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Abstract  Scientific knowledge, including the critical evaluation and comprehension of 
empirical articles, is a key skill valued by most undergraduate institutions for students 
within the sciences. Students often find it difficult to not only summarize empirical journal 
articles, but moreover to successfully grasp the quality and rigor of investigation behind 
the source. In this paper, we use instructional scaffolds (reading worksheets, RWs, with 
tutorials) to aid students in being able to comprehend, and ultimately transfer, the skills 
necessary in critically evaluating primary sources of research. We assess students’ learning 
of these skills on a multiple-choice assessment of Journal Article Comprehension (JAC). 
Students in experimental classes, who received instructional scaffolds, improved on the 
JAC post-test compared with students in control classes. This result shows that students are 
acquiring fundamental research skills such as understanding the components of research 
articles. We also showed that improvement on the JAC post-test for the experimental class 
extended to a written summary test. This result suggests that students in the experimen-
tal group are developing discipline-specific science process skills that allow them to apply 
JAC skills to a near-transfer task of writing a summary.

Keywords  Reading empirical articles · Instructional scaffolds · Assessment · Learning 
outcomes · Cognitive psychology

It is important for undergraduate students to learn to comprehend and analyze published 
research (c.f. Coil et al. 2010) because it exposes them to the means by which scientific 
knowledge is justified and evaluated. As reported by Oldenburg (2016), over 70% of 
psychology courses at liberal arts colleges include primary source readings. Although 
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undergraduate students are often asked to summarize research articles (e.g., Anisfield 
1987; Gillen 2006; Karcher 2000; Levine 2001; Suter and Frank 1986), they find the task 
difficult (e.g., Taylor 1983) and often make mistakes (e.g., Day 1983) because they are 
interacting with materials that are written for expert scientists (c.f. Goldman and Bisanz 
2002). In addition, while comprehension of research articles is important, faculty often do 
not have time to teach science process skills which are necessary to comprehend research 
articles (Coil et al. 2010).

A number of studies have shown that, due to lack of experience, students have difficulty 
with understanding critical components of empirical research, including understanding the 
argument structure of an Introduction section (Newell et al. 2011; Van Lacum et al. 2014), 
identifying independent and dependent variables (Dasgupta et al. 2014), and understand-
ing statistical concepts such as correlation (Zieffler and Garfield 2009), probability, and 
statistical significance (Dasgupta et al. 2014). Because students lack experience with these 
science process skills, they are slow to understand what information in a research article is 
relevant (c.f. Morris et al. 2012) and thus have difficulty developing coherent mental repre-
sentations of research (c.f. Chinn and Brewer 2001).

Despite students’ difficulty in effectively summarizing and using research articles, 
many researchers recommend using journal articles in instruction (Anisfield 1987; Gillen 
2006; Karcher 2000; Levine 2001). To make the process of learning with research articles 
more tractable, two main types of approaches have been proposed: (a) using texts that are 
adapted to make them appropriate for students and (b) creating instructional scaffolds that 
provide guidance for students on how to approach reading the original articles.

The first approach, called adapted primary literature (APL; cf. Yarden et  al. 2001; 
Yarden 2009), involves simplifying articles to remove technical details so they can be 
read and understood by students while still maintaining the article’s argument structure. 
Although APL has shown to increase critical reading of science beyond that of secondary 
literature such as textbooks (Baram-Tsabari and Yarden 2005), it has primarily been used 
in biology and the life sciences rather than the social sciences.

The second approach is to design instructional scaffolds (cf. Reiser 2004). For example, 
scaffolds for reading can involve problematizing an aspect of the task by adding additional 
post-reading work (such as questions to answer), restructuring the activity by using signal-
ing devices such as prominent headings (Lorch and Lorch 1996), or providing structural 
information about the text such as graphical organizers or outlines (Newell et  al. 2011). 
Scaffolds may also include prompts to direct students’ attention to key features of a text 
(Hmelo-Silver et al. 2007) or directly teach students about the structure of a particular sec-
tion of a text, such as the rhetorical moves used in the argument structure of the Introduc-
tion (Van Lacum et al. 2014).

While scaffolds can take multiple forms, they are often implemented as structured 
modifications of instruction (Hmelo-Silver et  al. 2007) and thus satisfy best practices 
for instructional design. For example, Goldman and Pellegrino (2015) noted that “…
contexts for learning should pose challenging tasks and provide guidance and supports 
that make the task manageable for learners” (p. 36). The literature concerning the prin-
ciples that underlie cognitive skill acquisition (e.g., Dunlosky et al. 2013) also suggests 
several best practice principles that can enhance students’ learning. Deliberate practice 
and distributed practice are particularly relevant principles of skill acquisition that are 
appropriate for the application of scaffolds to aid learning complex skills such as under-
standing journal articles.

Deliberate practice is operationalized as purposeful and effortful activity to improve 
a specific aspect of performance (c.f. Ericsson and Charness 1994). This type of 
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sustained, effortful practice is a positive predictor of educational outcomes (Macna-
mara et al. 2014), such as improvement on standardized assessments of critical thinking 
(van Gelder et al. 2004). In the area of science, it is particularly important for students 
to engage in deliberate practice, because reasoning about science develops slowly and 
requires instruction, support, and practice (Morris et al. 2012).

In a similar way, it is also important that students engage in distributed practice by 
spacing out their learning sessions, or assignments, over time. The use of distributed 
practice has been associated with various learning outcomes such as improved memory 
performance in the laboratory (Cepeda et al. 2006) and increased academic performance 
in educational settings (Son and Simon 2012).

Overall, the literature suggests that students can effectively learn how to read research 
articles when instructional supports such as scaffolds are aligned with the properties of 
texts, including headings that match a disciplinary structure such as APA style. The 
use of disciplinary structure can help students develop schema for understanding arti-
cles. Unfortunately, many researchers (Anisfield 1987; Gillen 2006; Levine 2001; Locke 
et  al. 1998; Suter and Frank 1986) have simply provided scaffolds that students can 
use to find information within an article without any theoretical framing for why they 
should work to improve performance nor any empirical evidence about the effectiveness 
of the guides for improving comprehension.

