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Abstract 

This study addressed doctoral students’ academic challenges in earning their degrees. A 

mixed method needs assessment conducted in October 2020 of U.S. doctoral students in 

various fields (n = 270) indicated that the top academic challenges were reading the primary 

literature (PL), understanding research methods, finding information, and writing. These 

findings corroborated prior research indicating that reading, writing, and researching skills are 

co-constructed at the doctoral level. The main study focused on one of these skills, reading PL, 

because it is foundational to developing the other skills.  

This is the first study to examine PL skills at the doctoral level. Reading PL is part of a 

hidden curriculum often assumed and unaided by coursework in doctoral programs, although it 

is essential for degree progress. The study examined how participation in a four-week online 

intervention changed doctoral students' reading skills, annotation practices, and reading self-

perceptions. The study used the CERIC method to develop critical reading skills and social 

collaborative annotation to develop discourse skills. 

The findings indicated that assessed pre-posttest skills improved significantly with 

participation. The pre-post reading comprehension (RC) assessment indicated that the 

intervention resulted in a statistically significant improvement in RC as critical reading of PL 

outside the participants' fields of study, t(23) = 13.6, p < .0001 with a large effect size, Cohen's d 

=1.68. The pre-post research self-efficacy (RSE) scores indicated that the intervention increased 

RSE, t(23) = 4.9, p < .0001 with a medium effect size, Cohen's d = 0.72. Finally, the pre-post 

reading apprehension (RA) scores indicated that the intervention decreased the RA of PL 

outside the participants' fields of study, t(23) = 4.3, p < .0001 with a medium effect size, Cohen's 
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d =0.71. In addition, participants reported significant positive changes in self-perceptions of 

their PL reading abilities in terms of ease and confidence. They received the most benefit from 

learning a structured reading method combined with low-stakes peer-based discussion.  

The study findings update doctoral preparation pedagogy concerning the critical reading 

of the primary literature. The main implication is that doctoral students need and benefit from 

explicit instruction in critical reading skills related to the PL. The main recommendation is that 

all doctoral programs explicitly teach critical reading. This recommendation extends to any 

higher education program wherever students encounter PL. 

 

Keywords: doctoral education, primary literature, critical reading, social collaborative 

annotation, sociocultural theory. 
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Executive Summary 

 Primary literature skills are fundamental to graduate student progress and completion. 

Doctoral students develop their arguments, communicate their research, review their peers, 

and ultimately complete their dissertations and programs through sociocultural interactions, 

such as reading, interpreting, and writing texts (Vygotsky, 1978). The traditional preparation 

method is the pedagogy of feedback, involving iterative review cycles, but faculty receive little 

instruction on developing their students' literacy skills. Doctoral students struggle to complete 

their degrees without adequate reading, writing, and researching support. This struggle 

contributes, in part, to variable doctoral degree completion rates that have averaged 50% in the 

U.S. since the 1970s (Bair & Haworth, 2004). This problem of practice focuses on the challenges 

doctoral students have developing their core academic skills of reading, writing, and 

researching using the primary literature (PL), defined as original, published research. 

A nationwide needs assessment study of doctoral students in various fields (n = 270) in 

October 2020 showed a negative correlation between participants' program years and beliefs in 

being able to accomplish essential academic writing tasks. These writing self-efficacy beliefs 

were higher for beginning doctoral students (i.e., years one and two) and significantly lower for 

advanced students (i.e., year three and beyond). Qualitative data explained and supported this 

finding. Participants reported their top academic challenges as writing, finding information, 

understanding research methods, and reading the PL. Equal numbers of participants reported 

the pedagogy of feedback as helpful or harmful. The study also showed that doctoral students 

who received additional support from peer feedback, mentor texts, and seminars/workshops 

had more positive perceptions of their academic abilities than students who did not.  
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The main study focused on one academic challenge, critically reading the PL because it is 

the foundational skill upon which all other skills and knowledge build in doctoral education.. 

Critical reading is defined as the usage of various strategies, including continual critique, close 

reading, rereading key sections, critical responses to the text, use of graphics, and use of text 

structure to aid in targeted reading (Shanahan & Shanahan, 2011). In addition, critical readers 

of primary literature use the text structure and disciplinary knowledge to gain and evaluate 

information about the main ideas that culminate in oral and written discourse. Previous 

scholarship indicated that reading instruction and social collaborative annotation (SCA) practice 

improved reading outcomes in younger students, with limited data on higher education. 

This study is the first to examine the critical reading skills of PL and reading 

apprehension at the doctoral level. This study measured the pre-post relationship between 

intervention participation and doctoral students' reading comprehension, research self-efficacy, 

and reading anxiety when working with the primary literature in a new field. This study applied 

a novel combination of methods to assess these quantitative endpoints: instruction in a 

structured reading method called CERIC (Bjorn et al., 2022), and discourse practice in an online 

learning environment using SCA (Kalir, 2019). The online intervention also investigated the 

qualitative effects of CERIC instruction and SCA discourse practice on doctoral students' self-

perceptions of reading abilities, reading in a new field, and annotation practices. 

The design-based intervention research study applied a mixed-methods convergent 

parallel design for both evaluation and outcome assessment of 24 doctoral students 

participating in an online primary literature skills course. The study used a quasi-experimental 

design and occurred in one phase. In addition, the overall study design used pre-and post-
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intervention data, known as interrupted time series, to make pre-post comparisons for 

quantitative endpoints. The study compared the participants' pre-posttest mean scores in the 

areas of reading comprehension as critical reading, research self-efficacy, and reading 

apprehension. The student researcher collected evaluation, quantitative, and qualitative data 

from the participants during a natural setting of six modules delivered over four weeks in an 

online professional development course conducted in the spring of 2022. 

Statistical analysis indicated that the intervention improved outcomes in three areas. 

The reading comprehension assessment pre-posttest scores indicated that the intervention 

resulted in a statistically significant improvement in reading comprehension as critical reading 

of PL outside the participants' fields of study, t(23) = 13.6, p < .0001 with a large effect size, 

Cohen's d =1.68. The research self-efficacy assessment pre-posttest scores indicated that the 

intervention increased research self-efficacy, t(23) = 4.9, p < .0001 with a medium effect size, 

Cohen's d = 0.72. Finally, the pre-posttest scores indicated that the intervention decreased 

reading apprehension of primary literature outside the participants' fields of study, t(23) = 4.3, 

p < .0001 with a medium effect size, Cohen's d =0.71. These quantitative findings indicate that 

this PL intervention improved participant performance in the measured areas. 

The qualitative analysis corroborated and expanded upon these findings. The qualitative 

results explained how participants had never received explicit reading instruction in PL beyond 

a reading club. They reported how learning a strategic reading method (i.e., CERIC) combined 

with seeing other people's ideas and sharing theirs through SCA calmed fears and feelings of 

inadequacy and helped to improve focus, close reading, and engagement in critical thinking of 

PL. SCA created a supportive environment for peer feedback that reduced apprehension, 
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addressed imposter syndrome, and increased confidence reading PL in a new field. Participants' 

self-perceptions of their reading abilities and annotation practices also improved.  

The evidence reveals that PL preparation is insufficient in higher education, and there is 

a need for explicit instruction and peer support in critically reading primary literature at the 

doctoral level. This intervention provides a validated model for improving reading 

comprehension of the PL. In addition, this study shows that there is an opportunity to improve 

doctoral education by integrating PL interventions into programs. Participants suggested many 

applications, including formal instruction (i.e., integration with coursework and literature 

reviews) and informal guidance (i.e., integration with reading clubs and professional 

development seminars).  

In summary, doctoral students need and benefit from explicit reading instruction in the 

primary literature in a supportive low-stakes environment. The intervention provides an 

evidence-based model for improving students’ learning through PL. The main recommendation 

is that all doctoral programs explicitly teach critical reading skills with peer support. This 

recommendation extends to all levels of higher education where students encounter PL.  

Finally, the findings have many implications. Implications for practice include modifying 

instruction, realizing new affordances of online and hybrid learning environments, generating 

field-specific implementation, expanding explicit instruction throughout higher education, and 

addressing invisible barriers. Implications for future research include creating a standardized PL 

reading assessment for graduate education, bridging from PL analysis to writing synthesis, and 

providing higher education faculty with professional development in critical reading pedagogy.  
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Chapter One 

Synthesis of Literature Related to the Problem of Practice 

Introduction  

Literature synthesis skills are fundamental to graduate student progress and completion 

(Denice, Frasier & Reid, 2011). Through reading, interpreting, and writing texts, doctoral 

candidates develop their arguments, communicate their research, review their peers, and 

ultimately complete their dissertations and programs (Kamler & Thomson, 2006). However, 

doctoral students struggle to develop as scholarly writers and complete their dissertations and, 

by extension, their degrees (Aitchison et al., 2012). The struggle contributes, in part, to variable 

completion rates that tend to be lowest in humanities (23% in English) and highest in laboratory 

sciences (64% in Engineering), a pattern that has held in the U.S. since the 1970s (Bair & 

Haworth, 2004; Most, 2008; Sowell, 2009). 

An illustration of why scholarly reading and writing are essential to successful doctoral 

degree completion comes from the phenomenon known as All-But-Dissertation (ABD). In the 

U.S., 40-60% of doctoral candidates complete all degree requirements, except for the written 

dissertation (Kelley & Salisbury-Glennon, 2016). The ABD rate from doctoral programs has 

remained consistently high since the 1970s (Bair & Haworth, 2004; Golde & Dore, 2001). 

Doctoral attrition amounts to a colossal waste—especially of economic resources at the federal, 

state, university, and individual levels (Cassuto, 2015; Golde, 2005; National Science Board, 

2010), including the burden of student debt (Kim & Otts, 2010) and social-emotional tolls on 

students and faculty (Baird, 1990). Late attrition, such as ABD, increases these costs.  
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Problem of Practice 

The main implication of high attrition rates over decades is that the traditional method 

for preparing dissertation writers is insufficient. The traditional preparation method is the 

pedagogy of feedback, involving iterative review cycles, and faculty receive little instruction on 

how to develop their students' literature synthesis skills (Kamler & Thomson, 2006). 

Consequently, many students experience challenges learning this crucial skillset, such as 

ambiguous or avoidant feedback (Acosta et al., 2015; Gay, 2004), or worse for raciolinguistically 

diverse students, lack of guidance or intentional mistreatment (Gasman et al., 2008). The 

literature synthesis skillset is often part of an unwritten curriculum that impedes the progress 

of many students, particularly raciolinguistically diverse students in traditional face-to-face 

higher education programs in the U.S. (Alim et al., 2016; E. Ramirez, 2017; Rosa & Flores, 2017). 

The mean time-to-attrition for doctoral students of color is 23 months, a full year sooner than 

their White counterparts (Sowell, 2009). One example of this disparity in U.S. higher education 

is that only 32.5% of doctoral and 46% of master’s degrees were earned by students of color in 

2018 (U.S. Department of Education, 2021). 

A major personal factor for degree success is the confidence to complete scholarly 

writing tasks. Academic conditions increase the opportunity for and pressure on doctoral 

students to read, write, and disseminate scholarly work (Pinheiro et al., 2014) without 

improvement from the traditional pedagogy of advisor feedback (Haynes, 2008; Kamler, 2008) 

or reading and writing skill development (Aitchison & Paré, 2012). Doctoral students who 

publish research before completing a degree enjoy early career benefits that accumulate over 
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time in funding, hiring, promotion, facilities, and rewards—known as the Matthew effect (Bol et 

al., 2018; Merton, 1968, 1988; Strevens, 2006).  

Doctoral students struggle to complete their degrees without adequate support in core 

reading, writing, and researching skills. This contributes, in part, to variable doctoral degree 

completion rates that average 50% in the U.S. (Sverdlik et al., 2018). This problem of practice 

(POP) focuses on the challenges doctoral students experience in developing their core academic 

skills (Bieschke et al., 1993; Kwan, 2008).  

The following discussion begins with an overview of writing self-efficacy and why it is 

essential for doctoral degree completion. Then the discussion provides a theoretical framework 

for understanding which factors contribute to doctoral student development as scholarly 

writers. Several theories frame this discussion, which forms a lens to explore many concepts 

and factors related to doctoral students’ writing self-efficacy. Finally, the discussion concludes 

with a summary and implications. 

Theoretical Framework 

Several theoretical frameworks guide this discussion about writing self-efficacy, and 

situating doctoral students in their academic learning environments. Relevant theories include 

ecological systems theory, which defines the learner’s environment (Bronfenbrenner, 1979), 

and social cognitive theory, which considers the inner workings of the learner’s mind (Bandura, 

1986; Bruning et al., 2011; Schunk, 2012). Together, these learning theories illuminate the 

conditions, processes, and interactions necessary to develop sophisticated, scholarly writing 

skills at the doctoral level.  
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Ecological Systems Theory 

Bronfenbrenner’s (1979) ecological systems theory (EST) provides an overarching 

theoretical framework for situating doctoral students’ interactions within nested communities 

that connect to the university and society over time. EST provides a way to organize and 

explore the myriad factors that shape a doctoral student's development as a scholarly writer. 

Moreover, EST defines a learner’s environment. This is an essential function given that other 

relevant learning theories, such as social-cognitive and sociocultural, do not describe it as 

clearly. 

Social-Cognitive Theory 

The process of learning writing at the doctoral level “occurs over a long period, requires 

considerable effort and involves a relatively high level of abstraction” (Alexander et al., 2009, p. 

188). The social-cognitive perspective of learning emphasizes that the learner actively 

constructs meaning using prior knowledge and mental frameworks, known as schema (Bruning 

et al., 2011; Schunk, 2012). When individuals reflect on choices and make meaning of 

experiences, the possibility arises for enduring changes in behavior, thinking, beliefs, or 

motivation—which define learning (Schunk, 2012). The social-cognitive framework applied to 

doctoral education lends further insight into students’ struggles to develop writing self-efficacy 

because it considers the inner workings of learners’ minds and social interactions (Bruning et 

al., 2011; Schunk, 2012).  

Critical to the writing process is the mental function of encoding, whereby a learner 

makes sense of new information by relating it to prior knowledge before storage in long-term 

memory (Schunk, 2012). Encoding leads to other cognitive functions essential for developing 
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academic writing skills, such as schema, organization, retrieval, and elaboration (Schunk, 2012). 

Schema help with encoding by relating new information to meaningful organizational structures 

(Schunk, 2012). For instance, fiction books include schema elements of plot, narrative, and 

characters. Unfortunately for doctoral students, prior knowledge of literary genres does not 

help with reading research papers, which lack shared elements (Lie et al., 2016; Sverdlik et al., 

2018). 

Self-Efficacy Beliefs 

Self-efficacy beliefs operate as a primary personal factor in doctoral student success and, 

therefore, provide a rationale for this study’s use of students’ writing self-efficacy as the primary 

indicator. Self-efficacy beliefs are the basis of individual motivation and accomplishment, 

expressed by Bandura (1986) as "people's judgments of their capabilities to organize and 

execute courses of action required to attain designated types of performances" (p. 391). In 

other words, self-efficacy is the confidence to perform necessary tasks (Bandura, 1977). 

Bandura (1977) assumed that self-efficacy beliefs influence task initiation and persistence 

behavior. This perspective posits that a person's behavior is strongly impacted by what they 

think, feel, and believe about accomplishing necessary tasks, including researching and writing 

(Bandura, 1977; White & Bruning, 2005). Pajares and Schunk (2001) explained the mediational 

role of self-efficacy beliefs: 

Self-efficacy beliefs also help determine how much effort people will expend on an 

activity, how long they will persevere when confronting obstacles, and how resilient they 

will be in the face of adverse situations. The higher the self-efficacy, the greater the 

effort, persistence, and resilience. (p. 6) 
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For doctoral students, self-efficacy takes several subtle forms, including their reaction to 

academic writing and research methodology. The notion of self-efficacy described by Brown et 

al. (1996) is that confidence to complete essential tasks mediates between doctoral preparation 

and writing production. 

A central doctoral research and dissertation activity is writing, and the culmination of 

doctoral research is a written dissertation. Writing self-efficacy is an essential factor, defined as 

students’ “beliefs about what and how they can perform as writers” (Schmidt & Alexander, 

2012, p. 2). In a study of 505 undergraduate students attending a writing clinic, Schmidt and 

Alexander (2012) found three factors underlying writing self-efficacy, including writing process 

knowledge, time and effort, and physical and emotional to the writing process. The authors also 

found that academic coaching, repeated practice, and self-evaluation improved writing self-

efficacy. Unfortunately, there is no literature about writing self-efficacy in doctoral students, but 

there is a related construct of dissertation self-efficacy.  

Low self-efficacy could appear as feelings of low confidence when learning challenging 

new skills that sometimes manifest in negative self-talk. Some doctoral students who enter their 

programs feeling like capable writers respond to negative feedback on their writing from 

professors and advisors with expressions of not belonging, identity crisis, and imposter 

syndrome (Parkman, 2016; Walton & Cohen, 2007). Low confidence also creates many potential 

obstacles to learning new skills. When faced with new and complex skills, adult students may 

experience a learning breakdown, where resilience, personality, and coping skills are insufficient 

to overcome a crisis of confidence or feeling overwhelmed (Merriam & Baumgartner, 2020). 

Likewise, students can be reluctant to ask for help in an academic setting (Miller & Murillo, 
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2012; Pajares, 1996) because they believe they should already have the necessary skills or 

incorrectly self-appraise their skill levels. For instance, Kuruppu & Gruber (2006) conducted a 

qualitative study of 23 graduate students and 17 faculty members concerning help-seeking 

behavior related to finding information. The participants "frequently fail[ed] to ask for help 

[with information finding], often because of an unwarranted self-confidence in their 

information seeking skills” (p. 620). These findings indicate that accurate self-appraisal is an 

ongoing challenge.  

While data are not available for doctoral students, college students with solid writing 

self-efficacy engage in purposeful, interleaved, and recurring cycles of planning, revising and 

seeking feedback (Pajares & Johnson, 1994; Schmidt & Alexander, 2012). These students 

express practical time management skills and experience less physical and emotional discomfort 

while writing, including lower levels of apprehension (Autman & Kelly, 2017; Schmidt & 

Alexander, 2012). Moreover, strong writing self-efficacy correlates with more years of 

experience and more robust prior knowledge, both in the academic discipline and in the 

scholarly writing (Cheng et al., 2019; Kelley & Salisbury-Glennon, 2016).  

Writing Self-Efficacy 

Central to the craft of writing is the confidence to perform component writing tasks, 

known as writing self-efficacy (Shell et al., 1989). White and Bruning (2005) advanced this 

definition by adding implicit beliefs about writing that reflect a student’s state of mind—where 

transmissional beliefs refer to a one-way transfer of knowledge from author to reader, and 

transactional beliefs refer to an interactive exchange of knowledge between author and reader. 

Further, Schmidt and Alexander (2012) argued that research on writing self-efficacy must focus 
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on internal beliefs and not writing skills because of high variability between assignments and 

disciplines. Indeed, academic writing requirements vary highly across 34 types of doctorates in 

the U.S.—ranging from the standard dissertation to a portfolio to a collection of peer-reviewed 

published articles (Kot & Hende, 2012). Nonetheless, the dissertation remains the primary 

written product of doctoral efforts because, in the U.S., which produces the most doctorates, 

research Ph.D.s account for 90.3% of doctoral degrees, compared to EdDs at 7%, and 2.7% of all 

other research doctorates (Kot & Hende, 2012).  

Doctoral students with excellent writing self-efficacy engage in deliberate and repetitive 

planning, revising, and seeking feedback (Pajares & Johnson, 1994; Schmidt & Alexander, 2012). 

They experience less physical and emotional discomfort while writing, including less anxiety 

(Autman & Kelly, 2017), and express efficient time management skills (Schmidt & Alexander, 

2012). Moreover, high writing self-efficacy correlates with academic grit, defined as skill at self-

regulation of learning, commitment and persistence despite academic challenges, and high 

value of the work (Cheng et al., 2019; Kelley & Salisbury-Glennon, 2016). 

Factors Related to the POP 

These theories form a lens to explore many concepts and factors related to doctoral 

students' challenges in developing writing self-efficacy. The following section describes a 

literature review of significant factors associated with writing self-efficacy and discusses each. 

Ecological systems theory (EST) provides an overarching organizational framework for 

understanding students’ environments, while sociocultural and social-cognitive theories 

illuminate the interactions of factors. Figure 1 below illustrates the nested levels of social 

interactions applied to higher education (Neal & Neal, 2013). 
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Figure 1 Adapted Diagram of The Nested Model of Ecological Systems 

Adapted Diagram of The Nested Model of Ecological Systems

 

Note. The focal individual is a doctoral student who exists within the microsystem of the 

research group, along with fellow students and advisors. Adapted from “Nested or networked? 

Future directions for ecological systems theory,” by J. W. Neal and Z. P. Neal, 2013, Social 

Development, 22, p. 725. Copyright 2013 by John Wiley & Sons. Adapted with permission. 

Chronosystem 

According to EST, the broadest layer of social interactions is those that change over 

time, called the chronosystem, as shown in Figure 1 (Bronfenbrenner, 1979). Chronosystem 

factors that impact doctoral students manifest as historical and generational trends in higher 



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

10 

education, adult life course changes, and transitions between academic and career stages 

(Bronfenbrenner, 1979). These factors are broad and sweeping.  

In industrialized countries, a dominant trend in tertiary education since the 1960s is the 

expansion of doctoral degree programs in the U.S. and types that focus on professionals (Kot & 

Hende, 2012; Nerad, 2004). Since the 1960s, when draft-eligible men deferred military service 

through their attendance in higher education, doctoral program capacity in the U.S. has 

increased (Nerad, 2004). Enrollment has also increased over the same period, with a dip only in 

the 1980s (Cyranoski et al., 2011; King, 2008; Nerad, 2004). Okahana & Zhou (2019) reported on 

U.S. graduate enrollment and completion between 2008 and 2018. They found that enrollment 

in U.S. graduate programs generally increased, on average, between 1% and 3% per year, 

culminating in 1,869,845 students enrolled in U.S. graduate programs in 2018. In the same year, 

69,252 students (or 4%) received doctoral degrees. Thus, doctoral students represent a small 

fraction of overall U.S. graduate enrollment. 

The variety of doctoral degrees has also increased. As of 2005, there were 16 types of 

doctorates in Australia, 34 in the U.S., and more than 50 in the U.K. (Kot & Hendel, 2012). A 

significant driver of the recent growth of doctoral degree programs is dissatisfaction with the 

employability of conventional Ph.D.s outside the academy (Nerad, 2004). Unfortunately, 

growth trends in types of doctorates have not improved historically low completion rates. 

Completion is highest in laboratory sciences and lowest in humanities—a pattern that matches 

funding, not enrollment (Most, 2008; National Science Board, 2018; Sowell, 2009). This finding 

suggests a deeper problem with doctoral education because the sociocultural perspective 

suggests that students with adequate writing preparation, such in English and Humanities, are 
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more likely to achieve academic success. Instead, the inverse occurs, raising questions about 

the power of funding to affect doctoral completion. 

In addition, students’ decisions about education are part of longitudinal life course 

changes that inflect generation-graded patterns relating to broader social changes (Elder et al., 

2003). For example, the advent of personal computing and the internet ushered in the digital 

information age that placed a computing device into the hands of most infants starting around 

the year 2000 (Chandler & Cortada, 2000). This generational cohort has come of age as digital 

natives prone to spend multiple hours per day facing computer screens (Drabowicz, 2017). 

Another chronosystem factor arises in times of widespread social uncertainty. More 

students opt for graduate school when the job market is weak, the country is at war, or existing 

industries demand specialist credentials related to degree inflation or creep (Nerad, 2004). 

Degree creep has occurred in many professions, such as physical therapy and audiology, which 

required a bachelor’s degree in the 1960s, a master’s degree in the 1990s, and a doctorate in 

the 2020s (Kot & Hendel, 2012). Thus, degree creep pushes more people into doctoral 

programs as it becomes a job requirement. 

When students opt for higher education, transitions present another chronosystem 

factor. This includes transitioning from undergraduate to graduate study and into or out of 

doctoral work (Elder et al., 2003). Both shifts relate to students’ life decisions as they mature 

into adulthood when they choose military service, marriage, parenting, buying a house, and 

changing jobs or careers. These lifespan choices affect students’ engagement with social 

activities and their capacity to complete their degrees in various ways.  
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Macrosystem 

The macrosystem level (Figure 1) considers, more broadly, cultural influences, 

ideologies, and social views on higher education (Bronfenbrenner, 1979). Major macrosystem 

factors for doctoral student success include government funding mechanisms for education, 

such as the GI Bill and student loans, and the allocation of research funding across academic 

disciplines. These factors create significant opportunities and disparities for doctoral students.  

Government funding for higher education has been a significant macrosystem factor in 

higher education since the advent of the GI Bill of Rights for veterans of World War II. When the 

bill expired in 1956, 7.8 of 16 million World War II Veterans (49%) had participated in higher 

education (U.S. Department of Veteran’s Affairs, 2013). These opportunities turned the lives of 

millions of veterans, except Black veterans, away from poverty after the Great Depression in 

the 1930s, allowing recipients and their families to build multi-generational wealth  (Elder et al., 

2003). U.S. Congress reinvented the GI Bill many times (e.g., 1952, 1966, 1984, 2008, 2017), and 

the multi-generational success of these financial benefits underpins a lasting and widespread 

belief in the power of higher education to create economic opportunity (National Consumer 

Law Center, 2019). Only in 2021 was a new bill introduced to Congress to apply the GI Bill 

benefits to descendants of Black WWII veterans. 

Another legacy of the GI Bill is the federal student loan program, which provides 

another example of government funding as a macrosystem factor. The GI Bill created the 

prelude to the Perkins Loan Program, and in 1965, Congress passed the Higher Education Act 

that included The Federal Family Education Loan (FFEL) Program. While the Perkins Program 

expired in 2017, the FFEL remains in effect today, albeit with many revisions, notably the 
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allowance in 1992 for unsubsidized loans (National Consumer Law Center, 2019). Since 1965, 

guaranteed federal funding for student borrowing has expanded access to higher education, 

especially for low-income students, and improved degree persistence, especially in the early 

years of undergraduate study (Dowd, 2004). Today, federal student loans provide a primary 

funding mechanism for doctoral students. They account for 15% of students in higher education 

yet carry 40% of graduate federal student loan debt—a figure that has increased, on average, 

by 100% in the decades between 1995 and 2015. For instance, the average federal student loan 

balance for non-Ph.D. doctorates, the fastest-growing category of doctoral types, increased 

from $64,500 in 1999 to $132,200 in 2016, limited only by a federal cap on borrowing (National 

Center for Education Statistics, 2019). The current level of $1.4 trillion in national student debt 

has become a crisis of default and, for many students, entrapment in lifelong poverty—

precisely the conditions the GI Bill reversed three generations ago (National Consumer Law 

Center, 2019).   

Finally, another major factor affecting higher education within the macrosystem is the 

competitive allocation of research funding by academic disciplines at the national level. 

Research funding comes from federal, state, and local sources. In 2016 (the most recent year 

for which data are available), U.S. academic institutions spent a total of$72 billion on research 

and development (National Science Board, 2018). Major governmental funding agencies include 

the Department of Energy, the Institute of Education Sciences (IES), the National Institutes of 

Health (NIH), and the National Science Foundation (NSF; American Association for the 

Advancement of Science, 2018). One agency, the NSF, awarded $6.5 billion in 2019 to academic 

institutions, comprising approximately 25% of all federal funds earmarked for basic research 
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(National Science Foundation, 2020). Research funding is the lifeblood of projects in higher 

education, providing funds for academics’ salaries, doctoral students, equipment, and 

publications. At the same time, funding remains highly competitive. For instance, only 27% of 

proposals submitted to NSF in 2019 won awards because federal spending on research has 

declined since 2011 (National Science Foundation, 2020).  

Further, there are funding disparities by academic discipline and field. Life sciences 

accounted for more than half of the U.S. 2016 spending on research at $40.9 billion, 

engineering at $11.3 billion, physical sciences at $4.9 billion, and geosciences at $3.8 billion. All 

other fields combined (six total) received the equivalent of engineering at $11.1 billion 

(National Science Board, 2018). This broad funding pattern for research advantages doctoral 

students in highly-funded fields by increasing stipends, research funds, and support funds—all 

of which contribute to degree completion (Zhou & Okahana, 2019). For instance, the fields with 

the most funding for life sciences and engineering have the highest 10-year completion rates at 

approximately 63% and the lowest attrition rates at about 25% (Sowell, 2009). The most recent 

data from National Center for Education Statistics (2018) showed that doctoral students 

receiving aid-without-loans increased in the most-funded fields of life sciences and engineering, 

from 86.5% in 2003 to 88% in 2015. As a result, only 10-15% of students in these fields emerge 

with loans from their doctoral studies. By comparison, areas with less research funding, such as 

social sciences, showed a decrease in the percentage of students receiving aid without loans, 

from 53.6% in 2003 to 42.8% in 2015. As a result, the rate of students in social sciences 

emerging with loans for their doctoral studies increased from 46% in 2003 to 57% in 2015. In 

Education, 63% of doctoral students graduated with debt in 2015, averaging $111,900. 
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Job markets and occupational growth reflect and interact with funding allocation by 

field.  Job markets also provide feedback to students about which career paths are likely to be 

stable and lucrative and which are likely to result in years of long-term unemployment. The U.S. 

Bureau of Labor Statistics (BLS) reports employment trends and job projections. Most fast-

growing occupations are in healthcare and software, two considerably large industries in the 

U.S. fueled by government spending in laboratory sciences (U.S. Bureau of Labor Statistics, 

2019). Still, the 2019 BLS data on earnings by educational attainment show that people with 

doctorates enjoy twice the median weekly earnings of all workers and half the unemployment. 

Unfortunately, these data do not differentiate by field of study. However, examining the 

2019 BLS national-level data about job openings by career field is possible. This data set shows, 

for instance, that post-secondary English language and literature teachers, who need a 

doctorate for entry, can expect a sluggish job growth outlook in the decade ahead (7,000 jobs 

annually) and median wages ($64,900 annually) that rank among the lowest. By comparison, 

post-secondary health specialty instructors, who need a doctorate for entry, can expect t a 

four-fold increase in job growth outlook in the same period (25,800 jobs annually) and nearly 

1.5 times more wages ($97,870). Significant differences in job prospects likely impact how 

doctoral students view their career choices and influence their degree persistence. 

Exosystem 

The exosystem level (Figure 1) concerns university-wide interactions and policies 

(Bronfenbrenner, 1979). Major exosystem factors for doctoral student success include 

education policies, university traditions, and professional organizations, such as professional 
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societies, interacting across the university system. Supports at this level often aim to equalize 

other factors with varying degrees of success. 

Higher education policies directly impact doctoral student success. Lovitts (2001) argues 

that “the root cause of [doctoral] attrition is the social structure and cultural organization of 

graduate education” (p. 1) based on hierarchy and narrowness that reproduce societal biases 

(Lamont & Lareau, 1988). Admissions are one area where unfounded beliefs of university 

administrators affect broad outcomes. For instance, 70% of men score above 700 on the GRE 

quantitative section, compared to only 26% of women; and this parallels the percentage of 

women (20%) who earn U.S. doctorates in physical sciences (Denecke et al., 2011; Miller & 

Stassun, 2014). These data suggest that most university admissions committees in the physical 

sciences use a score of 700 as a minimum qualification for admission, despite Education Testing 

Service (ETS) testing agency guidelines to the contrary (Miller & Stassun, 2014). Indeed, a 

number is faster to evaluate than a complex array of interview and recommendation 

information. However, the problem is that scores on standardized tests, such as the GRE, 

correlate with gender, ethnicity, and socioeconomic status, not the ability to complete a 

doctorate (Miller & Stassun, 2014). Moreover, score-driven admissions and scholarship policies 

may reduce doctoral completion rates when committees lean on scores and underassess 

important personal factors such as maturity, perseverance, and adaptability (Haynes, 2008; 

Miller & Stassun, 2014).   

Once admitted and enrolled, doctoral students advance through an apprenticeship 

model marked by producing written materials, such as proposals, qualifying exams, 

comprehensive exams, papers, and a research dissertation (Belcher, 1994). Developing this 
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body of academic writing centers on another tradition, the pedagogy of feedback, a cycle 

where the advisor reviews students’ drafts and provides feedback for improvement (Casanave 

& Hubbard, 1992). Undergraduate faculty surveyed in the bi-annual HERI study from 2006-2016 

consistently reported teaching writing as a general area of high priority (Bara-Stolzenberg et al., 

2019; DeAngelo et al., 2009). However, many faculty struggle with time and resources to 

adequately teach scholarly writing in courses with other content demands (Braine, 1989; Coil et 

al., 2010). 

Academic Writing Centers 

Writing support often comes from universities in the form of a writing center on 

campus. Most universities deploy writing centers to help undergraduates write papers for 

courses with limited support for graduate students (Schmidt & Alexander, 2012). On-campus 

writing centers tend to focus on basic skills, where writing production is the goal, and they 

rarely provide the disciplinary support of learning through writing necessary at the doctoral 

level (P. C. Brown et al., 2014; Guilford, 2001). Another issue is that writing centers are often 

staffed by upper-level undergraduate and doctoral students who do not receive preparation or 

mentoring. Some universities recognize the social-cognitive nature of long-term, effortful 

research writing and offer specialized or professional writing centers on campus, such as those 

aimed at medical students and medical researchers (Ariail et al., 2013; Barnett & Blumner, 

2001; Guilford, 2001). 

Most universities offer writing support as courses, professional development, writing 

centers, or a combination. Unfortunately, most on-campus centers focus on undergraduate 

writing of research papers and are ill-equipped to support graduate students writing literature 
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syntheses or dissertations. The demands of scientific writing are greater than undergraduate 

essays, and some universities and medical schools recognize this need for support at the 

graduate level (Ariail et al., 2013; T. G. Smith et al., 2011). For instance, the following academic 

writing centers offer comprehensive scientific writing resources: 

• Amherst College’s Online Resources for Writing – The center offers support for all 

aspects of the writing process. 

• Harvard University’s Writing Center Guides – The center offers helpful guides on 

discipline-specific topics. 

• Purdue University’s Online Writing Lab (OWL) – The website offers extensive, detailed, 

and valuable information, including style, grammar, and mechanics with examples. 

• University of Wisconsin Writer’s Handbook – The handbook guides writers through the 

research writing process. 

Unfortunately, none of these resources publishes support for skills specific to synthesizing the 

primary research literature at a doctoral skill level. Moreover, following an online guide or 

website through a complex writing process requires strong reading skills, persistence, and a 

high degree of self-directedness (Servant-Miklos & Noordegraaf-Eelens, 2019). 

Commercial Writing Support 

Another way to constrain the scope of the problem with writing is to examine the size of 

the commercial self-help book market on a specific doctoral writing topic, such as scientific 

writing. This concept refers to writing a manuscript of original research results for publication in 

the primary literature, which is the expository genre of reading and writing in which academic 

research occurs (Iskander et al., 2018). According to the macroeconomic concepts of supply and 
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demand, free-market solutions exist to solve problems when people are willing to pay (Dearden 

et al., 2009). A litany of published books on scientific writing is available to students for self-

study, instructors to supplement courses, and advisors to offer as tools. A search on 

Amazon.com for books with the keywords “scientific writing” returned 50,000 books dating to 

the 1960s. Adding “guide” to the search narrowed the results to 8,000 books while constraining 

the results to the topic of “education & research” reduced the results to 3,000 books. If the 

average nonfiction book sells 3,000 copies (Max, 2020), then the scientific writing guides 

represent nine million total sales.  

Narrowing the previously described Amazon.com search results by publication date within 

the past decade and quality of reviews (four stars and higher) produces a short list of well-

reviewed scientific writing guidebooks shown in Appendix A. Most of these published resources 

guide readers through the structure of scientific manuscripts while offering process examples, 

strategies, and practice tips—a few, such as Lindsay’s (2020) guidebook addresses, 

argumentation, and critical reading. 

Commercial writing interventions generate at least two additional caveats. Most of 

these methods are not grounded in research but in the clinical experience of instructor authors, 

which is valuable and possibly transferrable to other contexts. The clinical experience offered in 

one book may or may not be relevant to every learner, who must possess a high degree of self-

directedness to find the right book and then push through its lessons (Servant-Miklos & 

Noordegraaf-Eelens, 2019). 

Suppose supply is an accurate indicator of demand. In that case, the problems of 

insufficient and ineffective preparation in the core reading, writing, and researching skills within 
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the neo-liberal university system are enormous. The scale is many thousands of books 

purchased by millions over multiple decades. Despite this, writing support at all levels of 

education focuses almost exclusively on teaching the writing process and knowledge (Graham 

& Harris, 2017). A plethora of commercial and free writing instruction materials exist online. A 

search of Amazon.com for “writing instruction” returns advice about library searches, research 

guides, and self-help books on organization, style, motivation, and talking to type. A few studies 

of K-12 students consider less direct methods, such as teaching reading comprehension and 

reading strategies, to improve writing (Graham et al., 2018). 

Job Markets 

Weak job markets inside the academy prompt efforts to develop graduate students’ 

transferrable career skills, including writing, which allows them to participate more 

competitively in national job markets (Cassuto, 2015). Collaborations form between university 

departments, such as writing centers, career centers, and professional organizations (Cyranoski 

et al., 2011; Nerad, 2004; Nerad et al., 2007). A compendium of professional development 

programs on U.S. university campuses shows a boom in professional development programs in 

writing for doctoral students (Council of Graduate Schools, 2016). Preparation initiatives range 

from presentation skills to networking to dissertation writing, and student participation reflects 

a broader layer of engagement in social practices related to the sociocultural perspective (Lim 

& Renshaw, 2001). However, effective professional development for doctoral students, 

particularly in the sciences, remains challenging due to inconsistent application (Denecke et al., 

2017). 
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Professional Society Guidance 

Although the teaching of primary literature skills varies, scientific societies have 

attempted to standardize undergraduate preparation by issuing goals that emphasize literature 

skills in preparation for graduate school (Committee on Professional Training, 2015; Joint Task 

Force on Undergraduate Physics Programs, 2015; National Association of Biology Teachers, 

2008). The Joint Task Force on Undergraduate Physics Programs (2015) summarized the 

rationale for the preparation goals. They explained that undergraduates are : 

Not often called upon to search the literature; read, analyze, evaluate, interpret, and 

cite technical articles; and make specific use of the scientific and engineering 

information therein, although graduates are likely to be called upon to do so whether 

they pursue graduate study. (p. 18)  

Moreover, undergraduate preparation goals go beyond exposure to academic papers. These 

goals include “reading the primary literature, interpreting the data found in the articles, and 

adapting the experimental methods for use in students’ research” (Murray, 2014, p. 165), 

including writing about research.  

For instance, the American Chemical Society (ACS) mentioned primary literature skills 

for the first time in 1999. By 2008, their guidelines for undergraduate chemistry programs 

recommended that graduates “be able to use the peer-reviewed scientific literature effectively 

and evaluate technical articles critically” (Committee on Professional Training, 2008). The 2015 

update to the ACS guidelines evolved to a more comprehensive view that includes students’ 

abilities to “retrieve information efficiently and effectively by searching the chemical literature, 

evaluate technical articles critically, manage many types of chemical information ( … ) and 
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assess the quality of searches” (p. 17). In another example, the guidelines issued by the 

National Association of Biology Teachers (2008) recognized that undergraduate students need 

to develop skills in “writing scientific papers, performing statistical analysis of data, reading 

primary literature, and designing and completing valid scientific experiments” (p. 2). Most 

scientific society guidelines recognize the interdependent relationship between reading and 

writing research articles and the fundamental nature of primary literature skills for graduate 

work. 

Despite many societal guidelines for undergraduate preparation with primary literature 

skills, the reality is that undergraduate preparation in primary literature skills varies widely. 

Faculty may skip preparation goals, perceiving them as time-consuming and less critical than 

content (DeAngelo et al., 2009). It is unclear how many undergraduate programs follow society 

guidelines, or if they do, to what extent they succeed. Further, standardized graduate 

admission tests, such as the GRE, assess general reading, quantitative, and analytical skills but 

not core research skills (Klieger et al., 2017). Educational Testing Service (ETS), the company 

that makes the GRE, has conducted research that shows its scores do not predict doctoral 

success and “is a better indicator of sex and skin color than of ability and ultimate success” 

(Miller & Stassun, 2014, p. 1). Thus, the situation for incoming doctoral students is fraught. 

Undergraduate preparation is uneven and inconsistent at best, and GRE entrance tests assess 

gender and socioeconomic status better than core skills for doctoral success.  

Mesosystem 

The mesosystem level (Figure 1) concerns intra-departmental interactions and culture 

(Bronfenbrenner, 1979). These interactions focus on the student’s collaboration with research 
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groups being one option amongst others in the academic department. At this level, factors that 

affect doctoral student success include departmental beliefs and culture, program structure, 

resources for developing students’ academic skills, and faculty attitudes about supervision and 

mentoring.   

Departmental beliefs and culture affect doctoral student persistence (Bair & Haworth, 

2005). Because writing is central to doctoral completion, program faculty may view writing as a 

measure of graduate competency achievement; if it is not going well, it impedes timely 

completion (Aitchison et al., 2012). For instance, many dissertation advisors view the “literature 

review as a routine activity that doctoral candidates should be able to complete alone with little 

help” (Boote & Beile, 2005, p. 5)—a view with which many doctoral candidates disagree 

(Aitchison & Pare, 2012). However, this view of writing as a routine task misses a deeper 

nuance of sociocultural theory, which posits that writing is more than a learning marker; it is 

also a powerful tool for learning (Brown & Renshaw, 2000; Vygotsky, 1978). Boote and Beile 

(2005) argue that views of writing as routine leave doctoral candidates and graduates, such as 

those in social sciences, unable to perform productive writing activities, such as constructing an 

argument, framing a research question, solving methodological problems, or linking findings to 

the literature.  

Chronic challenges with generative writing suggest that current approaches to teaching 

writing to doctoral students are insufficient. The traditional method to advance scholarly 

writing is the pedagogy of feedback, reflecting sociocultural scaffolding posited by Vygotsky’s 

(1978) zone of proximal development. Advisors, serving as the more capable peer, edit rounds 

of writing to help doctoral students define the research topic, scope, and design of the project, 
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gather materials, write and work through manuscript drafts, and disseminate their findings 

(Burnett, 1999). However, this model leaves many research advisors feeling drained and 

frustrated, especially when the dissertation lags or students quit (Baird, 1990; Casanave & 

Hubbard, 1992; Cassuto, 2013; Sowell, 2009). Feedback from exhausted advisors tends to focus 

on straightforward tasks, such as literature and bibliographic searches, basic writing skills, and 

plagiarism (Boote & Beile, 2005).  

