inspired by primates at 
the London zoo). Descriptive evidence included a single quantitative 
statistic about the cost or appeal of charismatic megafauna (e.g., Pandas 
in the National Zoo attracted over 900,000 visitors each year). Corre-
lational evidence used the term “relationship” to describe an association 
between the inclusion of charismatic megafauna and their cost to zoos or 
the money raised (e.g., each additional charismatic megafauna corre-
sponded to a 2% increase in the zoo’s operating costs). Finally, causal 
evidence used the term “random assignment” and described a compar-
ison between two groups. For instance, one of the newspaper stories 
presenting causal evidence reported that the World Wildlife Foundation 
randomly assigned their patrons to receive advertising campaigns 
featuring either bats or giraffes, with the giraffe campaign resulting in 
22% more pledges received. Text lengths ranged from 52 to 68 words, 
with Flesch-Kincaid grade levels ranging from 10.6 to 17.4. All texts 
used are presented in Appendix B. 

3.5. Measures 

3.5.1. Prior knowledge measure 
The prior knowledge measure consisted of seven questions assessing 

students’ knowledge of research methods. Specifically, students were 
presented with two brief descriptions of research studies and asked to 
identify the independent variable, dependent variable, and confounding 
variable in the first research study, as well as the experimental and 
control groups in the second research study. Students also received one 
multiple-choice question for each scenario asking them to either select 
the best conclusion that can be drawn based on the data collected 
(research study 2) or to select what could be done to improve the 
research design (research study 1). Students’ responses to both the open- 
ended questions and the multiple-choice questions were scored as cor-
rect or incorrect. Two researchers coded all open-ended responses. 
Cohen’s kappa inter-rater reliability was 0.95. Then, students’ scores, 
across questions, were totaled, with prior knowledge scores ranging 
from 0 to 7. Cronbach alpha reliability for the prior knowledge measure 
was α = 0.51. A one-way ANOVA showed that students in different 
experimental conditions did not differ in their prior knowledge of 
research methods, p = .50. 

3.5.2. Multiple text reading-writing task 
All students were asked to complete a multiple text reading-writing 

task. Specifically, students were asked to read eight brief newspaper 
stories to write a recommendation letter to a zoo director about whether 
or not charismatic megafauna should be included in a newly constructed 
zoo. Each newspaper story was constructed to introduce students to a 
claim supporting or opposing the inclusion of charismatic megafauna. 
Additionally, each claim was supported by a single piece of anecdotal, 
descriptive, correlational, or causal evidence. After reading each news-
paper story, including a claim and supporting evidence, students were 
asked to rate the strength and convincingness of the evidence provided. 
After reading, students were presented with all eight pieces of evidence, 
introduced across texts, and asked to select which piece(s) of evidence 
they would like to include in their writing. Finally, students were asked 
to indicate whether they supported, opposed, or could not decide on 
whether or not charismatic megafauna should be housed in a new zoo, 
and to compose a letter to the zoo director justifying their position, using 
evidence from the texts provided. This multiple text reading writing task 
was included as a transfer task to examine students’ evidence evalua-
tion, selection, and use in writing. 

Evidence Ratings. After reading each text, students were asked to 
rate the strength and convincingness of the evidence provided, on a 
seven-point Likert scale. Specifically, students were asked to rate: “How 
strong is this evidence?” and “How convincing is this evidence in sup-
porting the claim?”. 

Evidence Selection. Following reading, students were presented 
with the eight pieces of evidence introduced across texts and asked to 
select the piece(s) of evidence they would like to include when 
composing their written response. Specifically, after selecting whether 
or not they would recommend the inclusion of charismatic megafauna in 
zoos (i.e., yes, no, I cannot decide) students were told to: “Please select 
the evidence that you would want to include in your recommendation.” 
All pieces of evidence were presented in a random order. 

Written Response. Following evidence selection, students were 
asked to write a: “recommendation to the zoo director about whether or 
not the newly constructed zoo should include charismatic megafauna 
among the animals that it houses. Please be sure to support your 
recommendation with specific evidence from the texts.” The evidence 
that students selected to use in their writing was not made available to 
them during response composition. 

Response Coding. Students’ use of each piece of evidence in their 
writing was coded in two ways, including (a) students’ inclusion of each 
piece of evidence or not (i.e., present = 1 or absent = 0) and (b) the 
quality of students’ writing about each piece of evidence. The quality of 
students’ writing about each piece of included evidence was scored 
using a five-point scale. Specifically, for each of the eight pieces of ev-
idence provided via text, students received a score of zero if this evi-
dence was absent, a one if it was present, in a generic fashion. Then, each 
evidence description were additively coded according to whether it was 
(a) specific, (b) elaborated (i.e., with a conclusion drawn), and (c) 
attributed (i.e., with source information included). For instance, the 
following response was given a score of four, based on its provision of 
descriptive evidence in support of charismatic megafauna in zoos: 

“First and foremost, charismatic megafauna such as pandas are great for 
attraction; the National Zoo in Washington, D.C. receives over 900,000 
visitors each year to see their pandas…” 

This response (a) provided specific information about the descriptive 
evidence, including the number of visitors reported in the original text, 
(b) elaborated the evidence (i.e., concluding that including charismatic 
megafauna would attract more visitors), and (c) included a source (i.e., 
the National Zoo in Washington, DC). 

In scoring evidence inclusion in writing, two raters coded 23% of 
student responses (n = 32). Cohen’s kappa inter-rater reliability was 
0.93. In scoring evidence-based writing quality, two raters coded 49 
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(36%) student responses, Cohen’s kappa inter-rater reliability was 0.93. 

3.5.3. Objective EID task 
Finally, all students were asked to complete an objective EID task. 

The objective EID task consisted of eight multiple-choice questions, 
tapping students’ identification of the four types of evidence and the 
conclusions that may be drawn based on each evidence type. These 
multiple-choice questions were similar to the practice questions that 
were used in the full EBR intervention and practice only conditions. Four 
questions assessed students’ recognition of the four different evidence 
types (i.e., identification), while the other four questions measured stu-
dents’ understanding of the conclusions that may be drawn based on 
each evidence type (i.e., conclusion). Students’ responses to each ques-
tion were scored as correct or incorrect, with total scores ranging from 
zero to eight. Cronbach alpha reliability for the eight questions was α =

0.54. 

4. Results 

4.1. Research question 1. Performance on the objective EID task 

Our first research question examined whether students’ performance 
on the objective EID task differed across conditions. Descriptive infor-
mation for each condition is provided in Table 1. Two sets of regressions 
(models with and without interaction terms) were run to test interven-
tion effects as well as the extent to which these were moderated by prior 
knowledge. 

4.1.1. Models examining intervention effects 
The first set of hierarchical multiple regression analyses were run to 

examine whether intervention condition predicted students’ perfor-
mance on the objective EID task, controlling for prior knowledge. Prior 
knowledge scores were mean-centered and entered in Step 1. Interven-
tion conditions were dummy coded with the control condition as the 
reference group and were entered in the Step 2. Separate regressions 
were run for students’ total EID scores as well as their scores on evidence 
identification and conclusion questions. Model summaries are provided 
in Table 2. 

Total EID Scores. The overall model predicting students’ total EID 
scores was significant, F(3, 126) = 6.07, p < .001, R2

adj = 0.11. Both prior 
knowledge (β = 0.21, p < .05) and students’ assignment to the full EBR 
intervention (β = 0.32, p < .001) were individually significant predictors 
in the model. 

Scores on Evidence Identification Questions. The overall model 
was significant, F(3, 126) = 7.14, p < .001, R2

adj = 0.13. Both prior 
knowledge (β = 0.23, p < .01) and assignment to the full EBR inter-
vention (β = 0.35, p < .001) were individually significant predictors. 

Scores on Evidence Conclusion Questions. The overall model 
predicting students’ evidence conclusion scores was not significant, p =
.30. 

Because prior knowledge was found to be a significant predictor in 
two of the models, we wanted to evaluate the extent to which prior 
knowledge moderated the effects of the EBR intervention. 

4.1.2. Models examining interaction effects 
To understand whether intervention effects interacted with students’ 

prior knowledge, we ran a set of moderated regressions. Again, prior 
knowledge scores were mean-centered and intervention conditions were 
dummy coded, in reference to the control group. Prior knowledge scores 
and intervention conditions were entered in Step 1. Interaction terms, 
reflecting the products of mean-centered prior knowledge scores and 
students’ membership in each intervention condition, were entered in 
Step 2. Separate regressions were conducted for students’ total scores on 
the EID task as well as their scores on evidence identification questions, 
the two models found to be significant in the prior set of analyses. Model 
summaries are provided in Table 3. 

Total EID Scores. The overall model was significant, F(5, 124) =
6.11, p < .001, R2

adj = 0.17. Both assignments to the full EBR intervention 
(β = 0.31, p < .001) and the prior knowledge × full EBR intervention 
interaction (β = 0.31, p < .05) emerged as significant predictors of 
students’ total EID scores. To determine the nature of this interaction, 
differences between the full EBR intervention and the control group 
were plotted for students with high and low levels of prior knowledge 
scores (plus and minus one standard deviation from the mean, Cohen & 
Cohen, 1983). Specifically, for students with low prior knowledge (i.e., 
with prior knowledge scores one standard deviation below the mean), 
total EID scores for the intervention group did not significantly differ 
from the control group, β = 0.06, p = .67. By contrast, for students with 
high prior knowledge (i.e., with prior knowledge scores one standard 
deviation above the mean), total EID scores were significantly higher for 
the intervention group than for the control group, β = 0.56, p < .001. See 
Fig. 2 for a visualization of the differences between the full EBR and 
control groups, for students with different levels of prior knowledge. 