Several studies have, however, provided empirical evidence that students learn to 
comprehend research articles. For example, Bachiochi et  al. (2011) designed a set of 
open-ended questions that students answered about a condensed psychological research 
article. Students completed this assessment during the first week of the semester, and 
then completed the same assessment again toward the end of the semester. Overall, 
students improved on the second assessment, with the most improvement seen among 
advanced students (e.g. who were currently enrolled in a second research methods 
class). As a second example, Sego and Stuart (2016) had students complete a set of 
open-ended and standardized questions to assess their understanding of multiple 
empirical articles from the Psi Chi Journal of Undergraduate Research. Students either 
answered these questions by completing a worksheet, or by writing a summary that 
addressed the questions, depending on their course section. Students’ scores increased 
between the first and last worksheet (or between the first and last summary assignment) 
over the semester.

While several studies have presented empirical evidence that instructional scaffolds 
boost learning, these scaffolds often consist of questions that apply to just one specific 
research article (Bachiochi et al. 2011; Christopher and Walter 2006; but see Van Lacum 
et al. 2014 and Sego and Stuart 2016 for examples of questions that apply to multiple arti-
cles) or examine learning outcomes that are not specific to understanding research articles, 
such as exam scores (Christopher and Walter 2006), course grades (Robertson, 2012), or 
opinions about the safety and efficacy of medical procedures (Russell et al. 2004). When 
learning outcomes focus on understanding research articles, researchers have often com-
pared performance on assignments from the beginning and end of a semester (Bachiochi 
et al. 2011; Sego and Stuart 2016) to assess learning that has occurred rather than using 
separate assessments of comprehension, which does not allow for comparisons with stu-
dents who have not completed the assignments. Further, previous research used condensed 
versions of research articles (Bachiochi et al. 2011) or research articles that were written 
specifically for students (Sego and Stuart 2016).

We have designed an instructional scaffold, the reading worksheet (RW) assignment, to 
facilitate students’ learning that leverages what we know about the structure of scientific 
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genre, high-quality instructional design, and how people learn by building schema. Fol-
lowing the suggestions of Hmelo-Silver et al. (2007) and Goldman and Pellegrino (2015), 
we aimed to support students’ learning through a scaffold that pushed the complex task 
of research article comprehension into students’ zones of proximal development. We were 
inspired by published guides for reading and understanding research. We aimed to develop 
questions that were more general than the 12 steps suggested by Locke et al. (1998), yet 
more specific than the vague suggestion to simply summarize the study, as suggested by 
Gottfried et al. (2009). Our RW has a set of standard questions which can be applied to 
any empirical journal article (Lippman et al. 2008). Four out of the six questions in our 
RW assignment (see description in the Method) draw from the major sections of a typical 
APA-style research article: Introduction, Method, Results, and Discussion. As argued by 
Madigan et al. (1995), the structure of an APA-style research article helps guide students’ 
understanding of research. This standard set of questions provided an appropriate scaffold 
for students to be able to read research articles that were published for psychologists, thus 
providing students with the opportunity to engage in authentic scientific practices (c.f. 
Chinn and Malhotra 2002).

The development of the RW assignment was also inspired by what is known about 
the cognitive principles that underlie knowledge acquisition (e.g., Dunlosky et al. 2013). 
Students completed the RW assignment at least seven times throughout the semester and 
reviewed the answers in class. These principles were applied to design a rigorous approach 
to using the RWs during instruction. For example, by completing the RWs, students 
engaged in deliberate practice. As a second example of a cognitive principle, students 
completed a RW assignment every 1–2 weeks throughout the semester, thus engaging in 
distributed practice. In addition, unlike previous research (Bachiochi et al. 2011; Christo-
pher and Walter 2006; Sego and Stuart 2016), we used a multiple choice assessment that 
was separate from instruction, called the Journal Article Comprehension (JAC) assess-
ment. The JAC contained seven multiple-choice questions that covered the main parts of 
a research article: purpose, participants and procedure, independent variables, depend-
ent variables, results, conclusions, and criticisms. These multiple-choice questions corre-
sponded to information that was covered in the standard questions for the RW assignment. 
The JAC assessment thus allowed us to show transfer between instruction and assessment, 
and also addressed the practical concern of being able to effectively administer and score 
performance assessments in larger classes.

Pilot development of the Journal Article Comprehension assessment

We developed the JAC assessment through two pilot studies. To create alternate forms of 
the JAC assessment, we used two empirical journal articles. We included articles with top-
ics that are typically covered in all cognitive psychology courses and that were published 
in Psychological Science because this is the source of many of the journal articles used for 
RW assignments. Specifically, we chose the article by Lee et  al. (2006) about top-down 
influences on perception, and the article by Beilock and Carr (2005) about effects of work-
ing memory on performance. The multiple-choice questions were matched across the alter-
nate forms of the JAC so that the same number and type of answer options were available 
for each article.

In the first pilot study, the JAC assessment was administered as a pre-test at the begin-
ning of the semester and as a post-test at the end of the semester: we counterbalanced which 
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form (Beilock and Carr 2005 or Lee et  al. 2006) was presented at each time point (see 
Appendix 1 for more details about the method of the first pilot study). We found an unex-
pected effect of order, in that there was a larger increase between pre- and post-test when 
students had the Beilock and Carr (2005) JAC form as the post-test (see Appendix 1 for an 
overview of the results and analyses). After statistically correcting for this order effect, we 
found that the experimental group, who completed RWs, showed significant improvement 
between their pre- and post-test, whereas the control group, who did not complete RWs and 
only used a textbook, did not show any improvement. We conducted a second pilot study 
because we wanted to experimentally remove the order effect found in the first pilot study.

In the second pilot study, we administered both forms of the JAC at each time point 
(pre- and post-test) so we could determine whether one of the alternate forms was a bet-
ter assessment of student comprehension of research articles over time. We only used an 
experimental group who completed RWs in the second pilot study (see Appendix 1 for 
more method details about the second pilot study). We also manipulated the content of the 
tutorial to match one of the alternate forms to test the relative effectiveness of each article 
for training.