Levels of faculty supervision and mentorship also are factors that influence doctoral 

students’ success. A meta-synthesis of 118 studies on doctoral attrition showed that degree 

completion is related to the field and program of study. For instance, the Physical and Life 

science disciplines had the lowest attrition rates at 21% and 17%, respectively. A significant 

factor in the low attrition rates is more funding for students in these fields, but mentoring 

patterns are also important. The relationships between doctoral students and their primary 

advisors vary highly (Bair & Haworth, 2004) and is a major factor in dropout intentions (Litalien 

& Guay, 2015). Most of the research in the experimental science fields occurs in laboratory 

settings, usually with a team, and the advisor has a “day-to-day awareness” (p. 8) of the 

student’s research project. This is not the case in social sciences and humanities, where 

attrition is higher, averaging 27%. Students tend to work more independently in the field with 

highly variable contact with advisors.  

Of note, Bair and Haworth (2004) developed a novel methodology for the study. They 

sorted and integrated the findings of qualitative and quantitative studies on doctoral student 

attrition conducted between 1970 and 1998. The authors described their meta-synthesis 

methodology to “compare and analyze many studies together in a constructivist way, allowing 
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interpretive themes to emerge from the synthesis” (p. 7). Meta-synthesis has become a 

standard method in assessing bodies of qualitative research(Creswell & Plano Clark, 2018). 

Moreover, the doctoral student's relationship with their primary advisor is crucial in 

determining a doctoral student’s success toward degree completion (Bloom et al., 2007; 

Willcoxson, 1994). Doctoral students' overall satisfaction with their advisor relationship 

positively correlates with the choice of advisor and advisor behaviors, including teaching 

students to write proposals, presentations, and publications (Zhao et al., 2007). 

Microsystem 

The microsystem (Figure 1) concerns the student’s interactions (Bronfenbrenner, 1979). 

At this level, interactions occur between the individual student and the research group, fellow 

students, professors, and advisors. Many personal factors affect doctoral student success and 

degree completion, such as self-efficacy beliefs, prior knowledge, academic literacy, 

undergraduate research experience, and many other personal factors. The following sections 

examine these factors in greater detail.  

Self-Efficacy Beliefs in Higher Education 

For doctoral students, self-efficacy takes several subtle forms, including academic, 

research, and dissertation self-efficacy. Cheng, Tsai, and Liang (2019) investigated academic 

self-efficacy, defined as students’ beliefs about persevering during difficult times in their 

studies. The authors surveyed 202 masters and doctoral students. They found that doctoral 

students had stronger academic self-efficacy than master’s students, which is not surprising 

given the experience and confidence required to undertake doctoral research. The authors also 

found a correlation between academic self-efficacy and academic hardiness, defined as the 
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ability to persist despite challenges. Research self-efficacy is the degree to which individuals 

believe in their abilities to complete essential research tasks (Bieschke et al., 1993). In a sample 

of 177 doctoral students from various fields, Bieschke, Bishop, and Garcia (1996) found a 

positive correlation between research self-efficacy, years in graduate school, and involvement 

with research. In a study of 97 doctoral students in the dissertation stage, research self-efficacy 

correlated positively with two factors, self-perception of research preparation and relationship 

with an advisor (Faghihi et al., 1999). A related construct is dissertation self-efficacy, which 

examines students’ beliefs in their abilities to complete their degrees (Varney, 2010). Varney 

(2010) surveyed 60 first and second-year U.S. doctoral students and found that dissertation self-

efficacy positively correlated with dissertation progress and perceptions of the value of various 

program components (e.g., being in a cohort, quality and amount of mentoring, and 

preparation for dissertation components). The study also found that students who most valued 

their required doctoral program components made the most degree progress. 

In addition to the various forms of self-efficacy, doctoral students perform better when 

they have substantial academic preparation in research methods, writing, and disciplinary 

ideas. The social-cognitive view of learning posits prior knowledge as essential for making 

meaning of new information that allows for encoding (Schunk, 2012). Without encoding, 

retention does not occur; retention is necessary for synthesis and long-term learning—all of 

which underpin the cognitive aspects of scholarly writing at the doctoral level (Alexander et al., 

2009; Bruning et al., 2011).  
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Prior Knowledge and Experience 

Domain knowledge, like working memory, is essential for literacy. Prior domain 

knowledge helps readers construct a mental representation of texts, thereby increasing reading 

comprehension and writing ability (Spivy, 1987). In addition, prior knowledge undergirds the 

capabilities to organize, infer, and remember information (Shanahan, 2016). Cognition relies on 

a mental “universe of content knowledge that can be drawn upon for various functional 

purposes, including reading and writing” (Shanahan, 2016, p. 175). Reading is the primary 

method for developing domain knowledge. However, writing also contributes to growth in 

reading. A meta-analysis of 48 writing-to-learn studies in grades K-12 showed that writing 

assignments had a small, positive impact on school learning (Bangert-Drowns et al., 2004). 

Many factors relate to connecting prior knowledge with new disciplinary content. These 

include fluency in academic literacy (Canseco & Byrd, 1989; Casanave & Hubbard, 1992; Jenkins 

et al., 1993) and undergraduate research experience (Lopatto, 2004, 2007). Braine (2002) 

described the combined effect of these two factors (i.e., academic literacy and research 

experience) related to prior knowledge as creating a situation where students who are better 

prepared are more likely to be perceived as competent by their advisors and, therefore as 

noted by Horta and Santos (2016), more deserving of the investment of supervision time and 

effort. 

Academic Literacy. Academic literacy is “content knowledge of one’s chosen field of 

study, research skills, and good reading and writing skills” (Braine, 2002, p. 60). In higher 

education, three influential studies have focused on developing students’ academic literacy 

skills (Canseco & Byrd, 1989; Casanave & Hubbard, 1992; Jenkins, Jordan, & Weiland, 1993). 
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Canseco and Byrd (1989) conducted the first-ever survey of the writing tasks assigned to 

graduate students, focusing on business administration courses at a U.S. university. The authors 

analyzed 55 course syllabi from 48 graduate courses and determined that seven assignment 

formats involved writing. These included “examinations, problems and assignments, projects, 

papers, case studies, reports, and ‘miscellaneous’ assignments” (Braine, 2002, p. 61). The study 

found that writing is a significant component of graduate business courses and plays a major 

role in testing.  

Casanave and Hubbard (1992) surveyed instructors at Stanford University on their 

evaluation and perceptions of the students’ writing problems. Responses were received from 

85 instructors in various fields. The study found that graduate instructors considered global 

writing features, such as content quality and idea development, more important than local 

features, such as syntax and grammar. However, the authors noted that surveys alone could 

not provide ‘‘all the information about graduate students’ academic needs and problems’’ (p. 

45). They recommend using in-depth case studies of graduate students and their instructors 

using interviews, observations, and the analysis of course syllabi. 

Jenkins et al. (1993) also noted the shortcomings of survey research to study college 

students’ writing and cast a wider net, surveying engineering instructors at six U.S. universities. 

Their objectives were to determine the prevailing writing practices in graduate engineering 

programs and to explore faculty members’ attitudes about writing skills needed to succeed in 

graduate programs and beyond. They received 176 usable responses to their questionnaire. The 

study found that instructors evaluated their non-native and native-speaking students’ writing 

by the same standards. Further, surface-level errors, such as grammar and vocabulary, were 
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considered less critical for evaluation, like what Casanave and Hubbard (1992) concluded about 

“local” writing problems. The study also found that instructors expected a high writing standard 

from their students and ended up writing about 25% of the material in their students’ theses. 

This finding indicates that, for some faculty, it is easier to write portions of a student’s thesis 

than to teach writing. 

Undergraduate Research Experience. Research experience as an undergraduate can 

motivate and influence students’ decision to pursue doctoral education. Russell, Hancock, and 

McCullough (2007) investigated nationwide undergraduate research opportunities using four 

online surveys conducted between 2003 and 2005 involving nearly 15,000 participants, 

including undergraduates, graduate students, postdocs, and faculty. Participants represented 

multiple fields, including science, technology, engineering, mathematics, social sciences, 

behavioral science, and economics. The study found that undergraduate research experience 

correlated with Ph.D. expectations. For instance, of the undergraduates with more than 12 

months of research experience, 30% expected to pursue a Ph.D., compared to only 13% with 

fewer than three months of research experience and 8% without research experience.  

Similarly, two extensive Surveys of Undergraduate Research Experiences (SURE) 

conducted in U.S. universities attempted a more precise assessment of summer undergraduate 

research experience outcomes. The authors compared experiences recommended by faculty 

research mentors with those presented by students (Lopatto, 2004; 2007). Lopatto (2004) 

surveyed 1135 student respondents representing 41 institutions, and Lopatto (2007) conducted 

a follow-up survey of 2021 undergraduates representing 66 institutions, including 28 

universities, 27 colleges, and 11 master’s level institutions. In the first survey, Lopatto (2004) 



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

30 

found that students had a positive experience with undergraduate research, reporting gains in 

content, technical, and personal skills. In the second survey, Lopatto (2007) confirmed this 

finding, with 62% of participants reporting that their undergraduate research experience 

sustained or increased their interest in graduate education. A large majority (87%) of Lopatto’s 

(2004) SURE participants reported either beginning or continuing to plan for further 

postgraduate education. Likewise, Lopatto (2007) found that most of the undergraduate 

respondents planned on graduate education (i.e., medical school and doctoral work in biology). 

The findings also revealed that faculty and students agreed on benefits associated with 

undergraduate research experiences, such as developing research and laboratory skills and 

relationships. However, the groups disagreed on the importance of specific tasks, such as 

reading relevant primary literature. Overall, both sets of findings indicated that extended 

research experiences lead to higher rates of Ph.D. enrollment by increasing research self-

efficacy and Ph.D. anticipation. These findings suggest that intensive research preparation 

programs promote a sense of achievement and self-efficacy among students through mastery 

experiences (Pajares & Schunk, 2001). 

Challenges with Reading 

Effective reading in graduate school generates competence and is of utmost importance 

by “providing students with foundational knowledge in the discipline and in helping students 

learn the methods of acquiring information to remain competent throughout their careers” 

(McMinn et al., 2009, p. 233). Moreover, students’ reading and writing performances are 

correlated. The relationship is bi-directional, noted in children as young as second graders 

(MacArthur et al., 2006; Shanahan, 1984; Shanahan & Lomax, 1986). The empirical scholarship 
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on the relationship between reading and writing predominantly focuses on grades K-12. Still, 

there are broader patterns to consider that are the focus of the remainder of this section.  

A study of proficient readers included 256 second and 251 fifth graders and compared 

reading and writing performance for five weeks across the curriculum (Shanahan, 1984). The 

study used multiple standardized measures of reading and writing and analyzed the data with 

canonical factor analysis to identify linear relationships between various sets of measurements. 

Positive intercorrelations for reading and writing measures changed with grade level. Among 

second graders, the strongest correlations occurred with phonics and spelling, a relationship 

that the authors described as “word recognition-word production” (p. 472). Among fifth 

graders, vocabulary diversity and spelling strongly correlated with reading and writing. Thus, 

word meanings became more important to reading as children matured. This finding implies 

that building disciplinary knowledge remains essential for writing success in higher grades, 

including higher education. Finally, the authors analyzed reading-writing correlations between 

137 proficient readers (i.e., the top 35% in both grade levels) and 69 beginning readers (i.e., the 

bottom 25% in both grade levels). Among beginning readers, the strongest correlations 

between reading and writing occurred with spelling and phonics. Among proficient readers, the 

results showed significant correlations with a different set of factors that the authors described 

as word-sentence-prose comprehension.  

Shanahan and Lomax (1986) examined the multiple reading and writing correlations 

found by Shanahan (1984) and developed three testable models to explain the causal links 

between reading-to-writing (i.e., one-way learning), writing-to-reading (i.e., one-way learning), 

and interactive between reading and writing (i.e., two-way learning). The models’ reading 
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factors included vocabulary, the components of word analysis, word analysis, vocabulary, and 

sentence and passage comprehension. The models’ writing factors included the elements of 

spelling, vocabulary, sentence structure, and story organization. The authors used path analysis 

to consider causal relationships between factors and applied multiple linear regression to test 

the models. The findings indicated that the interactive model showed the best fit and allowed 

students to use reading knowledge during writing (i.e., taking the audience’s perspective while 

writing) and writing knowledge during reading (i.e., taking the author’s perspective while 

reading). The evidence did not support the unidirectional models (e.g., reading-to-writing and 

writing-to-reading). Instead, the evidence supported the bi-directional model of reading and 

writing. This finding aligns with Rainey and Moje’s (2012) argument that secondary students 

need explicit instruction in disciplinary literacy, recognizing, for instance, that expert novel 

readers struggle with other genres, including expository nonfiction.  

Disciplinary Literacy. Disciplinary literacy was defined by Shanahan, Shanahan, and 

Misischia (2011) as the knowledge and skills needed for success in a discipline in secondary and 

higher education. Developing disciplinary literacy has been described as a cognitive 

apprenticeship between expert and novice that involves active knowledge construction (Spires 

et al., 2018). Shanahan and Shanahan (2008) argued that disciplinary literacy instruction in 

secondary school needs to go beyond content knowledge and include discipline-specific reading 

comprehension strategies that apply to a discipline's reading, writing, and thinking norms. A 

national survey of 857 academics in various fields probed the specifics of that idea and found 

that disciplinary literacy is a multidimensional construct that includes three related factors: 

source, analytic, and expressive literacy (Spires et al., 2018). Source literacy relates to author 
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credibility in terms of institutional affiliation, the strength of the claims, and corroboration from 

other authors. Analytic literacy focuses on solutions thinking, technical and quantitative terms, 

and graphs and models. Finally, expressive literacy involves deconstructing and generating 

literary devices, such as metaphor, narration, and rhetoric, with attention to voice and style. In 

higher education, including doctoral education, building disciplinary literacy is necessary to 

become an expert in a chosen field. 

Further, several research studies have focused on how disciplinary literacy develops and 

functions within a field using primary source materials. These studies tend to examine think-

aloud data collected from experts (i.e., mathematicians, chemists, and historians) and novice 

students during reading (Britt & Aglinskas, 2002; Shanahan et al., 2011; Wineburg, 1991). 

Wineburg (1991) conducted a seminal study of disciplinary literacy using a mixed methods 

expert-novice approach, pairing eight historians with eight high school students for think-aloud 

exercises using written and primary pictorial sources. A novel aspect of the study was testing 

the notion of schema construction by including historians with expertise in different fields of 

history, even though the study documents were only about American history. This design was a 

constructivist attempt to challenge prior expert-novice studies that focused on automatic, 

cognitive schema-driven processing, specifically within physics problem-solving (Chi et al., 

1981). Wineburg (1991) found that expert historians, despite different specializations, identified 

more terms correctly than novices (mean 7.1 of 12 terms as compared to 1.8 of 12 terms, p 

< .05), described more critical features of pictures than novices (47% as compared to 7%), and 

expressed nearly unanimous agreement about the trustworthiness of written documents (r 

= .65), compared to students near unanimous disagreement (r =.14, respectively). Thus, the 
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findings indicated that the experts engaged in sourcing, contextualization, and corroboration 

during reading.  

Britt and Aglinskas (2002) wondered if intermediate-novice pairings would show the 

same results. They conducted a similar experiment with history texts but using intermediate-

novice pairings, where 60 college students majoring in history were the intermediates and 49 

high school students enrolled in a history course were the novices. The study found that college 

students performed slightly better, and both groups struggled with sourcing, contextualization, 

and corroboration of findings. Further, none of the participants paid attention to the source 

information without prompting.  

Finally, Shanahan et al. (2011) studied expert-novice pairings in three disciplines, history, 

mathematics, and chemistry. This study took a different approach by focusing on high school 

teachers as novice readers. The authors paired disciplinary experts (i.e., tenured university 

professors engaged in scholarly research in their field) with teacher education specialists and 

high school teachers (i.e., novices who had undergraduate-level domain knowledge and no 

professional expertise in reading primary literature). They adapted Wineburg’s (1991) think-

aloud protocols and used a mixed methods study design to collect literacy data to understand 

how the experts read primary sources. Like Wineburg (1991) and Britt and Aglinskas (2002), the 

study found significant differences between groups in sourcing, contextualization, and 

corroboration behaviors. 

Several previously unreported expert differences emerged, including the expert use of 

close reading, rereading key sections, critical responses to the text, use of graphics, and use of 

text structure to aid in targeted reading. For the latter, the historians viewed the text structure 
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as a signal of the author’s position, rhetorical device, and argument to be used for critique. By 

comparison, mathematicians and chemists viewed the text structure as a source of information 

about the main ideas rather than a measure for analysis. Other significant disciplinary 

differences also emerged. For instance, all experts focused on critique but in different ways. The 

historians concentrated on a continuous critique of everything, while mathematicians focused 

their analysis on correctness. Chemists concentrated on the text’s plausibility and congruence 

with existing evidence.  

Reading in Higher Education.  Reading for learning is fraught with difficulties for 

doctoral students, who may not be skilled in the critical, strategic reading of the primary 

literature. Primary literature is the expository genre of reading and writing in which academic 

research occurs, and domain knowledge is paramount. Also, the stakes are high because 

understanding and analyzing the primary literature is the currency of a research career. 

Matarese (2013) summarized the situation: 

[Doctoral students] may lack a practical approach for identifying pertinent research 

articles (for example, when doing bibliographic research) or for distinguishing rigorous, 

credible papers from faulty, dubious ones. They may not be naturally skeptical or, if they 

trained in environments that discouraged the questioning of teachers and other 

‘experts,’ may have learned to avoid critiquing. If they are unfamiliar with the process of 

scientific publishing, they may assume that the literature is by definition valid; they may 

be more likely to blame their inability to understand a text on their own lack of 

knowledge rather than on the authors’ weak argumentation. These issues are 

compounded for non-native English speaking (NNES) researchers. (p. 75) 
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Thus, reading primary literature can appear time-consuming, confusing, and with little 

explicit value. Beyond elementary school, reading activities in school may lack a direct 

relationship to assessed work, unlike writing, which is frequently assessed (du Boulay, 1999; 

Saltmarsh & Saltmarsh, 2008). For instance, Matarese (2013) describes a typical experience for 

a graduate student, where a professor shares in class a research paper, and “after a few minutes 

and without any instruction,” expects the student “discuss the tables and figures” (p. 76). This 

situation is what commonly passes for primary literature preparation in higher education 

(Matarese, 2013).  

Undergraduate Students. Reading studies of undergraduate students confirmed 

Burchfield and Sappington’s (2000) findings of low reading completion in undergraduate 

courses. Clump, Bauer, and Bradley (2004) found in a study of 423 undergraduate psychology 

students that only 27% of students read the assigned readings before class, which increased to 

70% before a test. Likewise, Carkenord (1994) found in a mixed-methods study of 34 

undergraduate psychology students that they read only for a grade and noted that "most 

students do not read textbooks or journal articles as a result of their intrinsic interest and desire 

to learn" (p. 164). The implication is that, while reading completion is low, assessing reading is a 

significant way to increase reading completion. Clump et al. (2004) confirmed this conclusion by 

finding that random reading quizzes increased reading completion before a test. Marchant 

(2002) studied 83 undergraduate psychology students’ reading behavior and found a 20-point 

increase in quiz performance when students knew ahead of time that a reading quiz was 

coming. The participants’ self-reports indicated that the students read more closely when they 

expected a quiz. Moreover, providing students with material to read which was relevant and 
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applicable to their professional lives did not entice them to read more (Marchant, 2002). 

Students read only when they felt responsible for displaying their understanding of the text, 

such as on a graded quiz or focused worksheet. 

 Burchfield and Sappington (2000) undertook a 16-year longitudinal study of reading 

compliance for coursework and found a dramatic decrease in required reading compliance by 

students enrolled in post-secondary education. They studied 910 undergraduate and graduate 

students using surprise reading quizzes to measure assigned reading compliance. The whole 

group average for reading compliance decreased from 85% in 1981 to 33% in 1997. Further, 

reading compliance varied by class level, with first- and second-year student students having a 

mean of 25% compliance, junior undergraduate students a mean of 31%, senior undergraduate 

students a mean of 36%, and graduate students demonstrating a mean of 62%, This finding for 

graduate students is consistent with the other results describing previously indicating that 

graduate students complete about half the assigned readings.  

Graduate Students. A study of 193 master’s students in forensic psychology found that 

students read only 54% of the assigned course readings before class and 84% before a test 

(Clump & Doll, 2007). These findings indicated that undergraduates' low reading completion 

persists into graduate studies, at least at the master's-level (Clump et al., 2004). In addition, 

graduate students tended to have heavy reading loads and completed only about half of the 

assigned readings. 

McAlpine (2012) aimed to gather data about doctoral students’ day-to-day activities and 

found that students expressed ambivalence about reading's place and value in their academic 

work because it is time-consuming. Written papers are more urgent with deadlines and grades. 
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One participant’s report summarized this finding, "I wish I had more time to read my literature. 

It is always the most important, but lowest on the priority list" (McAlpine, 2012, p. 353). The 

study also found differences in reading patterns between students studying experimental and 

social sciences. In empirical sciences, students reported setting reading goals, such as reading “5 

articles per week” for specific purposes like finding “statistical techniques I could potentially 

use” (p. 353). By comparison, social science students read more often to locate historical and 

contemporary knowledge connecting to their work. Feeling unfocused and not knowing what to 

read was a particular challenge expressed by one participant, "I don’t have enough time to read 

myself into this discipline ( … ) this year, I decided that I’m going to make strategic decisions: so, 

I’m not going to read around ( … ) until I read my eyes out" (McAlpine, 2012, p. 353). 

Participants reported reading assigned literature as a learning task as frequently as writing 

(McAlpine, 2012).  

Another study explored doctoral reading in depth.  Using a mixed methods approach, 

the study included 744 doctoral students in clinical psychology. Of these, 67% were Ph.D. 

students, 31% were Psy.D. students, and 1% were Ed.D. students. The study found that assigned 

readings averaged 330 pages per week, with students completing only about half of the 

readings thoroughly as measured by a 1-7 Likert scale (McMinn et al., 2009). In addition, 

doctoral students with more assigned readings were less likely to read thoroughly and more 

likely not to read at all. The amount of skimming did not correlate with the amount assigned 

associated positively with years of doctoral experience. The study found that doctoral students 

later in their programs, such as those in years 3 and 4, tended to read less, skim more, and leave 

more unread assignments than first-year doctoral students. 
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Reading Completion Levels. One of the difficulties with reading completion in higher 

education is the notion of responsibility. For undergraduates, Clump et al. (2004) found that 

students thought the instructor was responsible for reviewing the material in class, including 

and telling them which aspects of the reading were important. Clump and Doll (2007) 

corroborated this finding with graduate students. They found that master’s students felt 

similarly that it was the instructor's responsibility to explicitly highlight essential points in the 

reading and connect class material related to the assigned readings. Further, the authors 

reported that master’s students did not want instructors to ask them directly about the 

assigned readings because they typically do not read them. 

McMinn et al. (2009) also reported significant correlations with several factors affecting 

reading completion. For doctoral students, the barriers to reading were numerous and varied 

compared to undergraduate and master’s students. The authors found significant obstacles to 

completing assigned readings, which included: 

• juggling various responsibilities of being a doctoral student; 

• feeling that there was not enough time to complete all reading in addition to 

multiple expectations from the programs; 

• feeling it was impossible to stay caught up on the reading when assignments for 

several classes were due in the same week; 

• feeling unmotivated to read when the assignments were repetitive; 

• feeling fatigued and mentally exhausted; 

• being worn out after a long day of professional work (McMinn et al., 2009, pp 

236-237). 
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The negative factors were the amount of time in practicum, total pages assigned (averaging 

300-400 per week), and year in the program (i.e., more time in the program and more pages 

corresponded with less reading). They reported one positive factor, the student’s age, where 

older students tended to read more regardless of everything else. 

Reading Apprehension. Low reading completion, as described in the preceding section, 

may be related to the factor of reading apprehension, commonly referred to as reading anxiety, 

which is a “specific, situational phobia of reading that can have physical and cognitive 

reactions” (Jalongo & Hirsh, 2010, p. 434) and can be challenging to assess accurately (Zbornik 

& Wallbrown, 1991). Jalongo and Hirsh (2010) suggest that reading and anxiety connect 

through the principles of classical conditioning. In this situation, a neutral stimulus, such as 

reading, repeatedly connects with a negative stimulus, such as teacher judgment or peer 

ridicule. Because of this repeated pairing, the learner associates reading with negative 

emotions. The reciprocal theory of math anxiety posits a bidirectional causal nature between 

achievement and anxiety (Ashcraft & Krause, 2007; Carey et al., 2016; Jansen et al., 2013). 

Extended to reading anxiety, the reciprocal theory suggests that reading achievement impacts 

reading anxiety and vice versa. Thus, negative emotions associated with reading may lead to 

avoidance and exacerbate achievement gaps with peers. 

While reading anxiety research has mainly focused on reading in a foreign language, 

known as L2, people also experience reading anxiety in their first language, L1 (Piccolo et al., 

2017). There is limited scholarship on the link between L1 reading anxiety and reading 

achievement in elementary school students. Findings indicate that reading anxiety is associated 

negatively with reading achievement, where a higher level of reading anxiety is correlated with 
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lower reading scores (r = -.41, Ramirez et al., 2019; r = -.43, Zbornik et al., 1991). Ramirez et al. 

(2019) studied first and second graders and found statistically significant negative associations 

between reading anxiety and reading achievement. Further, their findings indicated that higher 

autumn reading anxiety levels decreased spring reading achievement and vice versa, providing 

evidence for the reciprocal theory. In a sample of Turkish primary school students, reading 

anxiety correlated negatively with reading frequency (r = -.33), such that students with higher 

reading anxiety read less frequently (Gençer & Demirgünes, 2019). Limited evidence in 

undergraduate students showed that students with dyslexia have higher levels of generalized 

anxiety (i.e., mental state), academic, and social anxiety (Carroll & Iles, 2006). 

Despite reading anxiety occurring in readers of all ages, no study has measured reading 

anxiety in doctoral students. This population may be especially susceptible to fear and worry 

about reading, teacher judgment, and peer comparisons because of graduate education's high-

stakes and heavy reading demands, as described by McMinn (2009) and van Pletzen (2006). 

Reading anxiety correlates with another critical reading-related measure, reading self-

concept (r = -.58; Katzir et al., 2018). Reading self-concept is a person's perception of their 

ability to adequately complete reading tasks (Conradi et al., 2014) and is a type of self-efficacy 

belief (Bandura, 1986). Reading self-concept develops in response to a combination of factors, 

including individual experiences with reading, comparisons to others, direct feedback, and 

causal attributions (Helmke, 1999; Shavelson et al., 1976).  

Many potential reasons could explain the observed linkages between reading anxiety 

and self-concept, including connections to reading. One possibility is that a low reading self-

concept produces feelings of reading anxiety. Self-concept concerns evaluating how one deals 
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with environmental demands, which can become threatening when an individual feels 

incompetent (Bandura, 1997). Thus, a healthy self-concept requires self-perceived competence 

for coping with environmental demands. Conversely, a person with low reading self-concept is 

likely to perceive any situation involving reading as threatening because of underlying, chronic 

feelings of incompetence, producing higher levels of reading anxiety. Alternatively, reading 

anxiety may be a contributing factor to poor reading self-concept. In this situation, individuals 

experiencing high reading anxiety levels (perhaps because of higher generalized anxiety) are 

more likely to judge their reading competence as insufficient because anxiety distorts their self-

image (Beck & Clark, 1997). Nevertheless, both causal scenarios may be valid, based on 

Bandura's (1986) self-efficacy component of social cognitive theory and Zeidner's (1998) 

transactional model of test anxiety. It appears there is a reciprocal relationship between 

reading self-concept and reading anxiety. 

Personal Factors 

Other personal factors affect doctoral students’ performance and persistence. Haynes 

(2008) surveyed 144 students who quit doctoral programs at the University of Georgia and 

found six reported reasons why students leave, including change of career goals (23.9%), 

transfer schools (23.9%), health (17.4%), family demands and conflicts (7.4%), dismissal (3.1%), 

and financial issues (4.3%). In addition, 15 students had no apparent reason for leaving; they 

slipped away. These findings indicate that graduate departments can better communicate 

program expectations and support at all phases, including providing incoming students with 

more information, peer mentoring, and skills preparation.  
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Because doctoral attrition data are not routinely collected or reported by universities, 

yet attrition remains consistently high, Litalien and Guay (2015) developed a model of doctoral 

dropout intentions. The model proposed that the strongest predictors of doctoral dropout 

intentions include student motivation and support for psychological needs provided by 

advisors, professors, and peers. The authors used two approaches to investigate dropout 

intentions, a retrospective comparison of completers and non-completers (n = 422) of Ph.D. 

programs at a large Canadian university and a prospective investigation of enrolled Ph.D. 

students over two terms (n = 1060). The study used several validated survey instruments, 

including the Motivation for Ph.D. scale (Litalien et al., 2015), the Learning Climate 

Questionnaire (Williams & Deci, 1996), and the Balanced Measure of Psychological Needs scale 

(Sheldon & Hilpert, 2012). In addition, the study collected data about student debt, 

scholarships, presentation rate, publication rate, gender, and citizenship (but not 

race/ethnicity). The authors analyzed the data with a MANOVA and confirmatory factor analysis 

and found several significant results. Findings indicated that perceived competence was the 

strongest distinguisher between program completers and non-completers. Likewise, it was the 

strongest predictor of dropout intentions among enrolled Ph.D. students.  

The second major factor for completion was the quality of the student-advisor 

relationship. Students who perceived interactions with their advisors as psychologically 

supportive were more likely to complete their degrees. Interactions with other people in the 

program also played a role in students’ persistence, including support from faculty and peers, 

which was positively associated with degree completion. Finally, student indebtedness was not 

associated with completion or leaving. However, winning a scholarship positively predicted 
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perceived competence and distinguished non-completers from completers. These findings 

suggest that doctoral students benefit from feeling competent in their work and from support 

from the advisor, other faculty, peers, and scholarship funding. 

Conceptual Framework 

This literature review suggests a conceptual framework involving dynamic, constitutive factors 

shown in Figure 2. Starting in the center and moving right, doctoral student (DS) writing self-

efficacy influences academic writing skills, contributing to dissertation progress and degree 

completion. Moving left of center, reading the primary literature is a central activity for 

disciplinary knowledge building and academic writing (Kwan, 2008). Root factors for writing 

skills (shown on the far left) include reading comprehension, reading strategies, and listening 

skills (Schunk, 2012). In addition, prior knowledge of research methods, coursework, and 

academic preparation help to build writing process knowledge. Metacognitive awareness 

mediates a student’s monitoring of their reactions (Flavell, 1979), including physical and 

emotional reactions to writing and time and effort spent on writing tasks. 

Figure 2 Conceptual Framework of Factors Related to Writing Self-Efficacy 

Conceptual Framework of Factors Related to Writing Self-Efficacy 
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Three proximal factors directly impact DS writing self-efficacy shown in Figure 2 at the 

left of the center (Schmidt & Alexander, 2012). These factors include writing process 

knowledge, defined as the individual’s beliefs in rhetorical awareness, reading like a writer, 

planning and revising, and understanding individual strengths and challenges. Time and effort 

spent on writing is another factor defined as the individual’s management and motivation traits 

that promote writerly development, such as planning, strategizing, and working with a tutor. 

The third factor is a physical and emotional reaction to writing, which includes the individual’s 

intrapersonal traits commonly engendered by the physical act of writing, such as physical 

discomfort, fear, and distress. Drawing from the PSWSES survey development data, each of 

these factors also predictably impacts each other, such that if one increases, the others 

increase and vice versa (Schmidt & Alexander, 2012). For instance, a student with lower writing 

process knowledge or a stronger emotional reaction to writing will spend more time and effort 

completing writing tasks. The opposite is also true. For instance, students with better process 

knowledge and time management skills will experience less fear and distress while writing. 

Thus, an individual’s beliefs in their abilities to complete writing tasks relate directly to the 

interplay of three proximal factors, writing process knowledge, time management, and physical 

and emotional reaction to writing. 

Summary 

Broad generational, social, and institutional views frame doctoral education in the U.S., 

which by tradition, centers on the apprenticeship model and the pedagogy of feedback 

(Belcher, 1994; Casanave & Hubbard, 1992). However, completing a doctoral degree is unique 

for each student as they use written language to create disciplinary knowledge based on social-
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cognitive and sociocultural principles of learning (Bandura, 1986; Brown et al., 1996; Bruning et 

al., 2011; Vygotsky, 1978). Observable linguistic, cognitive, personal, relational, and curricular 

factors promote academic success for dissertation and degree completion (Bair & Haworth, 

2005; Bandura, 1986; Haynes, 2008; Schunk, 2012; Zhao & Golde, 2007). Scholarly writing is 

both a primary learning objective and a tool for learning an academic discipline, where knowing 

the language of a field improves thinking, and thinking in the discipline strengthens language 

(Brown & Renshaw, 2000; Vygotsky, 1978). Schmidt and Alexander (2012) argue that scholarly 

writing requires graduate students to gain writing self-efficacy. Thus, the basis for 

understanding individual doctoral students’ needs within the microsystem level focuses on 

learning to think and write in the discipline. The main implication is that doctoral students can 

improve learning and progress toward degree goals by developing writing self-efficacy. 



 

 

Chapter Two 

Needs Assessment Study 

Introduction 

This problem of practice (POP) focuses on the challenges doctoral students confront to 

develop literature synthesis skills as scholarly writers, disseminate their research findings, and 

complete their degrees. The following discussion begins with an overview of factors related to 

academic writing. Next, the discussion provides a theoretical framework for understanding 

which factors contribute to doctoral student development as scholarly writers. Then the 

discussion reviews the purpose, design, and study methods. Finally, the discussion concludes 

with a summary of the study’s findings, conclusions, and next steps.  

Context of the Study 

The primary method for teaching doctoral writing is the pedagogy of feedback, involving 

iterative review cycles between faculty and student. Yet, faculty receive little pedagogical 

preparation for developing their students' literature synthesis skills through this method 

(Kamler & Thomson, 2006). Consequently, many students experience challenges learning this 

crucial skill set, such as not seeing the connection between their writing, reading the primary 

literature, and disciplinary research methods (Kwan, 2008). The literature synthesis skillset often 

comprises hidden expectations that impede students’ progress (Margolis, 2001). 

Statement of the Purpose 

This study is a needs analysis that aimed to understand the academic challenges related 

to writing for a doctoral degree in the United States.  
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Method 

The study applied a mixed-methods parallel convergent approach to analysis (Creswell & 

Plano Clark, 2018). These data were collected during the fall of 2020 and then triangulated to 

address several research questions. The study examined data from an online survey of 270 

currently enrolled U.S. doctoral students relating to writing self-efficacy and doctoral 

experiences. The study also collected qualitative interview data (n = 13).  

Research Design 

The study design is a mixed-methods convergent parallel design using a Likert scale 

survey and open-ended questions (Creswell & Plano Clark, 2018). Individual doctoral students 

enrolled in U.S. programs form the unit of analysis. The study sought to correlate closed-ended 

survey questions with numerical responses with five open-ended interview questions as 

follows: 

Three research questions guided this study, including:  

RQ1. What are the doctoral student participants’ challenges in terms of: 

a. academics? 

b. writing? 

RQ2. What is the relationship between each of the writing self-efficacy factors: 

a. knowledge of the writing process, 

b. physical and emotional to writing, and  

c. level of time/effort? 

RQ3. What is the relationship between each writing self-efficacy factor and: 

a. full-time years of doctoral experience, and 
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b. field of study? 

This study analyzed the datasets separately and then merged them using side-by-side 

comparisons, as suggested by Creswell and Plano-Clark (2018).  

Participants 

The demographic makeup of study participants appears below in Table 1. Participants 

had various experiences with doctoral work, ranging from one to seven or more years of full-

time study. Of these, 88 participants (33%) were postgraduate students in years one or two (i.e., 

beginner), 111 participants (41%) were in years three or four (i.e., intermediate), and 71 

participants (26%) were in years four through seven or more (i.e., advanced). Participants 

attended 234 institutions in every region of the U.S., all of which were research-intensive (either 

R1 or R2). Likewise, participants represented a variety of academic domains (Table 1). By 

discipline, most participants (44%) studied Social Sciences, followed by Applied Sciences (18%), 

Humanities (14%), Life Sciences (13 %), Physical Sciences (6 %), and Formal Sciences (5%; e.g., 

mathematics, logics, and artificial intelligence). Within the humanities domain, there was an 

additional question to identify the subgroup of participants who specialize in English Rhetoric, 

Journalism, or English teaching because their writing experience could vary markedly from 

other participants.  
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Table 1 Needs Assessment Study Population Characteristics 

Needs Assessment Study Population Characteristics 

 Independent Variable: Year Group of Doctoral Study  
Covariates Early 

Year Group 1-2 
Intermediate 
Year Group 3-4 

Advanced 
Year Group 5-7+ 

Total (n) 

Participants 88 111 71 270 
Fields of Study      
Applied Sciences 20 17 11 48 
Formal Science 3 7 5 15 
Humanities 12 11 14 37 
Life Sciences 10 14 10 34 
Physical Sciences 3 9 4 16 
Social Sciences 40 53 27 120 

 

Using the G*Power sample size calculator, shown in Table 2 below, the study required 

237 participants for MANOVA analysis with input parameters of α = .05, effect size f = 0.25, and 

power (1-β err prob) = .8 using four groups (i.e., independent and covariates, shown in Table 1) 

and df = 7. The study exceeded this sample size requirement. 

Table 2 Needs Assessment Total Sample Size Calculation 

Needs Assessment Total Sample Size Calculation 

A Priori Effect Size (f) = 0.25 Value 
Analysis Input α error probability                    .05 
 Power (1-β err prob)          .8 
 Numerator df                   7 
 Number of groups (i.e., independent 

variable and covariates) 
4 

Output Noncentrality parameter λ 14.8 
 Critical F 2.1 
 Denominator df 233 
 Total sample size 237 
 Actual power .8 
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Further, these settings aimed to detect group differences while accounting for errors. 

However, some error remains. Setting the alpha to .05 indicates a 5% chance that a significant 

difference is due to chance and is not an actual difference (i.e., the chance of type 1 error). 

Setting the power to .8 uses a beta cut-off of 0.2 (20%), which indicates a 20% chance that the 

study misses a significant group difference (i.e., the chance of type II error).  

Measures or Instrumentation 

The purpose of the measure reflects several operational constructs for this study. The 

independent variable is academic experience, defined as the number of full-time years in a 

doctoral program (Bieschke et al., 1996), divided into three program levels, early, intermediate, 

and advanced.  Covariates are full-time years of study graduate field of study, defined as the 

individual’s choice of the doctoral field from among academic domains, including applied 

sciences, pure sciences, humanities, and social sciences (Kelley & Salisbury-Glennon, 2016). The 

primary variable under study is writing self-efficacy, defined by Schmidt and Alexander (2012) as 

the belief in one’s ability to perform necessary writing tasks.  

The measure most relevant to survey writing self-efficacy in doctoral students is the 

Post-Secondary Writerly Self-Efficacy Scale (PSWSES) developed by Schmidt and Alexander 

(2012) for longitudinal follow of college students attending on-campus writing centers. The 

measure contains 20 questions on a scale of 0 to 100. The scale is divided into three subscale 

constructs: writing process knowledge, physical and emotional reaction to writing, and 

time/effort. The PSWSES was initially used to measure a sample of 503 students in 

undergraduate education, and the instrument showed high internal reliability with Cronbach’s 
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Alpha of 0.931 and high consistency with the Guttman Split-Half coefficient of 0.927 (Schmidt & 

Alexander, 2012).  

The construct of writing self-efficacy is further delineated through the components of 

three subscales derived from the PSWSES instrument shown in Appendix B (Schmidt & 

Alexander, 2012). The first subscale construct is self-efficacy as it relates to writing knowledge 

and process skills (i.e., operationalized as the composite subscale variable knowledge_comp). 

This construct is the individual’s beliefs in their “writerly abilities, rhetorical awareness, planning 

and revising, reading like a writer, understanding strengths and challenges, and recognizing the 

value in modeling” (Schmidt & Alexander, 2012, p.5). An example survey question is, “When I 

read a rough draft, I can identify gaps when they are present in the paper.” The second subscale 

construct is the physical response to writing (i.e., operationalized as the variable 

reaction_comp). This construct is the individual’s “intrapersonal traits commonly engendered by 

the physical act of writing, such as physical discomfort, fear, and distress” (Schmidt & Alexander, 

2012, p 5). An example question is, “I can write a paper without experiencing overwhelming 

feelings of fear or distress.” The third and final subscale construct is time/effort (i.e., 

operationalized as the variable time-effort_comp). This construct is the individual’s 

management and motivation traits that promote writerly development, such as planning, 

strategizing, and working with a tutor. An example question is, “When I have a pressing deadline 

for a paper, I can manage my time efficiently.” 

Procedure 

Study planning and development occurred through the spring and summer of 2020. The 

study began enrolling participants in October 2020 and ran for three weeks until it achieved a 
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sufficient sample size. Then the student researcher contacted volunteers and conducted follow-

up interviews. Data collection was completed in November 2020. Then the student research 

undertook a separate analysis of each data source (i.e., quantitative survey and qualitative 

interview). The student researcher then merged and correlated the findings through the winter 

of 2021.  

Participant Selection Process 

Participant recruitment occurred through email using a combination of convenience 

sampling of known U.S. doctoral student contacts and snowballing to additional students 

(Creswell & Plano-Clark, 2018). The student researcher contacted everyone in an email 

database developed from these methods with an invitation to participate in the study. The 

student researcher emailed participation invitations to 512 doctoral student contacts. Of these, 

241 (48%) referred at least one doctoral student colleague to the survey. Those who completed 

the survey were asked at the end about further participation: (1) as a request to volunteer for a 

follow-up interview and (2) as a request to share the survey with a colleague by providing a 

referral name and email address. Forty participants in the main study volunteered for follow-up 

interviews, and each received an email invitation to participate. Thirteen volunteers completed 

interviews.  

The major limitation of convenience sampling is the potential for bias that arises from 

asking only people known to the researchers to participate (Creswell & Plano-Clark, 2018). 

However, snowballing offers some offset by filtering participants through exosystem-level 

networks of research professionals (Bronfenbrenner, 1979). Recruitment occurred primarily 
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through social networks. However, there were no current formal relationships or personal 

power dynamics.  

Data Collection Methods 

The study had two data sources, the main survey and a follow-up interview with a small 

subset of participants. The main survey provided quantitative data in the form of closed-

response questions and qualitative data in the form of open-response questions. The follow-up 

interview provided qualitative data with a large universe of possible answers.  