Scores on Evidence Identification Questions. The overall model 
was significant, F(5, 124) = 6.18, p < .001, R2

adj = 0.17. Only the full EBR 
intervention condition was a significant predictor of students’ evidence 
identification scores. None of the interaction effects were significant, ps 
> .15 

Table 1 
Study 1: Descriptives for Prior Knowledge and EID Task Performance Across 
Conditions.   

Full EBR 
(n = 48) 

Practice only 
(n = 35) 

Control 
(n = 49) 

Prior knowledge 4.94 (1.45) 4.59 (1.65) 4.92 (1.29) 
Objective EID task scores 
Evidence type questions 2.65 (1.33) 2.23 (1.00) 1.73 (1.13) 
Evidence conclusion questions 1.85 (1.27) 1.69 (1.18) 1.49 (0.96) 
Total 4.50 (2.15) 3.91 (1.60) 3.22 (1.49)  

Table 2 
Study 1: Models Examining Intervention Effects.  

Predictor Total score Identification score 

Step 1  
Prior 

knowledge 
0.21* 0.23** 

Step 2  
Practice only 0.17 0.18 
Full EBR 0.32*** 0.35***  

F(3, 126) = 6.07p < .001, 
R2

adj = 0.11  
F(3, 126) = 7.14, p < .001, R2

adj 

= 0.13  

Note. * p < .05; ** p < .01; *** p < .001. 

Table 3 
Study 1: Models Examining the Interaction Between Intervention Effects and 
Prior Knowledge.  

Predictor Total score Identification score 

Step 1   
Prior knowledge 0.04 0.23 
Practice only 0.15 0.16 
Full EBR 0.31*** 0.34*** 
Step 2   
Prior knowledge ×

practice  
-0.04 -0.17 

Prior knowledge ×
full EBR  

0.31* 0.16  

F(5, 124) = 6.11, p < .001, 
R2

adj = 0.17  
F(5, 124) = 6.18, p < .001, 
R2

adj = 0.17  

Note. * p < .05; ** p < .01; *** p < .001. 
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4.2. Research question 2. Evaluation of different evidence types 

Our second research question examined differences in students’ 
evaluations of different evidence types. Due to researcher error, par-
ticipants were asked to rate one of the pieces of descriptive evidence 
using only a six (rather than a seven) point scale. To account for this, the 
proportion of maximum scaling (POMS, Little, 2013) method was used 
to transform all ratings to the same metric, ranging from 0 to 1. 
Descriptive information about students’ evaluations is provided in 
Table 4. 

A 3 (experimental condition, i.e., control, practice only, full EBR) × 4 
(evidence type, i.e., anecdotal, descriptive, correlational, causal) mixed 
effects ANOVA was run. Experimental condition was the between- 
subjects factor. Evidence type was the within-subjects factor. The re-
sults showed a significant main effect for evidence type, F(3, 372) =
32.43, p < .001, η2

p = 0.21. Post-hoc pairwise comparisons indicated that 
students’ ratings of anecdotal evidence (M = 0.47, SD = 0.21) were 
significantly lower than their ratings of descriptive (M = 0.66, SD =
0.21), correlational (M = 0.65, SD = 0.17), and causal evidence (M =
0.57, SD = 0.21), ps < .001. Moreover, students rated causal evidence 
significantly lower than descriptive and correlational evidence, ps <
.001. Neither of the main effects for experimental condition nor the 
interaction between experimental condition and evidence type were 
significant, ps > .31. 

4.3. Research question 3. Selection of different types of evidence for 
writing 

Our third research question examined differences in students’ se-
lection of different types of evidence to use in writing, across conditions. 
On average, students selected 2.92 (SD = 1.51) pieces of evidence, out of 

a total of eight, to include in their writing. Students did not differ in the 
total number of pieces of evidence selected across conditions (p = .69). 
Kruskal-Wallis H tests, the non-parametric alternative to the one-way 
ANOVA for ordinal outcomes, were run to examine whether students’ 
selection of each type of evidence to include in writing differed across 
conditions. None of the differences were significant, ps > .13. See 
Table 5 for descriptives. 

4.4. Research question 4. Actual use of different evidence types in writing 

Our final research question examined differences in students’ actual 
use of different evidence types in their writing, across conditions. This 
included (a) students’ inclusion of and (b) the quality of students’ 
writing about each evidence type. See Table 6 for descriptives. 

4.4.1. Inclusion of evidence in writing 
Students included an average of 1.17 (SD = 1.22) pieces of evidence 

in their writing. The total amount of evidence used in writing did not 
significantly differ across conditions, p = .86. Four Kruskal-Wallis H 
tests, one in association with each evidence type, were run to examine 
whether students’ inclusion of each type of evidence in writing differed 
across conditions. None of the results were significant, ps > .08. 

4.4.2. Quality of evidence-based writing 
Students’ total evidence-based writing quality scores, reflecting the 

sum of students’ elaboration scores for each piece of evidence included 
in writing, were M = 2.81 (SD = 3.44). Given that students included only 
1.17 pieces of evidence in writing, on average, this mean is reflective of 
students generally providing specific and elaborated evidence, but not 
doing so entirely successfully. Total quality scores did not differ 

Fig. 2. Study 1: Moderating Effect of Prior Knowledge on Total EID Scores.  

Table 4 
Study 1: Students’ Evaluations of the Four Different Evidence Types.  

Condition Evidence type 

Anecdotal Descriptive Correlational Causal 

Control 0.47 (0.19) 0.69 (0.19) 0.64 (0.16) 0.58 (0.21) 
Practice only 0.46 (0.22) 0.59 (0.25) 0.63 (0.20) 0.57 (0.22) 
Full EBR 0.48 (0.22) 0.70 (0.19) 0.68 (0.17) 0.56 (0.22) 
Total 0.47 (0.21) 0.66 (0.21) 0.65 (0.17) 0.57 (0.21) 

Note. Because POMS was used to transform students’ ratings, the means reported 
range from 0 to 1. 

Table 5 
Study 1: Evidence Selection for Use in Writing.  

Condition Evidence type Total 

Anecdotal Descriptive Correlational Causal 

Control 0.41 
(0.50) 

0.80 (0.54) 0.78 (0.62) 0.80 
(0.50) 

2.78 
(0.34) 

Practice 
only 

0.60 
(0.55) 

0.77 (0.60) 0.77 (0.73) 0.86 
(0.60) 

3.00 
(1.71) 

Full EBR 0.40 
(0.54) 

0.83 (0.52) 1.02 (0.67) 0.77 
(0.63) 

3.02 
(1.54) 

Total 0.45 
(0.53) 

0.80 (0.54) 0.86 (0.67) 0.80 
(0.57) 

2.92 
(1.51)  
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significantly across conditions, p = .86. Four ANOVAs were then run to 
examine whether the quality of students’ writing about each type of 
evidence differed across conditions. However, none of the differences 
were significant, ps > .46. 

5. Study 1 Discussion 

The goal of Study 1 was to examine whether the EBR intervention 
could improve students’ identification and evaluation of different evi-
dence types as well as their selection and actual inclusion of various 
evidence types in writing. Results indicated that students who received 
the full EBR intervention performed significantly better on the objective 
EID task than students who did not receive the intervention, with no 
similar effects found for students completing only the practice portion of 
the intervention. As such, we elected to continue evaluating the full EBR 
intervention in Study 2. This decision is further consistent with prior 
work suggesting that the combination of explicit instruction and inde-
pendent practices with feedback are effective ways of improving task 
performance, generally (e.g., Britt et al., 2004; Maier & Richter, 2014), 
and students evidence-based reasoning, in particular (e.g., McNeill & 
Krajcik, 2007; Venville & Dawson, 2010). 

At the same time, when completing the transfer (i.e., multiple text 
reading-writing) task, we did not find students’ evidence evaluation, 
selection, and use in writing to differ across conditions. As such, we 
conducted a follow-up study, Study 2. Study 2 was conducted both to 
replicate the positive EID results from Study 1 and to examine whether a 
lack of differences in evidence evaluation and selection was attributable 
to students’ inabilities to identify different types of evidence when 
completing the multiple text reading-writing task. 

6. Study 2 

The goals of Study 2 were two-fold. In particular, we were interested 
in both replicating the positive EID results from Study 1 and in exam-
ining the extent to which the lack of difference in evidence evaluation 
and selection were attributable to limitations in evidence identification, 
when students were asked to complete a multiple text reading-writing 
task, presenting different evidence types across texts. 

To further document EBR effectiveness on EID performance, Study 2 
included a more robust control condition. In particular, to account for 
the potential effects of time differences across experimental groups in 
Study 1, Study 2 developed a complementary treatment for the control 
group that better paralleled the length and scope of the full EBR inter-
vention. This complementary treatment was designed to teach students 
how to write about evidence (i.e., evidence needs to be explained, 
attributed, and rephrased, Evidence EAR), rather than how to engage in 
evidence-based reasoning. This intervention was designed to direct 
students’ attention to evidence in texts but not to support their evidence- 
based reasoning and evidence identification, per se. 