In the second pilot study, performance on the alternate forms of the JAC was not cor-
related at post-test, so each form was analyzed separately to assess the impact of tutorial 
content on change over time (see Appendix 1 for an overview of the results and analyses). 
For the Beilock and Carr JAC form, the only significant result was that scores improved 
over time (from pre- to post-test) for all students. For the Lee et  al. JAC form, we only 
found a significant interaction between time and tutorial content: if the Lee et al. tutorial 
was received, students’ scores increased (albeit not significantly), whereas if the Beilock 
and Carr tutorial was received, students’ scores decreased (albeit not significantly).

It was clear from the results of the pilot studies that the two JAC forms were not equiva-
lent in their efficacy of measuring student comprehension of research articles. The form of 
the JAC that used the Beilock and Carr (2005) content was more robust because perfor-
mance over time was less affected by differences in the content of the tutorial. An exami-
nation of the structure of the two articles used in the alternate JAC forms revealed that 
Beilock and Carr used standard APA-style headings whereas Lee et  al. (2006) did not. 
All the articles used in RWs had the standard APA-style headings. For these reasons, we 
decided to use the Beilock and Carr JAC form for the current experiment described below.

Overview of the current experiment

In the following experiment, we describe the implementation of our instructional scaffold 
(the RW assignment) to show how students can improve their comprehension of research 
articles within a target content area, cognitive psychology. To do this, we compare an 
experimental group and a control group on their changes in performance over time on both 
our JAC assessment and a more traditional summary assessment.

We decided to include an additional summary task because this kind of task is consid-
ered to be an effective measure of learning, and we wanted to include multiple measures 
of understanding. Bretzing and Kulhavy (1979) found students’ summaries were corre-
lated with their performance on later tests containing this information. The content of stu-
dent summaries has also been shown to be correlated with multiple measures of the same 
information (Dyer et al. 1979). Dyer et al. (1979) found that students were more likely to 
answer test questions correctly if the information necessary to answer a particular question 
was included in their summaries. Additionally, the quality of student summaries has been 
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associated with better performance on other tests of the same content. Bednall and Kehoe 
(2011, Experiment 2) found that summaries which contained more information and links 
to previously-learned information were associated with higher performance on subsequent 
tests.

In the current experiment, we tested the effectiveness of our RW instructional scaffold 
for increasing research article comprehension skill. We operationalized distributed and 
deliberate practice within multiple RWs and used multiple measures of comprehension 
skill including the JAC assessment and a summary task. In addition, we assessed the rela-
tionship between performance changes on the JAC and the summary task.

Method

Participants

One hundred thirty-six students enrolled in undergraduate cognitive psychology courses 
at the University of Massachusetts Dartmouth completed the JACs as course assignments. 
The experimental group consisted of 101 students who were taught by the first author. 
These students completed seven or nine RW assignments across the course of the semester. 
There were no differences in the JAC or summary task in the experimental student groups 
who completed seven or nine RW assignments, and thus these groups were combined. As 
with the samples used in the pilot studies, the experimental group did not have a course 
textbook and only used research articles as course readings. As with the experimental 
group in the first pilot study, these students received a tutorial after the pre-test, but before 
completing the first RW, about how to find information in a journal article, using an article 
that was not part of the JAC.

The control group consisted of 35 students who were taught by the third author. The 
primary reading materials for these students were from Reisberg’s Cognition (5th edition) 
textbook. No research articles were assigned as readings. Students in the control course 
had one assignment involving a research article during the semester: They had to find and 
summarize an article related to embodiment in cognitive psychology. Students were told to 
include purpose/goals, procedural descriptions, IVs and DVs, and results, and implications 
(the same things that are asked in the RWs) as part of their summary. The key difference 
is that they were not asked about each part of their empirical article explicitly, nor did they 
perform this summary multiple times over the course of the semester on a set of class-
shared articles. In addition, the control students did not receive a tutorial about how to 
locate information in a research article.

The key difference between the experimental and control groups was the number of 
writing assignments that involved interaction with research articles. The experimental 
group had seven or nine writing assignments, while the control group had one. Because 
both groups were in the same course at the same institution, the instructors had to meet the 
same curricular goal, which was for students to be able to understand research data in order 
to be able to relate it to theories and practical applications. The instructors both met this 
goal through their choice of assignments. Further, comparison of course syllabi and teach-
ing materials revealed that the first and third author covered 90% of the same units (atten-
tion, memory, language, etc.) and approximately 75% of the same topics within these units. 
Discussion of teaching approaches revealed that both instructors had face-to-face lecture 
courses with instructional materials available through online course management software. 
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Both instructors took a “building blocks of cognition” approach to the course by beginning 
with basic cognitive processes and moving towards more complex cognitive processes, and 
both explained research studies, including their methodology and results, during lecture. 
Given the similarities in course content and teaching style between the experimental and 
control groups, we believe that the differences in outcomes explained in the Results below 
are due to the scaffolding and number of research article assignments that each group 
completed.

Although the first and third authors were the instructors for the experimental and control 
groups, respectively, student data were not examined or analyzed until after the semester 
was over. Data were labeled with participant numbers and were analyzed without any iden-
tifying information. We followed this procedure to minimize instructor bias on data analy-
sis. In addition, the third author was not part of the research team until more than 6 months 
after data were collected from her course. Data were originally collected from the third 
author’s course as part of departmental curricular assessment. When teaching her cognitive 
psychology course, she was unaware of the goals of the overall project, and designed her 
course to meet curriculum requirements, without knowledge of the first author’s approach 
or the research project that was already in progress.

Materials

Reading worksheet assignments (RWs)

Participants in the experimental group completed seven or nine RWs over the course 
of the semester, each on a different empirical article taken from a cognitive psychology 
journal and related in content to the topics of the class. Brief articles of 10 pages or less 
were selected to align with course topics (see Table  1). The articles were all published 
within 15  years of when the course was taught and contained a single experiment or 
quasi-experiment.

The five standard questions for the RW assignment were:

1.	 What was the purpose of this research?
2.	 What did the researchers do? (Summarize method, including participants, procedure, 

independent variables, and dependent variables).
3.	 What were the main results?
4.	 What is the take-home message (conclusion)?
5.	 What criticisms do you have of this research? Is there anything you would do differently?