Data Source 1: PSWES Survey 

For comparison, the authors of this needs assessment conducted reliability testing of 

the PSWES subscales composite variables under study, knowledge_comp, reaction_comp, and 

time-effort_comp. Cronbach’s alpha was 0.74, representing an acceptable internal reliability 

level. By comparison, the instrument from which the study’s subscales derive, the PSWSES, 

showed high internal reliability with Cronbach’s alpha of 0.93 (n = 503 undergraduate students) 

(Schmidt & Alexander, 2012). Factors that may have lowered the reliability of this study’s 

subscales include: 

• working with a more experienced student population than Schmidt and 

Alexander’s (2012) study (i.e., doctoral students as compared to undergraduates) 

whose knowledge of academic writing is more substantial,  

• a smaller sample size based on different analysis goals for this study,  

• eliminating one question inappropriate for doctoral students, and  

• minor wording changes to increase relevance to doctoral students’ experiences.  
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Data Source 2: Interviews 

The open-ended survey questions and follow-up interview questions generated 

qualitative data. The survey included two open-response questions about current challenges 

and writing supports. These were: 

1. What is challenging about academic writing specific to your doctoral program? 

2. Of the challenges you are currently experiencing in your doctoral program, which is 

(are) the most difficult for you? 

In addition, the follow-up interviews contained five open-ended interview questions: 

1. What is your current field and experience with research? 

2. What academic challenges do you face as a doctoral student?  

3. What challenges with academic writing are you experiencing? 

4. What are your strategies and processes for academic writing? 

5. What support with writing have you received in your doctoral program that has 

helped? 

Appendix B contains the survey instrument, including open-response questions.  

Administration of the Main Survey. Data collection for the main study occurred online 

through Qualitrics.com. The survey was pre-loaded and required only the dissemination of the 

link to potential participants through the recruitment email. No login, registration, or identifying 

information was necessary to participate. The responses were collected directly from the 

website and stored on its servers. The study achieved 374 participants, and 103 surveys were 

subsequently excluded from the analysis. Of those excluded, 29 surveys were invalid (i.e., 
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completed in less than 60 seconds), 22 were not eligible (i.e., not currently enrolled U.S. 

doctoral students), and 52 were in excluded fields (e.g., English, Journalism, or Rhetoric). 

Overall, 270 surveys met the inclusion criteria in the analysis, which satisfied the total sample 

size requirement (n = 264). 

Administration of Follow-Up Interviews. For the follow-up interviews, data collection 

occurred through audio-only calls on Zoom. The researcher emailed volunteers to schedule 

convenient interview times. Participants gave verbal consent for interviews, and the researcher 

recorded the audio call. Later, an AI-based software program (Otter.ai; Los Altos, CA) transcribed 

each audio file into a written transcript for qualitative coding (see Qualitative Coding section).  

Data Analysis 

When working with a population, such as doctoral students, several quantitative and 

qualitative analytical methods are appropriate for a mixed methods needs analysis.  

Analysis of Data Source 1: PSWES Survey 

Inferential statistics of the quantitative dataset are appropriate to address quantitative 

research questions of relation, which is part of this study's aim (Wagner, 2019). The descriptive 

statistics in Table 3 revealed that normality assumptions were satisfied. 

These included the level of measurement (coded as a scale because SPSS can only 

recognize scale/continuous data); absence of outliers (i.e., skewness); normality of variables 

(i.e., kurtosis); and linearity (i.e., the linear relationship between the two variables; Wagner, 

2015). Thus, these data meet the criteria for normality, and additional testing included 

Pearson’s correlation, MANOVA, and Tukey HSD testing (Murray, 2013; Wagner, 2019). 
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Table 3 Needs Assessment Descriptive Statistics 

Needs Assessment Descriptive Statistics 

Measure/Indicator Knowledge_Comp Reaction_Comp Time-Effort_Comp 
Number (N) 270 270 270 
Missing values 0 0 0 
Missing values 0 0 0 
Mean 58.4 55.5 60.2 
Std dev (sample) 20.8 20.6 22.6 
Variance (sample) 433.0 426.2 512.7 
Minimum 0.0 6.67 0.0 
Median 60.9 58.3 60.0 
Maximum 100.0 98.3 100.0 
Range 100.0 91.6 100.0 
Skewness (-1 to +1) (-1.0) (-.29) (-.74) 
Kurtosis (-2 to +2) 0.56 (-.99) (-.16) 

Note. Descriptive statistics meeting criteria for normal distribution appear for three writing self-

efficacy subscale constructs.  

Analysis of Data Source 2: Interviews 

Qualitative coding’s purpose is to describe a social phenomenon. In this study, the focus 

is on student challenges of earning a doctoral degree using “the characteristics of language ( … ) 

with attention to the content” (Rädiker & Kuckartz, 2020). Coding provides the "critical link" 

between the collected data and the meaning generated by the researcher during qualitative 

data analysis (Creswell & Plano-Clark, 2018). 

Thirteen participants in the main study volunteered for follow-up interviews. Nine 

women and four men (n = 13) answered all five open-ended interview questions (described 

above). The student researcher recorded the audio of each interview and uploaded the 

recording files for an artificial intelligence-based transcription service (Otter.ai; Los Altos, CA). 
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The student researcher reviewed, downloaded, and then deleted the transcripts from the server 

to protect the participants’ privacy.  

Coding the interview transcripts began with a conventional, inductive coding process 

(Creswell & Plano-Clark, 2018). The researcher read each transcript line-by-line and marked in 

the margin impressions, ideas, concepts, words, phrases, and perceptions of emotional affect 

(Glaser & Strauss, 2017). During the first coding cycle, the student researcher used a descriptive 

coding method to assign labels to data and then summarize those in a word or short phrase. 

This approach's advantage is to gain information directly from the participants without imposing 

preconceived notions (Glaser & Strauss, 2017). In addition, the researcher wrote memos after 

each interview and while coding interviews to continuously record interactions between data 

and theory (Rädiker & Kuckartz, 2020). 

The first thematic coding round highlighted patterns and themes within and between 

participants. The second coding round was focused coding. This round assessed code saturation 

and tested emerging ideas with disconfirming information (Rädiker & Kuckartz, 2020). The final 

coding round was theoretical coding. This round developed emergent concepts, clarifying 

relationships between codes and themes, comparing the emerging findings with theory, and 

generating new ideas and hypotheses. This effort yielded a codebook shown in Appendix C.  

All interview transcripts were analyzed using MAXQDA data analysis software (Berlin, 

Germany). The study used the software to perform additional code analysis using similarity, 

proximity, and frequency analysis (described in the next section). The findings present data 

extracts with minimal editing, preserving participants’ unique voices. The student researcher 

made minor edits only to protect the participants' identities. 
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Findings and Discussion 

Quantitative Findings 

Results of Pearson’s correlations, shown below in Table 4, indicated that there is a 

positive correlation between knowledge_comp and reaction_comp, (r(270) = .11, p < .05). This 

finding suggests that, as students' self-perceptions of their writing knowledge increase, their 

positive reactions to writing increase (and vice versa). Likewise, there is a second positive 

relationship between knowledge_comp and time-effort_comp, (r(270) = .15, p < .01). This 

finding indicates that as students' self-perceptions of their writing knowledge increase, their 

perceived abilities to effectively manage time and effort also increase (and vice versa). Finally, 

there is a third positive relationship between reaction_comp and time-effort_comp, (r(270) 

= .42, p < .01). This finding indicates that as students' positive reactions to writing increase, 

their perceived abilities to effectively manage time and effort also increase (and vice versa).  

Table 4 Needs Assessment Pearson’s Rho Correlation 

Needs Assessment Pearson’s Rho Correlation 

Composite Variable Knowledge_Comp Reaction_Comp Time-Effort_Comp 
Knowledge_comp  — .11 (p = .03 a**  .15 (p = .006) a* 
Reaction_comp .11 (p =.03) a** — .42 (p = .00) a* 
Time-effort_comp .15 (p = .006) a* .42 (p = .00) a* —	 
Note. a n = 270. *Correlation is significant at the .01 level (p-value: 1-tailed).  

The study identified several sub-groups of participants and analyzed their relationships 

to the mean scores on each writing self-efficacy subscale, shown in Table 5A. These included 

subgroups of full-time doctoral study (Year Group) and the field of study (Field Group). 

Groupings generated subgroup sizes large enough for further analysis. The subgroup data 

analysis using multivariate variance analysis (MANOVA) included these four group categories 
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and three continuous subscale variables of knowledge_comp, reaction_comp, and time-

effort_comp.  
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Table 5 Needs Assessment Multivariate Analysis of Variance (MANOVA)  

Needs Assessment Multivariate Analysis of Variance (MANOVA)  

5A. Between-Subject Factors 

Category Sub-Category n 
Year Group Year 1-2 90 

 Year 3-4 111 
 Year 5-7+ 69 

Field Group Applied Sciences 48 
 Education 34 
 Formal/Physical Sciences 31 
 Humanities 37 
 Life Sciences 34 
 Psychology 39 
 Social Sciences Other 47 

 

5B. Tests of Between-Subject Effects 

Source Dependent 
Variable 

Type III Sum 
of Squares 

d
f 

Mean 
Square 

 
F 

 
Sig. 

Partial Eta 
Squared 

Year Group time-effort_comp 4239.7 6 706.6 1.6 .015* .07 
 reaction_comp 9910.3 6 1651.7 4.1 <.001** .16 

Field Group time-effort_comp 5971.0 6 965.2 2.2 .048* .09 
        

*p < .05 and **p < .001 

The MANOVA test requires assuming homogeneity of variance, where the population 

variances of the dependent variable must be equal for all groups (Wagner, 2019). The Box’s Test 

of Equality of Covariance Matrices checks the homogeneity assumption as covariance across 

groups using the criterion of p < .001. In this analysis, the Box’s M (140.55) was not significant, 

p (.27) > (.001), indicating that there are no significant differences between the covariance 

matrices. Therefore, the assumption of equal covariance is not violated. Thus, Wilk’s Lambda is 

an appropriate next test for MANOVA analysis (Wagner, 2019). 
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The four categorical groups underwent a one-way MANOVA analysis, shown in Table 5B. 

Tests of between-subjects effects indicate significant differences among Year Groups of 

doctoral study on a linear combination of three dependent variables. Using an alpha level 

of .05, the test is significant, Wilk’s l = .76, F(6, 262) = 2.13, p < .005, h2 = .09. The multivariate 

h2 = .09 indicates that approximately 9% of the multivariate variance of each dependent 

variable is associated with the Year Group of full-time doctoral study. Notably, there were no 

statistically significant differences between groups by the dependent variable 

knowledge_comp. This finding is not surprising given the higher baseline level of writing 

knowledge that doctoral students possess compared to undergraduate students. The findings 

for the other dependent variables showed significance. Time-effort_comp was significantly 

different in the two groupings (Table 5B). Significant differences include: 

• Year Group, F(6, 269) = 1.60, p < .05, h2 = .07; 

• Field Group, F(6, 269) = 2.19, p < .05, h2 = .09. 

For instance, in the latter grouping, the multivariate h2 = .090 indicates that approximately 9.0% 

of the multivariate variance of the time-effort_comp dependent variable is associated with the 

field group. Further, the dependent variable, reaction_comp, was significantly different in Year 

Group, shown as: 

• Year Group, F(6, 270) = 4.07, p < .001, h2 = .16.  

For Year Group, the multivariate h2 = .16 indicates that approximately 16% of the multivariate 

variance of the reaction_comp dependent variable is associated with years of full-time study.  

Next, the study compared the inter-group differences of doctoral years that were 

significant in MANOVA with the mean scores of the dependent subscale variables using Tukey’s 
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Honestly Significant Different (HSD) test (Tukey, 1949). Tukey’s HSD multiple comparisons of 

means is an appropriate pairwise association test for two or more groups and two or more 

dependent variables’ means (Wagner, 2019). The assumptions of homogeneity of variances, 

normality, and linearity were satisfied in prior case processing and analyses (Table 3). The Tukey 

HSD analysis was conducted using an open-source Statsmodel notebook for Python. 

As shown in Table 6 below and Appendix D, the results of Tukey’s HSD multiple 

comparisons of means (a = .05) revealed significant differences in the means of time-

effort_comp by the doctoral year group and field group. Between Year Group 1-2 and Year 

Group 5-7+, there is a significant decrease in all field groups in perceived time and effort to 

complete writing tasks, for instance, reflected in Humanities as a mean difference of -20.8 at p 

< .05.  

For Humanities (Table 6 and Appendix D1), between Year Group 1-2 and Year Group 5-

7+, there is a significant decrease in perceived time and effort to complete writing tasks. This 

was reflected in a mean difference of -20.8 at p < .05. Likewise, between Year Group 3-4 and 

Year Group 5-7+, there is a significant decrease in perceived time and effort to complete writing 

tasks. This was reflected a mean difference of -25.8 at p < .05. In both instances, the correlation 

is negative and beginning participants rated their self-efficacy beliefs for writing time and effort 

lower as they progress through their doctoral degree programs.  
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Table 6 Needs Assessment Multiple Comparison of Means of Writing Self-Efficacy  

Needs Assessment Multiple Comparison of Means (Tukey) of Writing Self-Efficacy Subscales  

Multiple Comparison of Means: Tukey HSD, FWER = .05 
Time-Effort_Comp 

group1 group2 meandiff p-adj lower upper reject 
Year 1-2 Year 3-4 4.9 0.82 -16.1 25.9 False 
Year 1-2 Year 5-7+ -20.8 0.05* -41.4 -0.23 True 
Year 3-4 Year 5-7+ -25.8 0.01* -46.8 -4.7 True 

Reaction_Comp 
group1 group2 meandiff p-adj lower upper reject 
Year 1-2 Year 3-4 14.4 0.19 -5.5 34.4 False 
Year 1-2 Year 5-7+ -13.9 0.20 -33.4 5.6 False 
Year 3-4 Year 5-7+ -28.3 0.004* -48.3 -8.4 True 

Knowledge_Comp 
group1 group2 meandiff p-adj lower upper reject 
Year 1-2 Year 3-4 -4.6 0.84 -25.6 16.5 False 
Year 1-2 Year 5-7+ -3.9 0.88 -24.6 16.7 False 
Year 3-4 Year 5-7+ 0.62 0.9 -20.4 21.7 False 

Note. Tukey’s HSD null hypothesis is that pairwise means are equal. The results of paired means 

with *p < .05 are statistically significant, indicating that the means are not equal. Therefore, for 

these pairs marked in bold, the study rejects the null hypothesis that the means are equal. 

Another significant decrease occurred in the means of Humanities participants’ physical 

and emotional response to writing between Year Group 3-4 and Year Group 5-7+. This 

difference was reflected in a mean difference of -28.3 at p <.05. Again, the mean of the 

intermediate participants (i.e., Year Group 3-4) was higher than the later phase participants 

(i.e., Year Group 5-7+). This finding appears as a graph in Appendix D1, where the plotted 

intervals of group years and mean scores for each major field group are color-coded according 

to significance (a = .05). The comparison group is shown in red (i.e., Year Group 1-2), and all 

groups that are significantly different from it are shown in blue (i.e., Year Group 5-7+). 

Insignificant groups concerning the comparison group color code in gray. A lower mean score 
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corresponds with decreased perceived writing time and effort self-efficacy. This finding 

indicates that as their doctoral programs progressed, the physical and emotional reactions to 

writing—such as frequency of headaches, crying, and vomiting—worsened.  

Similarly, the findings for Physical Sciences appear in Appendix D2. Again, the 

comparison group appears in red, and all groups significantly different from it appears in blue. 

In Physical Sciences (Appendix D2), Year Groups 1-2 and 3-4 have similar means for perceived 

time and effort for writing, and there is a significant change with Year Group 5-7+. This finding 

makes sense within field norms, where most doctoral students in physical sciences transition to 

dissertation writing somewhere between years three and five. One notable exception is 

Chemistry, where first-year students write a literature review before beginning their projects.  

Finally, the findings for Social Sciences appear in Appendix D3. Like Humanities, there is 

a significant difference in perceived time and effort for writing between Year Groups 1-2 and 5-

7+. This finding makes sense within wide-ranging field norms, where dissertation writing begins 

in education as early as year two or in psychology as late as year five.  

Qualitative Findings 

The analysis began with code similarity analyses after uploading the transcripts and 

codes to MAXQDA. This coding comparison chart shows high similarity in the inductive category 

building (blue bars) in the transcripts' text segments (Kuckartz, 2014). These findings indicate 

that similar codes, themes, and patterns occurred in similar places in the interviews, showing 

consistency across procedures. 
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In addition, three interviews show where outlier topics occur. Outlier codes, defined as 

occurring once in one document, were excluded from the principal analysis to improve 

reliability. Instead, outlier and singleton codes provided disconfirming information. 

Frequency and Proximity Analysis 

Specific qualitative analysis techniques included inductive coding, thematic, frequency 

(i.e., counting), and proximity analysis (Armborst, 2017; Hsieh & Shannon, 2005; Jackson & 

Trochim, 2002; Miles et al., 2013). Frequency analysis considers how often each code appears in 

the transcripts. The initial frequency analysis findings appear in Table 7 below. Code frequency 

analysis considered code counts by interview segments (n = 969) and by open response 

segments (n = 283). The most frequent inductive code counts by interview segment include 

advising (6.4%), reading (4.9%), and feedback (4.2%). By comparison, the most frequent codes 

from the open-response questions were writing (12.4%), time management (9.5%), and 

motivation (7.4%). 
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Table 7 Needs Assessment Inductive Code Frequencies By Segments and  

Needs Assessment Inductive Code Frequencies By Segments and Documents 

Rank Interview 
Codes 

Coded Text 
Segmentsa  

 Rank Open 
Response 
Codes 

Coded Text 
Segments b 

  Freq. Percent    Freq. Percent 
1. Advising 62 6.4% 1. Writing - 

Organization/ 
Structure/ 
Voice/Detail 

35 12.4% 

2. Reading 48 4.9% 2. Time 
management  

27 9.5% 

3. Feedback  41 4.2% 3. Motivation 21 7.4% 
 

4. Time 
management 

40 4.1% 4. Revising 12 4.2% 

5. Personal 
needs 

36 3.7% 5. Research/ 
Field of study  

12 4.2% 
 

6. Writing - 
Organization/ 
Structure/ 
Voice/Detail 

35 3.6% 6. Reading 10 3.5% 
 

7. Peer 
relationships 

26 2.7% 7. Personal 
Needs 

10 3.5% 

8. Motivation 21 2.2% 8. Advising 10 3.5% 
9. Research/  

Field of study 
18 1.9% 9. Feedback 10 3.5% 

10. Support/ 
Connection 

17 1.8% 10. Program/ 
Department  

9 3.2% 

Note. Segments include all instances of coded text in qualitative documents. Documents refer 

to interview transcripts and completed open-ended survey responses. a n = 969. b n = 283. 

 Next, proximity analysis considers the linguistic distance between pairs of codes with a 

maximum distance of one paragraph from each other in the transcripts (Armborst, 2017). One 

paragraph is defined as a participant’s complete response to a question. The rationale for this 

distance choice arose from the initial thematic analysis of transcripts, which showed that 
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participants typically provided only one response to each topic. Combining proximity analysis 

with code frequency findings generated a visual concept map shown in Figure 3 below. The 

frequency findings suggested two boundaries of participants’ experience. First is an initial, 

dependent state characterized by heavy reliance on advising (bottom left). Second is a final, 

independent state marked by autonomous research. Between the extremes of experiences of 

dependent and independent, participants described a myriad of experiences and skills that 

propel students from dependent on their advisors toward becoming independent researchers. 

The heart of this process is reading primary sources effectively because reading touches every 

essential aspect of doctoral work, including writing, revising, and synthesis. Reading primary 

sources remained necessary for participants who were close to being independent researchers. 

Further, the concept map shows that participants entered their doctoral programs with varying 

levels of preparation for reading primary sources, which were determined in part by their field 

of study and prior academic experiences. 
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Figure 3 Concept Map of Major Factors  

Concept Map of Major Factors for Doctoral Academic Progress 

 

Note. This concept map is a visualization of the code distances in the transcripts, defined as a 

complete response to an interview question (Armborst, 2017; Jackson & Trochim, 2002). 

Counting codes, such as proximity counts, is one method of enhancing the study's credibility 

(Miles et al., 2013; Patton, 2014). For instance, the advising code appeared most frequently in 

the transcripts near the codes of revising and editing, suggesting that the participants closely 

related the concepts.  

The study’s multi-step analysis process (i.e., proximity, frequency, and code cluster) was 

repeated for each concept map node, generating emergent themes on the challenges doctoral 

students experience earning a degree. These challenges include reading, writing, researching, 

advising, time management, and motivation. Two meta-themes emerged from this analysis: 

dependence and independence. These findings formed the basis for the study’s codebook, 

shown in Appendix C.  
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Credibility and Biases 

Quantizing (or counting) enhances the study's credibility (Miles et al., 2013; Patton, 

2014). Code counts (Miles et al., 2013) and proximity frequencies (Armborst, 2017) are counting 

methods used herein to improve credibility. The study also used disconfirming cases to 

strengthen credibility, such as the codes “no challenges with writing” and “strong writer,” which 

served as counterfactuals to the experiences of challenges with writing. For instance, 

participants expressing difficulty with feedback from advisors expressed this idea several times 

in a single interview. By comparison, participants who viewed themselves as strong writers 

expressed less difficulty with feedback. This discrepancy led to revised quantizing procedures 

for code frequency (Table 7). Counting codes by segment reflects how often an idea was 

expressed anywhere, whereas counting by documents reflects how many participants said it.  

A significant bias source is the study’s demographics, which consists predominantly of 

females in social sciences (n = 8 or 61.5%). The qualitative data are also limited by field, with 

most participants in Social Sciences (n = 10 or 76.9%). Another weakness of the study is using 

only two credibility measures, quantizing and disconfirming cases. Additional credibility 

measures, such as verifying findings with participants and considering high-impact negative 

cases (i.e., students who quit their programs), could expose potential biases and strengthen 

credibility (Miles et al., 2013).  

Discussion 

This study attempted to fill a gap in understanding doctoral students’ academic and 

writing challenges related to writing self-efficacy using a mixed-methods approach. The 

quantitative independent variables were years of full-time doctoral study and the field of study. 
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The dependent variables were the subscales of perceived writing process knowledge 

(knowledge_comp), physical and emotional to writing (reaction_comp), and time and effort 

(time-effort_comp). The qualitative concepts focused on why and how these variables relate by 

asking about current challenges, needs, and support.  

Research question 1. What are the doctoral student participants’ challenges in terms of 

academics and writing? 

The study found that doctoral students face several major academic challenges shown in 

Figure 4 below. The study found that the top academic challenges were writing in the discipline 

(50%), research (49%), writing papers and proposals (37%), and reading the primary literature 

(28%). These challenges form the core practices of doctoral work necessary to transform 

doctoral students from dependent to independent scholars and confirm Kwan’s (2008) previous 

findings that reading, writing, and research are interconnected. Finally, the participants 

reported that advising, feedback, and motivation are key factors that frame and fuel their 

doctoral preparation process. The remainder of this section explores the findings in greater 

detail. 
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Figure 4 Academic Challenges of Earning a Doctoral Degree in October 2020 

Academic Challenges of Earning a Doctoral Degree in October 2020 

 

Note. These data represent the participants’ responses to the question, Which academic 

challenges are you currently experiencing? 

 Academic writing in the discipline, papers, and proposals emerged as major academic 

challenges. Participants elaborated on the most difficult aspects of writing, as shown in Figure 5 

below. The top writing challenges were structure and organization (24%) and content issues 

(18%), followed by clarity of thinking, voice, and tone (16%), communications around feedback 

and expectations (16%), and problems with research (15%). Motivation (10%) and reading-for-

writing (10%) were also significant issues. 
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Figure 5 Challenges with Doctoral Writing 

Challenges with Doctoral Writing 

 

Note. These data represent participants’ responses to the question, What challenges with 

academic writing are you experiencing?  

 Participants also reported the types of writing support they received in their doctoral 

programs, as shown below in Figure 6. Feedback from an advisor or professor (28%) was the 

primary support. Other supports in doctoral programs included examples of good work (20%), 

feedback from peers (14%), on-campus seminars/workshops (7%), and a research writing 

course (5%). Worryingly, 3% of participants reported receiving no writing support. While 

feedback remains the primary writing support, most participants received multiple types of 

support. 
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Figure 6 Support with Writing Received in Doctoral Program  

Support with Writing Received in Doctoral Program  

 

Note. The national survey conducted in October 2020 polled currently enrolled U.S. doctoral 

students (n = 270). All participants responded to the question, What writing supports have you 

received in your doctoral program? Participants were prompted to select all that apply, 

generating 778 total comments.  

Research question 2. What is the relationship between each of the writing self-efficacy 

factors: writing process knowledge, physical and emotional to writing, and level of 

time/effort?  

The quantitative analysis found positive correlations with acceptable reliability between the 

composite variables related to self-efficacy under study, knowledge_comp, reaction_comp, and time-

effort_comp. Thus, there is sufficient evidence that all variables are related in a unidirectional way. 

20%

28%

14%

3%

3%

7%

4%

4%

5%

3%

2%

3%

1%

1%

3%

0% 5% 10% 15% 20% 25% 30%

Examples of good work from peers/professors
Feedback on my writing from…

Feedback on my writing from peers/writing…
No writing support of any kind
OFF campus research writing…
ON campus research writing…

Online course(s)
Online video(s)

Research writing course in the…
Research writing course on campus

Seminar/workshop at professional society…
Writing center/clinic
Writing tutor/coach

Other (please share any other type of writing…
Writing group

Percent of Comments (n = 778)

W
rit
in
g 
Su
pp

or
t



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

75 

When one increases, the other increases, and when one decreases, the other decreases. In other 

words, time and effort improve if a student’s writing process knowledge improves. Likewise, time and 

effort improve if a student’s physical and emotional reaction to writing improves. The findings support 

the a priori assumption of positive relationships among the subscales reported by Schmidt and 

Alexander (2012).  

The qualitative data show convergent results. Participants frequently expressed that 

their academic writing has grown and changed over time as expectations increased from 

undergraduate to graduate school. One participant, a second-year doctoral student in 

Psychology, summarized the growth arc: "I think my [academic] writing has changed a lot from 

when I first started an undergraduate to my master's program.” She elaborated further on how 

understanding her needs connects with writing: 

Getting to this point and learning the process of research writing for myself, I’ve learned 

[in my second year] where my breaking point was ( … ) tuning into my needs, as a 

student and a person, really helped with the writing process as well. 

This participant’s experience identified an emotional breaking point concerning research 

writing during the second year of her doctoral program. She identified self-care as necessary to 

continue in the process of learning scholarly writing. The participants also described a positive 

relationship between taking care of her needs and improving her writing. These findings 

connect to the idea expressed by Aitchison et al. (2012) that learning doctoral writing is not just 

an intellectual endeavor and is more emotional than most people assume and can be “a stage 

the stage for the playing out of tensions over changing roles and identities aggravated by 

contemporary pressures on doctoral students” (p. 435).  
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Even when participants know emotional breakdown and self-care are essential parts of 

the process, they experience physical and emotional reactions to doctoral writing. Fear, anxiety, 

and overwhelm are major factors. A participant, who is a second-year doctoral student in 

Communications, described his feelings: 

I’ve improved a lot ( … ) [and] the writing bit of the doctorate in some ways terrifies me. 

I'm just kind of overwhelmed with the idea of having to write a document this large and 

a study of the scope of what I'm going to be undertaking. 

The participant identifies feelings of fear and overwhelm at the scope of researching and 

writing a dissertation, despite being in a field that requires strong pre-requisite communications 

skills that he possesses. Pajares and Johnson (1993) found that negative feelings and low 

confidence reduce performance, despite writing skills. Without reinforcement and adequate 

support, low confidence fueled by negative emotions, such as fear, anxiety, and worry, can 

become major obstacles.   

Research question 3. What is the relationship between each writing self-efficacy factor and 

years of doctoral experience and the field of study?  

Years of Doctoral Experience. The quantitative analysis found two statistically significant 

associations, as shown in Tables 5-6. A significant overall effect was found between the doctoral year 

group and two writing self-efficacy subscales, reaction_comp, (F(6, 269) = 4.074, p < .05, h2 = .16); and 

time-effort_comp, (F(6, 269) = 1.6, p < .05, h2 = .07). This finding suggests a significant variance 

between doctoral year and physical and emotional reaction to writing with a small effect size and time 

and effort to complete writing tasks with a moderate effect size. A second significant variance was 

found between the field of study and time-effort_comp (F(6,269) = 2.19, p < .05, h2 = .09). This finding 



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

77 

suggests a variance between the field of study and time and effort to complete writing tasks with a 

small effect size. While MANOVA findings indicate that variances between groups are significant, they 

do not reveal precisely where the differences occur. Thus, post-hoc tests are necessary.   

Subsequent post-hoc tests of significant MANOVA findings generated multiple comparisons of 

subscale means by doctoral year and field of study using Tukey’s HSD procedure (a = .05). The findings 

revealed significant differences at p < .01 for three areas, Humanities, Physical Sciences, and Social 

Sciences, in terms of mean time-effort_comp. For Humanities, the means of time-effort_comp are 

significantly different for Year Group 1-2 and Year Group 5-7+, and the means for reaction_comp are 

significantly different for Year Groups 1-2 and 5-7+. For Physical Sciences and Social Sciences, the 

means of time-effort_comp significantly differ between Year Groups 1-2 and 5-7+. The directionality of 

these differences is such that time, effort, and physical and emotional to writing increase with years of 

experience. These findings reflect programmatic and preparation differences between fields. For 

instance, it is typical for doctoral students in Physics to begin research and writing after three years of 

coursework, while students in Social Sciences experience much more variable coursework loads. The 

findings suggest that students’ perceived writing self-efficacy relates to their experience and declines.  

The qualitative data again show convergent results. Participants described their doctoral 

programs as having a coursework phase followed by a dissertation phase. Writing is central to both 

stages, first as course papers and later as research dissertations. Again, the second-year participant in 

Communications explained: 

I'm completing coursework at this point, and I'm attempting to zero in on a topic for my 

research ( … ). In the early part of the program itself, during my classes, many papers that I 

wrote were not for my topic. I tried to write as many assignments as I could based on the theory 
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of the media that I will need for my dissertation. So, I proposed it to the [course] professors 

first, so I could intertwine them better and speed up the process. 

This student understands that having a body of writing about the central theory of his 

dissertation from the coursework phase of a doctorate will save him time later during the research 

phase. Connecting coursework writing to the production of dissertation chapters is a supportive 

practice used by some professional doctoral programs, such as Ed.D. programs. Further, the student 

described using his agency and autonomy to increase the course’s relevance to his goal, a tenet of self-

determination theory (Deci & Ryan, 2012).  

Still, learning scholarly writing is abstract, complex, and time-consuming. Feedback from 

professors and advisors is a primary method by which participants experience learning writing in their 

doctoral programs. In addition, feedback is the primary pedagogy of learning writing in a research 

discipline. A second-year doctoral student in Psychology described her experience: 

I've been thinking about ( … ) the writing that we do in graduate school. Expectations get higher, 

but you don’t really get feedback in terms of papers you submit in courses. You just kind of turn 

them in, and you get a grade at the end of the semester. But there's no real kind of actual 

feedback about your ideas or the way you worded things. And so, I think it's kind of given me 

this sense of like, well, I guess that was fine. I came into this program feeling like I'm actually a 

pretty good writer, and I feel like I have really lost that feeling because now I get only negative 

feedback from my [research] advisor. Positive feedback is not shared because there's no time. 

The back and forth between my advisor and me is a drawn-out process, maybe like several 

weeks at a time. And by then, you have learned your mistakes and lose the momentum. And 

then you have to muster up the momentum all over again, and that’s been really hard. 
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The participant’s experience describes how insufficient feedback on her writing from course 

professors did not prepare her for negative feedback on dissertation chapters from her research 

advisor. The inconsistencies and delays in advisor feedback reinforced her mistakes while also sapping 

her motivation. The advisor’s time constraints further limit feedback to only negative feedback, which 

can feel demotivating or demoralizing over time. She added, “some students develop a ‘thick skin’ 

about negative feedback and learn to see it as useful, but many like me struggle to take in endless red 

ink with a smile.” These findings support the premise that learning writing is a sociocultural process 

(Vygotsky, 1978), where discursive interactions between students and their advisors are primary 

methods of skill development (Brown & Renshaw, 2000).  

Field of Study. Quantitative analysis indicates that participants’ perceived time and 

effort is a significant factor by year of study in three areas, Physical Sciences, Humanities, and 

Social Sciences. In Physical Sciences, a significant decrease in participants’ writing self-efficacy 

beliefs occurs between years 4 and 5, which fits with general field practices of coursework in 

years 1-3 and research in years 4-7+. Writing becomes more challenging as the research load 

increases, while experience and preparation are insufficient for independence. In Humanities, a 

different pattern appears. 

There was a significant decrease in participants’ writing self-efficacy beliefs between 

year groups 3-4 and 5-7+, which fits the field pattern of ongoing data collection in years two-

five-5, turning into an urgent need for a large amount of writing starting in year six in a typical 

Ph.D. program. In Social Sciences, a significant decrease in participants’ writing self-efficacy 

beliefs occurred between year groups 1-2 and 3-4, which typically marks the transition when 

students complete comprehensive exams and start research projects. However, subfield sample 
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sizes had a wide range, suggesting individual subfield practices complicate this finding. For 

instance, doctoral students in chemistry typically write a literature-based research proposal in 

their first year. In contrast, social science students may not do so until the second or third year. 

Further study is needed to investigate the effects of nuanced subfield transitions between 

coursework and dissertation writing.  

The qualitative findings show convergent results and explain the quantitative findings. Writing 

self-efficacy beliefs, especially perceived time and effort, decrease when participants transition from 

coursework writing to research writing. The timing of this change varies by field of study. A third-year 

participant in Physics described his experience during this transition:  

There's no course requirement for writing in our [Physics] department. I've learned by 

just practice, which is, I guess, detrimental. When we do have writing sessions with 

people in my lab, we just sit down and have random sessions, like live coding sessions, 

where we have a task, and we try to do collaborative writing as a group. And that can be 

sometimes helpful. You can see your mistakes in real-time, and that saves time. 

Otherwise, there's not a lot of formal preparation for writing, but there's nice support 

from peers. I don't know if another formal class [in writing] will be useful, but I think 

definitely a workshop, especially at my stage where I’m just finishing my coursework 

[and starting research]. Some kind of writing workshop that happens annually, monthly, 

or something that's recurring, so that you eventually learn about good writing. Because 

I'm sure there are a lot of good writers, but in the physical sciences, people just tend to 

learn on their own, and I don't think that's very useful. Eventually, I will learn how to be 

a good writer, but I think having some kind of structure in workshops is better than 
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guessing. And then, in general, I need a lot more mentors and more people who can give 

feedback. My advisor and the [lab] postdocs are critical, and that’s useful, but they are 

just too busy. 

This participant in Physics described his transition from coursework at the end of year three to 

research starting in year four. He explains how learning to be a scholarly writer feels like random 

guesswork. He would like to become a good writer and would benefit from more structure, such as 

regular writing workshops and more mentors who can give feedback faster. He also benefits from peer 

support and real-time writing/editing sessions and expressed interest in more of those. This finding 

supports the notion that sociocultural learning should go beyond the student-advisor relation to 

include peers and more capable others, as described by Brown and Renshaw (2000). 

Strengths and Limitations 

The study had both strengths and limitations. A strength of this study is sampling. The 

study achieved a large enough sample size to achieve the effect size goal. Likewise, the study 

participants represented a variety of disciplines and years of experience sufficient to perform 

correlational analyses. The study also used triangulation (i.e., of methods and data) to increase 

the trustworthiness of the results (Guba, 1981).  

Several limitations apply to this study. A limitation of the quantitative data is that it does 

not address contextual factors, such as how participants feel about doctoral writing and why. A 

limitation of the qualitative data is that it does not provide a reliable measurement scale 

applicable to other groups. Combining both data sets into a mixed-methods needs analysis 

addresses each data type's limitations and strengthens the conclusions. However, a limitation of 

a convergent parallel design is that because both data sets are collected and then merged, the 
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study may fail to capture the power of qualitative data to generate hypotheses that could 

inform data collection, as happens with transformative study design (Creswell & Plano Clark, 

2018; Miles et al., 2013). 

Further, there are additional limitations of the qualitative findings. The study uses only 

two methods, counting, and disconfirming information, to verify results. Other credibility 

measures, such as negative case analysis and member checking, would improve the 

trustworthiness of the results. Likewise, Tukey HSD tests showed a high variance when the field 

of study sample sizes was small (Miles et al., 2013). Repeating the field of study analysis with 

larger sample sizes would clarify the findings, particularly for Social Sciences. 

Summary 

This study explored the academic challenges of earning a doctoral degree using a mixed-

methods design centering on a national survey of U.S. doctoral students (n = 270) in October 

2020. The study found that the participants’ top academic challenges were writing in the 

discipline (50%), research methods (49%), writing papers/proposals (37%), and reading research 

literature (28%). Participants also struggled with confusion, motivation, negative emotions, 

learning disabilities, and balancing a long list of competing demands that led to serious self-

doubt. One participant “nearly threw in the towel during my second year because the 

professors constantly said, you know, your writing is atrocious.” Another explained that her 

program “found all of my weaknesses but didn’t offer much support to fix them.”  

Participants reported statistically significant (p < .05) lower writing self-efficacy in terms 

of time and effort to complete writing tasks and physical and emotional to writing from the 

beginning of the second year of their program onward. A subset of participants who underwent 
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interviews (n =15) corroborated this finding. Many participants described becoming less 

confident in their writing abilities over time because of the mounting workload and 

interconnected demands of reading, writing, and research combined with the de-motivating 

effects of highly variable feedback from advisors and programmatic delays. For instance, a 

participant explained that “the long lag time between feedback is demotivating because you 

must muster the momentum over and over again. That’s been really hard.” Previous studies of 

doctoral students using various research methods support these findings (Ampaw & Jaeger, 

2012; Brubacher & Silinda, 2019; Hollingsworth & Fassinger, 2002; Litalien & Guay, 2015). A 

notable exception is Bieschke et al. (1996), who found that experience over time increased 

research self-efficacy, but the study did not specifically examine writing self-efficacy.  

Further, the study participants reported various issues and their needs concerning 

learning writing in the doctoral discipline centered around a few main challenges. When asked 

an open-ended question, What challenges with academic writing are you experiencing, the 

most frequent response focused on structure and content. One participant reported, “I don’t 

feel as though I understand the expected [writing] format.” Another elaborated on this 

confusion, “There are competing approaches to [writing] formatting, tone, citations, even 

within my field, depending on the type of writing.” Another explained that the confusion about 

structure, organization, and expected level of detail made it “really hard to get started 

[writing].”  

Feedback from advisors and professors is the primary preparation tool at the doctoral 

level, and feedback works well for some students. Participants reported receiving feedback on 

their writing from course professors and advisors. For instance, 28% of participants reported 
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feedback as helpful support with papers. A participant noted that feedback from the research 

advisor helped her “feel really confident about my writing because I've had [her] support. My 

advisor is really involved in my writing process. She’s supportive and great.” Another participant 

described having “a wonderful advisor who’s always there for me.” 

But not everyone benefits from feedback. For instance, an equal number of participants 

(28%) reported harmful feedback from advisors and professors. A participant explained how 

busy schedules make it difficult to receive feedback because “I am at the mercy of her [my 

advisor] responding to my emails, and she's very bad at that. So, it's been a very isolating 

experience.” Another participant described how there was not enough attention to his early 

drafts because, after sending them, “my advisor emailed me back and said, ‘I don’t want to see 

your [dissertation] chapters until they’re finished.’” Another participant explained that the lack 

of attention and feedback was “the perfect way to learn my mistakes.” Finally, one participant 

wished for “other people who could be actively involved in my writing process.” 

Beyond feedback, participants reported several valuable writing supports in doctoral 

programs (Figure 6), including examples of good work (20%), feedback from peers (14%), and 

on-campus seminars/workshops (7%). One participant explained how these supports can 

intersect, “I have someone who is in the senior year of my program with the same supervisor, 

and we often will edit each other's work and bounce ideas back and forth to kind of try to 

improve each other and challenge each other to communicate more concisely and clearly.” 

These findings show that students desire and benefit from multiple types of support.  

A major implication of these findings is that any assistance with academic reading or 

writing must recognize the interconnected nature of core skills and offset challenges with 
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feedback. For instance, making hidden expectations explicit and offering a choice of assistance 

medium, such as online, in-person, and blended formats would provide the participants with a 

range of supportive options. Future studies should consider other ways to support students, 

such as embedding assistance into an existing program or activity where doctoral students 

know that help with other issues is already available in forums such as courses, conferences, 

seminars, or graduate student meetings. 
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Chapter Three 

Review of the Intervention Literature 

Introduction 

Without strong reading skills, writing and research skills do not fully develop because 

"reading and writing do not stand in a functional relationship with inquiry [i.e., research] but are 

constitutive of it–essential elements of the whole" (Norris & Phillips, 2003, p. 226). Yet, many 

doctoral programs do not explicitly teach primary literature critical reading skills, which are 

generally assumed and unaided (Kwan, 2009). Assumed skills form part of a hidden curriculum 

that advantages students who receive adequate preparation (Margolis, 2001).  

This chapter offers a review of research literature on potential interventions to address 

the problem of practice of developing core skills among U.S. doctoral students. The chapter 

begins with a discussion of needs assessment findings as presented in Chapter Two, a summary 

of the challenges with critical reading, and an overview of potential interventions within the 

existing research literature. The chapter concludes with a proposal for an intervention to 

address the literacy needs of U.S. doctoral students. This review of research literature will 

contextualize the selected intervention and offer a rationale grounded in the research literature 

for its selection and usage in the dissertation study.  

In October 2020, a national survey of U.S. doctoral students (n = 270) found that the 

participants’ top academic challenges were writing in the discipline (50%), research (49%), 

writing papers/proposals (37%), and reading research papers (28%; see Chapter 2). Many 

described becoming less confident in their abilities over time because of the mounting 

workload and interconnected demands of reading, writing, and researching combined with the 
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de-motivating effects of highly variable feedback from advisors and programmatic delays. 

Previous studies of doctoral students using various research methods corroborate these findings 

(Ampaw & Jaeger, 2012; Brubacher & Silinda, 2019; Hollingsworth & Fassinger, 2002; Litalien & 

Guay, 2015).  

Further, the study participants struggled with confusion, motivation, and negative 

emotions while balancing a long list of competing demands. Any assistance must address those 

challenges, and multiple types of support emerged as most beneficial. For instance, participants 

felt supported when aid was embedded into an existing program or activity, such as courses, 

conferences, seminars, or graduate student meetings, where help with other issues was already 

available. Moreover, this approach avoids the problem of low help-seeking behavior identified 

by Kuruppu and Gruber (2006). They found that graduate students and faculty incorrectly 

appraised their information-finding skills and frequently failed to ask for help when needed. 