Second, we were interested in further analyzing students’ perfor-
mance on the multiple text reading-writing task by asking them to 
identify the different types of evidence provided in support of or in 
opposition to the inclusion of charismatic megafauna in zoos, rather 
than only examining students’ evaluation and selection of these 
different evidence types to use in writing. That is, because Study 1 did 

not find differences in students’ evidence evaluation and selection, 
across experimental conditions, we wanted to establish the extent to 
which this was related to students’ inabilities to identify evidence of 
various types, when such evidence was embedded alongside claims in 
brief newspaper stories during a multiple text reading-writing task. As 
such, in Study 2, when completing the multiple text reading-writing 
task, students were asked to identify each type of evidence introduced, 
alongside evaluating these and determining which evidence to include 
in writing. 

Specifically, we had the following research questions:  

1. Does performance on the objective EID task differ when students are 
assigned to complete the full EBR intervention or the evidence EAR 
training?  

2. Does evidence identification performance during a multiple text 
reading-writing task differ when students are assigned to complete 
the full EBR intervention or the evidence EAR training?  

3. Does evaluation of different types of evidence during a multiple text 
reading-writing task when students are assigned to complete the full 
EBR intervention or the evidence EAR training?  

4. Does selection of different types of evidence, to include in writing, 
during a multiple text reading-writing task differ when students are 
assigned to complete the full EBR intervention or the evidence EAR 
training?  

5. Does students’ actual use of different types of evidence in writing 
differ when assigned to complete the full EBR intervention or the 
evidence EAR training? 

Again, we expected students in the full EBR intervention condition to 
outperform students in the Evidence EAR condition on all outcome 
measures of interest. Specifically, we expected students receiving the 
full EBR intervention to have higher scores on the objective EID task 
(Research Question 1) and more accurate evidence identification when 
completing the multiple text reading-writing task (Research Question 
2). Moreover, we expected students receiving the EBR training to have 
more accurate evidence ratings (i.e., rating causal evidence as more 
trustworthy than anecdotal evidence, Research Question 3), demon-
strate more sophisticated evidence selection (i.e., selecting more causal 
evidence than anecdotal evidence, Research Question 4) and use evi-
dence in a more complex fashion in writing (i.e., including more evi-
dence and providing more elaboration, Research Question 5) than 
students receiving the Evidence EAR training. 

7. Method 

7.1. Participants 

Participants were 50 undergraduate students from a large university 
in the northeastern United States (age: M = 18.90, SD = 0.99). An a- 
priori power analysis using G*Power (Faul et al., 2007) for multiple 
linear regression with a total of two predictors (i.e., prior knowledge and 
assignment to the intervention condition), with an alpha level of 0.05, 
and power equal to 0.80, suggested a sample of 68 students would be 
needed to identify a medium effect (f2 = 0.15) and a sample of 31 stu-
dents would be needed to identify a large effect (f2 = 0.35). This 

Table 6 
Study 1: Evidence Use in Writing.  

Condition Evidence type Total 

Anecdotal Descriptive Correlational Causal 

Inclusion Quality Inclusion Quality Inclusion Quality Inclusion Quality Inclusion Quality 

Control 0.24 (0.48) 0.59 (1.21) 0.37 (0.60) 0.80 (1.40) 0.18 (0.44) 0.49 (1.23) 0.45 (0.58) 0.98 (1.55) 1.24 (1.27) 2.86 (3.38) 
Practice only 0.38 (0.55) 0.85 (1.35) 0.38 (0.60) 1.03 (1.77) 0.18 (0.39) 0.50 (1.16) 0.21 (0.41) 0.65 (1.32) 1.15 (1.05) 3.03 (3.61) 
Full EBR 0.28 (0.50) 0.65 (1.20) 0.35 (0.53) 0.70 (1.13) 0.22 (0.47) 0.59 (1.33) 0.26 (0.49) 0.67 (1.30) 1.11 (1.30) 2.61 (3.43) 
Total 0.29 (0.51) 0.68 (1.24) 0.36 (0.57) 0.82 (1.42) 0.19 (0.43) 0.53 (1.24) 0.32 (0.52) 0.78 (1.40) 1.17 (1.22) 2.81 (3.44)  

H. Du and A. List                                                                                                                                                                                                                               



Contemporary Educational Psychology 68 (2022) 102038

9

indicates that the sample we recruited was sufficient to detect a medium- 
large effect. 

Students were mostly female (90.00%, n = 45; male: 10.00%, n = 5) 
and White (86.00%, n = 43). Four students reported their ethnicity as 
Asian (8.00%), one student reported their ethnicity as Hispanic (2.00%), 
one student identified as biracial (2.00%). One student did not report 
their race/ethnicity. Participants were mostly freshmen (60.00%, n =
30; sophomores: 26.00%, n = 13; juniors: 10.00% n = 5; seniors: 4.00%, 
n = 2) and represented a variety of education-related majors. 

7.2. Procedure 

Study 2 adopted the same procedures as Study 1. Specifically, stu-
dents were first asked to complete the prior knowledge measure. Then, 
students were randomly assigned to one of the two experimental con-
ditions (i.e., full EBR intervention or Evidence EAR). Following interven-
tion, all students were asked to complete a multiple text reading-writing 
task. Finally, all students completed the objective EID task. Measures in 
Study 2 were also administered via Qualtrics. Different from Study 1, 
students in Study 2 completed the study in a computer lab. Students in 
the Evidence EAR group spent an average of 36.73 min (SD = 14.32) on 
the study, while students in the full EBR intervention group spent an 
average of 34.76 min (SD = 11.02) on study completion. Time on task 
did not differ significantly across the two groups (p = .59). See Fig. 3 for 
a depiction of study procedures. 

7.3. Experimental conditions 

Following completion of the prior knowledge measure, students 
were randomly assigned to one of two experimental conditions, 
receiving either the full EBR intervention or the, newly designed, Evi-
dence EAR training. Students in the full EBR intervention group spent at 
least 12.67 min on the study, while students in the Evidence EAR con-
dition spent at least 15.10 min. Moreover, Study 2 was conducted in a 
lab setting, with a researcher present, to further ensure fidelity. 

7.3.1. Full EBR intervention 
Students assigned to the full EBR intervention group received the 

same information about evidence types and were asked to complete the 
same practice tasks, with feedback, as in Study 1. 

7.3.2. Evidence EAR 
The Evidence EAR intervention was designed to help students better 

write about evidence included in text(s). The Evidence EAR intervention 
included three main parts. First, students were presented with defini-
tions and examples of a set of strategies that they could use to write 
about evidence effectively (i.e., Evidence EAR). Specifically, students 

were taught that any text-based evidence included in their writing 
should be explained (i.e., the evidence-based conclusion drawn should be 
explicitly stated), attributed (i.e., the source of the evidence should be 
provided), and rephrased (i.e., evidence should be paraphrased using 
one’s own words). Second, students were asked to complete a practice 
task consisting of three multiple-choice questions. Each question pro-
vided students with text-based evidence and a summary of this evidence, 
with students asked to identify each Evidence EAR component in the 
summaries provided. Students were provided with feedback for each 
correct and incorrect answer they selected. Finally, students were asked 
to practice writing about evidence using the Evidence EAR strategy. A 
model response was provided, with Evidence EAR components identi-
fied, after students finished writing. 

The Evidence EAR intervention was included as a control in this 
study to mitigate the time effects that may be associated with students’ 
completion of the full EBR training and to direct students’ attention to 
evidence provided in text(s), without further instruction provided on 
identifying different evidence types. Moreover, the Evidence EAR 
intervention also included both explicit instruction and practice with 
tailored feedback, parallel to the methods used in the full EBR 
intervention. 

7.4. Measures 

7.4.1. Prior knowledge measure 
We used the same prior knowledge measure as in Study 1. Two re-

searchers coded all students’ responses to the open-ended questions. 
Cohen’s kappa inter-rater reliability was 0.96. Cronbach α reliability for 
the prior knowledge measure was 0.62. An independent samples t-test 
indicated a significant difference in prior knowledge, with students in 
the Evidence EAR condition (M = 5.75, SD = 1.45) reporting higher 
prior knowledge scores than students assigned to the EBR intervention 
(M = 4.39, SD = 1.53), t(45) = 3.12, p < .01. 

7.4.2. Multiple text reading-writing task 
Students followed the same procedures for the multiple text reading- 

writing task as in Study 1. Specifically, students were asked to read the 
same set of eight newspaper stories to write a recommendation letter to 
a zoo director about whether or not charismatic megafauna should be 
housed in a newly constructed zoo. As in Study 1, students were asked to 
rate the strength and convincingness of each piece of evidence pre-
sented. However, in Study 2 students were further asked to identify the 
specific types of evidence included within each text. 

In particular, in Study 2, participants were asked to (a) read each text 
provided, (b) reply to a multiple choice question, What type of evidence is 
this? and (c) rate each piece of evidence according to its strength and 
convincingness. In Study 1, students only completed parts A and C. The 

Fig. 3. Study 2: Procedures.  
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answer choices available for identifying evidence type were: (a) anec-
dotal (i.e., based on individual experience), (b) descriptive (i.e., based 
on a numerical summary of one factor), (c) correlational (i.e., based on a 
relationship between two factors), and (d) causal (i.e., based on a cause 
and effect relationship between two factors). 