In addition to the five standard questions, a specific application question was assigned 
for each article in which students were asked to apply the findings of the article to their 
own lives or to areas of public interest. For example, the application question for one of the 
attention articles (Cooper and Strayer 2008) asked students to apply the ideas of divided 
attention from the article to cell phone and driving laws passed in the state.
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JAC assessment

All participants completed the JAC twice. The same article, Beilock and Carr (2005), was 
used for both the pre-test and post-test JAC assessment. The JAC assessment questions and 
scoring rubric can be found in Appendix 2. This article, and all the journal articles cho-
sen for the RW assignments across the semester, followed a standard APA-style structure. 
Thus, the JAC assessment for the Beilock and Carr article was a fair test of what students 
were learning across the semester.

Summary task

All participants completed the summary task twice. Participants were asked to write a 
summary of the article. Specifically, they were told that their summaries should address the 
following guiding questions:

1.	 What are the most important points of the study in this article? Include enough detail 
about the goals, design, and method of the study to put those points in context.

2.	 What are the real-world implications of the findings of this study?
3.	 Are there any potential weaknesses in the design or procedure of this study that limit 

how much you trust the findings?

Participants were instructed to take no more than 50 min to read the article and write the 
summary, and to not write a summary that was longer than one typed page (500 words).

Procedure

The pre-test was completed during the second week of the semester, and the post-test was 
completed during the 14th week of the semester. Both assessments were completed at each 
time through online survey software. Students received assignment credit for completing 
the assessments but their responses were not graded. Participants always wrote the sum-
mary first, then completed the multiple-choice JAC assessment.

Analysis

Summary scoring

We chose to analyze the aspects of the summaries that addressed the first guiding question, 
as these aspects best aligned with the information that was tested in the JAC assessment. 
We developed a coding scheme to address details about the goals, design, method, results, 
and conclusions of the article that students included in their summaries. Seven codes were 
developed to capture the main types of information we expected to see in the summaries: 
goals/hypothesis, sample, procedure, IVs, DVs, findings/results, and conclusions/interpre-
tations. These codes, and the scoring system, were developed to be similar to the way in 
which RW assignments were graded for the experimental group. For each of these codes, 
students could receive a 0 (information missing), a .5 (incomplete or partially correct 
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information), or a 1 (complete and correct information). In addition, for IVs and DVs, stu-
dents could be awarded a .75 if they included information about variables that could count 
as IVs or DVs but did not label this information as such (see Table 2). The maximum pos-
sible score a student could get for the article summary was 7. Examples of coded summa-
ries are provided in Appendix 3.

The first and third author coded 10 summaries for practice to make sure they understood 
the coding scheme, as suggested by Chi (1997). They then coded 37 summaries [16% of the 
screened data (see below)], which included a mix of experimental and control group data, 
as well as a mix of summaries that were written during the pre-test or post-test. Because 
random participant numbers were used to choose the summaries, the authors were blind to 
group membership and when the summary was written. The authors’ inter-rater agreement 
for this set of 37 summaries was κ = .81, SE = .03, 95% CI .75–.86.

In order to have at least the research standard of 20% of the data coded (M.T.H. Chi, 
personal communication, June 7, 2017; S.R. Goldman, personal communication, June 
10, 2017), the first and third author coded an additional 20 randomly chosen summaries. 
The inter-rater agreement for the 20 additional summaries was κ = .87, SE = .03, 95% CI 
.81–.94. The inter-rater agreement for all 57 summaries, or 25% of the data, was of κ = .81, 
SE = .02, 95% CI .77–.86. This level of inter-rater agreement meets Gwet’s (2014) stand-
ards for reporting inter-rater reliability, and the level of agreement reached, both with the 
exact kappa value and the 95% confidence interval, meets Landis and Koch’s (1977) crite-
ria for substantial agreement and Fleiss’ (1981) criteria for excellent agreement. The first 
author then coded the remaining summaries, blind to group membership and whether the 
summary was written during the pre-test or post-test.

Participant screening

Of the original 136 participants, 22 were removed from analysis for not completing the 
JAC assessment, the summary task, or neither at either pre-test or post-test. Specifically, 10 
participants from the experimental group did not complete the summary and JAC assess-
ments at post-test and one experimental group participant completed the summary but did 
not complete the JAC at post-test. One participant from the experimental group and two 
from the control group did not complete the JAC assessment at pre-test, yet completed the 
summary task. One control group participant did not complete the summary task at post-
test, yet completed the JAC assessment. Three participants from the control group did not 
complete the JAC assessment nor the summary task, one at pre-test and two at post-test. In 
addition, we removed four participants, three from the experimental group and one from 
the control group, who had outlying scores on either the JAC or summary task. Thus, 114 
participants were left for analysis, 86 from the experimental group (68 female, 18 male) 
and 28 from the control group (22 female, 6 male).

To test differences between pre- and post-test among the groups, we used factorial anal-
yses of variance (ANOVAs) with the time of test as the repeated measures variable, and 
group (experimental or control) as between-subjects variable. Because ANOVA can be 
sensitive to violations of normality, such as unequal sample sizes, we consulted Tabachnick 
and Fidell (2013). According to Tabachnick and Fidell, “[t]here is no need for a formal test 
of homogeneity of variance…since the ratio sample sizes is less than 4:1…and there are no 
outliers” (p. 232). Our ratio of sample sizes is 3.07 (86/28) after the data were screened for 
outliers. Thus, we report results using unadjusted ANOVAs.
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Results

JAC assessment

A mixed analysis of variance (ANOVA) was used with the time of test (pre and post) as the 
repeated measures variable, and group (experimental or control) as the between-subjects 
variable. Descriptive statistics are in Table 3 (additional item-level descriptive statistics are 
in Appendix 4). The main effect of time of test did not reach significance, F (1, 112) = 1.18, 
p = .28, η2

p
 = .01. There was a significant main effect of group, F (1, 112) = 23.56, p = .0001, 

η
2
p
 = .17, indicating that the experimental group had higher overall scores. The interaction 

between time of test and group was also significant, F (1, 112) = 5.39, p = .02, η2
p
 = .05. 