Thus, embedding academic support creates a social context for seeking help that does not 

require accurate self-appraisal. Likewise, embedding support into existing seminars and 

workshops saves faculty the effort of designing new courses (McAlpine, 2012). 

Theoretical Framework /Conceptual Framework 

In higher education, creating new knowledge through research and writing is a primary 

learning objective. In the sociocultural tradition, Vygotskian notions of gaining knowledge guide 

research because learning often occurs from participating in activities with others (Vygotsky, 

1978). Sociocultural researchers view knowledge building in the sciences as a discursive activity 

because learning requires understanding multiple levels of discourse (Chin & Osborne, 2010; 

Kelly & Crawford, 1997). Further, the sociocultural tradition emphasizes the social 
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constructionist view. This view focuses on discursive actions between teacher and student or 

between students in collaborative argumentation (Brown & Renshaw, 2000). Research on 

younger students shows that social or cultural backgrounds explain differences in how they 

understand and identify with socio-scientific issues (Evagorou & Osborne, 2013). In higher 

education, written discourse is an act of authorial identity, for instance, writing an 

undergraduate course essay on historical leaders that examines their roles in a sociocultural 

issue, such as war or famine. Students align themselves with positions (e.g., leaders should act 

to avoid public harm) shaped by sociocultural factors (e.g., war and famine are destructive) and 

thereby either reproduce or challenge dominant cultural values, beliefs, and interests (e.g., the 

leader was good or bad; Ivanic, 1989). 

Sociocultural theory provides a rational and rich theoretical framework to investigate the 

relationship between language and learning at the doctoral level (Vygotsky, 1978). Discursive 

activities between professor and student, between student and published research papers, and 

between students in a collaborative discussion support original research, culminating in a 

written dissertation (Brown & Renshaw, 2000). Students develop, revise, and refine their ideas 

through reading, writing, and feedback from more knowledgeable others, such as advisors, 

professors, peers, and researchers in the field. Written discourse is critical as an act of authorial 

identity in which students examine and adopt socioculturally shaped positions within the 

discipline (Ivanic, 1998; Zywica & Gomez, 2008). For instance, a successful research paper 

expresses an understanding of relevant content knowledge and research skills situated in the 

disciplinary activities, contexts, literature, relationships, and culture in which it is developed and 
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used (Brown et al., 1996). In addition, students observe, experience, and learn discipline-

specific norms by participating in discursive activities.  

However, the primary research literature forms a unique genre. Primary literature 

articles are not meant to be read from the ground up, start-to-finish like novels. Beginning 

graduate students tend to be unaware of this academic norm (Lie et al., 2016). This situation is 

not surprising because non-narrative texts are rarely given strategic reading skill development 

support, as are narrative texts in English courses at the K-12 and undergraduate levels. Likewise, 

many doctoral students are unaware that “the doctoral reading process is inextricably entwined 

with effective writing and warrants greater empirical attention as to its impact on students’ 

identity formation, scholarly development, and research quality” (Sverdlik et al., 2018, p. 368). 

All incoming doctoral students deserve this basic understanding of reading and its impact on 

how they are going to learn. 

The dynamic relationship between thought, language, and culture is why scholarly 

writing is challenging to learn. Students experience and learn disciplinary, cultural norms 

through coursework, lectures, presentations, conferences, and reading primary literature. Thus, 

learning to write scholarly text takes a long time, requires sustained effort and practice, and 

engages deeply held beliefs (Alexander et al., 2009). Moreover, beliefs generate feelings, which 

may be why learning scholarly writing feels far more emotional than the traditional view of 

learning acknowledges. 

Doctoral instructors often fail to take advantage of this interconnection between reading 

and writing. Reading critically and analytically is crucial for graduate and professional students 

because those who possess good critical reading skills can go “beyond the information given by 
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asking questions, making hypotheses, seeking evidence, and validating assumptions” (Anuar & 

Sidhu, 2017, p. 164). Hudson (2009) argued that students exposed to critical reading strategies 

could identify and synthesize main points or compare texts critically.  

Unfortunately, many graduate and professional students rely on reading strategies 

taught in high school or undergraduate courses. One example is taking notes only during 

lectures and highlighting passages of academic texts. Highlighting texts has migrated online in 

apps such as Additor (Walnut, CA), Adobe (San Jose, CA), and HyLighter (Tallahassee, FL). Even 

with interactive features, highlighting does not require active engagement with the text, such as 

paraphrasing or summarizing, which helps to consolidate learning. More effective structured 

notetaking systems, such as Cornell Notes or REAP (Pauk & Owens, 2013), increase students' 

critical reading skills, including synthesis, analysis, and evaluation (Ahmad, 2019). However, the 

ongoing struggle to develop literature synthesis skills at the doctoral level, as described by 

Aitchison et al. (2012) and Boote and Beile (2005), suggests that students’ critical reading skills 

are not sufficiently developed with these strategies and methods. 

This chapter adopts a conceptual model of critical reading pedagogy combined with 

social, collaborative annotation (SCA) tools to build doctoral students' core skills. Reading 

connects to researching and writing, moderated by arguments from evidence published in the 

primary literature. Research on doctoral reading practices indicates that multiple sub-processes 

contribute to how students read the primary literature, depending on their goals, such as 

reading for the literature review, methodology development, or reading for the study (Kwan, 

2009). These dynamic, constitutive reading interactions form the conceptual framework shown 

in Figure 7 below. These reading sub-processes using the primary literature (PL) are abstract and 
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cognitively demanding. Engaging with one causes the others to fade into students' mental 

backgrounds (Kwan, 2009). For instance, reading for the literature review foreclosed reading for 

methods. This work implies that doctoral students read PL discretely, so reading for one specific 

goal precludes reading for other purposes. By comparison, expert readers of PL can connect 

reading sub-processes, such as reflecting on methods while reading the discussion. 

Figure 7 Conceptual Model of Reading Research for Writing  

Conceptual Model of Reading Research for Writing at the Doctoral Level 

 

Note. This conceptual model displays the nexus of co-constructed core reading skills at the 

doctoral level, adapted from Kwan (2008). PL indicates primary literature.  

The primary motivation behind critical reading methods is to dissect each paper's 

structure and central argument, as shown in the conceptual model (Figure 7). This process 

begins with published research papers arguing from evidence (not arguing from rhetoric, which 

is a different domain that necessitates other approaches). Dissecting an argument from 

evidence involves collecting/curating papers, iteratively reading each article, 
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comparing/categorizing the main ideas, methods, and findings, annotating, and writing. As 

Kwan (2009) showed, these steps can happen sequentially, but students are more likely to use 

them dynamically as needed. In other words, dissecting an argument in the PL is a non-linear, 

recursive activity. Thus, reading, writing, and researching have a mutually reinforcing impact. 

When becoming a researcher, these mutually reinforcing skill sets are necessary for completing 

a dissertation (Denecke et al., 2011).  

However, writing instructors often fail to take advantage of this interconnection to 

make learning explicit (Graham, 2020). Few doctoral courses offer instruction on transitioning 

from reading analysis to reading synthesis. The perennial struggle to develop literature 

synthesis at the doctoral level suggests that something crucial is missing from students’ literacy 

skill development (Aitchison et al., 2012).  

Critical reading skills are a missing piece of students’ literacy because reading is essential and 

generally not taught at the doctoral level (McAlpine, 2012). The reading process is “usually taken for 

granted and mostly hidden in people's commonsense conceptions of reading, [and] suddenly becomes 

all too visible in readers' expression of effort, anxiety, and frustration" (van Pletzen, 2006, p.104). 

Further, reading’s invisibility impacts individual learners and educators alike. The "combination of 

reading’s importance to learning and its very invisibility creates a serious fault line in more general 

educational structures like the curriculum" (van Pletzen, 2006, p.106). Nonetheless, doctoral students 

are expected to keep up with high reading volume at an advanced skill level, even though 

undergraduate preparation and reading’s value compared to writing vary widely (Anuar & Sidhu, 2017; 

Howard et al., 2018; McAlpine, 2012). 
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Unfortunately for students, reading can become part of a hidden curriculum, defined as the set 

of unwritten, implicit rules in formal education that insiders consider natural and universal (Margolis, 

2001). Through the lens of a hidden curriculum, critical reading of the primary literature is a hidden 

expectation that may “screen some students, and especially students from non-mainstream, non-

middle-class English backgrounds, out of education" (van Pletzen, 2006, p. 106). One way that students 

cope with hidden reading expectations is by using shortcuts, such as skipping half the readings and, for 

the rest, only skimming major sections, such as the abstract, results, and discussion, instead of 

evaluating the main argument (Lie et al., 2016; McMinn et al., 2009). Without critical reading skills 

sufficient to deconstruct and analyze an argument from evidence, students struggle to apply and 

synthesize ideas into new knowledge, as required for a literature review, thesis proposal, and 

dissertation. 

Intervention Literature Synthesis 

This literature review aims to contextualize and synthesize the research on building 

doctoral students’ competence in a nexus of core skills—reading, writing, and researching as 

shown in the conceptual model (Figure 7). Doctoral student preparation in core skills should be 

part of a straightforward and equitable programmatic process that supports student progress. 

Social and academic support are significant reasons for doctoral student persistence (Bair & 

Haworth, 2004). Thus, socially oriented efforts to develop core academic skills, such as critical 

reading and writing, could improve degree progress. This literature review focuses on three 

areas of scholarship, challenges with critical reading at the doctoral level, social annotation in 

higher education, and studies of graduate students. 
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Students in most doctoral programs (medicine and degrees-by-publication are notable 

exceptions) must produce a research dissertation to complete the degree (Denecke et al., 

2011). Ongoing and deep engagement with the primary literature as a reader, researcher, and 

writer are essential practices as doctoral students develop into scholars (Kwan, 2008). Green 

(2010) studied the literature review processes of 42 American and Australian doctoral 

candidates in various fields as well as advisors and academic librarians. The study found that 

doctoral students typically develop information literacy, defined as being able “to manage and 

engage with large bodies of information and published literature” (p.314) through the process 

of scholarly endeavors, not explicit instruction. In other words, doctoral students are generally 

not taught the primary literature review process. Instead, students must absorb these skills 

through the cognitive apprenticeship process (Spires et al., 2018) and, more specifically, through 

the core disciplinary practices of reading, writing, and researching, as described by (Kwan, 

2008). However, Margolis (2001) noted that whenever skills in higher education are implicit, 

they form hidden expectations that advantage the most prepared students.  

These core practices build on each other in doctoral studies. The programmatic goal of a 

literature review is to identify a research topic that leads to a written dissertation. The core of a 

dissertation is an argument from evidence generated through a literature review and new 

research. It is defined as an act of rational persuasion that “contribute(s) to scholarly arguments 

that are already underway” (McLean, 2010). Analysis of written research is crucial to 

understanding the field's ideas, while synthesis of written research is a prerequisite to choosing 

a productive dissertation research topic (Aitchison et al., 2012). Students then conduct research 
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that includes reading and writing, formulating arguments, and communicating findings in 

papers, presentations, and dissertations (Cotterall, 2011).  

Central to this process is critical reading, which is not limited to understanding the text 

but also includes the ability to evaluate facts and opinions; recognize the author’s purpose, 

biases, and points of view; and make assessments and inferences (Darch & Kameenui, 1987). 

Thus, critical reading involves thinking deeply about a topic and moving beyond the text’s 

conclusion to consider how the author reached that conclusion and to evaluate the accuracy of 

those conclusions. Critical reading of the primary research literature is a particularly challenging 

skill set to acquire, in part because beginning doctoral students may be unfamiliar with the 

discipline’s jargon, context, and methods. Matarese (2013) summarized the process of learning 

to read and write research papers as occurring “implicitly and through mentoring” (p. 76). The 

hidden expectation is that doctoral students can locate relevant articles, analyze and evaluate 

scholarly arguments, synthesize research in the field, and apply that understanding to 

researching and writing a dissertation (Boote & Beile, 2005).  

However, in a seminal article, Boote and Beile (2005) noted that the "dirty secret known 

by those who sit on dissertation committees is that most literature reviews are poorly 

conceptualized and written" (p. 4). Problems with writing indicate that student authors are 

unfamiliar with the conventions that make for effective research writing, underpinned by what 

Matarese (2013) described as a need for “an effective approach to reading in their discipline” 

(p. 76). In other words, weak reading leads to weak writing.  
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Critical Reading Interventions 

Students in higher education experience many obstacles and challenges with assigned 

reading, summarized in Chapter 1. This chronic struggle, combined with the importance of 

reading in higher education, has led to numerous interventions. Studies have shown that active 

reading and analysis methods are highly effective ways to train students’ critical reading skills in 

the primary research literature. Some popular approaches clarify how researchers create 

knowledge and evaluate evidence (Hoskins et al., 2007; Kozeracki et al., 2006). 

Undergraduate preparation in primary literature skills is a particularly active area of 

research. Trends include advanced undergraduate courses combining research paper analysis, 

primary literature reading, presentations, and report writing (Colabroy, 2011; Kozeracki et al., 

2006). These courses are based on the idea that literature-based learning is essential for 

scientific research and writing (Colabroy, 2011). The advantage of teaching undergraduate 

students literature analysis and scientific writing is that they are better prepared for graduate 

and professional education (Adams, 2011). 

CREATE Method  

One strategy to improve critical reading skills uses a “think like a scientist” method, such 

as the CREATE method, which focuses on a specific learning sequence. Hoskins et al. (2007) at 

the City College of New York developed a course-based method to build undergraduates’ critical 

thinking skills entitled, “Consider, Read, Elucidate hypotheses, Analyze and interpret data, Think 

of the next Experiment (CREATE).” Overall, the CREATE method is one of the most well-

researched techniques to improve primary literature reading abilities in undergraduate biology 

courses.  
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With this method, students enrolled in a semester-long elective course studied four 

articles published by a single research group in the order in which the work appeared in the 

literature. The instructors removed large portions of text from each article to focus students’ 

attention on the data. Students used these modified articles to answer questions about 

individual figures and tables in a template requiring them to compare multiple figures. Students 

evaluated data in the first article, predicted what experiments might come next, and then saw 

what the research group chose to do. This course has been used successfully at lower- and 

upper-division undergraduate levels (Gottesman & Hoskins, 2013; Hoskins et al., 2007, 2011). 

This strategy provided a method to analyze primary scientific literature suitable for 

undergraduates. Student self-reports using Likert-scale items showed self-perceptions of 

increased confidence, ability to analyze research journal articles, and more positive attitudes 

about science (Hoskins et al., 2011). The method has been tested on students in various courses 

and undergraduate educational levels. This intervention makes expectations and evaluation 

visible, as explicated by experiential learning theory for adults (Hattie, 2015). 

Critics of the CREATE method focus on questions about learning gains and logistics. It is 

unclear if the learning gains persist after students leave a CREATE course or change majors (Sato 

et al., 2014). Also, many degree programs already experience a “credit crunch.” Adding another 

elective course may prove logistically difficult or financially punitive. For instance, Florida 

International University charges students out-of-state tuition rates for extra credit hours for 

courses, such as CREATE, that extend beyond the degree sequence (Kararo & McCartney, 2019). 

Finally, the CREATE approach requires intensive instructor preparation and relies on a curated 
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set of sequential papers, which may not be practical for all courses or course designs (Round & 

Campbell, 2013). 

ESRL Method 

Another strategy focused on teaching undergraduate students how to navigate and 

understand primary literature is the Evaluating Scientific Research (ESRL) method (Letchford et 

al., 2017; Lie et al., 2016). The ESRL method offers first- and second-year undergraduate 

students a way to understand primary literature using four online modules (Letchford et al., 

2017). The first module was an introduction to scientific literature and its structure, and the 

remaining three modules were subject-specific, focusing on the critical evaluation of methods 

and results. The study aimed to develop and evaluate the modules using a mixed-methods 

design, with this quantitative phase building on a previously published qualitative phase (Day et 

al., 2015). The authors developed a survey attached to the end of each module and collected 

responses over two years. There were 244 participants in the study for the introductory 

module, of which 96.7% were first-year undergraduates and 3.3% were second-year 

undergraduates. Because of departmental and course changes during the study period, the 

authors had a low response rate on the subject-related modules. Thus, the analysis focused on 

survey responses to the introductory module.  

The primary findings showed that 20% of participants self-reported “great 

improvement” in the areas of describing how to critically evaluate an article, locating and 

interpreting the methods and results, explaining the function of each part of a research paper, 

understanding the researchers’ motivations to conduct the study, and justifying the value of 

reading research papers. However, the authors did not report descriptive statistics for the 
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findings, generating uncertainty about the data set features necessary for interpretation. 

Likewise, the modules are not publicly available for qualitative review. 

Structured Literature Analysis  

A few studies have reported that graduate students struggle in many dimensions with 

reading primary literature, including understanding the paper’s central arguments, vocabulary, 

background and context, experimental techniques, resulting data, and conclusions (Abdullah et 

al., 2015; Lie et al., 2016). The structured approach to research literature-based courses 

emulates the scientific process by analyzing primary literature. Researchers at UC San Diego 

created a structured analysis course for students in the contiguous BS/MS program in biology. 

The course ran twice for the study, with an initial cohort of 28 students and the second cohort 

of 69 students (Abdullah et al., 2015; Lie et al., 2016). The course met twice a week for ten 

weeks, and the learning activities examined four research articles chosen for varying degrees of 

quality. Each research paper was the focus of five course meetings. The analysis activities for 

each research paper performed by the students included: 

• identifying unfamiliar information,  

• presenting ideas,  

• discussing unknown information,  

• critically interpreting experimental data,  

• discussing the authors’ conclusions and research questions,  

• discussing follow-up experiments, and  

• critiquing the experiments.  
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The researchers used a mixed-methods study design. They graded the quality of 

students’ work, administered pre-post surveys on primary literature self-efficacy, and coded the 

qualitative, open responses according to Bloom’s taxonomy. The study found that literature 

comprehension and evaluation were the most challenging skills for students. Likewise, the most 

difficult literature interpretation activities, even after instruction, focused on the sections 

containing methodologies, experimental data, and conclusions (Lie et al., 2016). Further, the 

authors noted statistically significant increases in perceived self-efficacy after instruction for the 

skills of interpretation, inference, evaluation, and experimental design (Abdullah et al., 2015).  

Matarese (2006) recognized the reading-research-writing continuum and developed a 

six-step “browsing” method for doctoral students who speak English as a second language, 

scanning primary literature for specific content and quality indicators. These elements include a 

research paper’s graphics, results, methods, introduction, discussion, abstract, and peer review 

practice. Then Matarese (2013) applied the browsing method to a course that included 15-20 

graduate students and met seven days every two weeks during an academic semester. Each 

study day had 30-60 minutes of instruction, divided into two or three lessons, interspersed with 

two or three reading practice sessions in small groups. Less time-intensive variations included 

spreading the program over eight or ten days (a total of 16-20 weeks). The author reported that 

larger groups require more practice time and that groups larger than 25 were difficult to 

manage because group discussions became unwieldy.  

Study Systems Emphasizing Critical Reading Skills 

It is well established that postsecondary students are ineffective studiers and rely on 

preferred methods that are ineffective, such as taking incomplete notes, studying from 
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disorganized or incomplete notes, using piecemeal learning, and depending on redundant 

strategies (Boylan & Bonham, 2007; Kiewra, 2005). Salient research questions focus on 

improving student learning using effective study strategies.  

Secondary and undergraduate students will likely encounter study systems that begin 

with and emphasize critical reading and note-taking. Notetaking during reading leads to higher 

achievement in college students taking tests on the information than simply reading alone 

(Kiewra, 1985; Kobayashi, 2009; Peverly et al., 2003). Notably, note completeness positively 

correlated with test achievement (Baker & Lombardi, 1985; Kiewra, 1987).  

Two popular study systems emphasize notetaking while reading, including SQ3R (F. P. 

Robinson, 1941) and SOAR (Kiewra, 2005). SQ3R is an acronym for the system’s five steps: 

Survey, Question, Read, Recite, and Review. It has been in use for 70 years, and the system’s 

focus on information acquisition reflects that it pre-dates principles of cognitive psychology, 

which focuses on information processing, as described by Schunk (2012). A casual Google 

search of SQ3R revealed that numerous university professors and learning assistance centers 

recommend it to students.  

Kiewra (2005) developed a modern system, entitled SOAR, that is well-studied to help 

students study (Kiewra, 2005) and help instructors teach (Jairam & Kiewra, 2009). SOAR is an 

acronym for the system’s four integrated components: Select, Organize, Associate, and 

Regulate. The first component, Select, involves selecting and recording complete notes from 

texts, which refers to a type of hunt-and-seek reading that Schunk (2012) termed categorical 

reading. Categorical reading employs a top-down approach to finding information, focusing on 

finding pre-determined kinds of information, versus the more typical bottom-up approach, 
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where students read the whole text from start to end. Advanced organizers support categorical 

reading by prompting students to look for specific types of information. The second 

component, Organize, entails arranging selected notes in graphic organizers, with various 

advanced organizers emphasizing spatial relationships. When college students studied graphic 

organizers, such as matrices, they performed better on tests than when studying linear text 

displays, such as traditional texts or outlines (Kauffman & Kiewra, 2010; D. H. Robinson & 

Kiewra, 1995). The third component, Associate, involves connecting multiple ideas to discover 

meaningful relationships among them instead of examining each idea singly in a piecemeal 

fashion. This practice has implications for the synthesis of research ideas. Finally, the fourth 

component, Regulate, entails monitoring and assessing learning using metacognitive strategies 

such as self-testing rather than rote learning strategies such as restudying, rereading, and 

recopying notes.  

A comparison study of both systems, SQ3R and SOAR, recruited 25 undergraduate 

students in psychology and randomly assigned them to use one of the systems (Jairam et al., 

2014). Students underwent system practice and then studied an extended text (i.e., a 2,100-

word passage) in preparation for tests of facts, learning, and retention. The authors conducted 

additional assessments to compare group baseline ability levels, including a 10-item vocabulary 

test and a 30-item skills test drawn from SAT question banks. They found no statistical 

significance between study groups for ability. However, the SOAR group performed better on 

reading in all tested areas, including 13% more concepts, 14% more facts, and 20% more 

relationships. The concept and relationship findings are noteworthy because they represent 

learning integration and transfer, respectively, as Mayer (2008) described. Two follow-up studies 



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

103 

corroborate these findings about SOAR, including when applied to online and hybrid learning 

(Daher & Kiewra, 2016; Jairam & Kiewra, 2010). 

Critiques of both methods abound. For the first five decades of use, SQ3R lacked 

empirical evidence and became an untested education tradition through a ubiquitous presence 

in textbooks (Feldt & Hensley, 2009). While SOAR is a modern system dating to 2005 with more 

empirical evidence, Kasson (2012)argued that SOAR trials used reading materials ideal for the 

method and lacked a real-world control group reflecting students’ preferred study habits. When 

both factors were included in the trial, Kasson (2012) found no differences between the 

methods. More broadly, strategies using active learning grounded in generative learning theory 

(Wittrock, 1989), such as Mayer's (2014) select-organize-integrate (SOI) framework, helped 

learners to apply what they learn more effectively (Fiorella & Mayer, 2016). 

Social and Collaborative Annotations 

One entry point to developing critical reading is using annotations, defined as making 

notes on a text, which mediates reading and writing” (Kalir, 2020). Annotations include words, 

phrases, sentences, marks, symbols, and even emojis. Annotations, like other task-oriented 

reading activities, such as reading quizzes and reflection journals (McAlpine, 2012), serve as 

first-draft thinking because a note “mediates the relationships between reading and writing” 

(Kalir & Garcia, 2021, p. 182). Further, annotations become more potent as learning tools 

combined with new technological affordances, such as social collaboration software, apps, and 

searchable online databases (Cohn, 2018).  

Social and collaborative annotation are two approaches to developing critical reading 

and writing skills at the graduate level (Kalir, 2020; McCartney et al., 2018). Social annotation is 
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defined as "making reading visible and thinking collaborative for ( … ) knowledge production" 

(Kalir & Garcia, 2021, p. 1). Social annotation developed around the turn of the 21st century in a 

series of conferences entitled “Computer Support in Collaborative Learning” (Cohn, 2018). This 

innovation roots in an era of the internet when user-generated content began to emerge (i.e., 

Web 2.0) and offer new opportunities for online learning. The highly interactional nature of 

current learning technology intersects many growing capacities and pedagogies (Larreamendy-

Joerns & Leinhardt, 2006; Moore & Diehl, 2018), including collaboration using digital tools, such 

as Google Suite (Alphabet, Inc; Mountainview, CA; Cohn, 2018). 

Further, collaborative annotation is a literacy strategy that engages students through a 

shared problem space in critical reading, thinking, writing, and co-construction of knowledge in 

one activity (Kalir & Garcia, 2021). These practices recursively layer others' reading, writing, and 

reactions to create meaningful exchange and engagement with the text. Collaboration differs 

from cooperation, which emphasizes students’ positive interdependence to produce a product, 

such as each partner in a team completing one part of an assignment. Instead, a collaboration 

focuses on participation in a collaborative process involving responding to the other person’s 

work, engaging in analysis, and making meaning (Smith & MacGregor, 1992).  

Combining social and collaborative annotation approaches may be more effective for 

improving doctoral reading skills. Social collaborative annotation (SCA) changes the situation to 

“require learners to establish shared goals and sustain a problem space whereby common 

understandings guide collective negotiation, meaning-making, and other group cognition 

processes” (Kalir, 2020, p. 247). The remainder of this discussion considers social annotation 

(SA) and social collaborative annotation (SCA) separately.  
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Social Annotation 

Social annotation (SA) does not necessarily generate collaborative learning. SA can 

encourage cooperative learning with, for example, experts who annotate research literature to 

conduct peer review online, clarify disciplinary methods, and emphasize the significance of 

research for novices (McCartney et al., 2018). Cohn (2018) conducted an extensive review of the 

empirical scholarship on social annotation in K-12 and higher education, beginning from 2000 

through 2018. The author reviewed 21 empirical studies and concluded that the benefits to 

learners were positive overall (Cohn, 2018). The review found that measures common among 

the 21 studies were reading comprehension, critical thinking skills, peer/course engagement, 

and metacognitive skills. Cohn (2018) also noted the limitations of SA, including that learning 

gains attributed to new tools might be due to additional instructor scaffolding and instruction. 

Other limitations include the reproduction of social inequities in online spaces. 

One study of social annotation focused on educators. Kalir (2020) conducted an 

exploratory qualitative study focused on how a group of 250 educators voluntarily contributed 

to annotating 30 syllabi and scholarly texts in the Marginal Syllabus project 

(http://marginalsyllab.us). The group used social annotation for dialogue, and the author 

analyzed interviews (n = 27) and annotation data details collected with Hypothes.is (San 

Francisco, CA). The author analyzed the annotation data with the open-source CROWDLAAERS 

dashboard (“crowd layers,” Denver, CO), which visualizes annotations as group-level learning 

analytics (Shum & Ferguson, 2012). The results showed that participants used three primary 

expressions to generate knowledge and meaning. These included contributing to group inquiry, 
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establishing associative connections, and discerning multiple perspectives—all sophisticated 

types of discourse that reflect critical reading and thinking processes.  

In higher education, Novak, Razzouk, and Johnson (2012) reviewed 16 empirical studies 

and found that most used one of two approaches. The studies either assessed participants’ 

attitudes toward social annotation tools or compared learning outcomes between groups that 

used tools and those that did not. Only a few studies have analyzed how students interacted 

with learning materials or each other in SCA annotation activities. The authors concluded that 

learning gains associated with social annotation most often reflected the first two approaches 

and included reading comprehension, critical thinking, meta-cognitive skills, and improved 

motivation and positive feelings. These findings indicate that social annotation offers new 

preparation possibilities for critiquing the reasoning of others, including primary literature at 

the doctoral level.  

Social, Collaborative Annotation (SCA)  

In addition to social annotation, social collaborative annotation (SCA) is a strategy for 

building a learning community that is not possible with individual reading activities (Gao, 2013; 

Kalir, 2020). Faculty can instruct students to take categorical reading notes with one or more 

SCA tools, such as One Note (Microsoft; Seattle, WA), Google Suite (Alphabet, Inc; 

Mountainview, CA), or Hypothes.is (San Francisco, CA). The notes become rich resources for 

retrieval practice. When shared with a group, they transform into socially constructed learning 

opportunities that generally have positive outcomes (Cohn, 2018), such as improving student 

compliance and increasing engagement in course activities (Berry, 2017; Martin & Bolliger, 

2018). 
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Further, web-based platforms can “provide opportunities for learners to interact with 

rich web objects in different spaces, contribute ideas from different contexts, and move ideas 

freely to serve varied, shifting learning purposes” (Chen, 2019, p. 196). For instance, Google 

Forms and Sheets allow users to annotate using customizable tools. Google Forms offers a 

graphic organizer that can prompt student-determined categorical input and feeds the 

information into a Sheets database. Sheets databases are taggable, shareable, and exportable to 

other software, such as Overleaf for writing and Python for coding. The result is a collaborative, 

dynamic knowledge base with many learning applications.  

A comprehensive review of social collaborative annotation found an active field of 249 

studies, of which they analyzed 39 studies with empirical designs (Zhu et al., 2020). Most of 

these studies focused on undergraduate or K-12 classrooms, and only a few studies focused on 

higher education or graduate students. For instance, SCA increased engagement with course 

readings and community building in a mixed-methods case study of 33 undergraduates who 

were pre-service teachers enrolled in an educational technology course (Gao, 2013). Students 

read an article and then collaboratively annotated using a free social annotation tool, Diigo 

(Reno, NV). The unit of analysis was a single comment posted to Diigo, and the students 

completed a post-study survey. The survey found that students had moderately positive 

attitudes toward using Diigo for SCA. Students posted 122 comments total, exceeding the 

minimum requirement of 66 comments (i.e., two per student). The comment analysis indicated 

that most of the comments were individual self-reflections (47%), followed by showing support 

(14%), elaborating on others’ ideas (10%), and recognizing something new (7%). Many 

comments proposed complementary, alternative views (21%), while none offered 
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disagreement. The latter finding suggests a major limitation of SCA in this population 

concerning scholarly discourse, where contradiction and disagreement are desirable. 

In another mixed methods study of undergraduates, Reid (2014) found improvements 

with synchronous, collaborative annotation in reading comprehension, motivation, and mental 

effort required to read in 32 community college students. All study participants were enrolled in 

one of three first-year developmental English course sections. Each section was deemed a study 

group with differing treatments. Group one read an online text and made annotations during 

reading. Group two read the exact text and could see Group one’s annotations but could not 

make any changes. Group three read a static text with no annotations. All students completed 

several surveys and a post-test of reading comprehension. Groups one and two performed 

better in reading comprehension than Group three, and Group three reported higher levels of 

mental effort. These findings indicate that achievement, as measured by a post-test, improved 

with exposure to SCA. 

Interestingly, two studies with graduate students compared social app tools, Slack and 

Hypothes.is, for annotation generation and management. Both studies found increased 

engagement with academic texts and higher-quality discussions. Hollett and Kalir (2017) 

examined two cases in graduate courses using the concept of playgrids, defined as a type of 

digital graphical organizer that “creative[ly] knit[s] together ( … ) social media tools to effectively 

participate across space, time, and scale” (p. 236). They collected graduate student knowledge 

production artifacts using each app plus another social tool (i.e., Slack + Google Hangout and 

Hypothes.is + Blog Commentary). The qualitative findings showed that an online learning 

environment combining formal course activities with informal social media practices increased 
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the learners’ sense of agency. The results also suggested a digital version of the Funds of 

Knowledge approach, whereby the learners’ formal (i.e., school) and informal (i.e., home) 

environments interconnect to enrich and increase learning gains (Moll et al., 2006). 

Chen (2019) created a pilot course to test SCA and replaced the online discussion forum 

with Slack (San Francisco, CA), a team communication tool and Hypothes.is (San Francisco, CA), 

a social annotation tool. The study was a mixed-methods convergent design delivered as a one-

semester graduate course. The course enrolled 15 graduate students from four departments in 

the College of Education at UM, one of whom participated outside the United States. Twelve 

participants completed the course. The author collected data from multiple sources, such as 

Slack and Hypothes.is system logs, other course artifacts, surveys, and interviews. During the 

semester, the participants collectively made 615 Hypothes.is annotations and sent 2,441 Slack 

messages. The author used Bookdown (RStudio, Boston, MA) to publish course materials, which 

received 1,309 visits during the study period. In addition to each activity, the author measured 

perceived usefulness and perceived ease of use for each course tool. The author adapted Likert-

style questions from the Technology Acceptance Model (Davis et al., 1989; Koschmann, 2012; 

Straub, 2009). The author then used the data to examine research questions about 

participation, discourse, and learner experiences.  

The course teacher was the innovator, building on two decades of research and 

experience (Chen, 2019). The source of the adoption into a graduate course was top-down from 

the teacher's perspective relative to students. The teacher expressed a need for improved 

discourse, created the course, made the design choices, and then the students' participated. 

However, from the teacher's perspective relative to a university administrator, the adoption was 
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bottom-up, where the teacher decided and then shared in the form of a peer-reviewed 

publication. Overall, the findings showed that the social annotation tools generated a positive 

learning experience for the participants, with a few areas of improvement. Participants relied 

more frequently on public conversations on Slack than private messages in Slack or Hypothes.is 

replies. This finding suggests that real-time public channels generate more activity for 

collaborative discourse. 

Further, Chen’s (2019) surveys of perceived usefulness and ease of use showed Slack as 

the participants’ preferred tool (mean 5.97 and 5.78, on a Like 1-7 scale). Participants reported 

that Slack was “motivating to see peer comments ( … ) and useful for helping each other” 

(Chen, 2019, p. 200). Some participants experienced a significant barrier with Slack as high-

volume, fast-paced comments that felt overwhelming. By comparison, participants’ perceived 

usefulness and ease of Hypothes.is use showed a similar but slightly lower score (mean 5.44 

and 5.13, on a Like 1-7 scale). Participants reported the tool as “useful for community building, 

collaborative sensemaking of challenging readings, and personal tracking of reference 

materials” (Chen, 2019, p. 200). Significant barriers to using Hypothes.is were the lack of 

customizable user preferences and “having to go back and read comments a week later” (Chen, 

2019, p. 200). Also, participants had to be online to use the tool. Finally, participants scored the 

integration of both tools using the same surveys. The finding indicated a lower integration score 

than either tool alone (mean 4.25 and 4.00, on a Likert 1-7 scale). Participants reported barriers, 

such as “Hypothes.is feed was hard to read and gave too many updates ( … ) and [it would be 

better to] create multiple Slack channels to organize our Hypothes.is annotations” (Chen, 2019, 

p. 200). 
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Chen (2019) reported wanting to change the next round of implementation in a future 

graduate course. The social annotation system under study lacked an analytic learning system 

that could help students keep track of their collaborative discourse. The author envisioned 

adding a suite of data analytics but did not describe them. In addition, the author intends to 

reuse the prototype course while extending it across time to allow prior participants to continue 

engagement. The author suggested that one implication of this design is to challenge academic 

course timelines and indicate the possibility of sustaining a group of collaborators across terms 

within the broader university system.  

In summary, web-based platforms “provide opportunities for learners to interact with 

rich web objects in different spaces, contribute ideas from different contexts, and move ideas 

freely to serve varied, shifting learning purposes” (Chen, 2019, p. 196). Students can share 

annotations of texts, including tagging and conversations, on social collaborative technology 

platforms. SCA improves reading comprehension and critical thinking while reducing mental 

effort and increasing motivation, engagement, and metacognitive skills (Novak et al., 2012).  

Limitations of SCA 

Learning complex skills—such as reading, writing, and research via primary literature at 

the doctoral level—requires high levels of self-efficacy, self-regulation, and other mature learner 

characteristics (Kelley & Salisbury-Glennon, 2016). These characteristics are more likely present 

collectively within working groups. However, to the extent that these properties of group 

learning benefit individuals, the nature of doctoral assessment through an individual thesis 

means that individuals also need to develop the group attributes to call on them when the 

group is not present. Thus, a limitation of this approach is that group benefits of collaborative 
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social annotation at the doctoral level are insufficient unless the individual can use the 

experience to develop core skills further and make degree progress. 

This SCA research has several other limitations. Kalir (2020) provides an example of 

discourse analysis but does not address doctoral students' specific learning needs. Likewise, a 

pilot project by Chen (2019) combined social and collaborative annotation (SCA) in a graduate 

course using Slack and Hypothes.is provide an implementation model relevant to course 

instruction. However, the course was costly to develop and implement. Like Kalir (2020), Chen 

(2019) did not focus on working with the primary research literature. These studies suggest an 

opportunity to investigate SCA for developing critical reading skills using the primary literature 

at the doctoral level.  

Summary 

Interventions aimed at improving doctoral writing skills must address all three core skills 

of researching primary literature, reading, and writing because these skills are co-constructed at 

the doctoral level. Without strong critical reading skills, research and writing skills do not fully 

develop at the doctoral level. Prior research presented in Chapter 1 shows that critical reading 

interventions for primary literature tend to focus on undergraduate preparation efforts, 

including courses and modules, which are not standardized and applied inconsistently at best. A 

newer approach is to take advantage of the affordances of social collaborative annotation. For 

instance, a novel approach could combine a generative learning method with digital annotation 

tools. What is clear from this growing body of research is that exposing hidden expectations and 

creating learning communities supports doctoral students’ motivation, engagement, and skill 

development.  
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The proposed intervention blends the affordances of asynchronous online learning with 

existing SCA tools. The project aims to combine Chen's (2019) online course-based model of SCA 

to generate discourse on primary literature with Kalir's (2020) use of Crowdlaaers to analyze the 

resulting discourse. The course objectives include identifying and practicing various critical 

reading methods, such as those described in the previous section.  

For the intervention, the researcher will support the co-construction of core skills 

focusing on critical reading of the primary literature through SCA. The annotations will be 

structured, meaning the participants will receive critical reading prompts that make explicit the 

processes to deconstruct, analyze, and synthesize argumentation in the primary research 

literature appropriate to the doctoral level. The participants will be able to review and respond 

to their classmates’ annotations on required reading using SCA tools. The researcher will create 

six self-paced online modules that can be taken independently over eight weeks.  

The focus of this intervention will be solely on developing doctoral students’ critical 

reading skills using SCA discourse practice sessions and facilitated written reflections. There are 

no grades, power dynamics, or performance reporting to home institutions. Finally, the 

proposed intervention could serve as a model for future evaluation studies and possible 

implementation into early-phase doctoral curricula. Chapter 4 considers the research design 

and questions in greater detail.  
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Chapter Four 

Intervention Procedure and Program Evaluation Methodology 

Introduction 

The needs assessment and literature review showed that doctoral students struggle to 

construct a nexus of core reading, writing, and researching skills necessary for degree progress, 

corroborating Kwan (2008). Participants in the needs assessment lost confidence in their writing 

abilities essential to completing the degree as their programs progressed. Significantly, 

competence positively influences doctoral students’ perceptions of their confidence, capacities, 

self-efficacy, and outcomes (Bandura & Schunk, 1981; David Litalien & Guay, 2015; Pajares & 

Johnson, 1994). The needs assessment also showed that doctoral students who received 

additional support from mentor texts, peer feedback, and on-campus seminars/workshops had 

higher perceptions of their abilities than students who did not receive additional support.  

Although there is substantial research on doctoral student motivation (Sverdlik, 2019), 

research is minimal on interventions for improving students’ perceived research self-efficacy 

through core skill-building (Kamler & Thomson, 2014; Kwan, 2009; McAlpine, 2012). Most 

research focuses on graduate student professional development (Nerad, 2015) or dissertation 

writing (Kamler & Thomson, 2014; Kwan, 2009; McAlpine, 2012) instead of building a 

foundational set of core skills in reading, writing, and researching. Another body of research 

focuses on preparation in the critical reading skills needed to interpret the primary literature, 

but this research focuses on undergraduates and K-12 students (Hoskins et al., 2007, 2011; 

Janick-Buckner, 1997; Kararo & McCartney, 2019; Murray, 2014; Round & Campbell, 2013; Sato 

et al., 2014; Yarden et al., 2015).  
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In the context of higher education, critical reading is defined as the usage of various 

strategies, including continual critique, close reading, rereading key sections, critical responses 

to the text, use of graphics, and use of text structure to aid in targeted reading (Shanahan & 

Shanahan, 2011). In addition, critical readers of primary literature use the text structure and 

disciplinary knowledge to gain and evaluate information about the main ideas that culminate in 

oral and written discourse. The lack of research on critical reading skills at the doctoral level 

indicates that these skills are assumed, despite the wide inconsistencies of undergraduate 

preparation and their foundational nature for developing writing and research skills (Norris & 

Phillips, 2003; Sverdlik, 2018). 

Finally, another significant area of research considers reading strategies and their impact 

on reading comprehension. Common active reading strategies include paraphrasing, self-

questioning, reflecting, summarizing the gist of a text, teaching others about a text, and 

marking text structures (i.e., annotation). Annotations can improve reading comprehension in 

higher education (Johnson et al., 2010; Yeh et al., 2017). Annotations also mediate the internal 

process of reading and the external writing process (Kalir, 2020). When combined with new 

affordances of online annotation tools, several studies of social collaborative annotation (SCA) 

reported skill and motivation improvements in areas relevant to this study (Zhu et al., 2020). 

These improvements in higher education contexts included:  

• increased engagement with course readings and peer discourse (Cheng, 2019; Gao, 

2013);  

• improvements in reading comprehension, motivation, and mental effort required to 

read (Reid, 2014; Yeh, 2016);  
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• learning gains in reading comprehension, critical thinking, meta-cognitive skills, and 

improved motivation and positive feelings (Johnson et al., 2010; Novak et al., 2012); 

and  

• evidence of group inquiry, establishing associative connections, and discerning 

multiple perspectives (Kalir, 2020).  

Thus, these studies showed evidence of positive learning gains associated with SCA among 

undergraduate and graduate students, as described by Cohn (2018). 

Statement of the Purpose 

This study aimed to investigate the relationship between doctoral students’ reading 

comprehension, research self-efficacy, and reading anxiety when working with the primary 

literature after an intervention consisting of instruction in strategic reading and practice with 

social collaborative annotation. The study also investigated doctoral students’ self-perceptions 

of reading abilities, reading anxiety, and annotation practices. This study expanded upon current 

research showing that the core skills of reading, writing, and researching are co-constructed at 

the doctoral level, as described by Kwan (2008). The research questions (i.e., outcome 

evaluation questions) guiding this study include: 

1. What is the relationship between participation in the intervention and: 

a. reading comprehension as critical reading of primary literature? 

b. research self-efficacy? 

c. reading apprehension?  