Additionally, one of the texts was modified to include source infor-
mation. Specifically, the descriptive evidence originally read “because 
pandas are only bred in China, zoos in the West spend $1 million dollars 
a year to ‘rent’ each panda and an additional $500,000 a year to feed 
pandas, who only eat bamboo” in Study 1. This piece of evidence was 
modified to read “According to the Zoological Association of America, 
because pandas are only bred in China…” in Study 2. This change was 
made to increase congruency across study texts. 

Finally, the evidence selected by students to include in their writing 
was made available to them during response composition in Study 2. 
This was done for two reasons. First, students’ evidence use in writing in 
Study 1 was found to be relatively general, missing both detail and 
source information, making scoring students’ writing a challenge. 
Making evidence available in Study 2 both eased scoring and further 
allowed us to document potential benefits associated with students’ 
completion of the Evidence EAR training (i.e., if students were better 
able to elaborate evidence provided in texts). Second, in typical multiple 
text reading-writing tasks, that students are asked to complete in school, 
texts are often available to students during writing. As such, this 
methodological decision increased the ecological validity of the task. 
This change further aligned with the instruction that students received 
through the Evidence EAR training, wherein original text-based evi-
dence was available to students during summary writing. 

Response Coding. Students’ written responses were coded in the 
same way as in Study 1, for both the volume of evidence included and for 
the quality of students’ writing about each piece of evidence introduced. 
Two raters coded 46% of students’ responses (n = 23). Cohen’s kappa 
inter-rater reliability was 0.90. 

7.4.3. Objective EID task 
Finally, students were asked to complete the objective EID task, 

which was the same as that used in Study 1. Cronbach’s alpha reliability 
in Study 2 was α = 0.59. 

8. Results 

8.1. Research question 1. Performance on the objective EID task 

We first examined whether students’ performance on the objective 
EID task differed when they were assigned to the two different experi-
mental conditions. Descriptive information for each condition is pro-
vided in Table 7. Two sets of regressions (models with or without 
interaction terms) were run to test both intervention effects and the 
extent to which these were moderated by students’ prior knowledge. 

8.1.1. Models examining intervention effects 
The first set of hierarchical regressions were run to examine whether 

intervention condition predicted students’ scores on the objective EID 
task, controlling for prior knowledge. Prior knowledge scores were 
mean-centered and entered in Step 1. Intervention condition was 
dummy coded with the Evidence EAR condition serving as the reference 
group and entered in Step 2. Separate regressions were run to predict 
students’ total EID scores as well as their scores on evidence identifi-
cation questions and evidence conclusion questions. Model summaries 
are provided in Table 8. 

Total EID scores. The overall model was significant, F(2, 44) =
14.97, p < .001, R2

adj = 0.38. Students’ prior knowledge (β = 0.37, p <
.01) and assignment to the full EBR intervention condition (β = 0.70, p 
< .001) both significantly predicted students’ performance on the EID 
task. 

Scores on Evidence Identification Questions. The overall model 
was significant, F(2, 44) = 7.05, p < .01, R2

adj = 0.21. Both prior 
knowledge (β = 0.36, p < .05) and assignment to the full EBR inter-
vention (β = 0.52, p < .001) were significant predictors of students’ 
evidence identification scores. 

Scores on Evidence Conclusion Questions. The overall model was 
significant, F(2, 44) = 5.07, p < .05, R2

adj = 0.15. Only assignment to the 
full EBR intervention (β = 0.47, p < .01) was a significant predictor of 
students’ scores on evidence conclusion questions. 

Because prior knowledge was an individually significant predictor in 
two of the models, we further wanted to examine the effects of prior 
knowledge on intervention effectiveness via moderated regression. 

8.1.2. Model examining interaction effects 
To examine whether intervention effects interacted with students’ 

prior knowledge, a set of moderated regressions were run. Prior 
knowledge scores were mean-centered and the Evidence EAR condition 
was coded as the reference group. Prior knowledge and intervention 
condition were entered in Step 1. The interaction term, reflecting the 
product of students’ mean-centered prior knowledge scores and 
assignment to the intervention condition, was entered in Step 2. Sepa-
rate models were run to predict students’ total EID scores as well as their 
scores on evidence identification questions. Model summaries are pro-
vided in Table 9. 

Total EID Scores. The overall model was significant, F(3, 43) =
12.73, p < .001, R2

adj = 0.43. Both prior knowledge scores (β = 0.66, p <
.001) and assignment to the full EBR intervention (β = 0.70, p < .001) 
predicted students’ total EID scores. The interaction term also emerged 
as a significant (β = -0.39, p < .05) contributor to variance in EID scores. 
To determine the nature of this interaction, differences between the full 
EBR intervention and the Evidence EAR condition were plotted for 
students with different levels of prior knowledge (Cohen & Cohen, 
1983). Results indicated that for students with low prior knowledge (i.e., 
with prior knowledge scores one standard deviation below the mean), 
total EID scores for the EBR intervention group were significantly higher 
than for students in the Evidence EAR group, β = 0.98, p < .001. For 
students with high prior knowledge (i.e., with prior knowledge scores 
one standard deviation above the mean), total EID scores were also 
significantly higher in the EBR intervention group than in the Evidence 
EAR group, with a smaller regression coefficient determined, β = 0.41, p 
< .05. See Fig. 4 for differences in performance between the full EBR and 
Evidence EAR conditions, for students with different levels of prior 
knowledge. 

Scores on Evidence Identification Questions. The overall model 
was significant, F(3, 43) = 5.53, p < .01, R2

adj = 0.23. Both prior 
knowledge scores (β = 0.58, p < .01) and the full EBR intervention (β =
0.52, p < .001) predicted students’ evidence identification scores. The 
interaction term was not significant, p=.15. 

Table 7 
Study 2: Descriptives for Prior Knowledge and EID Task Performance, Across 
Conditions.   

Full EBR 
intervention 
(n = 24) 

Evidence 
EAR 
(n = 26) 

Prior knowledge 4.39 (1.53) 5.75 (1.45) 
Objective EID scores 
Evidence type questions 3.00 (1.50) 1.69 (1.57) 
Evidence interpretation questions 2.00 (0.98) 1.23 (0.99) 
Total 5.00 (1.56) 2.92 (1.74) 
Evidence identification during the multiple text 

reading-writing task 
4.21 (1.28) 4.27 (1.46)  
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8.2. Research question 2. Performance on evidence identification in the 
multiple text reading-writing task 

We further examined whether students’ performance differed, across 
intervention conditions, when they were asked to identify different 
types of evidence within the context of a multiple text reading-writing 
task. A hierarchical regression was run to examine whether the full 
EBR intervention predicted students’ scores on evidence identification 
questions, completed as part of the MTRW task. The full model was 
significant, F(2, 44) = 4.85, p < .05, R2

adj = 0.14. Only prior knowledge 
was an individually significant predictor, β = 0.47, p < .01. See Table 8 
for a model summary. 

8.3. Research question 3. Evaluation of different evidence types 

Our third research question examined whether students’ evaluations 
of different evidence types differed when they are assigned to different 
experimental conditions. A 2 (experimental condition, i.e., EBR or Evi-
dence EAR) × 4 (evidence type, i.e., anecdotal, descriptive, correla-
tional, causal) mixed effects ANCOVA was run. Experimental condition 
was the between-subjects factor. Evidence type was the within-subjects 
factor. Students’ prior knowledge was entered as a covariate. None of 
the main effects or interaction effects were significant, ps > 0.80. Only 
students’ prior knowledge was an individually significant predictor of 
evidence evaluation, F(1, 44) = 4.81, p < .05, η2

p = 0.10. See Table 10 for 
descriptives. 

Table 8 
Study 2: Models Examining Intervention Effects.  

Predictor Total score Identification score Conclusion score Identification score in the MTRW 
task 

Step 1     
Prior 

knowledge 
0.37** 0.36* 0.12 0.47** 

Step 2     
Full EBR 0.70*** 0.52*** 0.47** 0.19  

F(2, 44) = 14.97, p < .001, R2
adj = 0.38  F(2, 44) = 7.05, p < .01, R2

adj = 0.21  F(2, 44) = 5.07, p < .05, R2
adj = 0.15  F(2, 44) = 4.85, p < .05, R2

adj = 0.14  

Note. * p < .05; ** p < .01; *** p < .001. 

Table 9 
Study 2: Models Examining Interaction Effects.  

Predictor Total score Identification score 

Step 1   
Prior knowledge 0.66*** 0.58** 
Full EBR 0.70*** 0.52*** 
Step 2   
Prior knowledge ×

full EBR  
− 0.39* − 0.29  

F(3, 43) = 12.73, p < .001, 
R2

adj = 0.43  
F(3, 43) = 5.53, p < .01, R2

adj 

= 0.23  

Note. * p < .05; ** p < .01; *** p < .001. 

Fig. 4. Study 2: Moderating Effect of Prior Knowledge on Total EID Scores.  

Table 10 
Study 2: Evaluation of the Four Evidence Types Across Conditions.  