Follow-up paired-samples t-tests indicated that the experimental group improved between 
pre-test and post-test, t (85) = − 4.50, p = .0001, d = .50, while the control group’s scores 
did not change between pre-test and post-test, t (27) = .47, p = .64, d = .08.

Summary task

A mixed analysis of variance (ANOVA) was used with the time of test as the repeated 
measures variable and group, experimental or control, as the between-subjects variable. 
Descriptive statistics are in Table  3 (additional item-level descriptive statistics are in 
Appendix 5). There were significant main effects of time of test, F (1, 112) = 6.99, p = .01, 
η
2
p
 = .06, and group, F (1, 112) = 6.68, p = .01, η2

p
 = .06. These main effects were qualified 

by a significant interaction, F (1, 112) = 5.19, p = .03, η2
p
 = .04. Follow-up paired-samples 

t-tests indicated that the experimental group improved on the summary task between pre-
test and post-test, t (85) = − 4.86, p = .0001, d = .50, while the control group did not, t 
(28) = − .23, p = .82, d = .06.

Relationship between JAC and summary assessments

We tested the relationship between the two assessments using correlations. Given the 
group differences found within the assessments, we examined correlations within each 
group. These correlations are summarized in Table 4. The experimental group showed a 
significant positive correlation between JAC scores at pre-test and post-test and summary 
task scores at pre-test and post-test. Post-test JAC scores and summary task scores were 
positively correlated as well, but there was no significant correlation between these meas-
ures at pre-test.

The control group, in contrast, showed a significant negative correlation between JAC 
scores at pre-test and post-test, and a significant positive correlation between summary task 

Table 3   Mean accuracy on JAC 
assessment and summary task at 
pre- and post-test by group

Values are proportion scores represented in the form M (SD)

Group JAC Summary task n

Pre Post Pre Post

Experimental .75 (.11) .81 (.10) .42 (.16) .52 (.18) 86
Control .71 (.13) .68 (.15) .38 (.18) .39 (.16) 28
Total .74 (.11) .78 (.12) .41 (.17) .49 (.19) 114
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scores at pre-test and post-test. JAC scores and summary task scores were negatively cor-
related with each other at pre-test, and not significantly correlated at post-test.

Discussion

Across our experiment and two pilot studies, we established that students who are taught 
how to understand research articles through a scaffolded course assignment improved on 
our assessment of Journal Article Comprehension (JAC). The experimental group showed 
consistent improvement while students in control classes, who were not directly taught 
how to understand research articles, did not improve. The control group received the same 
assessments at pre-test and post-test as the experimental group, so our results show that 
the improvement of the experimental group is not due to testing effects. Rather, students 
in the experimental group acquired fundamental science process skills (Coil et al., 2010) 
including identifying the purpose of the research from the Introduction (Newell et al. 2011; 
Van Lacum et al. 2014), identifying independent and dependent variables (Dasgupta et al. 
2014), and identifying the main findings from the Results (Dasgupta et al. 2014; Zieffler 
and Garfield 2009).

In addition, our research contributes to what is known about the cognitive principles 
that underlie knowledge acquisition (Dunlosky et al. 2013). The RW assignment serves as 
a scaffold for a complex, higher-order cognitive task of reading and understanding research 
articles. The RW directs students’ attention to key features of the text (c.f. Hmelo-Silver 
et  al. 2007) and problematizes the research article comprehension process (c.f. Reiser 
2004) as students have to do extra work of answering questions they would not otherwise 
have to answer about an article to complete the RW assignment. Performance on this task 
improved through deliberate practice (Ericsson and Charness 1994) as students actively 
engaged in structured identification of key elements of research articles. As shown by our 
data and by Macnamara et al. (2014), deliberate practice has small yet significant effects on 
educational outcomes. Practice was also distributed over time as students completed a RW 
assignment every 1–2 weeks throughout the semester. As noted by Morris et  al. (2012), 
scientific reasoning develops slowly, therefore distributing learning has been shown to 
increase performance in academic settings (Son and Simon 2012).

Students in the experimental group also improved on the summary task, while the con-
trol group did not. The experimental group students were able to respond to the open-ended 
summary questions because they had engaged in extensive deliberate practice of identify-
ing key information in research articles. The experimental group’s post-test summary task 
scores were correlated with their post-test JAC scores but there was no such correlation for 

Table 4   Intercorrelations 
between pre- and post-test JAC 
assessment scores and summary 
task scores as a function of group

Intercorrelations for participants in the control group (n = 28) are pre-
sented above the diagonal and intercorrelations for the participants in 
the experimental group (n = 86) are presented below the diagonal
*p < .05

Assessment 1 2 3 4

1. JAC pre − .42* − .42* .04
2. JAC post .33* .34 .13
3. Summary pre .13 .17 .53*
4. Summary post .16 .30* .36*
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the control group. This result suggests that students in the experimental group developed 
discipline-specific science process skills (Coil et al. 2010) that allowed them to apply Jour-
nal Article Comprehension (JAC) skills to a near-transfer task of writing a summary. The 
ability of students in the experimental group to transfer these skills to a new context sug-
gests that they developed coherent research schemas (Chinn and Brewer 2001) and learned 
what information in a research article is important to attend to (c.f. Morris et al. 2012; Van 
Lacum et al. 2014).

Our research goes beyond previous empirical evidence of research article compre-
hension (Bachiochi et  al. 2011; Christopher and Walter 2006; Sego and Stuart 2016) by 
measuring student learning of scientific literacy skills with an assessment that is not simul-
taneously a course assignment. As such, our assessment strategy allowed us to compare 
performance of experimental and control groups, and allowed us to examine the impact 
of class assignments on learning. Further, unlike previous research, we presented stu-
dents with primary sources that were written by practicing scientists for other scientists 
rather than using readings that were crafted for students (c.f. Sego and Stuart 2016; Yarden 
2009). Our research shows that with sufficient instructional scaffolds, students are able to 
read and understand research articles that were written for expert scientists, thus meeting 
the instructional design principle that instructional scaffolds should make a challenging 
task manageable for learners (Goldman and Pellegrino, 2015; Hmelo-Silver et al. 2007).