2. What were the participants’ experiences with social collaborative annotation (SCA)? 
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3. What were the effects of social collaborative annotation (SCA) practice on 

participants: 

a. perceptions of reading comprehension? 

b. perceptions of reading apprehension? 

4. What components of the intervention did participants report as having the greatest 

benefit to their: 

a. reading comprehension as critical reading?  

b. reading apprehension?  

c. reading in a new field? 

d. engagement with the primary literature? 

For the intervention, the researcher supported doctoral students’ co-construction of 

core skills using a critical reading method to deconstruct, analyze, and synthesize argumentation 

in the primary research literature appropriate to the doctoral level. The participants completed 

six self-paced online modules, each focusing on a critical reading skill with opportunities for 

independent practice with SCA. Practice activities addressed participants’ questions and 

reinforced the following critical reading skills: (a) identifying the elements of an argument from 

evidence; (b) annotating and collaborating; (c) making comparisons and synthesis; (d) practicing 

with primary literature deconstruction, evidence evaluation, and reasoning; and (e) peer 

discourse, including peer review (Anuar & Sidhu, 2017; Hudson, 2009; Kalir, 2020). Each module 

also contained a written meta-cognitive self-reflection. All participants completed entry, mid, 

and exit surveys about their experiences. Also, the researcher interviewed a subset of 

participants at the end of the intervention. Thus, this intervention focused on participants’ 
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experiences with reading primary literature in a new field of research, social collaborative 

annotation practice, and written reflections. 

Theory of Treatment 

The theory of treatment, shown in Figure 8 below, describes the theoretical basis for 

how the intervention worked to effect change within individual participants and represents 

associated activities and outcomes (Darling-Hammond et al., 2017). The primary approach to 

the proposed treatment was professional learning. As adult students engage with the primary 

literature in their doctoral studies, a significant challenge is best summarized as reading-

research-for-writing (Knowles, 1984; Kwan, 2008). Therefore, specific treatment activities 

scaffolded this complex skill set (Figure 8). The treatment approach used social collaborative 

annotation (SCA) to mediate reading and writing and serves as first-draft thinking (Kalir, 2020).  

Figure 8 Theory of Treatment Model 

Theory of Treatment Model 
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In addition, SCA can make the internal reading process visible and provided new 

affordances for peer engagement with the literature and discourse (Cohn, 2018). The treatment 

mechanism was to increase doctoral student participants’ knowledge of effective critical 

reading and SCA methods relevant to the primary literature in a new field of study (i.e., science 

policy research). The distal outcomes were rooted in self-determination theory (Deci & Ryan, 

2012), which posits that satisfying an individual’s basic needs for autonomy, relatedness, and 

competence increases intrinsic motivation, including motivation for academic goals (Litalien et 

al., 2015). 

Research Design 

This study used a mixed-methods parallel convergent design of doctoral students 

enrolled in an online primary literature skills course. This design offered several advantages, 

including collecting quantitative survey data and rich qualitative data from interviews, 

discussions, and reflections, including how and why the intervention impacted participants 

(Creswell & Plano-Clark, 2018). Mixed methods offer triangulation of data collection and results, 

increasing the trustworthiness of the findings (Guba, 1981). Also, this intervention has a small 

but statistically sufficient sample size (n = 24 participants). Gouvea (2017) noted that insights 

from small-N studies can provide an in-depth look into how students learn science. In addition, 

as Matarese (2013) noted, groups larger than 25 can create unwieldy discussions. To this point, 

Cheng (2019) reported that 12 students who completed an SCA-based graduate course in 

education generated thousands of annotations, comments, and messages during a single 

semester, representing an upper limit of an individual researcher’s analysis capacity. Finally, the 

mixed methods convergent design allowed the researcher to gain process evaluation 
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information essential for modifying the intervention as it progressed to meet participants’ 

needs and for future research and development of this online course (Mertens & Wilson, 2019). 

The study applied a mixed-methods convergent parallel design for both evaluation and 

outcome (Creswell & Plano Clark, 2018; Mertens, 2018). This design is also known as the 

triangulation design convergence model (Creswell & Plano Clark, 2003). It is a quasi-

experimental design because it does not use control groups or randomization, which are 

inappropriate for adult volunteers in a professional learning environment (Shadish et al., 2002). 

With this design, the study occurred in one phase, during which the researcher simultaneously 

collected evaluation, quantitative, and qualitative data from the doctoral student participants 

during a natural setting of six modules delivered in four weeks in an online professional 

development course conducted in the spring of 2022 (Miles et al., 2013; Wagner, 2019).  

Further, the overall study design uses pre-and post-intervention data, known as 

interrupted time series (ITS). ITS uses a longitudinal design, whereby data were collected at 

multiple and equally spaced time points (i.e., weekly for four weeks) in addition to before, 

during, and after the intervention (Creswell & Plano-Clark, 2018). The main objective of ITS is to 

examine whether the observed data pattern post-intervention is different from the data pattern 

observed pre-intervention (i.e., pre-post comparisons). Thus, knowing the exact timeframe for 

the intervention is essential. The strength of the ITS design concerning intervention evaluation 

is that it allowed for multiple and regular opportunities to collect evaluation data.  

Selecting a research design also involved assessing critical factors and outcomes 

(Creswell & Plano-Clark, 2018). A significant factor was the type of data. This study collected 

qualitative and quantitative data, including pre-post survey questions, open-ended interview 



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

121 

questions, participant reflections, work products, software reports, and instructor observations. 

The study assumed initial equal weighting by data type. An important caveat of equal weighing 

is that the data sets may not prove unequal, for instance, if there are considerable differences 

between the data set sizes (Creswell & Plano-Clark, 2018). This occurred with SCA work 

products, which varied widely per participant. In addition, the qualitative findings about 

annotation practices have a higher priority in reporting than the SCA quality scores because of 

the overarching research goal of eliciting participants’ experiences. Another critical factor is 

timing. For a six-module self-paced online course, the data collection occurred concurrently. A 

final factor is integrating the data. The data strands remained independent until merging after 

analysis and during interpretation.  

Logic Model 

As shown below in Figure 9, the logic model represents the intervention’s context, 

components, and underlying theory of treatment. The logic model starts with the treatment 

context (left) to address doctoral students’ unmet academic needs. This intervention developed 

skills related to Ph.D. completion, focusing on analyzing argumentation in the primary literature 

(Glazer, 2000). The logic model explicates the treatment resources in terms of time, space, and 

materials needed for a self-paced, online course consisting of six modules spread over four 

weeks. These resources include six hours of individual instruction and independent SCA  

practice, as described by Darling-Hammond (2017). 
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Figure 9 Logic Model 

Logic Model 

 

In the center panel of Figure 9, the logic model shows the essential intervention 

processes as relationships between the inputs of resources and implementation and resulting 

outputs, split into activities and participation. The intervention’s activities are rooted in best 

practices for teacher professional development, which provides a relevant model for adults’ 

participation in higher education (Darling-Hammond et al., 2017). Activities included content-

focused preparation within a single research domain (i.e., social sciences) using critical reading 

methods with claim-evidence-reasoning cores based on the Toulmin model of scientific 

argumentation (Toulmin et al., 1984). Specifically, the intervention used a generative learning 
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approach based on the Toulmin model, called the CERIC method for critical reading (Bjorn et al., 

2022). CERIC stands for claim, evidence, reasoning, implications, and context. These elements 

provided reading categories using a top-down, cognitive approach to reading that resembles 

hunt-and-seek, as described by Schunk (2012). Further, the CERIC reading categories scaffolded 

SCA discourse practice by providing search-organize-interpret (SOI) prompts, as suggested by 

Fiorella and Mayer (2016). 

For instance, the first module focused on identifying and annotating a research paper’s 

primary and secondary claims. Direct instruction provided an overview of the main concepts 

about claims, where claims are located in research papers, and several worked examples of 

finding and annotating claims in the primary literature. Then during independent practice, the 

participants read and annotated the claims in a research paper relevant to the field of science 

policy research and responded to their peers’ annotations. Thus, the activities included direct 

instruction in strategic reading for comprehension, SCA discourse practice, peer feedback and 

review, reflection, and expert support of sustained duration (Kolb, 2014).  

Several essential parameters guided participation in the intervention (Figure 9). These 

parameters included the enrollment of 24 current U.S. doctoral students. Participants also had 

career interests motivating engagement with the intervention. Participants voluntarily enrolled 

in a professional development course to develop reading and writing skills foundational for 

conducting science policy research. These career interests (i.e., exploring science policy) 

established a basis for experiential learning in the treatment intervention (Cooksy et al., 2001; 

Holliday, 2014; McLaughlin & Jordan, 1999). Thus, the logic model's combination of context, 
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inputs, outputs, and outcomes served as crucial points for planning, evaluation, and data 

collection (McLaughlin & Jordan, 1999).  

The logic model and the theory of treatment (Figures 8 and 9) illuminated critical 

aspects of evaluating the intervention’s integrity of implementation (IOI). IOI assesses what 

works best in an emerging innovation, such as this one while accommodating local needs and 

circumstances (LeMahieu, 2011). In addition, these models explain specific evaluation points to 

help researchers avoid Type III errors that can lead to erroneous conclusions about methods or 

design when interventions fail to effect a change (Dusenbury et al., 2003) or an inability to 

replicate positive results.  

However, the models differ in significant ways. The theory of treatment (Figure 8) 

describes the theoretical basis for how the intervention worked to effect change within 

individual participants by showing activities and outcomes (Darling-Hammond et al., 2017). This 

model provides a snapshot of the critical aspects of treatment and hints at only a few of the 

process evaluation components. By comparison, the logic model (Figure 9) “describes the 

logical linkages among intervention resources, activities, outputs, customers reached, and 

short, intermediate, and longer-term outcomes” (McLaughlin & Jordan, 1999, p. 65). The logic 

model includes critical elements of the theory of treatment, but not the other way around, plus 

a list of activities and participation constraints. Each provided a measurable point for process 

evaluation. Thus, the logic model is a more complete document than the theory of treatment 

because the logic model clarifies both process evaluation components and outcome evaluation 

components. 
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Process Evaluation 

Process evaluation presented a set of assessment tools for evaluating programs that 

helped determine how “the intervention was conducted and received, and thereby has the 

potential to help understand the internal and external validity of the evaluation” (Baranowski & 

Stables, 2000, p. 157). This intervention’s process evaluation plan adopted a constructivist 

paradigm, identifying stakeholders’ values and perspectives (Mertens & Wilson, 2019). Because 

this intervention was innovative and computer-based, the Evaluand-Oriented Responsive 

Evaluation Model (CSCL-EREM) was appropriate (Jorrín-Abellán & Stake, 2009). The model 

situates what Lincoln and Guba (1989) called the “fourth generation of evaluation.” Using this 

model, evaluators can respond to participants’ activities in addition to measuring them. This 

model is appropriate for studying a novel program like this one. The model orients the evaluator 

to the systemic activity, noting the evaluands' uniqueness and commonalities. 

Further, the evaluator is responsive to critical issues and problems recognized by 

participants in the context (Jorrin-Abellan & Stake, 2009). Moreover, the CSCL-EREM approach 

worked well for a dissertation research project because of its strong focus on the in-situ 

process. This approach was crucial for identifying and engaging stakeholders invested in the 

evaluation. The primary stakeholders in this intervention were the doctoral student 

participants. The secondary stakeholders are the researcher and leadership team at the 

National Science Policy Network (NSPN), the organization sponsoring to professional 

development course. 

The remainder of this section considers how process evaluation was integrated into the 

intervention with doctoral students. The discussion also considers the guiding process 
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evaluation questions, followed by the critical components and indicators. Then the discussion 

concludes with an alignment of the theory of treatment, the logic model, and process 

evaluation. 

Process Evaluation Components  

The integrity of implementation (IOI) refers to what matters most and works best while 

accommodating local needs and circumstances (LeMahieu, 2011). IOI is essential to this 

intervention because of numerous assumptions and misconceptions associated with doctoral 

students’ core skills, particularly critical reading and analyzing the primary literature (Kwan, 

2008). LeMahieu (2011) proposed seven ways to establish and assess IOI: 

1. goals as measurable aims;  

2. developing a comprehensive and public articulation of the problem and the 

system that produces it; 

3. guiding development with clearly articulated design principles, including 

essential characteristics that are definitional to the solution; 

4. creating generative structures that accommodate integrative adaptations while 

enforcing essential characteristics;  

5. identifying/encouraging/embracing/but testing variants; 

6. entering authentic partnerships to promote fidelity; and 

7. disciplining the implementation effort with a commonly held measurement 

model that ensures accomplishment and with the rigor of improvement 

research to test local adaptations for validation as an improvement.  

The program will have a very high IOI if all processes are included in the design.  
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For this intervention, the relevant IOI constructs included goals as measurable aims, 

encouraging and testing variants, embedding DBIR principles in development (LeMahieu, 2011), 

and participant responsiveness (Dusenbury, 2003). Measures of goals as measurable aims 

included a qualitative assessment of the alignment between stated goals and instruments used 

to measure outcomes. For instance, a real problem that the intervention aimed to address is 

poorly understood critical reading comprehension of primary literature among doctoral 

students. One of the instruments was a reading comprehension assessment using text from a 

primary literature article. Thus, the goal and the instrument are closely aligned, supporting IOI.  

Next, researcher observation and participant self-reports were acceptable ways to 

measure encouraging and testing variants. The researcher examined the universe of data 

generated by each module and identified variations from the module plan. For instance, 

software reports from the LMS and weekly check-in surveys revealed that participants did not 

complete each module’s activities during a single week as suggested and needed more time. In 

addition, participants indicated in a weekly self-report a reasonable variation in submission 

times for the assignments (i.e., change from 11:59 p.m. the night before the sync session to 

2:59 p.m. the day of the sync session).  

Measures of embedding DBIR principles in development focused on how the iterative 

design changes were used to address participants’ challenges and experiences. When a 

participant suggested a design change, for instance, to include more instructional videos on 

social science research methods during week 2, the researcher implemented it. The evaluation 

process noted the underlying need for more practice that the change addressed.  
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Finally, quality of delivery and responsiveness reflected how participants were engaged 

by and involved in the activities and content of the intervention. Quality of delivery focused on 

instructor actions, while responsiveness focused on participant actions. A definition of 

participant engagement helps to clarify which measures are relevant: 

‘Participant engagement’ is used as an umbrella term to encapsulate constructs of 

fidelity that relate to participants’ engagement with intervention content. This includes 

whether participants understand the intervention (‘intervention comprehension’), 

whether they can perform the skills required by the intervention (‘intervention receipt’), 

and whether they use these skills in daily life (‘intervention enactment’). (Walton et al., 

2017, p. 873).  

Thus, instructor observations, self-reports, interviews, and open-response survey questions 

were relevant measures of quality of delivery and responsiveness (Appendix F).  

Process Evaluation Questions 

This study assessed several process evaluation questions. The integrity of 

implementation (IOI) was a primary focus because this intervention is novel and attempts to 

solve a real problem. The process evaluation questions focused on several sub-components, 

including identifying goals as measurable aims, encouraging and testing variations, embedding 

design principles in development, quality of delivery, and responsiveness (Dusenbury, 2003; 

LeMahieu, 2011). Identifying goals as measurable aims integrated the articulated problem into 

the program’s instruments. Encouraging and testing variations, such as in the module pacing 

and blend of group and individual work, reflected the reality of innovation, where there was not 
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yet a best-case plan. This approach also acknowledges that testing of variations develops that 

knowledge. 

For instance, during the study, an emergent need arose from participants using the SCA 

tool to form private groups to carry on SCA after the intervention ended. After the intervention 

ended, the student researcher guided participants through adding this function to their 

software accounts, supporting this need. Likewise, embedding design-based intervention 

research (DBIR) principles in development allowed the researcher to revise and reflect 

dynamically using stakeholder experiences, iteration, and concern for system change (Fishman 

et al., 2013). For instance, the sponsoring organization, NSPN, offers a science policy memo 

competition annually each spring. It was possible to add competition brief preparation as a 

course goal. Finally, quality of delivery and responsiveness components described by Dusenbury 

et al. (2003) are relevant to this process evaluation because they assessed the extent to which 

the program was delivered and whether participants were present and participating in the 

sessions.  

The process evaluation part of the study applied a mixed-methods study design 

(Creswell & Plano Clark, 2018). The data included quantitative data, such as attendance records. 

Qualitative data included researcher observations of participant engagement with the texts and 

other participants and module variation. Participants shared their experiences weekly with the 

intervention through short check-in surveys during sync sessions and written metacognitive self-

reflections at the end of each module. The researcher collected evaluation data for six online 

modules and used it to track implementation integrity. The researcher also monitored 

participant experiences as the intervention progressed. The instructor read all SCAs and 
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discussion board responses and modified the intervention to adapt to the specific setting and 

participant population (Dusenbury et al., 2003). For example, when confusion arose on the 

week one discussion board about qualitative research methods used in that module’s reading, 

the instructor added an optional set of readings and videos on the topic to the LMS. The process 

evaluation questions that guide the evaluation of this intervention include: 

1. How was the intervention implemented with integrity? 

a. Goals as measurable aims: How were the intervention’s goals articulated in 

the measures?  

b. Encouraging and testing variants: How were module variants identified and 

tested?  

c. Embedding DBIR principles in development: How were iterative design 

changes used to address participants’ challenges and experiences? 

d. Quality of delivery: How were the ideas implemented? 

e. Responsiveness: To what extent were the participants engaged during the 

intervention? 

2. How did participants describe their experiences with the intervention? 

a. What was working about the intervention, and why? 

b. What was not working about the intervention, and why? 

3. What were the key factors that enabled or inhibited the participants from 

participating in the intervention components? 

The core components of this intervention were professional learning on the topic of best 

practices of reading the primary literature, skills practice sessions, and structured reflections. 
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The focus areas are connected to the inputs and outputs identified in the theory of treatment 

and the logic model. The next section of this discussion focuses on how these models align with 

the process evaluation components. 

Process Evaluation Indicators  

Proposed process evaluation indicators appear in the summaries, as shown below in 

Table 8, and the Data Collection Matrix in Table 11. This study included two process evaluation 

indicators, formative-only and combined formative and summative. Formative indicators, like 

formative assessments, provided rapid feedback based on the participants’ experiences and 

suggested possible adaptations (Darling-Hammond et al., 2017). Formative-only indicators 

included weekly data collected during synchronous group meetings and independent practice 

sessions through software analytics data, instructor observation checklists, participant self-

reports, group discussions, and participant reading and annotation work products applying 

scaffolded SCA interactions. The participants’ work products verified responsiveness and quality 

(i.e., completeness of weekly reading exercises and annotations shared online). 
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Table 8 Dissertation Study Summary of Process Evaluation Indicators  

Dissertation Study Summary of Process Evaluation Indicators  

Alignment with 
Logic Model 

Evaluation 
Indicators 

How Collected When Collected Data 
Collection  

Formative Indicators 
Measuring 
participant 
responsiveness 
and testing 
variants 
(i.e., monitoring 
activities that 
impact mediating 
variable). 

Course plan, 
Attendance, 
Participation 

Data and analytics 
generated by 
online course 
software (e.g., 
Canvas), tracking of 
activity in SCA 
tools, and 
instructor 
observation logs. 

Each session - In 
modules, during 
instruction and 
independent 
practice. 

Canvas, 
Google Suite, 
and 
Hypothes.is; 
Google File 
History; 
Instructor 
observations 
saved as 
notes. 

Measuring 
participant 
responsiveness 
and DBIR 
principles 
(i.e., monitoring 
activities and 
participation 
outputs). 
 

Participation, 
SCA work 
products, 
Student self-
reports 

Instructor 
administers self-
reports, 
implementation 
rubric, and 
exercises during 
SCA discourse 
practice. Student 
performs exercises. 

Each session - In 
modules, during 
instruction and 
independent 
practice 
sessions. 
 

Google forms 
with data sent 
to 
spreadsheets; 
Qualtrics 
data; and 
Canvas, 
Google Suite, 
and 
Hypothes.is; 
Google File 
History; 
Instructor 
observations 
saved as 
notes. 

Formative and Summative Indicators 
Measuring 
responsiveness 
and goals as 
measurable aims  
(i.e., monitoring 
activities and 
participation 
outputs). 
 

Pre- and post-
surveys 

Instructor 
administers pre-
post surveys for 
reading 
comprehension, 
annotation quality, 
research self-
efficacy, reading 
apprehension 

Each session - 
During the first 
module and at 
the end of the 
final module.  

Qualtrics 
data. 

Measuring 
responsiveness 
and DBIR 
principles  
 
(i.e., monitoring 
activities and 
participation 
outputs). 

Written 
reflections, 
Interviews 

Participants create 
written reflections. 
Participants share 
experiences about 
the intervention 
and take 
satisfaction survey 

Each session - 
Written 
reflections 
At the end -  
Interviews and 
satisfaction 
survey 

Downloadable 
data from 
Canvas and 
Google Suite. 
Transcribed 
audio files. 
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Summative indicators provided the crucial “post” element of a pre-post time-series 

study design. These included several pre-post outcome measures, including reading 

comprehension, research self-efficacy, reading apprehension, and annotation practices. (The 

pre-post elements are discussed further in the following section.) Additional post-intervention 

measures included a satisfaction survey and follow-up interview data. These components 

aligned with the outputs section of the logic model (Figure 9), focusing on activities and 

participation. The data collection tools for surveys and interviews appear in Appendix E. 

Participants’ Satisfaction and Recommendation (PSR) Survey 

The 7-item PSR was adapted for doctoral students from a preservice teacher survey 

(Wong & Yeung, 2003). Questions on the PSR survey about satisfaction with a professional 

learning program ask participants to respond to six statements using a six-point Likert scale, 

where one is “very dissatisfied,” and six is “very satisfied.” Statements include the achievement 

of course objectives, the usefulness of the program for professional needs, the length of the 

course, the instructor’s preparation, the interaction between instructor and participants, and 

the quality of learning materials. The final question is a “yes” or “no,” asking participants if they 

would recommend the course to other doctoral students. The PSR has solid psychometric 

support. Wong and Yeung (2003) reported good internal consistency with Cronbach’s alpha of 

.92 in a sample of 9,101 English-speaking preservice teachers in Hong Kong. Like the RACS 

survey, the PSR was short enough to use as a midway and final check for course quality. 

Aligning Process Evaluation with Theory of Treatment and Logic Model 

Aligning the theory of treatment to the process evaluation components and their 

measures provided a method to assess the model's delivery issues. For instance, instructor logs, 
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software analytics, and student participation records provided means to determine how the 

intervention was delivered, with what quality, and with what revisions. Concerning the 

activities, it was possible to associate each activity with a process evaluation component. For 

instance, participants’ time spent on each module provided one measure of participation (i.e., 

Did the participants engage in the entire module as planned? Did each participant fully 

participate in each module?). Surveys, self-reports, and course platform analytics were relevant 

measures, such as the date and time stamps. Concerning the quality of delivery, the instructor’s 

focus on a pre-planned curriculum was measured during the 30-minute instructor-led 

instruction at the beginning of each module, during instructor observations, and with instructor 

reflections. Finally, participant responsiveness during each activity was measured through 

platform analytics, instructor observations, and participants’ written self-reports, including 

meta-cognitive reflections during each independent practice portion of the modules. 

Outcome Evaluation 

Outcome evaluation measures the intervention’s effects on the study population by 

assessing the progress on the outcome objectives (i.e., research questions) that the intervention 

was designed to address (Mertens, 2018). The following discussion considers how the outcome 

evaluation measured the success of the proposed skills intervention with doctoral students. The 

discussion begins with the outcome evaluation design and evaluation questions, followed by the 

critical objectives and measures. 

Outcome Evaluation Design 

This study used explanatory case studies and performance monitoring to generate 

outcome data. These approaches required a rich description of what was happening (Hatry et 
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al., 2015). A case study (i.e., doctoral students in various fields all new to science policy 

research) offered a comprehensive understanding of a bounded situation (i.e., the CERIC and 

SCA intervention) through extensive description and analysis of multiple data types. These data 

types included systematic data, participant work products, interviews, and first-hand 

observations (Hatry et al., 2015) Thus, an explanatory case study design provided the capacity 

to establish local cause-and-effect relationships between participation in the intervention and 

various issues (e.g., reading comprehension, research self-efficacy, and reading apprehension) 

related to reading the primary literature. While time consuming, this approach explained which 

causes produced which effects in an academic context, whereby doctoral student participants 

read outside their primary fields of study and in a new field (i.e., science policy research). 

Finally, the goal of a qualitative case study approach was not statistical representation or 

generalizability. Instead, the goal was to develop rich, detailed descriptions of causal relations 

that may be useful for program improvement and transferrable to other contexts (Lincoln & 

Guba, 1986). 

The purpose of performance monitoring was to provide objective information about 

outcome measures to the researcher on an ongoing basis. Performance monitoring occurred in 

several ways. First, an interrupted time series (ITS) design without control groups or control 

variables provided pre-post testing data on reading comprehension, apprehension, and 

research self-efficacy. Second, the learning management system (LMS; e.g., Canvas) provided 

ongoing information about participant engagement with the modules. Finally, the SCA tool (e.g., 

Hypothesi.is) provided ongoing information about participants’ annotation practices.  
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The ITS design choice reflected the natural constraints of a non-statistical, or 

convenience, sampling method (Shadish et al., 2002). Convenience sampling was necessary for 

this study because the intervention was time-intensive (e.g., six hours over four weeks), 

voluntary, and lacking typical extrinsic motivators for participation, such as grades or funding. 

The sponsoring organization offered two extrinsic motivators: a certificate of completion that 

participants could add to their resumes and a promise that participation would help prepare 

participants to submit a science policy brief to the organization’s annual competition for science 

policy writing. These motivators are standard for professional development courses within the 

organization. Thus, gaining advanced buy-in from would-be participants was necessary, making 

the social context as important as the technical context. People who participated needed to 

trust the researcher through a professional network (i.e., NSPN) and have a sense of the study’s 

value before enrolling (i.e., skill development for science policy research). 

Further, there was no upper limit to the number of course enrollees, but the study 

sample size was a major consideration for the course and study management. Because of the 

high volume of qualitative data from SCAs, reflections, and interviews with corresponding time-

intensive analyses, a practical upper limit for the researcher was 25 participants (Matarese, 

2013; Shadish et al., 2002). Post-hoc G*power analysis (Faul et al., 2007) revealed that a sample 

size of 23 was necessary to achieve 0.95 power to detect the difference between two 

dependent means of matched pairs. In this study, matched pairs referred to individual 

participants’ pre-test and post-test measures. This study enrolled 24 participants, all of whom 

completed it. Nine of the study participants volunteered to complete follow-up interviews. 

Thus, the study achieved a sample size sufficient for mixed methods analysis. 
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Outcome Evaluation Objective and Questions  

This study investigated the effects of participation in the intervention on reading 

comprehension, research self-efficacy, reading apprehension, and annotation practices. This 

study expanded upon current research on the co-construction of core skills, reading, writing, 

and researching. The research questions (i.e., outcome evaluation questions) that guided this 

study were: 

1. What is the relationship between participation in the intervention and: 

a. reading comprehension as critical reading of primary literature? 

b. research self-efficacy? 

c. reading apprehension? 

2. What were the participants’ experiences with social collaborative annotation (SCA)? 

3. What were the effects of social collaborative annotation (SCA) practice on the 

participants: 

a. perceptions of reading comprehension? 

b. perceptions of reading apprehension? 

4. What components of the intervention do participants report as having the greatest 

benefit to: 

a. reading comprehension as critical reading?  

b. reading apprehension? 

c. reading in a new field? 

d. engagement with the primary literature? 
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Research self-efficacy (RSE) was not a qualitative topic concerning SCA in research question 

three. RSE has a long history of study in doctoral students (Bieschke et al., 1996) and, therefore, 

was not a major focus of qualitative data collection in this study. By comparison, the indicators 

of reading comprehension and reading apprehension at the doctoral level have few or no 

references in the scholarship, and thus, their investigation represented potentially new 

knowledge. The outcome evaluation measures addressed these research questions through 

quantitative and qualitative data. 

Methods 

This study addressed an unmet need for core skill development among U.S. doctoral 

students, particularly critical reading skills, using the CERIC method and social collaborative 

annotation (SCA) tools. Both outcome and process evaluations were implemented to assess the 

impact and quality of the treatment. The treatment consists of a free, six-module online course 

that is self-paced and delivered to doctoral students during the 2021-2022 academic year. Data 

from 24 participants were included in the analysis, and nine study participants volunteered and 

completed follow-up interviews. 

Participants 

The study participants included only currently enrolled doctoral students in U.S. 

university programs. Individual doctoral students were the unit of analysis. Another inclusion 

criterion was an active need to engage with primary literature, such as having an interest in 

science policy research. The primary exclusion criterion was enrollment in a non-U.S. doctoral 

program. A secondary exclusion criterion for U.S. doctoral students is enrollment in programs 

where reading is a topic of studies, such as English, Journalism, and Rhetoric. There was no 
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theoretical upper limit for participation in the course because it was free, online, and open to 

the NSPN membership. In total, 58 people enrolled in the eight-week course. However, data 

collection and analysis included only 24 participants who met all the study inclusion criteria and 

consented to participate in the four-week study (i.e., the first half of the course). A summary of 

participant profiles appears in Table 9 below. 
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Table 9 Dissertation Study Participant Profiles 

Dissertation Study Participant Profiles 

Study ID Doctoral 
Year, Field 

US Region Age 
Group 

Gender Race /Ethnicity Prior Online 
Courses (Any 

Level) 
SCA01 
 

2, Life 
Sciences 

Northeast 18-24 Man Asian/Asian-
American 

1-2 

SCA02 
 

3, Physical 
Sciences 

Midwest 25-34 Woman White/Euro 
American 

0 

SCA03 
 

3, Applied 
Sciences 
(Eng) 

Midwest 25-34 Woman White/Euro 
American 

0 

SCA04 
 

5, Life 
Sciences 

Southeast 25-34 Woman White/Euro 
American 

3-5, certificate 

SCA05 
 

4, Physical 
Sciences 

Northeast 25-34 Woman White/Euro 
American 

1-2 

SCA06 
 

3, Life 
Sciences 

Midwest 25-34 Woman Hispanic/Latino 1-2 

SCA07 
 

5, Life Science Southeast 25-34 Woman Two or More 
Races 

0 

SCA08 
 

4, Life 
Sciences 

Southeast 25-34 Man Asian/Asian-
American 

0 

SCA09 
 

4, Applied 
Sciences 
(Eng) 

Southwest 25-34 Woman White/Euro 
American 

3-5, certificate 

SCA10 
 

4, Applied 
Sciences 
(Pharm) 

Midwest 25-34 Woman White/Euro 
American 

1-2 

SCA11 
 

2, Life 
Sciences 

Northeast 25-34 Man Asian/Asian-
American 

0 

SCA12 
 

5, Applied 
Sciences 
(Eng) 

Southeast 25-34 Woman Hispanic/Latino 3-5 

SCA13 
 

3, Life 
Sciences 

Midwest 25-34 Woman White/Euro 
American 

0 

SCA14 
 

2, Life 
Sciences 

Southwest 25-34 Woman Hispanic/Latino 0 

SCA15 
 

1, Life 
Sciences 

Southwest 18-24 Woman Hispanic/Latino 1-2 

SCA16 
 

3, Physical 
Sciences 

Midwest 25-34 Woman White/Euro 
American 

0 

SCA17 
 

5, Physical 
Sciences 

Midwest 25-34 Woman White/Euro 
American 

0 

SCA18 
 

6, Life 
Sciences 

Southeast 25-34 Woman Hispanic/Latino 0 

SCA19 
 

5, Life 
Sciences 

Southeast 25-34 Non-
Binary 

Black/African 
American 

0 

SCA20 
 

1, Life 
Sciences 

Southwest 25-34 Man White/Euro 
American 

0 
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SCA21 
 

3, Life Science Southwest 35-44 Woman Asian/Asian-
American 

1-2 

SCA22 
 

4, Life Science Southeast 25-34 Woman Hispanic/Latino 1-2 

SCA23 
 

5, Social 
Sciences 

Midwest 25-34 Woman Asian/Asian-
American 

0 

SCA24 5, Physical 
Sciences 

Midwest 25-34 Woman Black/African 
American 

1-2 

 

Participant profiles reflected a range of life and professional experiences, as shown in 

Table 9. Participants were randomly assigned unique study numbers, ranging from SCA01 to 

SCA24, to protect their identities. Participants had doctoral experience ranging from one to six 

years of full-time equivalent study. Nearly half of the participants (46%) were in the pre-

dissertation stage (i.e., “early” defined as years 1-3). The participants were studying in various 

fields, including Life Sciences (58%), Physical Sciences (21%), and Applied Sciences (17%). Only 

one participant in the psychology field had formal experience in Cognitive Psychology. Prior 

completion of online courses ranged from none to five with a certificate. 

Notably, no participants had formal preparation in science policy, the field that served 

as the intervention’s topic, or in astrophysics, the field from which the pre-post reading 

assessments were drawn (Appendix F1). This focus on reading in new fields was an intentional 

part of the study design for at least two reasons. First, reading in a new field neutralized 

variations in participants’ formal preparation and disciplinary background knowledge inherent 

in NSPN’s membership, which attracts students in all fields. Second, reading in a new field 

reflected the multi-disciplinary reality of working in U.S. science policy.  

In addition to many fields, participants represented all geographic regions of the U.S., 

except the Northwest. Participants were attending research-intensive universities (either R1 or 

R2). Further, ages spanned from 22 to 44, with most participants aged 25-34 (88%). Participants 
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identified mostly as women (79%), with four men (17%) and one person identifying as non-

binary (4%). Participants’ race/ethnicity included people who identified as White (50%), Asian 

or Asian American (21%), Hispanic (17%), Black or African American (8%), and Two or More 

Races (4%). Considering intersectional identities, for instance, there were nine women of color 

(38%) and one non-binary person of color.  

Finally, citations use only the unique study number enclosed in parenthesis whenever 

the student researcher cites participants in the remainder of this project. For instance, citing a 

point made by the first three participants would appear as (SCA01, SCA02, SCA03). Likewise, a 

direct quotation from a participant would close with that individual’s unique study number.  

In addition to individual participant profiles, Table 10 below shows how participant 

demographics compared to the learners in the course, NSPN members, national 

postbaccalaureate enrollment, and the U.S. population. Age and gender distribution in the 

study reflected patterns in NSPN membership, notably older and less gender balanced than in 

the United States. BIPOC representation in the study was similar to enrolled learners in the 

course. Both showed more extensive representation than NSPN’s membership, national 

postbaccalaureate enrollment, and the overall U.S. population. For instance, course 

representation in the categories of Asian/Asian-American, Hispanic, and Two or More Races 

were higher than NSPN membership and U.S. national representation. By comparison, course 

representation in the Black/African American census category was comparable to NSPN 

membership and slightly lower than national numbers. Course representation in the White 

category was much lower than NSPN membership and national numbers. Thus, course 

participation rates by people who identify as BIPOC was a significant outcome for NSPN, even 
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though this measure was not an explicit aim of the study. The result was meaningful to 

stakeholders because the organization’s leaders actively seek ways to increase diversity, equity, 

and inclusion in science policy activities. 

Table 10 Dissertation Study Demographics With Comparison Populations 

Dissertation Study Demographics With Comparison Populations 

 Study 
Completion 
(n = 24) 

Course 
Enrollment 
(n = 58) 

NSPN 
Members 
(n = 1,574) 

2020 U.S. 
Postbac 

Enrollment 
(n = 3.1m) 

2020 U.S. Census 
Data 

Age 
18-24 2 

(8%) 
11  
(20%) 

179  
(11)% 

NA 21.59m 
(7%) 

25-34 19 
(79%) 

34  
(59%) 

1106 
(70)% 

NA 46.08m 
(14%) 

35-44 3 
(13%) 

13  
(21%) 

169 
(11)% 

NA 42.14m 
(13%) 

Gender      
Woman 19 

(79%) 
47 
(81%) 

987 
(63%) 

1.9m 
(61%) 

168.6m 
(51%) 

Male 4 
(17%) 

9  
(16%) 

527 
(34%) 

1.2m 
(39%) 

163.3m 
(49%) 

Non-Binary 1 
(4%) 

2 
(3%) 

60 
(4%) 

NA NA 

Race/Ethnicity 
AAPI/Asian 
American 

5 
(21%) 

13  
(22%) 

279 
(17.7%) 

112,700 
(4%) 

35.3m 
(6.1%) 

African American 2 
(8%) 

5  
(9%) 

129 
(8.2%) 

383,900 
(12%) 

46.9m 
(13.4%) 

Hispanic American 4 
(17%) 

13  
(22%) 

129 
(8.2%) 

340,900 
(11%) 

62.1m 
(18.5%) 

Two or More Races 1 
(4%) 

4  
(6%) 

13 
(0.8%) 

13,800 
(0.5%) 

33.8m 
(2.8%) 

White 12 
(50%) 

24  
(41%) 

1181 
(75%) 

1.7m 
(55%) 

204.3m 
(76.3%) 

Academic Level 
Undergraduate 0 6  

(10%) 
16 
(1%) 

15.9m (49%) Bachelor’s degree 
or higher 
1.01m 
(33%) 

Masters 0 10  
(17%) 

79 
(5%) 

1.23m 
(38%) 

Doctoral/Prof 24 
(100%) 

33  
(57%) 

776 
(49%) 

457,312 (13%) 

Post-Doc/Other 0 
 

9  
(16%) 

702 
(45%) 

66,247 
(N/A) 
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Measures or Instruments  

This section provides a brief overview of the outcome evaluation data collection 

procedures. The study generated both quantitative and qualitative data through a variety of 

sources. Several instruments were used to collect data. These included the Research Skills 

Efficacy Survey (RSES), the Reading Anxiety in College Students (RACS) survey, and participant 

work products generated by several author-constructed instruments (i.e., reading 

comprehension, annotation prompts, and metacognitive self-reflection prompts). Other 

measures included instructor observations, software reports, and structured interview 

questions. In addition, several author-created rubrics guided data collection, including 

annotation quality assessment with a functional language analysis tool and an implementation 

rubric, as shown in Appendix E. 

Data Source One: Pre-Post Reading Comprehension Assessment 

Participants were assessed pre-post for reading comprehension of primary literature 

using a researcher-generated assessment based on extant literature, as shown in Appendix F1. 

There are no standardized reading comprehension assessments for doctoral education. The 

nearest, most relevant reading comprehension assessments at the graduate level come from 

the GRE® reading comprehension test. The GRE® presents readers with a passage and asks 

questions that require the reader to analyze and interpret the text. This study applied this 

structure to generate a reading comprehension assessment critical reading of primary research 

articles. Text excerpts were presented to participants, followed by a series of interpretive 

questions (Appendix F1).  
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To develop this custom doctoral-level pre-post reading assessment, the student 

researcher convened a panel of three experts who were tenured university professors in 

astronomy. Astronomy was selected as the topic of pre-post assessment because it was the 

only field relevant to current science policy not represented in the participants’ universe of 

formal preparation. Moreover, reading in a new field neutralized the effects of prior knowledge 

and experience on reading comprehension, which represented potentially confounding 

variables. After selecting astronomy as the field of the reading passage, the student researcher 

identified panelists using convenience sampling of tenured professors at the University of 

California San Diego, where the student researcher is an alumnus. The expert panelists met 

several criteria, including multiple first-author publications, field-specific education research 

(e.g., physics education research), active advising of doctoral students, and willingness to 

participate. The panelists selected appropriate readings through asynchronous collaboration on 

the active national science policy topic of exoplanets. When the panelists reached a consensus 

on which readings to use, they reviewed the pre-post reading comprehension assessment for 

face validity. They ensured the reading level was appropriate for doctoral student participants. 

Next, the expert panel developed a scoring rubric of 1 to 5 for the reading 

comprehension assessment, where one was incorrect with extraneous details and five was 

correct with no irrelevant information (Appendix F1). The panelists developed the rubric 

through asynchronous collaboration using a consensus process. Each member read the texts 

and responded to the researcher-created questions using the CERIC reading method (Bjorn et 

al., 2022). Each panelist created a key, and then as a group, they reviewed each other’s keys for 
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calibration. They merged the keys into the final consensus scoring guide and rubric (Appendix 

F1). 

Because there were no reading assessments at the doctoral level for primary literature 

comprehension, the notion of face validity was essential to the measure’s development. Nelson 

et al. (2012) defined face validity as “the extent to which an instrument appears to measure 

what it purports to measure, may be established for the measure in addition to content validity 

or instead” (p. 388). Further, face validity can be established by evaluating the measure by 

those familiar with the setting or subject to the measure, for example, having teachers review a 

measure of student motivation.  

Data Source Two: Pre-Post Research Self-Efficacy (RSES) Conceptualization Subscale 

The 15-item RSES Conceptualization subscale (Bieschke et al., 1996) served as this 

study’s outcome measure for doctoral students’ sense of research self-efficacy (Appendix F2). 

The purpose of the RSES was to examine the variables that affect doctoral students’ beliefs in 

their abilities to conduct research-related activities. Bieschke et al. (1996) defined research self-

efficacy as “the degree to which an individual believes she or he [can] complete various 

research tasks” (p. 60). The RSES has solid psychometric support. Bieschke et al. (1996) report 

good internal consistency with Cronbach’s alpha of .92 for the Conceptualization subscale in a 

sample of 177 doctoral students in various fields. They also reported findings of a regression 

analysis that showed that participants’ number of years in graduate school (p < .05) and 

involvement in research activities (p < .01) contributed significantly to the prediction of 

research self-efficacy. Thus, these factors became a part of the demographic questions in this 
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study’s survey instrument (Appendix F2). Finally, Bieschke et al. (1996) found no support for 

using gender difference as a factor in research self-efficacy.  

The instrument has four subscales, Conceptualization, Early Tasks, Presenting the 

Results, and Implementation. This study used only the subscale of Conceptualization, which has 

15 items, as shown in Appendix F2. The Conceptualization subscale questions focus on idea 

generation and organization about what is essential in the primary literature and why. The RSES 

uses a 100-point scale ranging from 0 (no confidence) to 100 (totally confident), with anchors at 

25 (somewhat confident), 50 (partly confident), and 75 (mostly confident) points. Examples of 

subscale items include: 

• evaluate journal articles (i.e., primary literature) in terms of the theoretical approach, 

experimental design, and data analysis techniques; 

• identify areas of needed research, based on reading the primary literature; 

• develop a logical rationale for your research idea; 

• choose an appropriate research design; 

• organize your proposed research ideas in writing; and 

• know when to stop a literature search. 