Condition Evidence type 

Anecdotal Descriptive Correlational Causal 

Evidence EAR 3.89 (1.51) 5.49 (0.93) 4.90 (1.10) 4.96 (1.14) 
Full EBR 3.65 (1.32) 5.11 (0.93) 4.75 (0.97) 4.61 (1.05) 
Total 3.78 (1.41) 5.31 (0.94) 4.83 (1.03) 4.80 (1.10)  
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8.4. Research question 4. Selection of different evidence types to use in 
writing 

Our fourth research question examined whether students’ selection 
of different types of evidence to include in writing differed across con-
ditions. On average, students selected 3.00 (SD = 1.21) pieces of evi-
dence to include in writing. The total number of pieces of evidence that 
students elected to include in writing did not differ across conditions, p 
= .49. Mann-Whitney U tests, the non-parametric alternative to the in-
dependent t-test for ordinal outcomes, were run to examine whether 
students’ selection of each type of evidence to use in writing differed 
across intervention groups. Students’ selection of descriptive evidence 
to include in writing differed significantly, U = 236.50, Z = -2.11, p <
.05. Specifically, students in the Evidence EAR condition selected more 
descriptive evidence to include in writing (M = 0.96, SD = 0.34) than 
students in the full EBR condition (M = 0.71, SD = 0.46). Differences in 
students’ selection of the three other evidence types did not differ 
significantly across conditions, ps > .50. See Table 11 for descriptives. 

8.5. Research question 5. Actual use of different evidence types in writing 

Our final research question examined whether students’ use of 
different evidence types in writing was associated with experimental 
condition. Results are first reported for students’ inclusion of each evi-
dence type and then for the quality of students’ writing about each ev-
idence type. Descriptives are provided in Table 12. 

8.5.1. Inclusion of evidence in writing 
Students included 1.96 (SD = 1.23) pieces of evidence in writing. A 

one-way ANCOVA was run to examine whether the total amount of 
evidence students included differed across conditions. Students’ prior 
knowledge scores were entered as a covariate. Results showed that only 
prior knowledge was a significant predictor of the amount of evidence 
students included in writing, F(1, 44) = 4.92, p < .05, η2

p = 0.10. The 
total amount of evidence used in writing did not differ significantly 
across experimental groups, p = .78. Four Mann-Whitney U tests were 
then run to examine whether students’ inclusion of evidence of each 
type in writing differed across conditions. None of the differences 
reached significance, ps > .24. 

8.5.2. Quality of evidence use in writing 
Total quality scores, reflecting the sum of quality ratings for each 

piece of evidence students included in writing, were M = 6.26 (SD =
4.34). Given that students included 1.96 pieces of evidence in their re-
sponses, on average, this can be interpreted as students providing spe-
cific and elaborated evidence, and in some cases, also including source. 
A one-way ANCOVA was run with students’ prior knowledge as the 
covariate. Again, only students’ prior knowledge was a significant pre-
dictor of students’ evidence-based writing quality scores F(1, 44) = 4.41, 
p < .05, η2

p = 0.09. Total quality scores did not differ significantly across 
experimental groups, p = .35. Four independent sample t-tests were then 
run to examine whether the quality of students’ writing about each 
evidence type differed across conditions. None of the differences 
reached significance, ps > .10. 

9. Study 2 Discussion 

Study 2 was conducted to examine whether the effects of the full EBR 
intervention could be replicated when delivered to another sample with 
a more robust control group. Moreover, we were interested in whether 
the effects of the full EBR intervention would manifest when students 
were asked to identify evidence types while completing a multiple text 
reading-writing task. In Study 2, results from Study 1 were replicated, 
with additional increases in performance identified. Specifically, similar 
to Study 1, students who received the full EBR intervention performed 
better on the objective EID task than students who did not receive this 
intervention, indicating consistency in the effects of the EBR training. 
Moreover, the effect size for the EBR intervention was larger in Study 2. 
This is especially notable considering the fact that students assigned to 
the Evidence EAR condition had higher prior knowledge scores than 
students in the EBR condition. Moreover, unlike in Study 1, students 
who received the full EBR intervention in Study 2 outperformed control 
students on both the evidence identification questions and the evidence 
conclusion questions. 

Although students’ EID performance was improved by the EBR 
intervention, when asked to identify different types of evidence in the 
transfer (multiple text reading-writing) task, the effects of the full EBR 
intervention did not manifest. Moreover, similar to results from Study 1, 
in Study 2, students’ evaluation of the four different evidence types and 
their selection of different types of evidence to include in writing did not 
differ across conditions. These limitations are further explored in the 
General Discussion. 

10. General Discussion 

A robust finding in prior psychology and communications research 
has been that students are somewhat sensitive to evidence type, dis-
counting anecdotal evidence, relative to evidence that is statistical, 
expert, and causal (Hoeken & Hustinx, 2003; List et al., 2021; List & 
Rubenstein, 2019). Separately, a line of work has suggested that stu-
dents use a variety of criteria when evaluating evidence (e.g., Bråten 
et al., 2009; 2011; Kiili et al. 2008). This manuscript is grounded in an 
effort to bridge the gap between these two lines of work. In particular, 
we examine the extent to which students are able to identify four 
different evidence types (i.e., anecdotal, descriptive, correlational, and 
causal evidence), commonly introduced in texts, and whether such 
identification supports further evidence-based reasoning (i.e., evidence 
evaluation, evidence use in writing). In doing so, this study is unique in 
examining a multitude of components of evidence-based reasoning, 
including evidence identification, evaluation, and selection and use in 
writing. We do not know of any study to tap all of these aspects of 
evidence-based reasoning, with prior work primarily focused on evi-
dence evaluation and evidence provision in support of claims (Chinn & 
Buckland, 2012; Crocco et al., 2020; Kuhn & Lerman, 2021; Duncan 
et al., 2014). 

Moreover, across two studies, we develop and evaluate an Evidence- 
Based Reasoning intervention to determine whether teaching students 
about evidence types, thereby developing students’ evidence schema, 
supports their evidence-based reasoning. In developing this interven-
tion, we contribute to the very limited number of studies aiming to 
improve students’ reasoning about evidence, with prior efforts focused 
on students’ evidence provision in support of scientific models (Lom-
bardi et al., 2013) and social science claims (Iordanou & Constantinou, 
2014, 2015; Kuhn, 1991). In this way, this represents the first inter-
vention aimed at improving students’ reasoning about evidence per se, 
or to specifically target evidence identification. We consider evidence 
identification to be a foundational aspect of evidence-based reasoning, 
such that the accurate identification of evidence may support its more 
robust conceptualization, evaluation, and use in support of claims. We 
find promising findings regarding students’ abilities to engage in evi-
dence identification (i.e., a medium effect in Study 1; a large effect in 

Table 11 
Study 2: Evidence Selection for Use in Writing Across Conditions.  

Condition Evidence type Total 

Anecdotal Descriptive Correlational Causal 

Evidence 
EAR 

0.54 
(0.76) 

0.96 (0.34) 0.92 (0.63) 0.69 
(0.55) 

3.12 
(1.18) 

Full EBR 0.71 
(0.86) 

0.71 (0.46) 0.83 (0.64) 0.63 
(0.49) 

2.88 
(1.26) 

Total 0.62 
(0.81) 

0.84 (0.42) 0.88 (0.63) 0.66 
(0.52) 

3.00 
(1.21)  
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Study 2). These results are noteworthy not only for their magnitude but 
also because they were achieved through a brief and targeted inter-
vention that students autonomously completed. 

Prior efforts to foster evidence-based reasoning (i.e., fostering stu-
dents’ provision of evidence in support of claims) have involved fairly 
intensive classroom interventions, requiring significant time, training, 
and contextual scaffolds or supports (e.g., De La Paz, 2005; Iordanou & 
Constantinou, 2014, 2015; McNeill & Krajcik, 2007; Reisman, 2012). 
Although we see great merit to these more intensive interventions, we 
are also encouraged by the benefits of having a directed intervention 
that is flexible and adaptable across a variety of social science domains 
(e.g., psychology, communications, sociology). Additionally, while prior 
interventions have been conducted with students in middle (De La Paz, 
2005; McNeill & Krajcik, 2007) and high (Reisman, 2012; Iordanou & 
Constantinou, 2015) school, our intervention targets undergraduate 
students. On the one hand, these students are commonly expected to 
have robust schema for evidence types, enabling them to read disci-
plinary texts (e.g., journal articles) at a fairly high level (Clump et al., 
2004; Ritchey & List, 2021); on the other hand, students may be lacking 
in these foundational understandings or may miss out on learning about 
evidence types in introductory classes (Cummiskey et al., 2020; Mueller 
& Coon, 2013). For these students, a targeted intervention to build 
foundational knowledge about evidence types may be of great value. 

10.1. Evidence identification 

Across two studies, we found that the EBR intervention improved 
students’ performance on evidence identification questions, as captured 
via the objective EID task. This indicates the effectiveness of explicit 
instruction and practice with tailored feedback in improving students’ 
evidence identification. Indeed, explicit instruction has been widely 
used by interventions seeking to improve students’ evidence-based 
reasoning (e.g., Maier & Richter, 2014; Venville & Dawson, 2010). In 
the present studies, the structured explicit instruction on evidence 
identification helped students acquire systematic knowledge about four 
types of evidence commonly presented in texts (Archer & Hughes, 
2010). The provision of examples of each evidence type enriched stu-
dents’ understanding. Finally, practice questions engaged students in 
retrieving information learned and individualized feedback helped stu-
dents validate their understanding and provided access to the correct 
information when students selected an incorrect response. 