Limitations

There are limitations to our research. First, we only targeted cognitive psychology courses. 
Our findings would have been more generalizable if we had included additional levels of 
psychology instruction or if we had included courses from different fields. Although the 
first author has adapted the RW assignment for introductory psychology courses, data have 
not been collected for those groups. We are currently planning to apply the RW instruc-
tional method to the fields of biology and applied linguistics.

Second, we have shown improved student learning in only one aspect of text compre-
hension, the textbase. The RW assignment was not designed to measure students’ ability 
to build a situation model of cognitive psychology research. Each RW is a separate assign-
ment for a specific article. Students are not asked to compare and contrast different research 
articles. In a different manuscript, however, we further explored improvement in students’ 
research article comprehension by examining the types of criticisms that they generate over 
the course of the semester (Kershaw et al. in preparation). One of the standard RW ques-
tions asks students to generate criticisms of the research article or suggestions for future 
research. We found, over the duration of a semester, that students produced fewer critiques 
of external validity and more critiques of internal validity (Kershaw et al. in preparation). 
This finding suggests that students are learning how to extract important information about 
research studies from journal articles, as well as and what types of critiques are appropriate 
for empirical research in cognitive psychology.

Third, the JAC assessment only contained one item to measure each research knowl-
edge construct present in the instrument. Creation of additional items per construct would 
allow for an assessment of internal reliability to compare the efficacy of the JAC assess-
ment to other published assessments. For example, Christopher and Walter (2006) report 
a Chronbach’s alpha of .78 for their assessment, which consisted of four questions about 
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interpreting one statistical analysis. In future work, we plan to develop additional questions 
to assess each construct of the JAC.

Fourth, student characteristics could have influenced the outcome of the experiment. 
Participants in our sample can take cognitive psychology at different points in in the cur-
riculum. Students must complete a statistics course as a prerequisite, but students in the 
course range from sophomores to graduating seniors. This was the case for both the experi-
mental and control groups, so any potential effects should apply equally to both groups. 
Thus, students in both groups likely differed in background knowledge of psychology, 
experience with psychological research, and the number of research articles that they had 
ever read. Previous research has shown that students’ prior knowledge can affect learning 
outcomes (cf., Shapiro 2004). Thus, future research should measure and control for the 
amount of knowledge and experience students have concerning psychological research.

Implications for instruction

Our RWs required deliberate practice and distributed practice, thus providing an instruc-
tional scaffold that promoted student learning. Because Coil et  al. (2010) noted that 
instructors want students to learn how to comprehend research, yet often feel that they do 
not have time to do so, we address how our particular scaffold can be transformed into gen-
eral instructional guidelines.

A first guideline is that assessment materials must be chosen that follow the same struc-
ture as the training materials. As shown in the second pilot study, the use of a research 
article for assessment that did not follow the structure of research articles failed to pro-
duce a significant change between pre-test and post-test JAC scores. Assessment materials 
with the same structure as training materials lead to the activation of students’ “research 
article” schemas and thus allowed transfer to occur. In our experience, research articles 
that follow standard APA style help students to engage in text comprehension processes 
that build expectations for upcoming information in the article (Madigan et al. 1995). APA 
style forms a common structure that students can use to navigate and understand research 
articles, despite differences in content.

A second guideline is that practice needs to be distributed throughout the semester (c.f. 
Son and Simon 2012), although the exact amount is an empirical question. We found no 
differences on our assessments between students that completed seven or nine RWs, but 
we do know that more than one is necessary (as evidenced by the lack of improvement in 
the control group who summarized one article over the semester). Future research should 
explore how much practice is needed for successful transfer. We are currently conducting 
a study that compares a group of students that completes nine RWs to a group of students 
that completes four RWs plus five research article assignments that ask them to connect the 
findings of the experiments to previous knowledge or personal experience. This new study 
is especially important because it equates instruction and exposure to research articles 
across the two groups. The main experiment reported in this paper did not equate groups in 
that way, and thus we cannot tease apart the effects of instruction vs. exposure to research 
articles on the gains shown by the experimental group. Yet, as previously mentioned, stu-
dents in both the experimental and control groups were at differing points in their career. 
Therefore, individuals in each group should vary similarly with regards to the amount of 
previous exposure to journal articles.

A third guideline is that instruction in one skill may transfer to related tasks, as pre-
vious data have shown (Gadgil and Nokes-Malach 2012). This was also the case with 
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our participants who improved in the summary task although they did not have direct 
instruction on writing open-ended summaries. It is possible that more specific guiding 
questions may be sufficient training tools for open-ended written summaries (cf. Sego 
and Stuart 2016).

Overall, we believe that the use of instructional scaffolds, namely our RWs, provided 
students with a structured way to engage in dissecting research articles which translated 
across specific articles and assessment formats. As we have shown, RWs with instruc-
tional feedback are relatively easy to employ in the classroom, yet reap large rewards in 
students’ abilities to understand research. In addition, although not highlighted here, the 
use of research articles rather than a standard textbook, can save students money and 
proves to be more effective in achieving at least one common goal among upper-level, 
discipline-specific classes—the understanding of empirical research.
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Appendix 1: Method, analysis, and results details, pilot studies

Pilot study 1

The participants of the first pilot study included 78 students from an undergraduate cog-
nitive psychology course in the experimental group who completed RWs, and 78 stu-
dents from a different undergraduate cognitive psychology course in the control group 
who only used a textbook as their instructional materials. Students completed one form 
of the JAC as a pre-test at the beginning of the semester and one form as a post-test as 
the end of the semester with order of forms counterbalanced. After completion of the 
JAC pre-test, but before completion of the first RW assignment, the experimental group 
received a 1-h tutorial covering strategies for locating information within journal arti-
cles needed to complete a RW assignment. This tutorial used a research article that was 
not part of the JAC assessment. The control group did not receive a tutorial.

The first pilot study showed an unexpected effect of order, in that there was a larger 
increase between pre- and post-test when students had the Beilock and Carr (2005) JAC 
for the post-test. To account for these order effects, we included order as a covariate in 
a factorial ANCOVA with a repeated measures factor of time (pre-test vs. post-test) and 
a between-subjects factor of group (experimental vs. control). All main effects were sig-
nificant as well as the interactions, as shown in the table below.