The Conceptualization subscale represents the fundamental processes of formulating 

thoughts about a particular research area. Thus, this subscale aligned closely with this study’s 

conceptual framework shown below in Figure 10 below, adapted from Kwan (2008). The 

shaded gray area highlights the nexus of core doctoral skills that center on arguments from 

evidence in the primary literature, which participants annotated collaboratively during the 
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intervention. Finally, the researcher administered the Conceptualization subscale pre- and post-

intervention. 

Figure 10 Conceptual Model of Doctoral Students’ Core Skills 

Conceptual Model of Doctoral Students’ Core Skills Addressed By the Intervention 

 

Note. PL = primary literature. Adapted from Kwan (2008), this conceptual model displays the 

nexus of co-constructed core skills, reading, writing, and researching at the doctoral level 

addressed by the intervention. The highlighted area shows the focal skills of this intervention, 

specifically strategic reading and annotation of PL. These skills interact with all the others in 

various ways. Improved reading comprehension and research self-efficacy (top) support 

practices necessary for degree progress, while reading anxiety (bottom) can impede practices 

necessary for degree progress.  
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Data Source Three: Pre-Post Reading Anxiety in College Students (RACS) Survey 

The 10-item RACS was adapted for doctoral students from an undergraduate student 

survey shown in Appendix F3 (Edwards et al., 2021). The purpose of the RACS survey is to assess 

reading anxiety quickly. The RACS survey has solid psychometric support. Edwards et al. (2021) 

report good internal consistency with Cronbach’s alpha of .91 in a sample of 401 U.S. 

undergraduate students. Questions on the RACS about reading anxiety ask participants to 

respond to ten statements using a five-point Likert scale, where one is “not true for me at all” 

and five is “very true for me.” The final question is a “yes” or “no,” asking participants if they 

have reading anxiety. This last question alone has an alpha of .79, which is acceptable for a 

quick check of students’ perceived reading anxiety. Statements focus on feelings of discomfort, 

worry, fear, and avoidance of reading, such as “Do you worry you don’t understand what you 

read?” and “Do you avoid reading?” The RACS was short enough to use as a pre-post 

assessment.   

Data Source Four: Software Reports 

The software tools provided quantitative reports of participant activity termed data 

analytics. These data analytics are functions built into the various software used in this program 

(e.g., Canvas, Hypothes.is, and Google Suite). Data analytics include attendance, frequency, 

duration of LMS login, time on each module, assignment completion, and annotation data 

downloads. There are no psychometrics or response scales available for data analytics. 

Data Source Five: Participants’ Work Products 

As participants progressed through the intervention’s modules, they generated a 

multitude of work products, with a focus on annotations and reading summaries. Their 
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activities and work products provided a significant source of qualitative data. Further, 

participants’ SCA prompts (Appendix F4) helped generate work products assessed for quality 

using rubrics (Appendix F5). There are currently no psychometrics or response scales available 

in the literature for participants’ work products. 

Data Source Six: Metacognitive Reflections 

 Participants completed written metacognitive self-reflection after each module, shown 

in Appendix F6. Examples of the metacognitive self-reflection prompts included, “What do you 

already know about the topic related to this claim? How does this topic connect to your 

field/topic? What strategies did you use to annotate the paper’s main arguments? What 

worked, what did not work, and why?” There are no psychometrics or response scales available 

for participants’ work products.  

Data Source Seven: Instructor Observations 

As the intervention progressed, the instructor made many observations of students’ 

participation in and completion of activities. The module observation protocol appears in 

Appendix F7. These data triangulated software reports, participant metacognitive self-

reflections, and participant work products. Instructor observations also provided a significant 

source of evaluation and outcomes data. Instructor observations were assessed for 

completeness and consistency using the implementation rubric, shown in Appendix E2. There 

are no psychometrics or response scales available for instructor observations. 

Data Source Eight: Interviews 

Individual, structured interviews aligned with the research questions and provided 

qualitative data about participants’ experiences and feelings about the course. Twelve 
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structured interview questions adapted from Haslam (2008) appear in Appendix F8. Sample 

questions included, “Please describe your experiences with the modules. Include what worked, 

what did not, and why,” and “Please describe your feelings about your research reading 

abilities during the modules.” Interviews were conducted remotely over Zoom with audio-only 

recordings. The audio files were then transcribed using Otter.ai software (Los Altos, CA), and 

the transcripts underwent coding (more details about coding are in the “Data Analysis” section 

of this chapter). Interviews were coded using three coding types: inductive coding, pattern 

analysis, and thematic analysis. 

Procedure 

This section discusses the intervention components, data collection, and data analysis 

used in this intervention. Ongoing participation evaluation information was collected to 

determine the participation rates in the various professional learning opportunity components. 

While the professional learning modules were preplanned, doctoral student participants were 

encouraged to propose, design, and revise session content according to their individual needs. 

Participant Recruitment  

Participant recruitment occurred through convenience sampling (Lochmiller & Lester, 

2017). The sponsoring organization, NSPN, contacted their nationwide membership (n = 1,574) 

with an online invitation to participate in the course. They sent the same invitation through the 

email newsletter, website posts, and social media channels. While the free, online intervention 

could, in theory, accommodate an unlimited number of participants, the qualitative nature of 

the course and study provided a practical limitation. Thus, the first 58 people to enroll in the 

course were accepted and asked to check a box if they wanted to opt-in to receive information 
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about participating in the research study. Of those who opted in, 28 indicated an interest in the 

study, and 24 met inclusion criteria, consented, and began the study. The four people who did 

not qualify were not currently enrolled doctoral students (one was an undergraduate, and 

three were post-baccalaureates). All 24 participants completed the study and were included in 

the analysis. Nine study participants volunteered and completed follow-up interviews. 

The major limitation of convenience sampling is the bias of asking only people to 

participate within the sponsoring organization’s membership network (Lochmiller & Lester, 

2017). However, the diversity of the organization’s members offered some offset to that 

concern by filtering participants through exosystem-level networks of research professionals 

across the U.S., in various fields, and at all academic levels (Bronfenbrenner, 1979). In addition, 

there were no coercive conditions, formal relationships, potential instructional relationships, or 

personal power dynamics between the student researcher and the participants. As a buffer, 

additional language in the recruitment invitation and IRB consent form emphasized 

volunteering. The recruitment invitation appears in Appendix G. 

Finally, this online course with follow-up interviews presented the least possible risk to 

participants. Participants had no direct benefits beyond gaining general knowledge of active 

reading strategies. The investigator collected written consent for the study and verbal consent 

again before the interview portion. Only the audio part of the interviews was recorded for 

transcription. There was no video recording of any kind. 

Intervention 

The intervention was a free, online professional development (PD) course in four 

modules consisting of synchronous and asynchronous activities. The entire PD course was eight 



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

153 

weeks, divided into two parts, with the intervention occurring only during the first four weeks 

(i.e., part 1). The modules involved approximately six hours of treatment over four weeks. Table 

9 below shows the course’s major activities, duration, and examples. The table also shows the 

flow of each module, including instructor-led tutorials and independent SCA discourse practice. 

In addition to these course activities, participants shared a practice set of primary literature 

papers on the relevant policy topic of climate change attitudes. Participants read and 

collaboratively annotated articles in the practice set. The practice set reflected knowledge 

appropriate to beginning science policy researchers as agreed by a panel of policy experts 

within NSPN and confirmed by a pre-survey of participant policy topic interests. Participants 

used one paper for practice in Modules 1-4 and the remaining articles in subsequent modules. 

Finally, the instructor offered digital reminders to all participants through the LMS about due 

dates and work products. 

Three learning theories guided the module design. These included sociocultural theory 

(Brown & Renshaw, 2000; Vygotsky, 1978), situated learning theory (Brown, Collins, & Duguid, 

1989), and metacognition (Flavell, 1979). As it applies to doctoral education, sociocultural 

theory posits that learning occurs primarily from participating in discursive activities between 

instructor and student or between students in a collaborative discussion (Brown & Renshaw, 

2000) that centers on the primary literature. Students develop and refine their thinking through 

reading, writing, and feedback from more knowledgeable others, such as advisors, instructors, 

and peers. Sociocultural theory was the primary motivator of the student researcher’s design 

choice to use a structured reading method in combination with SCA to generate peer discourse 

and improve the understanding of primary literature.  
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Next, situated learning theory is an instructional model where students learn from 

observing others and through practice as cognitive apprentices (Brown, Collins, & Duguid, 

1989). In this model, learning is not abstract and occurs through contact with experts in the 

field (Lave & Wenger, 1991). This theory guided many of this study’s design choices, including: 

• earned “content” is not a discrete package of information for dissemination but 

a set of contextual, real, and progressively challenging activities (e.g., modular 

design using the CERIC method); 

• students were presented with real situations (e.g., primary literature on a 

relevant policy topic) and were asked to think through case-study issues; 

• online, collaborative learning environments promoted reflection, discussion, and 

evaluative thinking (e.g., SCA activities and reflection prompts), where 

participants were encouraged to discuss their thinking with others; 

• the instructor (i.e., student researcher) served as a facilitator, scaffolded 

material into appropriate chunks, encouraging participants to work together on 

problem-solving. 

Thus, these intervention features reflected the goal of situated learning theory to facilitate 

meaningful interactions with the added challenges and affordances of asynchronous online 

learning environments. 

 Finally, Flavell (1979) defined metacognition as thinking about thinking and identified 

two major elements, knowledge of one’s cognition and self-regulation of cognition. Together, 

these elements form metacognitive monitoring, a process that has been identified as a factor 

for success in learning, reading, and writing (Paris &Winograd, 1990) because it connects to the 
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more profound factor of self-regulation (Dinsmore et al., 2008). This intervention promoted 

metacognition development through formal and informal prompts. For instance, in this 

intervention, participants were formally prompted to reflect on their learning and challenges at 

the end of each module. In addition, during each module, participants were also encouraged 

informally to reflect, such as, “Do I understand what I just read?” At the group level involving 

co-regulation, participants were prompted informally to check in with each other, “Are we 

following instructions? How does our work compare to the mentor text or other examples? 

Thus, formal and informal prompts occurred throughout the modules to increase metacognitive 

monitoring and learning.  
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Table 11 Dissertation Study Major Activities of the Intervention 

Dissertation Study Major Activities of the Intervention Using the CERIC Method for Critical 

Reading (Bjorn et al., 2022) with SCA for Discourse (Kalir, 2020) 

Activity Timeline Duration Module Description 
Pre-session: 
Learning Goals: 
•  Answer the question, 
Why should you 
complete this course? 
•  Brief overview of SCA 
and CERIC 
•  Set two goals 
•  Complete intro to 
course tools 

•  Starts March 
1, 2022, to 
March 31, 2022 
 
•  Four-week 
study (Part 1 of a 
longer 8-week 
PD course) 

30 min 
 

•  Instructional intro to SCA and course tools.  
•  Create tool profiles and first practice social 
collaborative annotation (SCA). 
•  Complete pre-session surveys and reading 
assessment. 

Module 1: Claim 
Learning Goals: 
•  Define and explain the 
concept of Claim 
•  Identify where Claims 
are typically found in the 
PL 
•  Complete a worked 
example of finding the 
Claim (try your own). 

Due by the end 
of week 1, 
March 8, 2022 
 

15 min Instructor-Led  
Lesson 1 on Claims via instruction with a high-
quality worked example. 

 30 min total 
 
 
 

25 min 
 
 
 
 
 
 

5 min 

Independent Practice 
Participant chooses one paper to use for 
practice in Modules 1-5. 
 
Activities: 
•  Use SCA prompt for Module 1 to annotate 
and identify the primary Claim and submit via 
Google form on Canvas. 
•  Mark annotations using SCA tool. 
•  Respond to two peer annotations.  
•  Use Module 1 Prompt to complete the 
module written metacognitive self-reflection. 

Module 2: Evidence 
- Explain the concept of 
Evidence 
- Show examples and 
where Evidence is 
typically found in the PL 
- Worked example of 
finding the Evidence (try 
your own). 

Due by the end 
of week 2, 
March 15, 2022 
 

15 min Instructor-Led  
Lesson 2 on Evidence with a high-quality 
worked example. 

 30 min total 
 
 
 

25 min 
 
 
 
 
 

5 min 

Independent Practice 
Participant continues working with the research 
paper chosen in Module 1. 
 
Activities: 
•  Use SCA prompt for Module 1 to annotate 
and identify the Evidence and submit via Google 
form on Canvas. 
•  Mark annotations using SCA tool. 
•  Respond to two peer annotations.  
•  Use Module 2 Prompt to complete the 
module written metacognitive self-reflection. 
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Module 3: Reasoning 
Learning Goals: 
•  Define and explain the 
concept of Reasoning 
•  Identify where 
Reasoning is typically 
found in the PL 
•  Complete a worked 
example of finding the 
Reasoning (try your 
own). 

Due by the end 
of week 3, 
March 22, 2022 
 

15 min  Instructor-Led  
Lesson 3 on Reasoning with a high-quality 
worked example 

 30 min total 
 
 
 

25 min 
 
 
 
 
 

5 min 

Independent Practice 
Participant continues working with the research 
paper chosen in Module 1. 
 
Activities: 
•  Use SCA prompt for Module 3 to annotate 
and identify the Reasoning and submit via 
Google form on Canvas. 
•  Mark annotations using SCA tool. 
•  Respond to two peer annotations.  
•  Use Module 3 Prompt to complete the 
module written metacognitive self-reflection. 

Module 4: Implications 
Learning Goals: 
•  Define and explain the 
concept of Implications 
•  Identify where 
Implications are typically 
found in the PL 
•  Complete a worked 
example of finding the 
Implications (try your 
own). 

Due by the end 
of week 3, 
March 22, 2022 
 

15 min  Instructor-Led  
Lesson 4 on Implications with a high-quality 
worked example 

 30 min total 
 
 
 
 

25 min 
 
 
 
 
 

5 min 

Independent Practice 
Participant continues working with the research 
paper chosen in Module 1. 
 
Activities: 
•  Use SCA prompt for Module 4 to annotate 
and identify the Implications and submit via 
Google form on Canvas. 
•  Mark annotations using SCA tool. 
•  Respond to two peer annotations.  
•  Use Module 4 Prompt to complete the 
module written metacognitive self-reflection. 

Module 5: Context 
Learning Goals: 
•  Define and explain the 
concept of Context 
•  Identify where the 
Context is typically 
found in the PL 
•  Complete a worked 
example of finding the 
Context, including  
- Identify the rational 
and motivation for the 
study 
- Seminal prior work (try 
your own). 

Due by the end 
of week 4, 
March 29, 2022 
 

15 min Instructor-Led  
Lesson 5 on Context with a high-quality worked 
example 

 30 min total 
 
 
 

25 min 
 
 
 
 
 

5 min 

Independent Practice 
Participant continues working with the research 
paper chosen in Module 1. 
 
Activities: 
•  Use SCA prompt for Module 5 to annotate 
and identify the Context and submit via Google 
form on Canvas. 
•  Mark annotations using SCA tool. 
•  Respond to two peer annotations.  
•  Use Module 5 Prompt to complete the 
module written metacognitive self-reflection. 

Due by the end 
of the course 
 

60 min 
 

30 min per 
paper 

Additional Independent Practice 
•  Full CERIC-prompted annotations of at least 
two other papers from the practice set (i.e., 
paper not used in Modules 1-5). 
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•  Mark annotations using SCA tool. 
•  Respond to two peer annotations.  

Module 6: Analysis to 
Synthesis  
Learning Goals: 
•  Define and explain the 
concepts of Literature  
Analysis and Synthesis. 
•  Identify the key 
questions and processes 
involved. 
•  Complete a worked 
example (try your own). 

Due by the end 
of week 4, 
March 29, 2022 
 

15 min Instructor-Led  
Lesson 6 on Analysis and Synthesis with 
instruction and a high-quality worked example 

 60 min total 
 
 
 

25 min each 
paper 

 
 
 
 
 

5 min 

Independent Practice 
Participant continues working with two research 
papers chosen in Module 5. 
 
Activities: 
•  Use SCA prompt for Module 6 to analyze and 
synthesis the main elements from each of two 
research papers and submit via Google form on 
Canvas. 
•  Mark annotations using SCA tool. 
•  Respond to two peer annotations.  
•  Use Module 6 Prompt to complete the 
module written metacognitive self-reflection. 

Post-Session March 31, 2022 30 min Complete post-session surveys, reading and 
writing assessments, and interview 

 

In addition, the module one timeline, shown below in Figure 11, reflected an initial draft 

for the course's first module. The course contained six modules with a similar plan, emphasizing 

meaningful communication and collaboration activities (Rienties & Toetenel, 2016), which 

supported critical reading learning objectives using the primary research literature and SCA. 

Milestones (MS) represent points in the strategic plan, and benchmarks (BM) reflect standards 

and comparisons. Throughout this discussion, SCA refers to social, collaborative annotation. 
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Figure 11 Initial Benchmarks (BM) and Milestones (MS) for Module One  

Initial Benchmarks (BM) and Milestones (MS) for Module One  

 

Note. Modules two through six had a similar timeline with benchmarks and milestones. 

Data Collection 

The data collection matrix in Table 12 summarizes the primary data sources and 

collection procedures. The matrix includes the process and outcomes evaluation components of 

the study. The matrix also shows data collection tools, data sources, and collection frequency.  

  

BM 1: Intro 
to course 
and SCA 
tools

MS 1: 
Create 
profile in 

Hypothes.is 
and practice 
annotations

BM 2: Goal 
setting for 
SCAs and 
peer 

responses

BM 3: 
Lesson 1 on 

Claims

MS 2: 
Create First 

SCA

MS 3: 
Create SCA 
a prompt 
post and 2 

peer 
responses 
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Table 12 Dissertation Study Data Collection Matrix 

Dissertation Study Data Collection Matrix 

Research Questions Evaluation 
Indicator(s) 

Data Collection Tools Data Source(s) Frequency 

Process Evaluation 
1.To what extent was the 
intervention implemented 
with integrity (i.e., goals as 
aims, testing variants, 
embedding DBIR principles 
in development, and 
responsiveness (per 
LeMahieu, 2011)? 
1a. Goals as measurable 
aims: How were the 
intervention’s goals 
articulated in the 
measures?  
1b. Encouraging and 
testing variants: How were 
module variants identified 
and tested?  
1c. Embedding DBIR 
principles in development: 
How were iterative design 
changes used to address 
participants’ challenges 
and experiences? 
1d. Quality of delivery: 
How did participants 
engage in this 
intervention? 
1e. Responsiveness:  
What are the key factors 
that enabled or inhibited 
the participants from 
participating in the 
intervention components? 
 
 
2. How did participants 
describe their experiences 
with the intervention? 
2a. What is working about 
the program, and why? 
2b. What is not working 
about the program, and 
why? 

 
Qs 1a-1e 
Formative 
evaluations:  
• Attendance 
•Implementation 
rubric 
• Annotation 
Quality 
• Written 
metacognitive self-
reflections  

 
Formative and 
summative 
evaluations: 
•Survey (PSRS) 
•Reading 
Comprehension 
Assessment 
 
Summative 
evaluation: 
•Survey (PSRS) 
 
 
 
 
 
 
 
 
 
 
 
 
Interviews 
PSRS 

 
Implementation Rubric: 
• What was the quality of the 
instructor-led meetings in 
terms of how students 
engaged (i.e., intense, 
collaborative, independent, 
and passive? 
• What was the quality of the 
practice sessions in terms of 
in terms of how students 
engaged (i.e., intense, 
collaborative, independent? 
 
Implementation Rubric: 
• Which components of the 
instructor-led sessions were 
delivered and to what 
extend? 
• Which components of the 
instructor-led were not 
delivered?   
• What were the reasons for 
not delivering specific 
components? 
 
Written Metacognitive Self-
Reflections: 
• Written metacognitive self-
reflections at the end of each 
module, focusing on 
metacognitive awareness.  
Example Prompt:  
• How does this topic connect 
to your field/topic? 
 
Participants’ Experiences of 
the Course (i.e., Interviews) 
Example: 
•  Please describe your 
experiences with the 
intervention. 
 

 
•Participants’ 
work products 
• Instructor 
observational 
reports 
• Software 
reports (e.g., 
Canvas 
reports, 
Google doc 
history 
reports, 
Hypothes.is 
reports) 
 
 
 
• Participants’ 
work products 
• Instructor 
observation 
reports 
• Software 
reports 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Each module 
(weekly) 

 
 
 
 
 
 

 
 
 
 
Each module 
(weekly) 
 
 
 
 
 
 
 
 
 
 
Each module 
(weekly) 
 
 
 
 
 
 
 
 
 
Post 
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Research Questions Evaluation 
Indicator(s) 

Data Collection Tools Data Source(s) Frequency 

Participant Satisfaction and 
Recommendation Survey 
(PSRS; Wong and Yeung, 
2003): 
• 7 items; Likert scale 1-6; 
alpha = .92. 
• Brief survey measuring 
participation, usefulness, and 
reactions to the instructor-led 
sessions. 
Examples: 
• Rate the usefulness of the 
program to professional needs 
• Rate learning materials 
provided 

Interview 
findings 
 
PSRS results 

Mid-Post 
 

 
 
 
 
 
 
 
 

 
 
 

Outcome Evaluation 
1. What is the relationship 
between participation in 
the intervention and: 
a. reading 

comprehension as 
critical reading of the 
primary literature? 

b. research self-efficacy? 
c. reading 

apprehension?  
 
 
 
 
 
 
 
 
 
2. What were the 
participants’ experiences 
with social collaborative 
annotation (SCA)? 
 
 
 
 
 
 
 
 
 

Formative 
evaluation: 
• SCA Prompt 
Responses 
 
Formative and 
summative 
evaluation: 
• Reading 
comprehension 
• Annotation quality 
assessment 
• Surveys  
- RSES 
- RACS 
 
 
 
 
 
Formative 
evaluation: 
• SCA prompt 
responses 
 
Formative and 
summative 
evaluation: 
• Annotation quality 
assessment 
 

• Software analytics 
• Observational reports 
• Annotation Quality rubric to 
collect module activities 
• Ongoing discourse analysis 
of annotations with 
Crowdlaaers and Hypothes.is 
 
Reading comprehension 
assessment (researcher 
created) 
• 7 items; short answer 
• Read short passage and 
answer questions 
Examples: 
• What is the primary claim? 
• What is the next experiment 
the authors could run to test 
this claim? 
 
Research Self-Efficacy Survey 
(RSES; Bieschke et al., 1996) 
• 15 items; 100-point scale; 
alpha of .96. 
• Only Conceptualization 
subscale of RSES, which 
measures early-program 
doctoral self-efficacy. 
Examples: 
•  Identify areas of needed 
research, based on reading 
the literature. 

•Participants’ 
work products 
• Instructor 
observation 
reports 
• Software 
reports 
 
RC results 
Hypothes.is 
and 
Crowdlaaers 
results 
 
 
 
 
 
 
 
RSES results 
Crowdlaaers 
results 
 
 
 
 
 
 
 
 
 
 

Each module 
(weekly)  
 
 
 
 
 
 
Pre-Post 
Each module 
(weekly)  
 
 
 
 
 
 
 
 
 
Pre-Post 
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Research Questions Evaluation 
Indicator(s) 

Data Collection Tools Data Source(s) Frequency 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
3. How did SCA discourse 
practice change the 
participants: 
a. perceptions of reading 

comprehension? 
b. perceptions of reading 

apprehension?  
 
4. What components of 
the intervention do 
participants report as 
having the greatest benefit 
to: 
a. reading 

comprehension as 
critical reading?  

b. reading 
apprehension? 

c. reading in a new field? 
d. engagement with the 

primary literature? 

Formative and 
summative 
evaluation: 
• Reading 
comprehension 
• RACS 
 
 
 
 
 
 
 
 
 
 
 
Formative 
evaluation: 
• Weekly check-in 
surveys 
Summative 
evaluation: 
• Interviews 
 

•  Develop a logical rationale 
for your research idea. 
•  Discuss ideas with peers. 
 
Reading Anxiety in College 
Students (RACS; Edwards et 
al., 2021) 
• 10 items; Likert scale 1-5; 
alpha of .91. 
• Brief survey measuring 
reading anxiety adapted to 
primary literature. 
Examples: 
•  Do you worry you don’t 
understand what you read in 
research papers? 
 
Participants’ Experiences of 
the Course (i.e., Interviews) 
Examples: 
•  Please describe your 
experiences with the 
intervention. 
•  Please describe your 
feelings about your primary 
literature reading abilities 
during the intervention. 
•  Please describe your 
reading and writing skills after 
the intervention? 

 
 
 
 
RACS results 
 
 
 
 
 
 
 
 
 
 
 
 
Survey findings 
 
Interview 
findings 

 
 
 
 
Pre-Post 
 
 
 
 

 
 
 
 
 
 
 
 

Each module 
(weekly) 
Post 
 
 
 
 
 
 
 
 
 
 
 
 

Data Source One: Pre-Post Reading Comprehension Assessment 

 The pre-post reading comprehension assessment was given at the beginning and at the 

end of the program. Data collection occurred via the assessment instrument (Appendix F1) and 

accessible via the LMS.  
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Data Source Two: Pre-Post Research Self-Efficacy (RSES) Conceptualization Subscale 

 This survey was given at the beginning and the end of the intervention as a pre- and 

post-test. Data collection occurred via the survey instrument (Appendix F2) loaded into 

Qualtrics.com and accessible via the LMS. 

Data Source Three: Pre-Post Reading Anxiety in College Students (RACS) Survey 

 This survey was given at the beginning and the end of the program as a pre- and post-

test. Data collection occurred via the survey instrument (Appendix F3) loaded into 

Qualtrics.com and accessible via the LMS. 

Data Source Four: Software Reports 

 Software reports provided ongoing quantitative data about participant interaction with 

the LMS and SCA tools. These data were collected during and after each module and at the end 

of the program.  

Data Source Five: Participants’ Work Products 

Student-generated qualitative and quantitative work products were collected in 

multiple formats, including responses to course prompts SCA discourse practice, and in-class 

assignments (Appendices F4, F5, and E3-E7). Annotations, reading summaries, and discourse 

skills were indicators with multiple data collection points, including submissions through Google 

forms, Hypothes.is SCA entries, and written student reflections.  

Data Source Six: Metacognitive Reflections 

 Written metacognitive reflections were collected at the end of each module through the 

LMS. The prompts for this data source appear in Appendix F6.  
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Data Source Seven: Instructor Observations 

These qualitative and quantitative data were collected at every instructor interaction 

with the program LMS (i.e., Canvas) and participants. Instructor observations of each module 

included participation, reading frequency, annotation frequency and completion, and discourse 

frequency and quality. The observation protocol appears in Appendix 7. The implementation 

rubric (Appendix F3) also served as a secondary checklist to guide instructor observations.  

Data Source Eight: Interviews 

 Structured interviews were conducted with nine participants. The interviews were 

conducted at the end of the intervention. The interview protocol appears in Appendix F8. 

Data Analysis 

This section focuses on a discussion of how the data were analyzed. This researcher 

analyzed the quantitative and qualitative datasets and merged them during interpretation for 

side-by-side comparisons. The a priori assumption was that the quantitative and qualitative 

data were equally weighted. However, the sample size of 24 participants meant that qualitative 

data weighed more heavily in some areas, such as SCA and meta-cognition, where there was a 

wide range of response quality and quality that was not normally distributed (i.e., presence of 

outliers), and thus, limited statistical analysis (Creswell & Plano-Clark, 2018).  

Quantitative Data Analysis 

The study generated quantitative data primarily from the pre-post reading 

comprehension assessment, RSES, RACS, and software reports. The quantitative data were 

analyzed using descriptive statistics to determine if the data were normally distributed. Several 

assumptions of normality were satisfied before running additional tests, including the level of 
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measurement (coded as a scale because SPSS can only recognize scale/continuous data); 

absence of outliers (i.e., skewness); normality of variables (i.e., kurtosis); and linearity (i.e., the 

linear relationship between the two variables; Wagner, 2019). Data for the indicators of reading 

comprehension, research self-efficacy, and reading apprehension met the criteria for normality. 

Thus, the student researcher conducted one-tail (matched pair) t-tests of pre-post group means 

for each of the above indicators. However, the sample size was too small to apply additional 

tests, such as ANOVA or other correlation tests.  

Data Analysis Source One: Pre-Post Reading Comprehension Assessment. The student 

researcher analyzed the participants’ performance on the pre-post reading comprehension 

assessment. The assessment was scored using two dimensions. First, response accuracy was 

scored with a key developed by an expert panel (Appendix F1). These data met the criteria for 

normality. Additional testing included one-tail (matched pair) t-tests. The small sample size did 

not allow for further testing, such as ANOVA (Wagner, 2019). 

Data Analysis Source Two: Research Self-Efficacy (RSES) Conceptualization Subscale. 

These data met the criteria for normality. Additional testing included one-tail (matched pair) t-

tests. The small sample size did not allow for further testing, such as ANOVA (Wagner, 2019). 

Data Analysis Source Three: Reading Anxiety in College Students (RACS) Survey. These 

data met the criteria for normality. Additional testing included one-tail (matched pair) t-tests. 

The small sample size did not allow for further testing, such as ANOVA (Wagner, 2019). 

Data Analysis Source Four: Software Reports. These data included categorical and 

ordinal values. These values were used as dependent variables for correlational comparisons 
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with the above survey results. The data were non-parametric, and the analysis included chi-

squared tests and Spearman’s correlation (Wagner, 2019).  

Qualitative Data Analysis 

The study produced qualitative data from participant self-reports, instructor 

observations, annotations, and interviews. The qualitative data were analyzed using content 

and thematic analysis (Miles et al., 2013). Content coding and thematic analysis of the 

participants’ interviews were appropriate analysis methods to address qualitative research 

questions about participants' lived experiences and understanding (Miles et al., 2013). Specific 

qualitative analysis techniques included inductive coding, pattern analysis, thematic analysis, 

frequency (i.e., counting), and proximity analysis (Armborst, 2017; Hsieh & Shannon, 2005; 

Jackson & Trochim, 2002; Miles et al., 2013). The initial analysis occurred in three rounds, 

content-coding, pattern analysis, and thematic analysis. Then frequency analysis regarding SCA 

patterns from the Hypothes.is data sets were visualized by Crowdlaaers using learning analytics 

and quantization (Kalir, 2020). Additional software support for qualitative analysis came from 

the software NVIVO (QSR International Inc., Melbourne, Australia), which the student 

researcher used to code all assets digitally. 

Coding the qualitative data, such as interview transcripts, began with a conventional, 

inductive coding process (Creswell & Plano-Clark, 2018). The student researcher read each 

transcript line-by-line and marked the margins with impressions, ideas, concepts, words, 

phrases, and perceptions of emotional affect (Glaser & Strauss, 2017). During the first coding 

cycle, the student researcher used a descriptive coding method to assign labels to data and then 

summarized those in a word or short phrase. This approach's advantage was to gain information 
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directly from the participants without imposing preconceived notions (Glaser & Strauss, 2017). 

In addition, the researcher wrote summaries after each interview and memos while coding 

interviews, engaging in continuous recording of interactions between data and theory (Rädiker 

& Kuckartz, 2020). 

The first analysis round included pattern analysis and thematic coding, highlighting 

patterns and themes within the same participant’s work over a few weeks and between 

participants. The second coding round was focused coding, aiming for code saturation and 

testing emerging ideas with disconfirming information (Rädiker & Kuckartz, 2020). The final 

coding round was theoretical coding, building on emergent concepts to clarify relationships 

between codes and themes, comparing findings with theory, and generating new hypotheses. 

Data Analysis Source Five: Participants’ Work Products. The student researcher 

analyzed the participants’ work product data from annotations and reading summaries using 

the qualitative analysis procedures (described above) in combination with rubrics (Appendix F5) 

and SCA discourse analysis tools, such as Crowdlaaers. For instance, in Module 1, participants 

read and annotated a primary literature article, focusing on identifying the paper’s main and 

sub-claims. They completed their annotations using an SCA tool that made their reading active, 

visible, and social. The quality of annotations was assessed with rubrics (Appendix F5), which 

the instructor shared with participants during the first module to make the desired quality 

expected transparent. 

Further, the LMS analytics and the SCA tool data showed the participants' activities. The 

quality and frequency of the annotations were triangulated with participants’ brief written 

metacognitive reflections about the module to increase the trustworthiness of the analysis. 
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Finally, the SCA annotations and meta-cognitive responses ranged widely in quality and 

quantity, with the presence of outliers, and were not normally distributed. Thus, the SCA and 

metacognitive data were analyzed only with qualitative approaches. 

Data Analysis Source Six: Metacognitive Self-Reflections. The metacognitive prompts 

appear in Appendix F6. The student researcher analyzed the metacognitive self-reflection data 

using the qualitative analysis procedures (described above) with additional coding support from 

the software NVIVO. Written metacognitive self-reflections were uploaded to NVIVO, where 

coding occurred digitally using a combination of a priori and emergent codes. The student 

researcher then used the software to generate an additional analysis of the written 

metacognitive self-reflections, such as code frequency, proximity, and coding queries that 

spanned the entire qualitative dataset.  

Data Analysis Source Seven: Instructor Observations. The student researcher analyzed 

the instructor observation data using the qualitative analysis procedures (described above) in 

combination with an implementation rubric, which also served as an observation checklist, 

along with the instructor observation protocol (Appendices E2 and F7). 

Data Analysis Source Eight: Interviews. The interview questions appear in Appendix F9. 

The student researcher analyzed the structured interview data using the qualitative analysis 

procedures (described above) with additional coding support from the software NVIVO (QSR 

International Inc., Melbourne, Australia). Interview transcripts were uploaded to NVIVO, where 

coding occurred digitally using a combination of a priori and emergent codes. The student 

researcher then used the software to generate additional analysis, such as coding queries of 

frequency, proximity, and matrix queries by case features (e.g., year of study, the field of study, 
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gender). When interview analysis began, all the other qualitative data were already loaded into 

NVIVO, allowing for rich, study-wide case and code processing.  

Qualitative Data Analysis Considerations  

The truth value is the primary quality component in any research study (Krefting, 1991). 

Lincoln and Guba (1986) explicated a model of truth value in qualitative research where 

trustworthiness is the primary goal. They defined trustworthiness as the study's worthiness of 

attention, and there are five indicators. These indicators include credibility, dependability, 

confirmability, transferability, and authenticity. By comparison, truth value in quantitative 

research reflects the primary goals of validity and reliability. Validity is measuring what is 

intended, and reliability is measuring consistently (Lochmiller & Lester, 2017).  

To establish truth value in this mixed-methods study, the student researcher focused on 

increasing the trustworthiness of the qualitative data. These efforts centered on the 

triangulation of research methods (i.e., quantitative and qualitative) and multiple data types 

(Miles et al., 2013). Triangulation of qualitative data types focused on developing interpretative 

validity, defined by Maxwell (1992) as explicating the unique, idiosyncratic meanings and 

perspectives constructed by individuals and groups who live in a particular context. These data 

types included (a) the quality and frequency of participants’ annotations, (b) their written 

metacognitive self-reflections, (c) work product artifacts, and (d) structured interviews. The 

self-reflections (n = 96, 24 participants x 4 reflections) and interviews (n = 9) were insightful 

data sources about participants’ perspectives and experiences with the intervention. As a result 

of triangulation, the study generated thick descriptions of the participants’ experiences that are 

rich, detailed, layered, and, overall, increased our understanding of the program (Geertz, 1973). 
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Researcher Positionality 

The disciplinary practices and norms of academia connect to and inform the student 

researcher’s positionality. Positionality is the researcher's stance concerning the social and 

political context of the study, including the community, the organization, or the participant 

group (Milner, 2007). Thus, the researcher's racial, cultural, and social position affects every 

research phase, from how the question or problem is initially constructed to the research 

design and data interpretation.  

Research Paradigm 

The research paradigm that supports this dissertation research is an indigenous insider 

(Banks, 2016), with added expertise. Many past and present roles position the student 

researcher as an indigenous to the academic writing and publishing community, including 

scientific writing instructor, coach, manuscript editor, published writer, and former bench 

scientist. Through these roles, I understood the community's perspectives, behaviors, beliefs, 

and knowledge. Likewise, insider status comes from holding past and present institutional 

affiliations, such as at JHU, Nature Publishing Group, Science Magazine, The New York Times, 

and many others. Crucially for this study and collaboration with NSPN, I was a science policy 

reporter for two years. Thus, this community perceives me as a legitimate member who can 

speak with authority about publishing, language, reading, writing, annotation, and science 

policy skills at the doctoral level.  

My paradigm of indigenous insider also positions me as an expert in Mainstream 

Academic English (MAE), the elite dialect of English used within the academy for dissertation 

work (Flores & Rosa, 2015; Trepagnier, 2010). I currently teach and coach doctoral students to 
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become fluent in MAE and assimilate to its norms, such as APA standards, efficiency, and logic. 

However, language is not neutral. MAE is a tool that perpetuates the Whiteness of the 

academy's creators (Trepagnier, 2010) and White Supremacy Culture (WSC), with 

characteristics such as perfectionism, one right way to do things, objectivity, and obsession with 

the written word (Okun, 2021). One way to challenge WSC within academia is to make 

expectations explicit and offer instruction in assumed skills.  

A deeper reflection of my indigenous-insider paradigm reveals several unearned 

advantages. First, I grew up speaking "standard" English and, thus, had a raciolinguistic 

advantage when learning MAE. I did not have to unlearn, relearn, or assimilate into a new 

raciolinguistic identity (Rosa & Flores, 2017; Wink, 2011). In addition, I identify as White and cis, 

which are the default norms of WSC in the academy (Trepagnier, 2010). Finally, I identify as an 

U.S. female K-12 teacher. The unexamined Whiteness of teaching is normalized and centered 

because most U.S. K-12 teachers are White women (Picower, 2009). Thus, a central task of 

teacher preparation is to explore stereotypical racist attitudes towards students of color and 

minoritized groups, including assumptions about what students should know (Milner, 2007).  

Positionality and Research Methods 

This mix of positionality exposes my lifelong work to name, recognize, and act to change 

the racism and linguicism that lie deep in my consciousness (Wink, 2011). Applied to my 

dissertation research study, this work means that I emphasize qualitative data (i.e., interviews 

and observations) as a higher priority over quantitative data in my mixed-methods study. 

Qualitative data focuses on the participants' experiences and avoids the WSC trap of objectivity 

(Creswell & Plano Clark, 2018). Also, the focus on narrative data allows for an epistemological 
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perspective that centers on the participants’ experiences (R. B. Johnson & Onwuegbuzie, 2004). 

After all, I am an indigenous insider who identifies as an expert in the dominant raciolinguistic 

group. However, I do not assume I already know which constructs to test, which is why the 

study’s focus on qualitative data is essential for explaining quantitative results and generating 

additional hypotheses. 

Strengths and Limitations of Research Design 

This study used a convergent parallel mixed-methods case study design to collect, 

analyze, and interpret quantitative and qualitative data. A strength of this design was that it 

allowed for the triangulation and merging of different types of data to check if one form 

supports the other while also addressing the weaknesses of each data type when used alone. 

Another strength was the efficiency of concurrent data collection. A limitation of this design was 

that merging the data can be fraught when data strands do not agree (Creswell & Plano-Clark, 

2018). These situations could require additional analysis or data collection.  

The overall study design of ITS also had several strengths and limitations. ITS is a robust 

quasi-experimental design because the data come from a single population sample. Therefore, 

it was a way to compare the effects of a treatment when randomization and control groups are 

not feasible, such as in a voluntary professional development setting (Creswell & Plano-Clark, 

2018). However, using ITS meant carefully considering several factors that could become 

limitations and threats to validity. These considerations, with commentary in italics, were: 

• Autocorrelation, where data collected closely in time correlated because a critical 

variable is missing from the model, for example, if a latent cofactor for perceived 

competence is not included in the analysis, generating misleading p values. Care was 
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taken to use non-correlated quantitative measures. However, this effect cannot be 

ruled out entirely, but the mixed-methods findings offer reassurance because of 

multiple data types. 

• Secular trends, where the data were increasing or decreasing over time irrespective 

of any intervention, for instance, students’ reading skills improved based only on 

increasing reading experience outside the study. This effect was unlikely to occur 

during the study because four weeks is a relatively short period for an adult’s reading 

skills to change significantly.  

• Seasonality or cyclic patterns to the data, such as when students in the spring 

semester are generally less motivated for their degrees, compared to the autumn. 

Data on this effect at the doctoral level are not available. It is unclear if the 

intervention would have had a more significant impact if offered in the fall or 

another season.  

• Outliers in the data, such as when a student has exceptionally strong skills because 

of extensive prior preparation as an undergraduate major in logic, philosophy, or 

astronomy. Outliers in the data occurred for SCA and meta-cognitive findings, where 

previous experience varied. These data were then treated only as qualitative sources. 

Notably, there were no outliers in the data for reading comprehension. No 

participants had formal academic experience in astronomy (i.e., the subject of the 

reading comprehension assessment).  
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• Other interventions co-occur with the intervention but are not reflected in the data 

series, such as a primary literature intervention happening simultaneously in the 

research group or department. Participants were asked about it, and all reported no. 

• Sample size, where too few participants or too many dropouts impeded the desired 

effect size or statistical power (Polus et al., 2017; Shadish et al., 2002). This study 

achieved a sufficient sample size (n = 24) and completion rate (100%) for the desired 

statistical power (alpha .05). Moreover, as noted by Gouvea (2017), insights from 

small-N studies can provide an in-depth look into how students learn science. 

Further, this study used an explanatory study approach with an ITS design. The major 

limitations of this approach were time-consuming data collection and subsequent time-

intensive qualitative analysis. These limitations are known in qualitative and mixed-methods 

research (Johnson & Onwuegbuzie, 2004). Also, the study was not powered for more complex 

statistical analyses, such as ANOVA, and thus generalizing the findings was not a goal (Hatry et 

al., 2015). 

Threats to validity appear in at least three forms, construct, internal, and external 

(Shadish et al., 2002). Construct validity is the degree to which constructs are valid based on the 

study’s sample, setting, and measures. In other words, the constructs measure what the 

researcher thinks they measure. Threats to construct validity can occur when one construct 

masks another, such as latent variables (Shadish et al., 2002). For instance, the theoretical 

constructs of self-determination theory are autonomy, relatedness, and competence (Deci & 

Ryan, 2012). In studies of doctoral progress, these constructs are latent variables that factor 

into the measurement of many observed variables, such as presentation rate, publication rate, 



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

175 

program type, scholarships, and level of debt (Litalien & Guay, 2015). For this study, using 

multiple methods to assess each variable, such as those found in the mixed-methods approach, 

reduced the threat of construct validity. 