Despite the consistent effectiveness of the EBR intervention on stu-
dents’ evidence identification, some inconsistent findings across the two 
studies emerged. First, while the full EBR intervention in Study 2 
improved students’ performance on evidence conclusion questions, this 
was not the case in Study 1. This inconsistency was unexpected as the 
two samples were drawn from the same participant pool and did not 
differ in prior knowledge across the two studies. Explaining this finding 
requires further replication. Moreover, although students did not differ 
in prior knowledge from Study 1 to Study 2, the role of prior knowledge 
as a moderator was found to have conflicting effects across the two 

studies. In particular, in Study 1, students with higher prior knowledge 
benefited more from the full EBR intervention. In Study 2, students with 
lower prior knowledge benefited more from the full EBR intervention. 
These conflicting findings may be attributed to the different ways that 
the intervention was administered in Studies 1 and 2. Specifically, while 
students in Study 1 completed the study at a time and location of their 
choosing, students in Study 2 completed the study in a computer lab 
setting. This difference in administration environments may have had at 
least two effects. First, when completing the study in a self-chosen 
environment (Study 1), students may have experienced more distrac-
tions and therefore spent longer completing the intervention. Second, 
low prior knowledge students may have particularly struggled with the 
intervention content being delivered in a less structured setting in Study 
1. In other words, if students had low prior knowledge and were asked to 
complete a challenging (for them) intervention, within an environment 
not supporting focus and where distractions abounded, they seemed to 
not benefit from intervention content (in Study 1). In contrast, in a more 
controlled environment (Study 2), less time was needed to complete the 
intervention and students with low prior knowledge specifically 
benefited more from this intervention. Although this conclusion is 
tentative, to us these results are encouraging – low prior knowledge 
students particularly benefit from this intervention, assuming it is 
delivered in a context that facilitates learning. 

10.2. Transfer 

We found more limited results regarding EBR intervention effec-
tiveness on a transfer task assessing students’ evidence evaluation and 
evidence use in writing. On the one hand, this may be attributed to the 
narrow focus of the EBR intervention. Specifically, while we provided 
students with definitions and examples of various evidence types, we did 
not discuss how to draw appropriate conclusions based on each evidence 
type in much detail. Neither did we teach students the various strengths 
and weaknesses of each evidence type and what criteria could be used 
for evidence evaluation, selection, and use in writing. These components 
will be added to future iterations of the EBR intervention. 

On the other hand, the transfer of effects is among the greatest 
challenges of intervention design (e.g., Cromley et al., 2016; Mayer & 
Wittrock, 1996; Salomon & Perkins, 1989), particularly for an initial, 
brief intervention, with no specific supports for transfer provided. We 
are aiming to promote transfer in further iterations of this intervention 
by varying examples (Billing, 2007), including additional practice items 
(Butler et al., 2017), embedding evidence presentation into more 
naturalistic texts (Perin, 2011; Stone et al., 2006), and adding self- 
explanation prompts (Rittle-Johnson, 2006). Still, the intervention 
core will remain the same. That is, we consider teaching students about 
evidence types and their essential features to be foundational to them 
considering evidence, including its strengths, limitations, and the types 
of conclusions it may support, more accurately, critically, and system-
atically, when this is encountered via texts. 

Table 12 
Study 2: Evidence Use in Writing Across Conditions.  

Condition Evidence type Total 

Anecdotal Descriptive Correlational Causal 

Inclusion Quality Inclusion Quality Inclusion Quality Inclusion Quality Inclusion Quality 

Evidence EAR 0.15 (0.37) 0.46 (1.10) 0.88 (0.52) 2.92 (1.65) 0.65 (0.69) 2.23 (2.35) 0.50 (0.51) 1.81 (1.88) 2.19 (1.23) 7.42 (4.52) 
Full EBR 0.13 (0.34) 0.25 (0.74) 0.71 (0.62) 2.08 (1.84) 0.54 (0.66) 1.67 (2.14) 0.33 (0.48) 1.00 (1.50) 1.71 (1.20) 5.00 (3.83) 
Total 0.14 (0.35) 0.36 (0.94) 0.80 (0.57) 2.52 (1.78) 0.60 (0.67) 1.96 (2.25) 0.42 (0.50) 1.42 (1.74) 1.96 (1.23) 6.26 (4.34)  
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10.3. Limitations and future directions 

There are a few limitations associated with the present studies. First, 
although we found a brief EBR intervention, delivered during a single 
30-minute session, to be effective in improving students’ abilities to 
identify different evidence types, there are many aspects of this inter-
vention that should be adapted and modified in future studies. To begin, 
the positive intervention effects were not successfully transferred when 
students were completing a multiple text reading-writing task. This may 
point to the need to create intervention materials based on a broader 
span of topics and to engage students in more practice tasks. Alternately, 
although we created the EBR as a domain-general intervention, this lack 
of transfer may suggest the need for domain specific instantiations of the 
EBR intervention. 

Second, the intervention implemented in the present study did not 
include explicit instructions on how to comprehend or interpret 
different types of evidence. We define interpretation as understanding 
key evidence components (e.g., dependent variable and independent 
variable) and their relations. Moreover, in the EBR intervention, we did 
not teach students how to use evidence in writing (i.e., to reason with, 
rather than about, evidence), despite evidence-based writing being 
assessed as an outcome of students’ MTRW task performance. Future 
iterations of this intervention will support students’ evidence interpre-
tation, evaluation, and evidence-based writing, as a part of the EBR 
training. Third, the reliability of the objective EID task in both studies 
was low, reflecting a lack of internal consistency. We consider this to be 
due to the limited number of items used in the present studies. Alter-
natively, this low reliability may reflect that evidence identification and 
evidence interpretation are somewhat distinct constructs. In future 
studies, we will include more items tapping both evidence identification 
and interpretation. These same concerns regarding reliability apply to 
the prior knowledge assessment and will be addressed by lengthening 
this measure. 

Moreover, in a set of inconsistent findings across these two studies, 
we found prior knowledge to not be associated with students’ evidence- 
based writing quality when evidence was not available to students 
during task completion (Study 1). However, prior knowledge was 
significantly associated with evidence-based writing quality when evi-
dence was available in Study 2. This may indicate that prior knowledge 

is not only a resource supporting comprehension during reading, but 
also fosters evidence use during text-based writing, provided texts 
remain available to learners. Nevertheless, further research is needed to 
systematically examine how the availability of texts might affect stu-
dents’ evidence-based writing and interact with students’ prior knowl-
edge. In addition to further considering the role of prior knowledge, the 
effects of students’ attitudes on evidence-based reasoning ought be 
further evaluated, as well. Here, the role of students’ attitudes when 
completing the multiple text reading-writing are analysed in Appendix C 
(Study 1) and Appendix D (Study 2). 

Finally, prior research has documented the effects of task type on 
students’ writing (e.g., Gil et al., 2010; Wiley & Voss, 1999). For 
instance, Wiley and Voss (1999) found that students who were assigned 
to write arguments produced more integrated and transformed state-
ments in their writing than students who were assigned to write narra-
tive, summary, or explanatory essays. Nevertheless, the present study 
only asked students to write a letter of recommendation to the director 
of a zoo. Future studies should examine the interaction between inter-
vention effects and writing task, as well as the extent to which different 
tasks may promote evidence-based writing, more broadly. 

11. Conclusion 

In two studies we examined the effects of a brief EBR intervention on 
students’ reasoning about evidence, presented via texts. Four types of 
evidence were examined (i.e., anecdotal, descriptive, correlational, and 
causal). We found that the EBR intervention successfully improved 
students’ identification of the four different evidence types, with a me-
dium effect found in Study 1 and large effect identified in Study 2. At the 
same time, students’ evaluation of the four different evidence types as 
well as their selection and ultimate inclusion of different evidence types 
in writing did not differ significantly across conditions. This suggests the 
need to further develop this intervention to promote transfer. 
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Appendix A  

1. Sample Materials Used for Definitions and Examples of Different Evidence Types 

The followings are the definition and example provided to introduce causal evidence presented in the EBR intervention. 
Definition of Causal Evidence
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Example of Causal Evidence    

2. Sample materials used in the practice task. The followings are the practice questions for causal evidence and feedback provided to students. 