Source SS MS F p �
2
p

Time .46 .46 27.42 .0001 .15
Group .61 .61 28.33 .0001 .16
Order .24 .24 11.28 .001 .07
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Source SS MS F p �
2
p

Time × group .13 .13 7.85 .01 .05
Time × order .41 .41 24.55 .0001 .14
Within cells 2.56 .02
Between cells 3.27 .02

df = 1, 153

To further explore the time x group interaction, paired-samples t-tests were conducted 
within the experimental and control groups. The experimental group showed significant 
improvement between their pre-test (M = .73, SD= .14) and post-test proportion scores 
(M = .79, SD= .14), t (77) = − 2.53, p = .01, d = .32, while the control group’s scores did not 
change significantly between pre-test (M = .68, SD= .14) and post-test (M = .68, SD= .16), t 
(77) = .24, p = .81, d = .05.

Pilot study 2

In the second pilot study there was no control group. Participants included 97 undergradu-
ate psychology students in a cognitive psychology course who completed RWs. Similar to 
the experimental group of the first pilot study, all participants received a tutorial after the 
pretest, but unlike the first pilot study, the article used for the tutorial was either Lee et al. 
(2006) or Beilock and Carr (2005).

Performance on the JAC forms was not correlated at post-test (r = .15, p = .15), so 
each form was analyzed separately. Using a repeated measures ANOVA on the Beilock 
and Carr JAC, we found that all students improved from pre-test (M = .73, SD = .14) to 
post-test (M = .84, SD= .11) no matter which article they reviewed during the tutorial, F (1, 
95) = 47.73, p = .0001, η2

p
 = .32. There was no main effect of tutorial type, and no interac-

tion, as shown in the table below.

Source SS MS F p η
2
p

Time .65 .65 47.73 .0001 .32
Review type .01 .01 .69 .41 .01
Time × review type .03 .03 2.07 .15 .02
Within cells 1.29 .01
Between cells 1.77 .02

df = 1, 95

For the Lee et al. JAC, we found no main effect of time and no main effect of review 
content (see following table). There was, however, a significant interaction between time 
and review content, F (1, 95) = 4.06, p = .05, η2

p
 = .04. Specifically, if students received the 

Lee et  al. tutorial, their proportion scores did not significantly increase between pre-test 
(M = .72, SD= .13) and post-test (M = .75, SD= .13), t (51) = − 1.26, p = .21, d = .16. If stu-
dents received the Beilock and Carr tutorial, their proportion scores decreased between 
pre-test (M = .71, SD = .13) and post-test (M = .68, SD = .12), although not significantly, t 
(44) = 1.76, p = .09, d = .23.
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Source SS MS F p �
2
p

Time .00 .00 .002 .97 .00
Review type .07 .07 3.73 .06 .04
Time × review type .05 .05 4.06 .05 .05
Within cells 1.26 .01
Between cells 1.79 .02

df = 1, 95

Appendix 2: Beilock and Carr (2005) JAC questions and scoring rubric

1.	 Which of these is the best statement of the purpose of this research?

a.	 The authors’ purpose was to examine why some people choke under pressure but 
others don’t. isn’t as specific as answer C partial credit

b.	 The authors’ purpose was to explain how math anxiety negatively affects perfor-
mance on math tests. although the authors discuss math anxiety in their intro, 
this is not the purpose of the study no credit

c.	 The authors’ purpose was to explain how individual differences in WM capacity 
affect susceptibility to choking under pressure in mathematical problem solving. 
full credit

d.	 The authors’ purpose was to examine how individuals with high WM capacity excel 
in testing situations. this is the purpose of many WM articles, but not this one 
no credit

2.	 Which of the following best describes the participants and what they did?

a.	 93 undergraduate students completed the operation span and reading span tests and 
then were split into low and high working memory groups. this is true but not as 
good of an answer as B partial credit

b.	 93 undergraduate students were screened for their WM capacity and then performed 
low- and high-demand modular arithmetic problems under low- and high-pressure 
conditions. full credit

c.	 48 undergraduate students completed 93 modular arithmetic problems. this is wrong 
no credit

d.	 93 undergraduate students completed a series of math problems that were adopted 
from the SAT. this isn’t true at all no credit

3.	 Which of the following is/are the independent variable(s)?

a.	 Level of math anxiety not measured at all no credit
b.	 Accuracy on modular arithmetic problems and RT on correct problems these are 

the DVs no credit
c.	 Whether the modular arithmetic problem had a large number or required a borrow 

operation or not this is the definition of problem demand partial credit
d.	 Problem demand (low vs. high), pressure (low vs. high), and working memory 

capacity (low vs. high) full credit
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4.	 Which of the following is/are the dependent variable(s)?

a.	 Accuracy on modular arithmetic problems and RT on correct problems full credit
b.	 Score on the operation span and reading span tests these scores are used to create 

an IV no credit
c.	 Performance on the modular arithmetic problems students need to be more specific 

partial credit
d.	 Problem demand (low vs. high), pressure (low vs. high), and working memory 

capacity (low vs. high) these are the IVs no credit

5.	 Which of the following best summarizes the important results?

a.	 Low WM subjects were slower than high WM subjects to solve the modular arith-
metic problems. while the LWMs were slower on high-demand problems, this 
is not the best summary partial credit

b.	 High WM subjects showed higher accuracy and were faster in the high-pressure 
condition. prediction that was not supported no credit

c.	 High WM subjects showed lower accuracy on high-demand problems in the high-
pressure condition (low WMs not affected by pressure) and all subjects were slower 
on high-demand problems and under high-pressure. full credit

d.	 High WM subjects showed higher accuracy on high-demand problems in the high-
pressure condition (low WMs not affected by pressure) and all subjects were faster 
on high-demand problems and under high-pressure. this is wrong, just trying to 
have an answer that is the same length as the correct answer no credit

6.	 Which of the following is/are valid criticism(s) of the research?

a.	 There is demographic information missing about the participants this is an ok, but 
not great criticism—the authors do skip a lot of demo. info. partial credit

b.	 Math test and high-pressure condition are unlike what one would experience in the 
real world both of these are valid criticisms full credit

c.	 Subjects’ baseline math ability was not tested. this is a nuisance variable and also 
no Ss would have experience with the modular arithmetic task partial credit

d.	 Only undergraduates were tested. although WM might change with age, this isn’t 
really a valid criticism for the current study no credit