Moreover, internal validity means that the inferential relationships established by the 

study are not due to any other factors. The threats come in eight types: history, maturation, 

instrumentation, testing, selection bias, regression to the mean, social interaction, and attrition 

(Shadish et al., 2002). For this study, several threats were relevant, such as attrition and the 

history described above for ITS. To reduce attrition, the researcher made the intervention as 

relevant, engaging, and convenient as possible to the participants by enlisting them as co-

designers and using design-based research principles. Also, the follow-up period for interviews 

was as short as possible (i.e., within two weeks from April 1 to April 15, 2022) to reduce the 

history effect. Other threats to the internal validity of this study centered on instrumentation. 

To reduce instrument threats, the researcher made every effort to maintain consistency at every 

observation point, such as the mid-post survey, who administered it, and how it was 

administered.  

Finally, external validity refers to the extent to which a causal relationship found in a 

study generalizes to other contexts, also known as generalizability (Shadish et al., 2002). Threats 

to external validity include selection bias, history, experimenter effect, Hawthorne effect, 

testing effect, aptitude-treatment, and situation effect (Shadish et al., 2002). Potential threats 

to external validity for this study included selection bias due to recruitment limitations, the 

experimenter effect with only one instructor who was also the researcher, and the testing 

effect, where the pre-test sensitizes people to treatment and primed them for the post-test. The 
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best way to minimize these threats to external validity is to teach a second, identical course 

during another season with another instructor and then compare the results. Implementing and 

evaluating a second course is a goal of the sponsoring organization and a future direction for 

research. 
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Chapter Five 

Findings and Discussion 

Process of Implementation 

The intervention implementation process began with participants' acceptance into the 

study, which began with participants setting goals and committing to complete the 

intervention. The structure of the sessions was another major aspect of the implementation 

process. The sessions were integrated into the first half of an eight-week professional 

development course offered by the National Science Policy Network (NSPN). Finally, because 

the intervention was conducted online, the software ecosystem and user experience were 

major aspects of the implementation process. 

Acceptance Into the Study 

 As part of the consent process, the participants completed a commitment document 

that included a condition of acceptance into the study was agreement to participate in all four 

sessions. Prospective participants agreed to this condition in writing and then were prompted 

to set and commit to individual learning goals. Only one prospective participant with an interest 

in the study could not commit to participating in all sessions. Overall, the online nature of the 

intervention, using a combination of synchronous and asynchronous activities, reduced barriers 

to participation for otherwise very busy people.  

The student researcher recognized that emergencies happen and asked participants to 

communicate by email if any situations during the study prevented participation. The goal was 

to anticipate breaks in participation and make accommodations promptly. Five participants 

experienced personal emergencies during the study (e.g., COVID-19 illness and extra 
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responsibilities at work) and asked for accommodations. A few needed to miss a synchronous 

session and were able to watch the recorded session on the video to catch up. Others required 

extra time to complete weekly assignments and did so through the course LMS. In addition, the 

student researcher sent frequent follow-up and reminder messages through the LMS to 

encourage participants to reach out if they needed help or had questions. Overall, the fluid 

nature of online and asynchronous activities made it possible for participants to make up work 

without dismissal from the study. 

Structure of the Sessions 

 The intervention was situated within an online eight-week professional development 

course offered by NSPN from March 1 to April 25, 2022, as preparation for a national science 

policy brief writing competition. Successful completion of all eight weeks prepared learners to 

submit a brief and generated a certificate of completion for the professional learning that 

learners could add to their resumes. Overall, 58 learners enrolled in the course, and 24 enrolled 

in and completed the four-week study and data collection. In addition, after the entire eight-

week course, 21 of the 58 learners completed all requirements for an NSPN certificate. Four 

course completers were top 10 finalists in the competition (Schmel, 2022). Two of these top 10 

finalists were also participants in the study. 

The course was divided into two parts. Part 1 of the course (i.e., the first four weeks 

from March 1 to March 28, 2022) focused on reading science policy research and included the 

intervention. Part 2 of the course (i.e., the second four weeks from March 29 to April 25, 2022) 

focused on writing a science policy brief and was not a part of the intervention. The student 

researcher served as the instructor for Part 1, while another experienced science policy writer 
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served as the instructor for Part 2. Learners (i.e., non-participants) had to complete Part 1 with 

a minimum score of 75% before continuing with Part 2. To earn a certificate, learners had to 

complete Parts 1 and 2 with a minimum score of 75%. Part 1 of the course is where the 

intervention occurred. All participants in the study completed the same activities as the other 

learners, with a few additional tasks (e.g., more surveys, pre-post-tests, and interviews) and 

had stricter requirements for completion scores (90% for participants as compared to 75% for 

learners).  

The course structure consisted of two main components, synchronous meetings, and 

asynchronous activities. The synchronous meeting day and time (had to complete both parts of 

the course with an overall score of 75% (i.e., Tuesday from 6:30 p.m. to 8:00 p.m. Eastern) was 

selected by NSPN based on pre-course survey preferences and prior experience with 

professional development courses for their members. A total of four 90-minute synchronous 

meetings were held on Zoom using NSPN’s account, and each participant accessed the 

meetings with a unique URL issued by Zoom upon registration. The course meetings were 

recorded by NSPN with learners’ permission (including study participants and non-participants). 

After each sync session, the student researcher posted a meeting recording link to the course 

LMS, allowing learners to review the sessions as needed.  

The sessions followed a regular pattern. The first 30 minutes of each sync session 

covered a weekly check-in survey, a recap of prior learning, and direct instruction for new 

knowledge. The remaining 60 minutes were devoted to working examples, practice, and work 

time in breakout rooms. Each session closed with a reminder list of asynchronous activities to 

be completed during the week. The weekly asynchronous activities consisted of other 
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instructional videos (optional), common readings from the primary literature, SCA activities, a 

discussion board prompt, and a meta-cognitive self-reflection prompt. Three of the four 

intervention sessions included surveys (i.e., pre-, mid-, and post-surveys). Additional async 

activities included several group annotation activities, an individual compare/contrast SCA 

activity using two readings, and an individual policy topic selection activity relevant to the 

second part of the course, which was not a part of the intervention. Further, when confusion 

arose on the week’s topics, such as on the Week One discussion board about qualitative 

research methods used in that module’s reading, the instructor added to the LMS an optional 

set of readings and videos on the topic. These optional activities were not included in data 

collection and analysis and were not part of the study evaluation. 

Finally, during the study, emergent needs arose from participants. They asked to form 

private SCA groups for the purpose of carrying on SCA after the intervention ended. Also, they 

asked for a group chat to stay in communication. After the intervention ended, the student 

researcher created a GroupMe chat to facilitate ongoing communication and guided 

participants through adding the private group function to their SCA software accounts to 

support these emergent needs. Notably, these interactions fell outside the scope of the study 

and were not included in data collection or analysis. 

Software Ecosystem and User Experience 

The course entitled “NSPN.322 Reading and Writing for Science Policy Training Series” 

was conducted online and hosted in the freestanding version of the Canvas LMS. Canvas is a 

free, robust LMS accessible to learners nationwide. Learners and study participants experienced 

the same software ecosystem that included, including Canvas for the course and Hypothes.is 
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for SCA. Learners were required to create free accounts for each as part of the pre-session 

enrollment entitled “Tech Essentials” (https://canvas.instructure.com/enroll/FFYWMT). Study 

participants were further instructed to choose usernames that did not reflect their actual 

names, an essential step to protect their privacy.  

Likewise, learners and study participants had the same user experience. Each week of 

the course was considered a session, consisting of a sync meeting and async activities. Week 

One was labeled in the Canvas course as Session 1 (and so on for each week). The session pages 

in Canvas began with an activity summary. An example of the Canvas student view of the 

Session 1 summary appears in Figure 12 below. From this first page, learners could see every 

session activity at a glance, including links to recordings, tutorials, and assignments with time 

estimates for each activity. This at-a-glance feature was central to the course’s organizational 

structure, reflecting the best user experience (UX) design practices.  

The broader aim of UX design for this project was to remove barriers to participants and 

to retain, support, and engage all participants through to study completion. The student 

researcher made several key design choices to support the broader aim, drawing from prior 

experience in UX design from Google (Mountain View, CA) and principles of Universal Design 

for Learning (UDL; CAST, 2018). These choices included creating a high-contrast, low-frustration 

interface with coherent and obvious instructions that were repeated with easy-to-follow 

language in modules with parallel construction. Moreover, the student researcher beta-tested 

the course with educators in a UDL working group at Johns Hopkins University in the months 

before the start of the study and then made revisions accordingly. Revision examples included 
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font color changes and multi-media options for learner annotations and presentations. None of 

the UDL educators were involved with the study beyond beta testing of the UX. 

Canvas LMS also provided a simple scheme to navigate the sessions, which improved 

the UX. Learners could page through sessions using the bottom buttons labeled “Previous” and 

“Next.” For instance, clicking “Next” from the Session 1 summary page (Figure 11) takes 

learners to the slideshow presentation (i.e., slides shown during the sync session) for that week. 

A participant described the experience, “I really like that the Canvas course module was 

structured very well. I could just open a week's module and hit the next button. It was really 

simple” (SCA01). Navigation simplicity was an important design goal that was successfully 

implemented.  
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Figure 12 Canvas LMS Student View: Session 1 Summary 

Student View of Canvas Course: Session 1, Summary 

 

A second navigation option for learners was access to every part of the course using the 

main navigation pane on the left side of the LMS page, including their assignments and scores. 

Finally, the student researcher embedded into the Canvas course all external learning materials, 

such as Qualtrics surveys and Google slideshows. This created a single-stop repository for all 

learning materials, further simplifying the course’s organizational structure and improving UX. 
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 In addition to Canvas, the software ecosystem included Hypothes.is, a free web-based 

social annotation tool. Early in the study planning phase, the student researcher met with 

several members of the Hypothes.is development team to discuss Canvas-Hypothes.is 

integration options. At the same time, there is an integration of Hypothes.is for Canvas, 

meaning Hypothes.is can be used entirely within the Canvas LMS space. This integration applies 

only to institutional Canvas licenses. However, the participant demographics (i.e., attending 

multiple institutions nationwide) made clear that a single institutional Canvas license was not 

feasible. The only workable option for this population was to use the free standalone version of 

Canvas. Thus, the study would also need to run the freestanding version of Hypothes.is, 

meaning that the SCA work would occur outside the Canvas course.  

Figure 13a, below, shows how learners were given instructions for SCA and directed via 

link to the external Hypothes.is SCA page (i.e., Marlon et al., 2019). After clicking the link, 

learners moved to a new browser window open to the external Hypothes.is SCA landing page 

for the whole class, as shown in Figure 13b. Participants were able to navigate these twin 

spaces. However, instruction and practice were required in session 1 to learn how to use the 

tools. A single integration, such as is available for individual institutions, would have been easier 

to use had it been feasible with the freestanding version of Canvas.  
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Figure 13 Student Views of Canvas and Hypothes.is  

13a. Student View of Canvas: Session 1, SCA Instructions and Link to Hypothes.is 

 

13b. Student View of Hypothes.is: Session 1, Whole Class SCA Dashboard 
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 The final piece of the software ecosystem was Crowdlaaers.org (i.e., crowd layers), an 

open-source discourse analysis tool for web-based Hypothes.is pages. Learners did not interact 

with Crowdlaaers directly. In this study, the student researcher used Crowdlaaers daily to 

monitor participants’ SCA discourse in real time. For example, Crowdlaaers analytics for the 

Hypothes.is annotation page above (Figure 13b) appears below in Figure 14. These analytics 

showed that 30 learners in the Session 1 whole-class Hypothes.is activity completed 120 

annotations in 15 documents representing ten threads over 11 days. Notably, practice 

extended beyond the initial session and provided a review forum that participants could return 

to as needed. 

Figure 14 Example of Crowdlaaers Analytics Dashboard  

Example of Crowdlaaers Analytics Dashboard Whole-Class SCA discourse practice 

 

To access Crowdlaaers analytics, the student researcher entered the Hypothes.is group 

annotation page URL at the top, and the software returned a visualization of the collaborative 

annotation activity associated with that group. Every "crowd layers" chart (Figure 14), such as 

Annotations, Participants, Documents, Threads, Days, and Tags, is interactive. Selecting data 

within one graph will automatically filter corresponding analytics in all other charts. Individual 
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annotations were also visible as a running list in the panel below the charts. Thus, the student 

researcher used Crowdlaaers analytics to resolve the lack of Canvas-Hypothes.is integration and 

to validate, monitor, and analyze participants’ use of SCA. 

Findings 

The empirical findings reflect an intervention that produced rich results. The 

intervention improved participants’ pre-post test scores for reading comprehension as critical 

reading, research self-efficacy, and reading apprehension. Qualitative findings corroborate the 

quantitative pre-posttest findings and reveal nuanced experiences with the learning activities. 

In addition, participants reported positive changes in their perceptions of reading 

comprehension and apprehension. Finally, participants described numerous beneficial aspects 

of the design-based learning intervention, notably interacting with peers about the primary 

literature and learning a strategic reading method.  

Evaluation of the Process 

Process evaluation provided a set of assessment tools for appraising this novel 

professional development program that helped determine how “the intervention was 

conducted and received” (Baranowski & Stables, 2000, p. 157) and, thereby, illuminated the 

validity and trustworthiness of the evaluation. The process evaluation plan adopted a 

constructivist paradigm focused on identifying multiple stakeholders’ values and perspectives 

(Mertens & Wilson, 2019) using the Evaluand-Oriented Responsive Evaluation Model (CSCL-

EREM), which focuses on participant experiences (Jorrin-Abellan and Stake, 2009). Three 

questions guided the process evaluation. These included: 

 How was the intervention implemented with integrity?  
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 How did participants describe their experiences with the intervention?  

 What were the key factors that enabled or inhibited the participants from 

participating in the intervention components?  

The remainder of this section describes and synthesizes participants’ responses.  

Process evaluation question 1. How was the intervention implemented with integrity? 

1A. Goals as Measurable Aims: How Were the Intervention’s Goals Articulated in the 

Measures? In summary, the study’s purpose was to investigate the relationship between 

doctoral students’ reading comprehension, research self-efficacy, and reading anxiety when 

working with the primary literature after an intervention consisting of instruction in strategic 

reading and practice with social collaborative annotation. These goals were articulated in 

quantitative measures as follows: 

• Data source one measured the relationship of participants’ mean reading 

comprehension as critical reading scores before and after participating in the 

intervention. 

• Data source two measured the relationship of participants’ mean reading research self-

efficacy scores before and after participating in the intervention. 

• Data source three measured the relationship of participants’ mean reading 

apprehension scores before and after participating in the intervention. 

In addition, the results from the above quantitative data sources were triangulated with 

qualitative data to contextualize and explain the findings.  
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The study also investigated doctoral students’ perceptions of reading comprehension, 

reading anxiety, and annotation practices. These goals were exploratory in nature and 

articulated in qualitative measures as follows: 

• Data source five comprised participants’ work products, such as social collaborative 

annotations and research paper analysis activities. 

• Data source six contained participants’ meta-cognitive self-reflections related to the 

study goals. 

• Data source seven consisted of instructor observations of intervention activities. 

• Data source eight consisted of in-depth interviews with participants after the 

intervention. 

Thus, the quantitative and qualitative measures combined provided multiple data streams to 

investigate the study’s goals.  

1B. Encouraging and Testing Variants: How Were Module Variants Identified and 

Tested? The module had two variants identified using context requirements in the planning 

stages. The first variant, or option A, was an online four-week course with weekly 90-minute 

sync sessions to be completed within one month. NSPN was the context, and option A reflected 

their requirements for a professional development course leading to a certificate. The second 

variant, or option B, was an eight-week online course with no weekly sync sessions to be 

completed self-paced within two months. For the second variant, a freestanding professional 

development course was the context, and the variant reflected current practices for certificate-

type “up-skilling” courses. Which variant was tested in this study was determined by the speed 
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of IRB approval, which arrived in time to go ahead with the NSPN context. Thus, option A is 

what this study tested. Nonetheless, option B remains a viable variant for future research.  

Further, within option A, a sub-variant emerged, where five participants experiencing 

personal emergencies (e.g., COVID-19 illness and unexpected work situations) needed extra 

time to complete activities and assignments. For these participants, the weekly due dates 

became fluid to accommodate these emergencies. If participants communicated and turned in 

90% or more of the work by the final day of the intervention, they remained enrolled and were 

considered study completers. This sub-variant allowed all participants to complete it.  

1C. Embedding DBIR Principles in Development: How Were Iterative Design Changes 

Used to Address Participants’ Challenges and Experiences? As the discussion of process 

evaluation question three explains in greater detail (below on page 183), the greatest challenge 

that participants experienced during the intervention was time constraints from other 

obligations. This challenge made meeting due dates difficult, and iterative design changes 

addressed this challenge. First, the student researcher adjusted the weekly async activities due 

dates from 11:59 p.m. Pacific the night before each sync session to noon. Pacific the day of the 

sync sessions. This gave participants more time each week to complete the assignments. Next, 

as the intervention progressed and additional conflicting obligations arose, the student 

researcher accommodated five participant requests for longer extensions, working with each to 

ensure they had the flexibility to complete the activities by the end of the intervention.  

 Other challenges and reported experiences that iterative design changes address 

included confusion and tech issues. The student researcher added more clarifying content to 

the online Canvas modules to address confusion and tech issues. During the first week, these 
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added sections were additional content videos and tutorials, and then during the second week, 

additional worked examples, and further reading. These added content sections carried 

through the remainder of the intervention. The student researcher monitored the discussion 

board and group chat for how these design changes worked and if any more were needed.  

 The final iterative design change was the creation of a separate group chat. Participants 

requested a real-time channel to communicate with each other quickly. A short survey showed 

that GroupMe was the participants’ preferred online channel, which functions the same way as 

Slack or WhatsApp. The student researcher created the GroupMe channel, shared the link 

during a sync session and email, and made all participants administrators. This channel was 

active and met a critical need for rapid communication. However, it was not part of the study 

design, and these group chat data were not monitored or included for analysis.  

1D. Quality of Delivery: How Were the Ideas Implemented? Instructor delivery 

provided a measurable construct of how the ideas were implemented. Measures of instructor 

delivery included self-reports, intervention records, and instructor observation checklists. The 

instructor (also the student researcher) maintained a running list of ideas and activities to 

deliver each week. During each sync session, the instructor checked off items as they were 

delivered through Zoom. Any items not delivered during a sync session were added to the async 

activities or the following sync session. This happened once during the first session when many 

tech questions abounded and caused the session to run long. Instead of doing a second worked 

example as planned with the whole group, the instructor moved that activity to the async 

activities. Video recordings and slide decks from each sync session verified that the observation 

checklists were accurate. These evaluation findings indicate that the instructor delivered all 
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items, albeit some in a different format than originally planned. In addition, the instructor 

added new items based on participant requests. These add-on items included tutorials, videos, 

more worked examples, and additional readings. All add-on items were delivered 

asynchronously through the Canvas modules. 

1E. Responsiveness: To What Extent Were the Participants Engaged During the 

Intervention? Participant engagement considers three constructs of whether: (1) participants 

understand the intervention (‘intervention comprehension’), (2) they can perform the skills 

required by the intervention (‘intervention receipt’), and (3) they use these skills in daily life 

(‘intervention enactment’). Participation provided a measurable construct for the first two 

factors, intervention comprehension, and receipt. Measuring the third construct, intervention 

enactment was not a goal of this process evaluation. However, some qualitative data are 

available to respond to this evaluation question.  

A primary source of participation data came from Canvas software analytics. These data 

included page views (e.g., clicking and opening a page), active participation (e.g., posts and 

completions), and participation rankings (e.g., numerical, rank-order list of learners’ 

participation activities generated by the software). When combined, these data generated 

measures that indicated participants thought they understood and performed the skills required 

by the intervention. Course page views in Canvas for the intervention ranged from 173 to 688, 

averaging 337 per participant. In each of the intervention’s four weeks, on average, there was a 

mean of 84 page views per participant, such as opening a module page, such as the summary of 

weekly activities. Each module contained eight or ten main pages with about a dozen additional 

sub-pages for activities, assignments, and quizzes. These analytics indicate that each participant 
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viewed a module’s pages several times, on average, as they returned to clarify their 

understanding and complete the async activities. In addition, active participation ranged from 

20 to 83 per participant, where each participant engaged with an activity, such as posting or 

responding, averaging 50 per participant. In each of the intervention’s four weeks, on average, 

there were 12.5 active participations per participant. These analytics indicate that each 

participant practiced and was able to perform the skills required by the intervention. Finally, 

software analytics ranked individual participation on a three-point scale, where one was low, 

and three was high participation relative to the group. The software analytics clustered 

participants into three groups labelled as low (37.5%), moderate (37.5%), and high (25%) 

participators. This relative ranking scheme approximates an individual’s participation compared 

to the group. These findings impart validity to the analytics results because participation varied, 

as expected. 

Finally, although intervention enactment was not a goal of this process evaluation, some 

limited information is available. No one continued annotating the intervention reading after it 

ended, nor were they instructed to continue. Of the 24 participants in the intervention, 15 

continued with the second half of the NSPN course and submitted a policy brief to the annual 

competition. Three study participants formed a working group on food scarcity during the 

intervention’s final week. This group continued their policy topic research collaboratively using 

SCA, albeit modified to a combination of Hypothes.is and Google Docs to meet their specific 

group research needs. 
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Process evaluation question 2. How did participants describe their experiences with the 

intervention? 

2A. What was Working About the Intervention, and Why? Weekly check-in surveys 

asked participants this question precisely. Participant responses were open-ended and coded 

with pattern and frequency analysis. In order of most to least reported, these elements appear 

below in Table 13. Notably, the most frequently reported working elements focused on course 

content (38%), such as learning the CERIC strategic reading method (17%) and exposure to 

science policy research (13%). 
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Table 13 Summary of What Was Working and Why About the Intervention 

Summary of What Was Working About the Intervention and Why  

Course Element Frequency 
(% of Coded 

Segments n = 64) 

Why: Select Quotations from Participants 

Course content 38% CERIC, science policy research, discussions 
Exposure to science 
policy research  

18% “Learning about how to identify different aspects of 
policy research.” 
“Good to look at climate change with a group 
paper. And annotate together.” 
“Personally, the topic of the paper (climate change) 
is very important and meaningful.” 
“It's important to know the [course] content, like, 
What is science policy? What is the research? How 
do you read the papers? 

Learning the CERIC 
method 

17% “Knowing the CERIC method. It was a total 
discovery that will help me in the future.”  
“The CERIC framework is helping me read more 
efficiently. I am also beginning to write up a new 
manuscript, and I've been keeping CERIC in mind as 
I structure my arguments. I think this will result in a 
stronger paper!” 

Discussions 3% “The group interaction and discussions are really 
helpful.” 

   
Course structure 26% SCA, instructor, software, reminders, instructor, 

peer interactions and feedback 
SCA 8% “The peer pressure to engage in reading and 

annotating on the paper.” 
“It helps me to deepen my understanding of the 
paper while also seeing others’ thoughts.” 
“It's a brilliant way to help a group of people 
interact over a paper.” 

Instructor 5% “Instructor does a good job.” 
“Very friendly and encouraging.” 

Organization, length, 
and variety 

3% “I liked the overall format with the once-a-week 
class meeting with activities to do on your own 
time.” 
“Asynchronous material allows me to go at my own 
pace.” 
“Love the structured [Canvas] modules and the 
clear guidelines.” 
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Software 
 

3% “I’ve been introduced to a tool [Hypothes.is] that I 
can use outside this course.” 

Peer interactions and 
feedback 
 

2% “The interaction with peers in the process. 
Observing how they respond, and we respond 
back.” 
“I get to work with other people on this project. 
When I'm not sure about answers, I can refer to my 
teammates' input and feel better supported.” 

Reminders 2% “Continue the bot reminders!” 
Other 19% Resume building and use for career goals 
Build skills and 
resume 

12% “This kind of transitionary course, in this 
preparatory course, is not just policy writing, but 
it's also resume development and application 
development.” 

Useful to achieve 
policy career goals 

7% “This [course] experience shows that I am someone 
who wants to do policy, and it’s not another whim 
career change.” 

Interviews with participants confirmed the check-in survey findings about what was 

working while explaining why. Upon further qualitative analysis, responses explaining why the 

elements worked reflected several major themes best summarized as perceptions of course 

strengths. These themes included: 

• Course content including reading science policy research literature using articles 

common to all participants (SCA17, SCA18, SCA23, SCA21) and using the CERIC 

method to support critical thinking (SCA08, SCA15, SCA17, SCA18, SCA21). 

• Course structure, including organization and length (SCA01, SCA09, SCA12, 

SCA17, SCA18, SCA23), variety of assignments (SCA01, SCA04, SCA23, and a mix 

of peer interactions with SCA and discussions (SCA09, SCA15, SCA18) and direct 

instruction (SCA04, SCA17, SCA21).  
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Finally, another major theme about “why it worked” had to do with the relevance of the 

professional development forum to build skills and resumes (SCA04, SCA18, SCA21) useful to 

achieve science policy career goals (SCA21, SCA17). 

2B. What Was Not Working About the Intervention, and Why? Weekly check-in 

surveys asked participants this question precisely. Survey results showed which elements of the 

intervention were not working. Participant responses were open-ended and coded with pattern 

and frequency analysis. In order of most to least reported elements appear below in Table 14. 

Notably, the most frequently reported not working elements were nothing to report (13%), not 

enough worked examples with CERIC (11%), Canvas software issues (11%), SCA group dynamics 

(9%), and participants’ busy schedules presenting time conflicts (7%). 
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Table 14 Summary of What Was Not Working and Why About the Intervention 

Summary of What Was Not Working About the Intervention and Why  

Course Element Frequency 
(% of Coded 

Segments n = 46) 

Why: Select Quotations from Participants 

Course content 22% CERIC, science policy research, discussions 
CERIC method 
not enough 
worked examples 

11% “I find the CERIC method a little confusing. Spend a 
little more time discussing and giving examples for 
the CERIC format. :)” 
“Go over claim/evidence/reasoning/implications with 
more examples.” 
“I need more worked examples of reasoning.” 

More about 
science policy 
writing 

7% “I still feel I need more training in terms of writing, 
but we haven't gone to writing yet.” 
“I need a bit more substantive explanation about how 
science policy is presented and written.” 

Discussions 4% “Discussion boards don't feel very engaging because 
most people post the day before class.” 

Course structure 41% SCA, instructor, software, reminders, instructor, peer 
interactions and feedback 

Software 18% “Not really a fan of hypothes.is” 
SCA group 
dynamics 

9% “My group has not participated much so I would love 
to have more feedback from them.” 
“I am struggling a bit with having my group mates not 
jumping in on the discussions as much.” 

Pace (too 
slow/fast) 

14% “I wish the in-class portion had a faster pace.” 
“It was initially overwhelming at first on Canvas 
because it felt like there was a lot to do in a little 
time.” 
“The asynchronous activities take me way longer than 
the expected times provided.” 

Other 20% Nothing, my busy schedule 
Nothing to report 13% “Nothing, thank you so much!” 

“Nothing!” 
My busy 
schedule/time 
conflicts 

7% “Lack of time! Work has been really busy, and it is 
hard to find a lot of time to contribute to class 
activities outside of the class time.” 
“I have been a little bit busier than expected recently 
and was not able to put in as much time as I would 
have hoped.” 
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Interviews with participants confirmed the check-in survey findings about what was not 

working while explaining why. Upon further qualitative analysis, why some elements did not 

work reflected several major themes best summarized as perceptions of course weaknesses. 

These themes included: 

• Not enough worked examples during the sync session using CERIC (SCA09, 

SCA15, SCA21), 

• Variable SCA participation and not enough guidelines (SCA01, SCA09, SCA15, 

SCA17, SCA21), 

• Not enough SCA discourse practice time in breakout rooms during sync sessions 

(SCA15, SCA18, SCA21), and no alternatives to Hypothes.is (SCA01), 

• Issues with the course level as too basic (SCA04) or too overwhelming (SCA01, 

SCA18) and low motivation for the topic of the shared readings (SCA21). 

Finally, another central theme about “why it did not work” related to participants’ experiences 

with the time of year, spring, in which it was offered. Several participants expressed that the 

time of year was not working for them (SCA18, SA08, SCA09, SCA15, SCA23). While a spring 

professional development course met the sponsoring organization's needs, for participating 

doctoral students, the spring course collided with an ecosystem of work conflicts, including 

mounting academic responsibilities and conference travel. A voluntary PD course “reasonably 

falls behind work responsibilities” (SCA18) when resolving these conflicts. 
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Process evaluation question 3. What were the key factors that enabled or inhibited the 

participants from participating in the intervention components? 

Weekly check-in surveys asked participants about the key factors that enabled and 

inhibited participation. Participant responses were open-ended and coded with pattern and 

frequency analysis. The most frequently reported essential factors that enabled participation (n 

= 34), in order of most to least, included all the elements together (29%), more group 

annotations (21%), instructor responsiveness/encouragement (21%), worked examples (18%), 

choosing SCA group (6%), time management (3%), and the Canvas demonstration (3%). Further, 

in follow-up interviews, participants explained the nuances of these essential factors enabling 

participation. For instance, some participants reported learning more because they could go 

back to the Canvas collection of online course resources, such as videos, and refresh their 

memories as the intervention progressed (SCA08, SCA15, SCA18). Other participants explained 

that seeing their colleagues’ annotations was interesting, motivating and encouraged 

participation (SCA09, SCA15, SCA18).  

Weekly check-in surveys asked participants about the key factors that inhibited 

participation. Participant responses (n = 32) were open-ended and coded with pattern and 

frequency analysis. The most frequently reported essential factors, in order of most to least, 

included time constraints from other obligations (34%), confusion/learning curve (22%), tech 

issues (17%), group work (9%), confidence (6%), new medication (3%), and nothing (3%). 

Further, in follow-up interviews, several participants explained that their work schedules were 

hectic, and even with a flexible course design, they felt unable to contribute to SCA or 

discussions as much as they wanted (SCA01, SCA08, SCA09, SCA23). These work obligations 
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created unexpected time constraints inhibiting posting and responding to peers. In addition, 

several participants explained that learning CERIC, SCA, and social science research methods 

simultaneously felt like “diving into the deep end” (SCA01, SCA18). “Because I'm putting this 

much work, I'm actually getting more out of [the course], compared to just attending a webinar 

where you just sit there and passively listen” (SCA18). Participants reported working more than 

expected with more learning (SCA08, SCA17, SCA18). Thus, homework was another factor that 

motivated participation and produced learning, even when it felt confusing or effortful. 

Evaluation of the Outcomes 

This study attempted to understand doctoral students’ primary literature reading skills in 

a new field using a mixed-methods approach. The quantitative, independent variables were pre-

post-test mean scores for reading comprehension as critical reading, research self-efficacy (only 

the Conceptualization subscale), and reading anxiety. The dependent variable was the 

completion of an intervention that included instruction in a strategic reading method with SCA 

discourse practice. The qualitative concepts focused on why and how these variables related by 

asking participants about experiences, challenges, and perceptions.  

Research question 1a. What is the relationship between participation in the intervention and 

participants’ pre- and post-scores for reading comprehension as critical reading? 

The quantitative analysis identified a statistically significant difference in the mean 

scores on the pre-post reading comprehension assessment. The results from the reading 

comprehension assessment appear below in Table 15. A dependent-samples t-test was run to 

determine if participation in the intervention improved reading comprehension scores. The pre-

test (M= 13.7, SD = 4.3) and post-test (M = 20.1, SD = 3.1) scores indicate that the intervention 
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resulted in a statistically significant improvement in reading comprehension as critical reading 

of primary literature outside the participants’ fields of study, t(23) = 13.6, p < .0001. The rating 

measure used a five-point Likert scale, where one means never applicable and five means 

always applicable. Higher scores on this scale indicate participants’ perceptions that they had 

greater reading comprehension as critical reading and associated positive feelings. There was a 

statistically significant increase in participants’ self-reported feelings of ease with reading 

outside their field (M = 3.2, SD = 1), compared to before the intervention (M = 2.5, SD = 1.1), 

t(23) = 2.2, p < .005. Participants’ confidence in the correctness of their responses (M = 3.2, SD 

= .7) also showed a statistically significant increase compared to baseline (M = 2.7, SD = 1), t(23) 

= 2.1, p < .02. There was no statistically significant finding for self-reported feelings of 

understanding.  

Table 15 Pairwise Comparison: t-Test (1-Tailed) for Reading Comprehension  

Pairwise Comparison: t-Test (1-Tailed) for Reading Comprehension  

Pair 
(Pre-Test 

Minus Post-
Test) 

Diff. Percent 
(Direction) 

SED 95% CI 
Lower Upper 

t df Sig. 
(1 Tail) 

ReadComp -6.4 37.7% 
(increase) 
 

.47 -7.4 -5.4 13.6 23 p < .0001 

Understand -.3 9.4% 
(increase) 

.24 -0.8  0.1 1.5 23 p < .10 

Ease -.7 28% 
(increase) 

.27 -1.1  -.03 2.2 23 p < .05 

Confidence -.5 18.5% 
(increase) 
 

.20 -0.8  -.01 2.1 23 p < .05 

Note. Diff = Difference (pretest scores minus posttest scores). SED = Standard Error of 

Difference. 
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These self-reported findings about ease, confidence, and understanding make sense 

because the pre-post passages came from astrophysics, a complex field new to all participants. 

Further, astrophysics content was not addressed in any way during the intervention. Instead, 

the participants were taught a method for reading critically in a new field, which improved their 

senses of ease and correctness without building any specific field-based content understanding.  

Moreover, as shown in Table 16 below, the study power was sufficient to detect a 

difference in the pre-post-test means with a sample size of 24 for a matched pair, one-tail t-

test. By conventional criteria, the mean of the differences in reading comprehension pre- and 

post-test means (-6.4 p < .0001) is considered statistically significant with a large effect size, 

Cohen’s d =1.7. Further, the effect size adds a measure of practical significance to the reading 

comprehension finding. 

Table 16 Reading Comprehension Post-Hoc Computation of Achieved Po 

Reading Comprehension Post-Hoc Computation of Achieved Power Using t-Test Between Two 

Dependent Means (Matched Pairs) 

Input Output 
Tails Effect 

Size (dz) 
Alpha 
Error 
Prob 

Sample 
Size 

Noncentrality 
Parameter 

Critical t Df Power 
(1-Beta 
Error 
Prob) 

One 1.7 .05 24 8.2 1.7 23 1.00 
 

 

The qualitative data show convergent results, reflecting emergent themes of reading 

comprehension, reading practices, and peer engagement. Participants expressed the idea that 
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their reading comprehension as critical reading of primary literature improved by learning a 

strategic reading method (CERIC). One participant explained her experience: 

I feel very adept at reading papers in my own field, and I never consciously applied a 

formal method to it. I do a lot of skimming. So, it was interesting to learn about a more 

systematic way of [reading]. And I found this especially helpful when I was reading 

papers outside of my field of expertise. I could easily identify the [main] elements in 

CERIC and evaluate [the paper] in a better way than if I didn't know about the method. 

(SCA21) 

This student’s experience describes how learning a strategic reading method (CERIC) helped her 

read and understand primary literature in science policy research, which is outside her field of 

study in life science. Reading in multiple fields is an essential skill set for people interested in 

careers in public policy careers, which is her goal. She also described the learning process as 

interesting because she had “never learned a formal reading method [for primary literature]” 

(SCA21). Another participant echoed this practice of skimming, “I normally skim the paper first, 

to try to see the more relevant things related to my research topic, and then, when it is 

relevant, then I read the full paper from start to the end. It takes me a lot of time, which is why 

I’m always behind” (SCA12). One benefit of slower reading is that it “allowed for deeper 

comprehension and discussion” (SCA13). Thus, many participants reported slowing down 

reading when trying harder to understand. 

However, a key to improving comprehension of primary literature seems to be less about 

speed and more about “focus and embedding analysis in the reading process” (SCA10). For 

instance, “In my field of psychology, [papers] always have a leading argument for each section 
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and then some evidence. We talk about it and analyze, How is this evidence tied to the leading 

argument? I feel like the flow of [analyzing] the paper while reading it [in this course] was very 

much the same” (SCA23). This finding aligns with scholarship showing that, without critical 

reading comprehension instruction, students will skim major sections, such as the abstract, 

results, and discussion, instead of evaluating the main argument (Lie et al., 2016; McMinn et al., 

2009).  

Notably, one participant experienced no change in her reading comprehension during 

the intervention. Instead, she felt that the activities helped her deconstruct papers in a way that 

could make the information accessible to her students. For example, she explained:  

When mentoring and teaching undergraduate students how to present a poster, I used 

the CERIC method to explain the logical flow between ideas and data. I noticed the 

students took to the concept easily, and it helped them a lot. I think this could be an 

effective monitoring tool for switching to new fields and catching up and for teaching 

junior students. (SCA10)  

Finally, one participant experienced a decrease in her reading comprehension during the 

intervention. This participant expressed feeling “totally overwhelmed by so much new 

information like I was thrown into a deep end of learning SCA and CERIC at the same time” 

(SCA22). She felt she needed more time to process and learn each element separately and 

would prefer an entirely self-paced course. 
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Research question 1b. What is the relationship between participation in the intervention and 

participants’ pre- and post-scores for research self-efficacy? 

 The quantitative analysis found a statistically significant difference in the mean scores on 

the pre-post research self-efficacy assessment. The 15-question assessment used a five-point 

Likert scale, where one meant never applicable and five meant always applicable. Higher scores 

on this scale indicate greater research self-efficacy The results from the research self-efficacy 

survey appear below in Table 17. A dependent-samples t-test was run to determine if 

participation in the intervention improved reading self-efficacy scores. The pre- (M= 56.1, SD = 

9.4) and post- (M = 62.3, SD = 7.6) scores indicate that the intervention resulted in a statistically 

significant increase in research self-efficacy, t(23) = 4.9, p < .0001. Thus, research self-efficacy 

represents a significant growth area for doctoral participants in this study.  

Table 17 Pairwise Comparison: t-Test (1-Tailed) for Research Self-Efficacy 

Pairwise Comparison: t-Test (1-Tailed) for Research Self-Efficacy  

Pair 
(Pre-Test 

Minus Post-
Test) 

Diff. Percent 
(Direction) 

SED 95% CI 
Lower Upper 

t df Sig. 
(1 Tail) 

Research 
Self-Efficacy 

-6.1 10.34% 
(increase) 
 

1.2 -8.7 -3.6 4.9 23 p < .001 

Note. Diff=Difference (pre-test scores minus post-test scores). SED=Standard Error of 

Difference. 

Moreover, as shown in Table 18, the study power was sufficient to detect a difference in 

the pre-post-test means with a sample size of 24 for a matched pair, one-tail t-test. By 

conventional criteria, the mean of the differences in research self-efficacy pre- and post-survey 
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scores (-6.1 p < .0001) is considered statistically significant with a medium effect size, Cohen’s d 

= 0.7. Effect size adds a measure of practical significance for the research self-efficacy finding. 

Table 18 Research Self-Efficacy Post-Hoc Computation of Achieved Power 

Research Self-Efficacy Post-Hoc Computation of Achieved Power Using t-Test Between Two 

Dependent Means (Matched Pairs) 

Input Output 
Tails Effect 

Size (dz) 
Alpha 
Error 
Prob 

Sample 
Size 

Noncentrality 
Parameter 

Critical t Df Power 
(1-Beta 
Error 
Prob) 

One 0.7 .05 24 3.5 1.7 23 .96 
 

The qualitative data show convergent results. Participants expressed that their research 

self-efficacy improved by learning a strategic reading method (CERIC) and seeing others’ ideas, 

which helped them know when they had enough information. One participant explained the 

dilemma of not knowing when to quit: 

How do you know, or how do you decide when you're done researching? How do you 

find the resources, and how much of that new information is actually [relevant]? A lot of 

times while finding your own original research, [it’s] hard knowing what sources to trust. 

All of that [in the course] was completely new to me. (SCA17)  

Another participant shared her experience with this dilemma: 

When I started doing a Ph.D., I felt really lost in reading papers. I didn’t know what was 

important or when to quit. I got much better over time by read[ing] a lot, and I wrote 

reviews, synthesizing literature, which forced me to read even more. But I would have 
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struggled a lot less at the start of [my] research career if I had more training [in] strategic 

reading and [annotation]. (SCA21) 

This situation of not knowing what is important or when to quit reading for research was 

described in the scholarly literature by Bieschke et al. (1996). They included both concepts in a 

set of critical variables affecting doctoral students’ beliefs in their ability to conduct research-

related activities, also known as research self-efficacy. Bieschke et al. (1996) defined research 

self-efficacy as “the degree to which an individual believes she or he [can] complete various 

research tasks” (p. 60). Further, a doctoral student’s number of years in graduate school (p < 

.05) and involvement in research activities (p < .01) contributed significantly to the prediction of 

research self-efficacy.  

However, it is possible to go too far. Another participant described how she balanced 

reading and research: 

At this point, I'm very overdoing research. I need a break. So, now I’m like, what’s the 

main takeaway of this paper? And then basically, I look through figures and anything 

that describes the figures and then move on. I think the optimal time to learn a 

systematic reading method like CERIC was probably when I was first starting to read 

papers in undergrad, but also at the start of grad school. I think it would have been 

helpful then because now I already have my shortcuts. (SCA04)  

This participant described a shortcut of looking at a paper’s figures to know what is important 

and when to quit because she is overdoing research and needs a break. McMinn et al. (2009) 

found that doctoral students later in their years of study (i.e., years 3 and 4) tend to read less 

thoroughly, skim more, and leave more assignments unread compared to first-year doctoral 
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students. In addition, this participant is beginning to write the dissertation, and reading only the 

figures may be a way to cope with a heavy workload. Prior research warns that about 40-60% of 

doctoral candidates complete all degree requirements, except for the written dissertation 

(Kelley & Salisbury-Glennon, 2016).  

Research question 1c. What is the relationship between participation in the intervention and 

participants’ pre- and post-scores for reading apprehension? 

The quantitative analysis found a significant difference in the mean scores on the pre-

post reading apprehension assessment. The assessment used a five-point Likert scale, where 

one meant never applicable, and five meant always applicable. No questions required reverse 

coding. The results from the reading apprehension survey appear below in Table 19.  

Table 19 Pairwise Comparison: t-Test (1-Tailed) for Reading Apprehension 

Pairwise Comparison: t-Test (1-Tailed) for Reading Apprehension  

Pair 
(Pre-Test 

Minus Post-
Test) 

Diff. Percent 
(Direction) 

SED 95% CI 
Lower Upper 

t df Sig. 
(1 tail) 

Reading 
Apprehen-
sion 

4.7 30.13% 
(decrease) 
 

1.1 2.4 6.9 4.3 23 p < .001 

Note. Diff = Difference (pre-test scores minus post-test scores). SED = Standard Error of 

Difference. 