Practice question for evidence identification (causal evidence)      
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Feedback when students selected an incorrect answer   

Feedback when students selected the correct answer.  
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Practice question for drawing aconclusion (causal evidence) 
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Feedback when students selected an incorrect answer 
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Feedback when students selected the correct answer

Appendix B. Texts used in the multiple text reading-writing task 

Anecdotal Evidence Supporting the Inclusion of Charismatic Megafauna in Zoos 
Megafauna Educates Visitors 
Claim: Charismatic megafauna in zoos educate visitors about animals that they would not otherwise be able to see and inspire children to become 

scientists. 
Evidence: Jane Goodall, the world famous primatologist, was inspired to go to Tanzania to study apes in their natural habitat, after learning about 

chimpanzees at the London Zoo as a young child and starting to visit them every day. 
Anecdotal Evidence Opposing the Inclusion of Charismatic Megafauna in Zoos 
Megafauna belong in the wild 
Claim: Even though charismatic megafauna appear to be friendly, they are difficult to keep in zoo enclosures and belong in the wild. 
Evidence: Harambe the Gorilla had to be shot at the Cincinnati Zoo after he grabbed a 4-year-old boy who fell into his enclosure. Harambe had 

previously shown signs of aggression toward visitors. 
Descriptive Evidence Supporting the Inclusion of Charismatic Megafauna in Zoos 
Megafauna Promote Animal Conservation 
Claim: Because they are so attractive, charismatic megafauna increase interest in biology and animal conservation. 
Evidence: Pandas are hugely popular. Over 900,000 children visit the National Zoo in Washington, DC to see the giant pandas every year, while 

over 800,000 people log in to observe the pandas on the Panda Cam. 
Descriptive Evidence Opposing the Inclusion of Charismatic Megafauna in Zoos 
Megafauna Are Expensive To Keep 
Claim: Megafauna are too expensive for zoos to effectively keep and care for. 
Evidence: Pandas are hugely expensive to keep. According to Zoological Association of America, because pandas are only bred in China, zoos in 

the West spend $1 million dollars a year to “rent” each panda and an additional $500,000 a year to feed pandas, who only eat bamboo. 
Correlational Evidence Supporting the Inclusion of Charismatic Megafauna in Zoos 
Megafauna Raise Funds 
Claim: Charismatic megafauna raise substantial funds for animal conservation. 
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Evidence: The Association of Zoos and Aquariums found a strong relationship between the number of charismatic megafauna that zoos had for 
patrons to visit and the money raised for conservation. Each additional animal corresponded to a 3% increase in dollars raised. 

Correlational Evidence Opposing the Inclusion of Charismatic Megafauna in Zoos 
Megafauna Are Costly For Zoos 
Claim: Charismatic megafauna make it too expensive for zoos to operate effectively. 
Evidence: The American Association of Zoo Veterinarians found a strong relationship between the number of charismatic megafauna that zoos had 

and their operating expenses. Each additional animal corresponded to a 2% increase in operating costs. 
Causal Evidence Supporting the Inclusion of Charismatic Megafauna in Zoos 
Megafauna Raise Funding 
Claim: Charismatic megafauna raise substantial funding for animal conversation. 
Evidence: The World Wildlife Foundation compared advertising campaigns by randomly assigning their patrons to receive marketing materials 

featuring either bats or giraffes, considered to be more charismatic. Although both species were endangered, the giraffe campaign resulted in 22% 
more pledges of donations. 

Causal Evidence Opposing the Inclusion of Charismatic Megafauna in Zoos 
Megafauna Are Difficult To Keep 
Claim: Charismatic megafauna are too difficult and expensive for zoos to keep and care for effectively. 
Evidence: The Detroit zoo randomly assigned each of its two downtown locations to host either exotic mega-fauna or local wild-life. Despite the 

exotic mega-fauna location costing nearly three times as much in operating costs, the two locations did not differ in the number of visitors they 
attracted. 

Appendix C 

Supplemental analyses in Appendix C examine whether students supporting or opposing the inclusion of charismatic megafauna in zoos, or 
reporting that they could not decide, after reading, differed in their evidence-based reasoning. In particular, students’ stances after reading were 
examined in association with their evidence evaluations, evidence selection, and actual evidence use in writing. 

Supplemental analyses (Study 1) 

A chi-squared test of association did not find students’ attitudes to be associated with experimental condition (i.e., EBR intervention, practice only, 
and control conditions), p = .41. Therefore, students’ experimental condition was not included in subsequent analyses. We only examine the asso-
ciations between students’ attitude stance and evidence-based reasoning. 

Evidence evaluation. A mixed-effects ANOVA was run to examine whether students’ attitude stance was associated with their evidence evalu-
ations (i.e., ratings of anecdotal, descriptive, correlational, and causal evidence supporting or opposing the inclusion of charismatic megafauna in 
zoos). See Table 2 for descriptive information. In particular, a 3 (attitude stance) × 2 (evidence position) × 4 (evidence type) mixed-effects ANOVA 
was run. Students’ attitude stance was the between-subjects factor, while evidence position (i.e., supporting or opposing the inclusion of charismatic 
megafauna) and evidence type (i.e., anecdotal, descriptive, correlational, causal) were the within-subjects factors. Results showed a significant main 
effect for evidence type, F(3, 372) = 30.39, p < .001, η2

p = 0.20. Students’ ratings of anecdotal evidence (M = 0.47, SD = 0.21) were significantly lower 
than their ratings of descriptive (M = 0.66, SD = 0.21), correlational (M = 0.65, SD = 0.17), and causal evidence (M = 0.57, SD = 0.21), ps < .001. 
Moreover, students rated causal evidence significantly lower than descriptive and correlational evidence, ps < .001. There was also a significant main 
effect for students’ attitudes, F (1, 124) = 4.54, p < .05, η2

p = 0.04. Students’ ratings of evidence supporting the inclusion of charismatic megafauna (M 
= 0.58, SD = 0.15) were significantly lower than their ratings of evidence opposing the inclusion of charismatic megafauna in zoos (M = 0.60, SD =
0.16). 

The main effect for students’ attitude stance was not significant, p = .43. Further, interactions between attitude stance and evidence type (p = .67) 
and attitude stance and evidence position (p = .22) were also not significant. Nevertheless, there was a significant interaction between evidence type 
and evidence position, F (3,v369) = 4.51, p < .01, η2

p = 0.04. Simple-effects analyses showed that, when rating evidence supporting the inclusion of 
charismatic megafauna, students rated correlational evidence (M = 0.68, SD = 0.20), as more convincing than descriptive evidence (M = 0.59, SD =
0.28), p < .05. Nevertheless, when rating evidence against the inclusion of charismatic megafauna, students rated descriptive evidence (M = 0.74, SD 
= 0.24) as more convincing than correlational evidence (M = 0.63, SD = 0.23), p < .001. Please Table 13 for students’ ratings of eachevidence type. 

Evidence selection. A 3 (attitude stance) × 2 (evidence position) mixed-effects ANOVA was run to examine whether students’ attitude stance 
toward charismatic megafauna was associated with their selection of evidence supporting and opposing this measure. Students’ attitude stance was 
the between-subjects factor. Evidence position was the within-subjects factor, with two levels, reflecting the number of pieces of evidence supporting 
and opposing the inclusion of charismatic megafauna that students selected to include in writing. See Table 14 for descriptives. There was a significant 
main effect for students’ attitude stance, F(2, 129) = 4.45, p < .05, η2

p = 0.07. Pairwise comparisons showed that students who supported (M = 1.39, 
SD = 0.70) or opposed (M = 1.26, SD = 0.63) the inclusion of charismatic megafauna in zoos selected less evidence on average than students who 

Table 13 
Study 1: Ratings of the Four Different Evidence Types.   

Evidence Type  

Anecdotal Descriptive Correlational Causal 

Evidence for including charismatic megafauna 0.45 (0.25) 0.59 (0.29) 0.68 (0.20) 0.60 (0.26) 
Evidence against including charismatic megafauna 0.50 (0.28) 0.74 (0.23) 0.63 (0.23) 0.54 (0.29) 
Average 0.47 (0.21) 0.66 (0.21) 0.65 (0.17) 0.57 (0.21) 

Note. Because POMS was used to transform the ratings, the means reported here range from 0 to 1. 
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selected the I cannot decide option (M = 1.76, SD = 0.86), ps < 0.05. However, this main effect should be interpreted with caution as there was an 
interaction. The main effect for evidence position was not significant, p = .70. Nevertheless, there was a significant interaction between attitude stance 
and evidence position, F(2, 129) = 83.85, p < .001, η2

p = 0.57. Simple-effects analyses showed students who supported the inclusion of charismatic 
megafauna in zoos selected more supporting evidence (M = 2.45, SD = 1.23) than evidence opposing charismatic megafaunas’ inclusion (M = 0.33, 
SD = 0.71), p < .001. Students who opposed the inclusion of charismatic megafauna selected less evidence supporting such a measure (M = 0.19, SD =
0.40) than opposing evidence (M = 2.32, SD = 1.30), p < .001. Students who chose the I cannot decide option selected evidence reflecting both 
positions to a similar extent, p = .56. In other words, consistent with prior research on the role of attitudes in reasoning (e.g., Knobloch-Westerwick & 
Meng, 2011), students both supporting and opposing the inclusion of charismatic megafauna in zoos selected more attitude stance consistent evidence, 
than attitude inconsistent evidence. Students selecting the I don’t know enough to decide option selected evidence supporting and opposing the inclusion 
of charismatic megafauna to a comparable extent. 

Evidence use in writing. A 3 (attitude stance) X 2 (evidence position) mixed-effect ANOVA was run to examine whether students’ attitude stance 
towards the inclusion of charismatic megafauna in zoos was associated with their use of evidence, supporting or opposing the inclusion of charismatic 
megafauna in zoos, in their writing. See Table 15 for descriptives. Neither of the main effects (i.e., attitude stance, evidence position) were significant, 
ps > .33. Nevertheless, there was a significant interaction between attitude stance and evidence position, F (2, 126) = 38.20, p < .001, η2

p = 0.38. 
Simple-effects analyses showed students who supported the inclusion of charismatic megafauna in zoos used more evidence supporting this measure 
(M = 0.90, SD = 0.93) than opposing evidence (M = 0.11, SD = 0.36) in their writing, ps < 0.001. At the same time, students opposing the inclusion of 
charismatic megafauna in zoos used more evidence opposing this measure (M = 1.23, SD = 1.07) than evidence supporting this measure (M = 0.17, 
SD = 0.38) in their writing, ps < .001. Again, this demonstrates that students both supporting and opposing the inclusion of charismatic megafauna in 
zoos used more evidence that was consistent with their attitude stance in writing, while students who selected the I cannot decide option used evidence 
on both sides to a similar extent, p = .87. 