7.	 Which of the following statements is most likely to be true, based on this research?

a.	 People only do well on math problems when they are extremely anxious. wrong no 
credit

b.	 People choke under pressure because they are worried about what others think about 
them. this could be true for the HWM group but not as good as C partial credit

c.	 People with high WM capacity are more likely than people with low WM capacity 
to choke under pressure in high-demand situations. full credit

d.	 People with high WM capacity outperform people with low WM capacity on math 
problems. this is true only under low pressure partial credit
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Appendix 3: Sample coded summaries

Subject 1048, experimental group, pre‑test

The most important points of study in this article are those claiming that the presence of 
anxiety interferes with a person’s ability to think as diligently as it normally would under 
normal circumstances. The article is saying that although a person may have the ability to 
solve math problems and perform well, if the working memory is interrupted by the nega-
tive emotion of anxiety, its ability to work at its best is decreased. When anxiety poses a 
threat to the working memory, it cannot put all its efforts into thinking and solving a prob-
lem, it needs to also put effort into figuring out a way to deal with the anxious feeling that 
is clouding the person’s mind. The article says that for people high in working memory, the 
presence of anxiety poses a threat because so much of their thought processes is used for 
solving the specific problem and not used for coping with anxious nerves in order to focus 
on the specific problem.

Subject 1048, experimental group, post‑test

The goal of this study was to see if individual differences in WMC may have something to 
do with a person choking under pressure. 93 undergraduate students were divided into two 
groups, LWM and HWM, each person was tested on MA problems and used a computer 
to do so. Each person was given a partner and was told that they could win an award of $5, 
but that their partner had already completed the task and that it was a team effort. Their 
scores were dependent on time and accuracy. Results revealed that HWM was not affected 
by pressure on low-demand problems, however HWM’s performance on high-demand 
started to decline under pressure. In addition, all groups were slower in the low-pressure 
test than in the high-pressure test. The implications from this study are that HWM does not 
have an advantage over LWM during high-pressure demand situations.

Subject 5002, control group, pre‑test

The research study performed by Beilock and Carr was about whether or not pressure and 
anxiety during a situation like answering arithmetic problems would affect High Work-
ing Memory (HWM) individuals and Low Working Memory (LWM) individuals. It was 
hypothesized that participants with low working memory are more susceptible to crack 
under pressure than participants with high working memory due to limited capacity to 
obtain information and figure out problem solutions. It was also hypothesized that partici-
pants with HWM are more susceptible to failure under pressure while answering arithmetic 
problems than LWMs because the pressure of the situation may deny them the resources/
working memory that they are used to relying on while not in an anxiety provoked situa-
tion. The important parts to this study include the findings and results on how participants 
with HWM did in fact perform worse under pressure during the tests than they would with-
out having pressure. On the other hand, participants with LWM performed equally worse 
on both the tests with or without added pressure to the situation. So for the LWM group it 
did not matter if there was added pressure in the situation. Under normal conditions HWM 
performs better than the LWM group as well because they have high levels of attentional 
capacities. However, when the attentional capacity was affected, from the pressure induced 
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situation, the HWS advantage disappears. The most important finding is basically that 
those who have the highest capacity for success or HWM are the individuals who are more 
susceptible to failing while under pressure.

Subject 5002, control group, post‑test

In this study, researchers are interested in whether individuals who rely more on their 
working memory are influenced by performance pressure while solving mathematics prob-
lems than individuals low in working memory. The findings suggest that there was no sig-
nificant difference in individuals with low capacity working memory and being influenced 
by performance pressure. The findings further suggest that there was a significant relation-
ship between individuals with high capacity working memory and performance pressure.

Scores received for assessment areas, sample coded summaries

Assessment area Summary

Subject 1048 (experimental) Subject 5002 (control)

Pre Post Pre Post

Overall accuracy 1.5 4.5 3 2
Hypothesis/goals .5 .5 1 1
Sample 0 1 0 0
Procedure 0 .5 0 0
IVs 0 .75 .5 .5
DVs 0 .75 0 0
Results 0 1 .5 .5
Interpretation 1 0 1 0

Appendix 4

Mean accuracy on each question of the JAC assessment at pre‑ and post‑test 
by group

Question Experimental group Control group

Pre Post Pre Post

Purpose .89 (.27) .95 (.19) .79 (.35) .82 (.34)
Participants and procedure .84 (.25) .87 (.22) .84 (.24) .84 (.31)
Independent variables (IVs) .72 (.31) .84 (.22) .67 (.38) .60 (.43)
Dependent variables (DVs) .52 (.30) .73 (.28) .51 (.32) .45 (.35)
Results .89 (.31) .89 (.31) .79 (.42) .79 (.40)
Conclusions .95 (.17) .95 (.15) .89 (.25) .84 (.27)
Criticisms .46 (.21) .45 (.21) .46 (.21) .46 (.23)
Total JAC score .75 (.11) .81 (.10) .71 (.13) .68 (.15)

Values are proportion scores represented in the form M (SD). Experimental group, n = 86. Control group, 
n = 28
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Appendix 5

Mean accuracy on each item of the summary task at pre‑ and post‑test by group

Item Experimental group Control group

Pre Post Pre Post

Hypothesis/goals .80 (.31) .70 (.38) .75 (.29) .79 (.35)
Sample .37 (.46) .68 (.41) .45 (.46) .46 (.47)
Procedure .52 (.29) .61 (.29) .41 (.27) .38 (.32)
Independent variables (IVs) .59 (.22) .65 (.22) .52 (.24) .54 (.26)
Dependent variables (DVs) .11 (.27) .30 (.39) .05 (.20) .08 (.24)
Results .35 (.31) .45 (.32) .29 (.29) .30 (.25)
Interpretation .17 (.29) .24 (.37) .21 (.37) .18 (.34)
Total summary task score .42 (.16) .52 (.18) .38 (.18) .39 (.16)

Values are proportion scores represented in the form M (SD). Experimental group, n = 86. Control group, 
n = 28
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