Appendix D 

Supplemental analyses (Study 2) 

We further examined whether students’ attitude stance toward the inclusion of charismatic megafauna in zoos (i.e., selecting Yes, No, or I cannot 
decide) was associated with their evaluation, selection and use of supporting and opposing evidence of different types. A chi-squared test found that 
students’ attitude stance was not associated with experimental condition, p = .71. 

Evidence evaluation. A 3 (attitude stance) × 2 (evidence position) × 4 (evidence type) mixed-effect ANOVA was run to examine whether stu-
dents’ attitude stance was associated with their evaluation of different types of evidence (i.e., anecdotal, descriptive, correlational, causal) supporting 
or opposing the inclusion of charismatic megafauna in zoos. Results showed a significant main effect for evidence type, F (3, 144) = 23.44, p < .001, η2

p 

= 0.33, reflecting a large effect size. Students rated anecdotal evidence (M = 3.78, SD = 1.41) significantly lower than descriptive (M = 5.31, SD =
0.94), correlation (M = 4.83, SD = 1.03), and causal evidence (M = 4.80, SD = 1.10), p < .001. Moreover, students rated descriptive evidence as more 
convincing than correlational and causal evidence, ps < .01. The main effect of students’ attitude stance was not significant, p = .22. However, there 
was a significant interaction between students’ attitude stance and evidence position, F(2, 47) = 6.01, p < .01, η2

p = 0.20, reflecting a large effect. 
Simple-effects analyses found that students’ ratings of anecdotal evidence opposing the inclusion of charismatic megafauna in zoos differed signif-
icantly across students holding different attitude stances, F(2, 47) = 4.12, p < .05, η2 = 0.15. Specifically, students who opposed including charismatic 
megafauna in zoos rated the anecdotal evidence opposing the inclusion of charismatic megafauna as more convincing (M = 4.68, SD = 1.70) than 
students who supported the inclusion of charismatic megafauna (M = 3.18, SD = 1.81). The interaction between students’ attitude stance and evidence 
type was not significant, p = .69. Nevertheless, there was a significant interaction between evidence type and evidence position, F (3, 144) = 8.76, p <

Table 15 
Study 1: Evidence Use in Writing by Attitude Stance and Evidence Position.   

Attitude Stance   

Yes 
(n = 63) 

No 
(n = 30) 

I cannot decide (n = 36) Total 
(N = 129) 

Evidence Position 
Evidence for charismatic megafauna 0.90 (0.93) 0.17 (0.38) 0.64 (0.87) 0.66 (0.86) 
Evidence against charismatic megafauna 0.11 (0.36) 1.23 (1.07) 0.61 (0.87) 0.51 (0.86)  

Table 14 
Study 1: Evidence Selection by Attitude Stance and Evidence Position.   

Attitude Stance   

Yes 
(n = 64) 

No 
(n = 31) 

I cannot decide (n = 37) Total 
(N = 132) 

Evidence Position 
Evidence for charismatic megafauna 2.45 (1.23)a 0.19 (0.40) 1.84 (1.21) 1.75 (1.41) 
Evidence against charismatic megafauna 0.33 (0.71) 2.32 (1.30) 1.68 (1.20) 1.17 (1.33) 

Note. aThis can be interpreted as students supporting the inclusion of megafauna in zoos, including 2.45 pieces of evidence supporting the inclusion of charismatic 
mega-fauna, on average. 
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.001, η2
p = 0.15, reflecting a large effect. Simple-effects analyses indicated that, when rating evidence supporting the inclusion of charismatic 

megafauna, no significant differences were found among descriptive (M = 4.81, SD = 1.47), correlational (M = 5.13, SD = 1.20), and causal evidence 
(M = 5.10, SD = 1.26), ps > 0.24. However, when rating evidence opposing the inclusion of charismatic megafauna, students rated descriptive ev-
idence (M = 5.81, SD = 1.15) significantly higher than correlational (M = 4.53, SD = 1.26) and causal evidence (M = 4.49, SD = 1.47), ps < .001. See 
Table 16 for descriptives. 

Evidence selection. A 3 (attitude stance) × 2 (evidence position) mixed-effects ANOVA was run to examine whether students’ attitude stance 
toward the inclusion of charismatic megafauna in zoos was associated with their selection of supporting and opposing evidence to include in writing. 
Attitude stance was the between-subjects factor while evidence position was the within-subject factor. The number of pieces of evidence supporting 
and opposing the inclusion of charismatic megafauna that students selected to include in writing represented the two levels of the within-subjects 
factor. See Table 17 for descriptives. There was a significant main effect for evidence position F(1, 47) = 8.56, p < .01, η2

p = 0.15. Specifically, 
students selected less evidence supporting the inclusion of charismatic megafauna in zoos (M = 1.20, SD = 1.41) than opposing evidence (M = 1.80, 
SD = 0.99), p < .05. Again, this main effect should be interpreted with caution as there was a significant interaction effect. The main effect of attitude 
stance was not significant, p = .10. Nevertheless, there was a significant interaction between students’ attitude stance and evidence position, F(2, 47) 
= 42.79, p < .001, η2

p = 0.65. Simple-effects analyses found that students who supported the inclusion of charismatic megafauna in zoos selected more 
supporting evidence (M = 2.40, SD = 0.87) than opposing evidence (M = 0.32, SD = 0.63), p < .001, while students who opposed the inclusion of 
charismatic megafauna in zoos selected less supporting evidence (M = 1.00, SD = 0.46) than opposing evidence (M = 2.45, SD = 1.36), p < .001. 
Moreover, students who chose the I cannot decide option selected more evidence supporting the inclusion of charismatic megafauna in zoos (M = 2.00, 
SD = 1.00) than evidence opposing such a measure (M = 0.60, SD = 0.55). In short, students both supporting and opposing the inclusion of charismatic 
megafauna in zoos selected more evidence that were consistent with their attitude stances. At the same time, different from Study 1, students who 
selected I cannot decide option in Study 2 selected more supporting evidence than opposing evidence. 

Evidence Use in Writing. A 3 (attitude stance) × 2 (evidence position) mixed-effects ANOVA was run to examine whether students’ attitude 
stance towards the inclusion of charismatic megafauna in zoos was associated with their evidence use in writing. The number of pieces of evidence 
supporting and opposing the inclusion of charismatic megafauna represented the two levels of the within-subjects factor. See Table 18 for descriptives. 
Neither of the main effects (i.e., attitude stance, evidence position) were significant, ps > .47. Nevertheless, there was a significant interaction between 
attitude stance and evidence position, F (2, 47) = 42.09, p < .001, η2

p = 0.64. Simple-effects analyses showed that students who supported the inclusion 
of charismatic megafauna in zoos used more supporting evidence in their writing (M = 1.80, SD = 1.04) rather than opposing evidence (M = 0.12, SD 
= 0.33). Likewise, students who opposed the inclusion of charismatic megafauna in zoos used more opposing evidence (M = 1.90, SD = 1.33) than 
supporting evidence (M = 0.25, SD = 0.44) in writing. Again, same as Study 1, students both supporting and opposing the inclusion of charismatic 
megafauna in zoos used more evidence that were consistent with their attitude stances in writing. At the same time, students who selected the I cannot 
decide option used evidence on both sides to a comparable extent. 

Table 18 
Study 2: Evidence Use in Writing by Attitude Stance and Evidence Position.   

Attitude Stance   

Yes 
(n = 25) 

No 
(n = 20) 

I cannot decide (n = 5) Total 
(N = 50) 

Evidence Position 
Evidence for charismatic megafauna 1.80 (1.04) 0.25 (0.44) 0.80 (0.45) 1.08 (1.08) 
Evidence against charismatic megafauna 0.12 (0.33) 1.90 (1.33) 0.60 (0.89) 0.88 (1.24)  

Table 16 
Study 2: Evaluation of the Four Different Evidence Types.   

Evidence type  

Anecdotal Descriptive Correlational Causal 

Evidence for including charismatic megafauna 3.66 (1.78) 4.81 (1.47) 5.13 (1.20) 5.10 (1.26) 
Evidence against including charismatic megafauna 3.89 (1.88) 5.81 (1.15) 4.53 (1.26) 4.49 (1.47) 
Average 3.78 (1.41) 5.31 (0.94) 4.83 (1.03) 4.80 (1.10)  

Table 17 
Study 2: Evidence Selection by Attitude Stance and Evidence Position.   

Attitudes   

Yes 
(n = 25) 

No 
(n = 20) 

I cannot decide (n = 5) Total 
(N = 50) 

Evidence Position 
Evidence for charismatic megafauna 2.40 (0.87) 1.00 (0.46) 2.00 (1.00) 1.80 (0.99) 
Evidence against charismatic megafauna 0.32 (0.63) 2.45 (1.36) 0.60 (0.55) 1.20 (1.41)  
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