A dependent-samples t-test was run to determine if participation in the intervention 

improved reading apprehension scores. The pre- (M= 19.2, SD = 8.1) and post- (M = 14.5, SD = 

4.4) scores indicate that the intervention resulted in a statistically significant decrease in 

reading apprehension of primary literature outside the participants’ fields of study, t(23) = 4.3, 
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p < .0001. Higher scores on this scale indicate greater reading apprehension. However, reading 

apprehension is an inverse indicator, meaning that a lower score was the intervention’s goal.  

Moreover, as shown in Table 20, the study power was sufficient to detect a difference in 

the pre-post-test means with a sample size of 24 for a matched pair, one-tail t-test. By 

conventional criteria, the mean of the differences in reading apprehension pre- and post-test 

scores (4.7 p < .0001) is considered statistically significant with a medium effect size, Cohen’s d 

=0.7. Effect size adds a measure of practical significance to the reading apprehension finding. 

Table 20 Reading Apprehension Post-Hoc Computation of Achieved Pow 

Reading Apprehension Post-Hoc Computation of Achieved Power Using t-Test Between Two 

Dependent Means (Matched Pairs) 

Input Output 
Tails Effect 

Size (dz) 
Alpha 
Error 
Prob 

Sample 
Size 

Noncentrality 
Parameter 

Critical t Df Power 
(1-Beta 
Error 
Prob) 

One .7 .05 24 3.5 1.7 23 .96 
 

The qualitative data show convergent results. Participants expressed the idea that their 

reading apprehension (e.g., anxiety) of primary literature decreased by participating in the 

course activities, including learning a strategic reading method (CERIC) and seeing other 

people’s ideas (SCA). One participant explained her experience: 

I was really getting anxious about [reading] a scientific paper [outside my field]. I was 

like, oh my God, I don't understand anything. So CERIC was really enlightening, because 

it was a different way to look for the important information in a paper. Social science 

papers are completely different than molecular biology or cell biology, which I am really 
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used to. So, I learned how I can start seeing a paper, and to get more reflective about the 

process. Also, the [social] annotations were really helpful. You can first annotate what 

you don't understand and then compare to others. Now I am not having shame about 

not knowing something. It’s better to know what you're not knowing, or what you are 

confused about than just faking that you understand anything. (SCA09) 

This participant describes how she experienced confusion, shame, and anxiety about not 

understanding a scientific paper outside her doctoral field. She also mentions the act of faking 

understanding in the presence of confusion. She explains how participating in the course 

activities (i.e., strategic reading and SCA) helped her become aware of what she does not know 

and develop a process for gaining an understanding that included a structured approach and 

checking her ideas with other people in the course. This finding aligns with scholarship on 

reading apprehension, whereby a situational fear of reading can have physical and cognitive 

ramifications (Jalongo & Hirsh, 2010) when an initially neutral stimulus (e.g., reading) pairs 

repeatedly with a negative unconditioned stimulus (e.g., teacher judgment, peer ridicule). 

Because of this pairing, the learner—even at the doctoral level—can form an association 

between reading and negative emotions, such as shame and anxiety.  

Another participant elaborated on how the experience of explicit reading instruction had 

an impact on her deeper feelings of security: 

I feel more secure having those skills because nobody really teaches you this stuff. I 

guess the underlying assumption is that here's a paper, go read it, and if you recognize 

words, you can read it well enough. Yeah, I think that has always been the assumption in 

undergrad training and graduate training, which is so sad, because that's so not true. I 
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wish I would have learned this method when I first had to read primary lit as an 

undergrad. I would have struggled much less and probably felt like less of a fraud in grad 

school. (SCA23)  

This participant expressed how teaching reading methods for the primary literature 

could increase students’ feelings of security early in their career in higher education, reduce 

struggle, and reduce feelings of imposter syndrome. This topic also emerged in connection with 

reading apprehension. These findings connect with scholarly research showing that reading 

primary literature is “inextricably entwined with effective writing” (Sverdlik et al., 2018, p. 368). 

Further, instructors often fail to take advantage of the interconnection between reading and 

writing (Graham, 2020) in terms of interrogating texts (Anuar & Sidhu, 2017) and developing 

critical reading skills (Hudson, 2009), which at the doctoral level include being able to evaluate 

arguments critically (Kwan, 2009). 

Another participant elaborated on how the course experience had an impact on deeper 

feelings of confidence: 

In this course, we're all kind of fumbling, struggling, learning, and figuring this out 

together. I found it was quite helpful working as a group. I worried less and felt more 

confident about my answers and the [main ideas] that I picked out from reading [the] 

article. (SCA23)  

This participant’s language pattern around reading-related emotions was another major 

pattern. She spoke in terms of confidence, a feeling with a positive connotation, and worry, 

which is less intense by degree than apprehension. Both worry and apprehension are emotions 

with negative connotations. This finding connects with scholarship on self-concept, whereby 
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reading anxiety correlates with other essential reading-related measures, such as reading self-

concept (r = -.58; Katzir et al., 2018). Reading self-concept is a person's perception of their 

ability to adequately complete reading tasks (Conradi et al., 2014) and relates to self-efficacy 

(Bandura, 1986). Expressing low confidence and worry, rather than anxiety, reflects a more 

optimistic evaluation of one's knowledge and capability to deal with environmental demands. 

Research question 2. What were the participants’ experiences with SCA? 

 SCA work products varied widely per participant in quantity and quality, with differences 

attributable to their prior knowledge and experience with annotation. Notably, the study did 

not control for previous annotation experience, which is an implication for future research. 

Quantitative findings were inconclusive because the data had extreme outliers and 

asymmetrical distribution (i.e., non-parametric). Overall, participants produced 810 

annotations, and of these, 141 (17.4%) were in threads, meaning in response to other 

annotations. Of the 24 participants, 12 produced most of the threads, averaging responses to 10 

threads each. These participants were the most engaged with SCA throughout the intervention. 

In addition, there was a moderate correlation between SCA frequency and quality indicated by 

the Spearman correlation coefficient between these two variables, r(22)=.6, p < .05. This finding 

is nuanced because participants’ reported that two factors, competing work demands during 

the intervention and prior experience with annotation, effected their SCA quality and quantity. 

For example, some had taken annotation courses as undergraduates. One participant 

reported many years of experience with annotating research papers. However, she produced 

high-quality, standalone annotations with low frequency, citing a hefty workload as a barrier to 

participation in the intervention (SCA09). Another participant reported some experience with 
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annotation in college, and he produced many annotations of low or moderate quality in many 

threads (SCA08). Thus, participants created a wide range of SCA quality with varied frequency 

and threading, which was not significantly correlated with other quantitative measures. 

Therefore, as measured by rubric evaluation, SCA quality was not a reliable quantitative 

measure, and the remainder of this section focuses on the qualitative data that emerged in the 

analysis around annotation practices. 

Thus, the qualitative findings about annotation practices have a higher priority in 

reporting than quantitative findings of SCA because of the overarching research goal of eliciting 

participants’ experiences. The qualitative results revealed various impacts of participation in the 

intervention on annotation practices. Several rich themes emerged from the data, including 

various experiences with annotation before the course, evolving annotation practices, and 

suggested applications of SCA. These themes reveal that annotation is not a static skill but a 

dynamic practice that changes with instruction, experience, and feedback. Likewise, reading 

comprehension as critical reading improved if participants engaged with strategic annotation.  

Annotation practices before the course varied. Reported methods include highlighting 

PDFs with Adobe Reader (SCA09, SCA11), taking notes on a tablet (SCA01), using comments in 

Google Docs (SCA08), and sending long email chains (SCA18, SCA04). Participants reported 

annotating primarily for reading clubs (SCA08, SCA18, SCA04), in preparation for qualifying 

exams (SCA18, SCA21), for paid work (SCA09), and teaching (SCA10). Finally, one participant 

reported never annotating articles independently (SCA08). Thus, the range of participants’ 

annotation practices was wide, despite all being enrolled in U.S. doctoral programs.  
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All participants reported gaining their first exposure to an online social collaborative 

annotation tool (i.e., Hypothes.is) during this intervention. Nearly all participants reported a 

positive first experience (83%), while some reported a neutral first experience (17%). None 

reported the experience as negative. There were many benefits for those with a positive first 

experience with SCA, such as seeing in one place “where all the ideas are happening, and what 

each person is thinking” (SCA08). Others liked it because “you can first annotate yourself, mark 

what you don't understand, and then compare to other people were saying” (SCA 09) or “just 

have little conversations in the margins” (SCA04). About half of the participants reported using 

the “I” icon at the top of the annotation tool to block annotations, so they could first read an 

unmarked text before seeing others’ ideas. In contrast, the other half reported reading the 

annotations while they read the text. Some compared SCA for reading collaboratively to the 

same benefits as Google docs for writing collaboratively (SCA08, SCA04, SCA09). Another 

participant described having difficulty transitioning from reading paper to digital articles, 

despite hating the paper waste. She explained how the course “introduced me to social 

annotations, which is very good and close to annotations on hard copies” (SCA11). For those 

with a neutral experience, some found that SCA was slower than their current method (SCA17, 

SCA19) or already had an effective annotation method (SCA06, SCA10). Nonetheless, many liked 

the SCA activity more than they thought they would and would be open to using it again 

(SCA17, SCA09, SCA19).  

Evolving Annotation Practices  

Another major theme is that annotation practices evolve with practice, instruction, and 

feedback. A participant explained that during her first exposure to primary literature as an 
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undergraduate, she received no formal instruction and tried to “remember every detail and to 

understand everything” (SCA15). Then she realized that was impossible. She learned in a 

literature course that “annotations help you understand better, so I started annotating basic 

stuff that I didn't know about the topic, like clarifying concepts” (SCA15). Now that she is in a 

doctoral program, her annotation practice has evolved further such that her annotations are 

“mostly about doubts that I have, or how one piece of information links to another” (SCA15). 

After the intervention, she reported that her annotation practice became more strategic, and 

she is looking for “the paper’s main argument and any holes or gaps in the evidence” (SCA15). 

Likewise, other participants no longer believed that a paper’s conclusions are automatically 

valid because they passed peer review and now felt that they must actively analyze those 

claims using the evidence presented (SCA04, SCA08, SCA11, SCA17, SCA18, SCA23, SCA24).  

In addition, other participants’ annotation practices began with highlighting everything 

(SCA01, SCA04, SCA09, SCA11) and evolved to marking up texts with essential categories, such 

as "motivation, RQ (for research question), methods, and importance” (SCA11). Other 

participants explained how the course's repeated annotation activities helped them develop a 

regular habit of annotating in their doctoral reading (SCA01, SCA04, SCA23). These participants’ 

experience conveys that annotation practices change with experience and instruction, including 

during the intervention. 

Many Possible Applications of SCA 

Most participants liked SCA and suggested many applications, such as communicating 

with advisors, various types of group work, and preparing undergraduate and graduate 

students. One participant explained that she and her advisor share key papers by sending a lot 
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of PDFs back and forth through Slack, noting that “we don't annotate them, but make chat 

comments, like ‘this is the paper and here’s what they found.’ It’s not really a conversation. I 

think SCA could really improve our communication” (SCA04). Others echoed this notion of SCA 

improving communication with advisors using SCA (SCA18, SCA14). Thus, participants suggested 

SCA to improve communication about research articles in doctoral programs.  

Other suggestions for SCA applications focused on improving group work where primary 

literature is central. Recommendations included coursework (SCA01, SCA17, SCA09, SCA15, 

SCA13), studying for qualifying exams (SCA18, SCA14), group writing projects (SCA18, SCA23, 

SCA06), and journal or reading clubs (SCA08, SCA18, SCA04). One of the problems with journal 

clubs is that “everyone just sits there and hopes that they don't get called on with a question or 

ask questions” (SCA18). However, SCA overcomes reticence to share ideas by creating a forum 

for conversation in the margins with low social barriers to entry (SCA08). Another problem with 

reading clubs is long chains emailing comments on papers. “With SCA, we could go through 

papers together, and then if we were confused about something, we can ask in real-time rather 

than just chatting [texting] about it or sending a long chain of emails back and forth” (SCA04). 

These participants felt that SCA would encourage more participation, which is also efficient.  

SCA could also replace traditional annotation for coursework and studying for qualifying 

exams. Both situations involved writing summaries of a set of papers as a group. One 

participant suggested SCA instead of traditional annotation because “it's so much easier to use, 

and you can see what people are thinking in each part” (SCA03). The same participant also 

explained how her policy writing group continued using SCA in the second part of the 

intervention course, even though it was not required. Her group continued using SCA “because 
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it’s helpful, especially when you're learning a field, to talk about and share thoughts on what we 

were reading” (SCA18). Thus, many participants felt that SCA would improve many aspects of 

studying with others using the primary literature.  

The final suggested application of SCA was to prepare undergraduate and graduate 

students to read primary literature better. Participants suggested preparing students in primary 

literature annotation as early as the second semester of undergraduate study (SCA01, SCA18, 

SCA15), during upper-division undergraduate courses (SCA04, SCA09, SCA23), or during the first 

or second year of graduate school (SCA17, SCA23). Focusing on graduate school, one 

participant described a situation where she thought SCA would be most helpful:  

There are no undergraduate standards for reading primary literature. The GRE doesn’t 

even test it. So, we bring in first- and second-year doctoral students into the lab and do 

literature reviews every other month. Students are required to turn in a literature 

review about a paper, and then we [the senior graduate students and post-docs] review 

it and analyze their critiques. We try to help them think critically about papers. There 

would be a lot of value for the new students to see some social annotation about a new 

paper and the important things we pull out. (SCA17)  

Thus, making reading and critical thinking about the primary literature explicit through SCA 

would add value to an incoming graduate student’s experience. In addition, this participant 

recognized a need because there are no undergraduate preparation standards for primary 

literature. 

 Further, the underlying rationale for preparation to read primary literature reflects a 

reality summarized as “most people I’ve met [in graduate school] never learned how to do it, 
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even though the professors expect us to” (SCA23). Another participant elaborated on this 

experience: 

After a bachelor's, master's, and now a Ph.D., nobody ever taught me how to do reading 

for writing. I think that people feel, with reading, [that] you learn by doing, but it's not 

true. You can learn some reading from writing, but what helps most is being taught to 

read critically, like this [intervention] did. (SCA18)  

Thus, participants suggested SCA of primary literature as a method to better prepare students 

for advancement in higher education. 

Research question 3a. How did SCA discourse practice change doctoral students’ perceptions 

of reading comprehension? 

 The qualitative findings centered on a central theme that arose connecting SCA to 

improved perceptions of reading comprehension. Several patterns emerged, explaining that the 

connection included seeing other people’s ideas, improved focus, and engaging in critical 

thinking. One participant succinctly summarized this experience, “Annotating the reading 

materials helped me to process what I was reading and improved my comprehension” (SCA14). 

Notably, only two participants reported no change.  

SCA Supported Various Reading Comprehension Strategies. The qualitative data 

further expound that all participants engaged in substantive annotations reflecting active usage 

of reading comprehension strategies (i.e., plans to achieve goals, such as reading with a 

purpose) and methods (ways to achieve goals, such as reading for CERIC information). While 

the intervention offered formal instruction in a structured reading method, participants had 

openness and flexibility to use their preferred reading strategies and techniques. Participants 
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engaged in structured and close reading methods, making 2 to 25 annotations per session. 

Further, frequency analysis of coded reading strategies appearing in annotations showed that 

participants most often used the critical reading strategies of determining importance (78%), 

summarizing (39%), asking questions (35%), making connections (34%), making inferences 

(22%), paraphrasing (13%), and synthesizing information (6%). Thus, the reading method, 

strategies, and frequency of annotations reflected a mix of formal instruction, prior knowledge, 

participant agency and engagement with the activities and text. 

Strategic Reading. Participants used structured annotations to determine their 

importance. The researcher prepped the articles in advance with categorical reading prompts 

integrative to primary research literature. The prompts included instructions to identify types of 

information, tag it (i.e., claim, evidence, reasoning, implications, and context), and then 

determine its importance. Tags served as a shorthand for determining that the information is 

essential to an overall understanding of the text. In one example (SCA01), the participant 

identified important information by tagging critical passages in the text, such as “for many 

people, reasons to be hopeful that we can address climate change are not obvious,” to which 

the participant added a tag, “#claim.” In a second example, this participant again tagged 

essential information as, “in study 1, responses to open-ended questions reveal a lack of hope 

among the public.” The participant added a tag, “#evidence.” Thus, this participant tagged 

critical types of information to mark them as important. 

In another example (SCA24), a participant used tags to identify important information 

and then added short summaries or paraphrases to determine its importance, thereby layering 

two reading comprehension strategies into a single annotation. For instance, the text read, 
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“Americans by and large are not hearing about these efforts,” to which the participant added a 

tag and paraphrased, “[tag] #claim – Americans, in general, are not receiving the full impact of 

efforts to improve the negative impacts of climate change.”  

In another instance, a participant marked the section of the text, “most common reason 

relates to social phenomena—seeing others and believing that collective awareness is rising 

(constructive hope),” to which the participant added a tag and paraphrased, “#reasoning – 

constructive hope = sense of everyone collectively increasing their awareness.” Thus, as 

participants followed embedded prompts, many engaged in strategic reading focused on 

gathering information, determining its importance, and paraphrasing (SCA01, SCA06, SCA07, 

SCA10, SCA12, SCA13, SCA18, SCA21, and SCA23). 

Moreover, several participants described using prompts and related them to their 

perceptions of reading abilities in a new field (SCA01, SCA04, SCA09, SCA14, SCA17, SCA21, 

SCA24). A participant described embedded prompts as “prompts within the small group 

ask[ing] about information, like general critical thinking, and [I] could trace it [the paper’s 

argument] with more confidence” (SCA17). Another participant explained, “I liked having the 

[prompts] as like a bar for a general expectation to meet [with annotations]” (SCA09). The 

participants felt that the prompts focused their reading and thinking, which improved their 

confidence. 

Some participants suggested that the prompts could be developed further. Prompts 

could encourage people to “do more [idea] synthesis” (SCA21), “name and discuss doubts 

[about the paper]” (SCA15) or develop more group social interaction by prompting the group to 

“do a summary together, and then you have to submit those summaries" (SCA18). These 
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participants suggested how prompts could be developed further to include additional uses 

beyond the scope of this intervention.  

However, some participants found the prompts confusing or needed improvement. A 

participant expressed initial confusion over the prompts, “At first, [I] was struggling to parse out 

the different prompts and what they mean (i.e., what is a claim as compared to evidence or 

implication?). This is new information/tools I haven't encountered before” (SCA24). However, 

interaction with group members helped her “improve my confidence in [understanding] the 

prompts” (SCA24). Another participant described how prompts could be improved: 

I think more SCA prompts would be good because the goal is to synthesize the 

information that you got from this [paper]. And then a couple of general prompts are 

okay, as in you have this information. Here are some questions that you need to ask 

about information, which is just general critical thinking. But [prompts] specific to the 

[shared] paper should have more depth like, how did you know this was happening? 

And how could we trace it back and feel like really secure about the information? And 

then how did you know this was happening? (SCA17) 

Thus, more prompts would allow for more practice opportunities to overcome initial confusion 

and could be formulated to prompt a mix of general and in-depth thinking.  

Overall, these self-perceptions corroborated the statistically significant increases in 

reading comprehension as critical reading, confidence, and sense of ease measured by the pre-

post reading assessment. Thus, prompting strategic reading practices moved participants 

beyond aimless skimming or minimalist agreement/disagreement and supported improved 

reading comprehension as critical reading. These findings support the notion that prompts 
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embedded within the annotation space are pedagogically useful for improving critical reading 

and confidence. 

Close Reading. Many participants also engaged in line-by-line close reading and 

produced annotations reflecting a complex mix of reading comprehension strategies (SCA02, 

SCA03, SCA04, SCA05, SCA08, SCA09, SCA10, SCA11, SCA12, SCA16, SCA17, SCA18, SCA20, 

SCA21, and SCA22). Close reading, as defined by the Partnership for Assessment of Readiness 

for College and Careers, is a form of analytic reading that “stresses engaging with a text of 

sufficient complexity directly and examining meaning thoroughly and methodically, 

encouraging students to read and reread deliberately” (2011, p. 7). Close reading also enables 

readers to reflect on many levels, including individual words and sentences, paragraphs, and 

developing ideas and arguments about the text (PARCC, 2011). The practice of close reading 

allows learners to arrive at a deeper, more holistic understanding of the text. The goal of close 

reading is for readers to reflect, monitor, and assess their thinking in the context of processing 

the thoughts of others (Paul & Elder, 2008) expressed in doctoral education through the 

primary literature. Table 16, below, shows common close reading strategies with examples 

from participants.  
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Table 16 

Close Reading Strategies and Examples 

Strategy Example Quotation References 
Text coding using 
annotations of ideas 
and supporting details 

“#Reasoning - they are setting up why 
their research is needed because 
previous findings about hope have been 
mixed” (SCA02). 

Boyles and Scherer (2012) 
Helmers (2003) 
McCormick (2003) 
Saccomano (2014) 
 

Chunk text into 
shorter passages 
 

“Reasoning is not included in this chunk 
of the text, but it would really help here 
to understand the limits of the study” 
(SCA15). 
 

McCormick (2003) 
Saccomano (2014) 
 

Reflecting on 
meanings of individual 
words and sentences 
 

“This sentence suggests ‘constructive 
hope’ is the hope of human action and 
capacity against climate change” 
(SCA12). 
 

Boyles and Scherer (2012) 
Helmers (2003) 
McCormick (2003) 

Developing ideas over 
the course of the text 

“These models don't address the role of 
hope and doubt stated in their claim” 
(SCA18). 

Boyles and Scherer (2012) 
Helmers (2003) 
McCormick (2003) 

 

To illustrate the theme of close reading, several example annotation sets reflected close 

reading of the text using multiple reading comprehension strategies (SCA03, SA09). In the first 

example annotation set of a text passage, the participant determined that context was 

important by tagging “#context” and then paraphrased a primary point of the paper’s context 

as “little body of previous research examining hope and doubt.” She also annotated the 

rationale for the study as “further exploration is needed.” Next, the participant summarized an 

essential point of the experimental model as “one direction causation” and added her thinking 

about the strength of that implication as “a weak implication to me ( … ) [because] of limited 

evidence in the cross-sectional data.” Finally, the participant made connections between 

sections of the text, specifically evidence and implications, and then explained, “I think this is an 
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exaggerated implication because 23% of respondents said they weren’t hopeful or don’t know 

what makes them hopeful, meaning that 77% did have things that make them hopeful” 

(SCA03). The participant concluded that the authors exaggerated the implication compared to 

the evidence presented. 

Similarly, in another example of close reading using multiple strategies, a second 

participant combined several reading strategies when making several annotations related to a 

passage in the text (SCA09). In the first annotation of the set, she connected with prior 

knowledge of statistics by noting, “I would love to know the R^2 value on that line,” and 

summarized the data as “all over the place.” Next, she made an inference about what would 

strengthen the argument, “I feel this figure would fit their argument better if they were saying 

‘there is a trend.’” Then she asked a question about the strength of the argument expressed as, 

“maybe I should go back a re-read ( … ) [because] I feel that they’re making a stronger 

connection ( … ) which I don’t know that this data actually supports.” In the second annotation 

of the set, the participant paraphrased and made a connection between Study 1 and Study 2 as 

“another direct purpose statement [that] restates the purpose of study 1 for added background 

and reinforcement of initial idea and connection to [study 2]”. Finally, in the third annotation 

set, the participant embedded a summary “although 42% saying they have hope human will act 

in some way” and then paraphrased “11% said they thought nature divine intervention was 

possible” into a broader question “one in ten people think God is going to solve this?” Thus, 

both examples show how participants layered multiple reading comprehension as critical 

reading strategies.  
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 Critical Thinking and Focus. Another major pattern arose whereby SCA helped 

participants focus and improve critical thinking, which led to a better understanding of the 

texts. SCA supported critical thinking through several processes, including checking for 

understanding (SCA12), identifying key points (SCA18, SCA04, SCA16), finding pitfalls and breaks 

in logic (SCA18, SCA04), making connections (SCA04, SCA10, SCA13), and summarizing 

conclusions (SCA04, SCA13, SCA16). A participant explained how SCA worked for her: 

When first reading a paper in a new field, it's easy to accept the claims as probably valid 

since you don't have the background knowledge to be super critical of their methods 

yet. The course activities [SCA] reminded me to always be critical and take the time to 

learn the background knowledge necessary to properly critique a paper. While 

annotating isn't necessary to understand reading, SCA definitely helped me to learn the 

key points and make connections. (SCA04) 

Another participant also elaborated on the dynamic relationship between SCA, critical thinking, 

and checking thinking: 

Annotating a reading helps provide labels to certain pieces of information for a reader. 

Understanding a reading means that a reader needs to connect the annotations and be 

able to explain critically why the authors did what they did. SCA adds a way to check 

your thinking. (SCA10)  

Annotations became labels for crucial information, and SCA was a way to check the thinking. 

 SCA also helped participants focus, leading to an improved understanding of the 

research articles. Before the intervention, most participants reported skimming research papers 

and reading the abstract, a finding supported by the scholarship on doctoral reading approaches 
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(McMinn, 2009). Annotation disrupts skimming “because it slows me down and helps me to 

fully grasp what the authors are trying to claim” (SCA19). The annotations also “require you to 

focus in on the specific details you might miss if you just skim over it” (SCA10). Moreover, 

better focus is “very helpful for improving your understanding of a paper” (SCA10). For 

instance, a participant explained her situation reading papers outside of her field of study: 

I have an internship in tech transfer where I'm faced with technologies outside my field. 

I have noticed that, with SCA, I can understand these technologies more quickly than 

before. Annotation also helps me focus on the methods and rationales that other fields 

use, rather than what I used to do with these papers, which was to skim around 

aimlessly. [SCA] has made reading primary literature easier and more efficient. (SCA24)  

This situation of needing to read well in a field outside one’s primary area of study was an 

experience common to all participants by design and is a critical skill for transitioning to new 

fields, such as policy research. Monitoring reading skills in a new field is complex and 

challenging. Nonetheless, SCA helped participants to focus, quickly grasp the central points of a 

paper, check their thinking, and make connections with other readings (SCA01, SCA10, SCA19, 

SCA24). 

In summary, participants annotated using one or more reading comprehension 

strategies that reflected either a structured or close reading method (or both) showed 

improved critical thinking and focus. Participants reported an improved self-perception of their 

reading abilities in a new field that corresponded with statistically significant increases in 

reading comprehension, confidence, and ease. Finally, in an exit survey of participants about 

what they gained from the intervention, all reported improved reading skills, a better 
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understanding of science policy research, and skills to build a resume; most (19) reported 

enhanced research analysis skills and benefits from meeting like-minded people; and about half 

(11) reported an improved sense of confidence/competence. These findings aligned with what 

participants hoped to gain when surveyed at the beginning of the intervention and suggest that 

the study’s activities supported participants’ hopes and goals. 

Peer Engagement Supported Reading Comprehension. SCA is a tool for discourse that 

generates peer engagement around a text and improves reading comprehension. In this study, 

participants engaged with their peers using SCA in at least two ways, a passive reading of other 

people’s annotations and an active peer response. Peers provided valuable, low stakes checks 

for understanding the text (SCA09, SCA15, SSCA18, SCA21, SCA23). A participant explained the 

process: "you can first annotate what you don't understand and then compare to others” 

(SCA09). The online and collaborative nature of the SCA tool meant that feedback on ideas 

about the text was available to all participants as needed throughout the intervention. 

Like annotations, there were no requirements for peer responses, only suggested 

guidance (e.g., respond to two peers). Thus, the frequency of peer responses varied widely in 

this study. Some participants never responded to other’s annotations (SCA01, SCA10, SCA11, 

SCA13, SCA15, SCA22), while others responded ten or twelve times in a session (SCA02, SCA03, 

SCA05, SCA10). The peer responses that were generated created a “supportive environment” 

that helped participants to “check [their] thinking in a safe way” (SCA15, SCA18, SCA23). All 

participants who did not respond to their peers cited heavy workloads and conflicting 

obligations external to the intervention as a barrier to more peer response participation. The 

low frequency of some peers’ responses was cited as a weakness of SCA (SCA09, SCA17, SCA21). 
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 Nonetheless, participants found value in seeing other people’s ideas about the shared 

reading. SCA revealed other people’s “thinking about the paper” (SAC05, SCA09), which made 

“discussing [papers] more interesting” (SCA18, SCA09) because people had “different ideas” 

(SCA08, SCA07, SCA06). This process “raised questions” (SCA17, SCA02) through “peer 

feedback” (SCA14, SCA18) that “improved understanding” of the paper (SCA09, SCA18, SCA19). 

One participant described feedback from peers as the most critical connection between SCA 

and improving reading comprehension, “I got real-time feedback from my peers while reading 

and annotating [with SCA], and that helps me monitor my reading skills and also my 

understanding of the paper” (SCA18). Real-time peer feedback was important for correcting 

misunderstandings in the reading and monitoring reading skills. 

By comparison, feedback on a reading from professors or advisors “may take weeks or 

months, if it comes at all” (SCA21), during which time people may “forget their thinking” 

(SCA18) or erroneously “learn their mistakes [as correct] because of long waits for advisor 

feedback” (SCA17). In contrast to SCA providing immediate peer feedback, some participants 

reported waiting 30 days or longer for advisor feedback on a shared reading (SCA17, SCA18, 

SCA21, SCA23).  

SCA was a valuable tool for individuals to monitor their reading skills to see what “ideas 

[they] missed and what ideas stood out to different people” (SCA06, SCA14, SCA18). Self-

monitoring compared to peers led to questions and discussions that improved individuals' 

understanding of the paper. A participant explained it this way, “I tend to ask questions when 

annotating, and I find this helps me get a better idea of my understanding of the paper and any 

gaps I need to fill in” (SCA10). This finding connects with a central tenet of sociocultural theory 
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that we learn from others (Brown & Renshaw, 2000). Social interaction is essential for human 

learning, and discourse is a primary way to construct knowledge at the doctoral level. SCA offers 

both social interaction and a flexible forum for discourse about research literature, which 

helped participants understand primary literature better.  

 Finally, some participants suggested that they experienced no or neutral benefits to 

reading comprehension and offered caveats about SCA. One participant, whose reading 

comprehension improved only slightly, reported “already feel[ing] very confident in my primary 

literature reading comprehension skills” (SCA06). Others had a neutral experience that “did not 

help reading comprehension of primary research” but did “not hurt either” (SCA09, SCA10). For 

instance, “I don't think the course materials had a particularly large effect on my reading 

comprehension, but it has given me some interesting new ideas, some of which I may adapt 

into my usual [reading] process” (SCA10). This participant used what she learned in the 

intervention to teach a college course on reading. 

Finally, participants responded that annotation is a marker for understanding and does 

not replace deeper reading. For instance: 

It's important not to be caught up in only annotating because when annotating, I tend to 

just hunt for sentences and mark them up. I don't fully process what I'm reading. It's 

very important to then go back and actually read the content of what you annotated, 

using the annotations as markers for understanding. (SCA21) 

Thus, annotation did not replace deeper reading and provided markers for understanding that 

the annotator must still process. 
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These findings connect to the scholarship on social annotation to promote critical 

reflection among groups of learners (Kalir, 2019; Yang, 2009). Critical reflection and critical 

thinking are often used interchangeably in the literature, where critical reflection is necessary 

for critical thinking. Dewey (1933) defined critical reflection as an active, persistent, and careful 

consideration of a belief or supposed form of knowledge, of the grounds that support that 

knowledge, and the further conclusions to which that knowledge leads. In other words, learners 

monitor what they know, what they need to know, and how they bridge that gap during 

learning situations. SCA provides peer feedback essential for monitoring. 

Finally, it was challenging for participants to know what they did not know about a new 

field. Where participants did not mark up the shared text provided insight that informed 

instruction. For instance, when participants avoided annotating the section in the intervention 

text about using Cronbach alpha values to validate constructs, the absence of any annotation 

suggested a need for support, explicit instruction, or other strategies to process the 

information. In response to these data, the researcher added information about Cronbach’s 

alpha to the weekly discussion about social science methods. Thus, SCA was also a method for 

improving the intervention design. 

Research question 3b. How did SCA discourse practice change doctoral students’ perceptions 

of reading apprehension?  

The qualitative analysis revealed a major theme connecting SCA to improved reading 

apprehension, including imposter syndrome, reassurance, and confidence. Notably, 

investigating imposter syndrome was not an aim of this study, but the topic emerged from 

participants’ data as a driver of reading apprehension. Imposter syndrome occurs in academia 
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when students have chronic feelings of not belonging in their academic environments and 

doubting their abilities (Parkman, 2016; Walton & Cohen, 2007). 

When asked about challenges with reading primary literature in a new field, most 

participants (88%) contextualized their responses by sharing more profound suffering related to 

the notion of imposter syndrome and reading apprehension. One participant summarized the 

experience of imposter syndrome as “a constant companion of mine, and one that I cannot 

manage to shake off no matter how much rationalizing I try because I tend to compare myself to 

my peers and then doubt my abilities” (SCA01). This constant comparing and the resultant 

negative feelings of “not belonging or doubting academic abilities” can stoke “fear that 

manifests as anxiety and persists over time” (SCA10, SCA07, SCA14, SCA21), including but not 

limited to reading comprehension of research literature. About reading, a participant explained 

how in her first year of graduate school, she “dreaded being called on during class discussions 

[about research papers] and being seen as stupid for not understanding” (SCA15). Another 

participant elaborated on this fear of not understanding because “I don't absorb enough when 

reading [research] papers” (SCA05). Another explained how he feels “constantly behind with the 

literature and techniques” (SCA11). These nagging doubts and fears about essential skills, such 

as reading research papers, can feed feelings of inadequacy and inferiority. 

Typically done in isolation, reading research papers is just one area where participants 

constantly doubted their skills and abilities. Other areas of doubt included lab work, 

coursework, and conducting literature reviews (SCA01, SCA08, SCA15, SCA05, SCA10, SCA11). 

Other areas in which participants mentioned doubts about their abilities were researching, 

writing, public speaking, and networking—all skills essential for success in doctoral programs.  
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Several participants of color reported extra challenges with imposter syndrome related 

to essential skills like reading. A participant of color explained the experience: 

When I first came to graduate school, it was a heavy transition for me. There were many 

times that I felt I was floundering, fearful, and didn't belong. It also seemed that my 

other [mostly White] colleagues were okay, which made me feel worse and increased my 

anxiety. Of course, this is the dangerous game of comparison, which does no one any 

good. There is also the pressure that ‘you should just know’ something that everyone 

seems to know, like reading research papers, making it hard to reach out to other 

students to see if they are experiencing the same thing. (SCA24)  

This participant described the bind of comparing herself to others while fearing she did not 

belong in her academic program with the added pressure of assumed skills, such as reading 

research papers.  

Another participant of color echoed this experience when she explained how she often 

feels, “I am not doing enough reading and research, and I don't know enough about the topics 

that I should have grasped. This is further worsened by academic bullying” (SCA22). This 

participant named academic bullying as a reality in academic environments. A third participant 

of color described academic bullying as “competition [that] drives us to bash other scientists 

and science students. In academia, knowledge/intellect is the most valued commodity, which is 

why there is so much stress in being revealed as a fraud” (SCA21). The stress of being found a 

fraud had another dimension for participants of color. A participant offered this insight: 

This kind of fear [of being a fraud] is often felt most strongly within groups that are 

underrepresented in science. This is because the feeling of impostor syndrome is often 
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framed as students doubting their skills/talents when a lot of the time, there are many 

invisible barriers preventing a student's success that do not get talked about. (SCA16)  

These invisible barriers may include feeling unfairly judged on academic abilities because of 

personal traits, including “skin tone” (SCA16), “accent” (SCA23), intersectional identities, such 

as a “nonbinary and Black” (SCA19), and other harmful stereotypes, such as being a perpetual 

foreigner “because you look Asian, people assume you’re foreign and ask you where you’re 

from all the time” (SCA21). To the latter point, the participant explained how she was “never 

nominated for funding or awards that required U.S. citizenship because the people around me 

assumed I was foreign. I had to apply for everything on my own” (SCA21). These invisible 

barriers based on visible traits added to feelings of being unfairly judged and were only 

reported by participants of color.  

These barriers were described by participants as leading to less funding, fewer 

nominations, slower advancement, and in some cases, quitting doctoral programs (SCA17, 

SCA14, SCA11, SCA21). A participant explained her experience with people leaving: 

Reading is never the reason people give for quitting their [doctoral] programs, but it’s a 

factor that no one names. Of the many people I know [who have quit], the public 

reasons are things like lack of funding, a better paying job, sickness, or a bad advisor. But 

privately, if you listen as a friend, there is almost always a very sad feeling that their skills 

aren’t good enough because they got no feedback or only negative feedback. It’s 

damaging to self-esteem because no one teaches you, and you never feel good enough 

to compete. (SCA14)  
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This participant connected the main reasons students give for quitting their doctoral programs 

with deeper, often unexpressed feelings of not being skilled enough to compete and succeed in 

academia. Moreover, they described reading as never a named reason for quitting but a 

significant contributing factor. 

For participants, SCA provided relief for reading apprehension, in part, by checking 

imposter syndrome and improving confidence. Participants reported feelings of validation and 

reassurance working with a social collaborative annotation group when they were: 

• new to the topic and “learning together” (SCA01, SCA18, SCA04, SCA17, SCA23, 

SCA22),  

• “seeing notes together and tagging” (SCA17), 

• “brainstorming together, keeping track of ideas and reflections” (SCA17), 

• “fumbling, struggling, and figuring it out together” (SCA23), 

• “noticing similar points [or ideas] in the readings” as their group members 

(SCA09, SCA23, SCA22), 

• “talking about papers together and [their] pitfalls” (SCA04), 

• feeling “free to ask questions” without feeling “intimated” or “afraid” (SCA05, 

SCA06, SCA11), 

• “working together with peers and helping each other ( … ) [this increases] my 

feeling of comfort, enjoyment, and engagement in the projects” (SCA13), 

• “exchanging [or sharing] ideas with peers” (SCA08, SCA04, SCA10, SCA14, SCA18, 

SCA21),  
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• “giving and receiving peer feedback” on annotations (SCA11, SCA10, SCA13, 

SCA19, SCA20, SCA22). 

Thus, participating in SCA can be “self-assuring [when I] notice the same things as my group 

members. Collaborating with others on reading is way more useful than I thought. There is 

value in sharing ideas, compared to reading things in isolation” (SCA23). Overcoming isolation 

while reading, noticing, and sharing ideas about a paper generated feelings of self-assurance.  

Other conditions helped to check or reduce participants’ feelings of being a fraud. These 

included a “cooperative” or “supportive” learning environment (SCA09, SCA10, SCA11, SCA14, 

SCA19, SCA22, SCA23), “empathy” and “understanding” from the instructor and group (SCA05, 

SCA21, SCA13), focus on “specific skills” and “strategies” (SCA04, SCA17, SA07, SCA14, SCA12), 

“not being expected to know” new information (SCA09, SCA21), having a “safe a way to learn” 

technical information (SCA19), and feeling safe to “mak[e] mistakes” as part of the learning 

process (SCA18).  

SCA also boosted participants’ confidence in their findings and conclusions (SCA17, 

SCA23, SCA05, SCA21). For instance, “we could trace back questions [with SCA] and feel really 

secure about the information and interpretations. We could see the logic chain and were 

confident in our results” (SCA17). Thus, tracking shared questions with supporting information 

helped participants feel “less worried about not being good enough” (SCA09) and more 

confident in their interpretations of the paper. By comparison, a few participants struggled with 

having enough confidence to participate in a group discussion and what helped was to “remind 

myself that we are all learning!” (SCA05, SCA21). When everyone is learning together without a 

hierarchy or competition, feelings of self-doubt and fear can calm down. 
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Research question 4a. What components of the intervention do participants report as having 

the greatest benefit to improving their reading comprehension?  

 Participants reported numerous components of the intervention as having a benefit to 

reading comprehension. These components included:  

• interacting with peers about the text (50%),  

• learning a strategic reading method (38%),  

• collaborating and communicating about a usually silent and internal process (29%), 

• doing activities that promoted critical thinking (17%),  

• having a forum to develop a deeper understanding of the text (13%),  

• and the ability to annotate from anywhere with an online tool (13%).  

Several participants reported that these components worked together to improve 

reading comprehension (SCA06, SCA15, SCA21, SCA24). For instance, a participant explained: 

I feel that these course activities are helping my reading comprehension [because] I get 

exposed to the material several times, including other people’s ideas. I have a place to 

ask questions. Writing an annotation or two about each CERIC element further helped 

me retain and understand the material since I had to put the elements together, not just 

identify them. (SCA06)  

Thus, this participant explained that practicing multiple components helped her improve. 

Another participant summarized the net effect of these components as creating “a clear 

understanding of what I should focus on as a reader, which has been very helpful for my 

comprehension [of the paper]” (SCA24). Thus, it appears that no single component improved 
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participants’ reading comprehension. Instead, it was the interplay of multiple components that 

helped to deepen understanding of the text.  

Research question 4b. What components of the intervention do participants report as having 

the greatest benefit in decreasing their reading apprehension? 

 Participants reported numerous components of the intervention as decreasing their 

reading apprehension. These components included a safe/supportive environment (71%), 

cooperative learning (38%), feeling like we are all learning (30%), and a flexible course structure 

(30%). A participant summarized her experience of the interplay of these components, "when I 

do not have support or a sense of safety from my environment, my anxiety levels rise, and 

instances of imposter syndrome reappear. This directly leads to higher stress levels and lower 

productivity, but this course was supportive and flexible and did not trigger it.” (SCA24). 

Another elaborated: 

I struggle because I have trouble prioritizing tasks, and therefore, I start experiencing 

anxiety and procrastinate until the last minute as a result. It’s the worst with reading and 

writing because it all just piles up. Working with others [in this course] helped because 

we were all learning together, and I felt supported, [which] helped me calm down and 

get things done. (SCA21)  

Thus, no single component improved participants’ reading apprehension. Instead, it was the 

interplay of multiple components that helped participants to relax and focus. 
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Research question 4c. What components of the intervention do participants report as having 

the greatest benefit to reading in a new field? 

Participants reported numerous intervention components as beneficial to reading in a 

new field. These components included focusing on career goals that require new skills (83%), 

everyone being new to the field of policy research (50%), exposure to mixed methods research 

(46%), group discussions (38%), and instructional materials (25%). A participant identified a 

central issue, whereby he was “trained in experimental methods, not mixed methods, but 

need[s] to know something about it to evaluate policy research” (SCA08). All participants 

studied experimental research methods, and only one had formal learning opportunities in 

mixed methods. For many participants (71%), the intervention offered the first engagement in 

social science research methods. Another participant elaborated on how these components 

interacted to support reading in a new field: 

Being new in the field, the unfamiliarity and lack of thorough comprehension of some of 

the research topics felt very intimidating, but everyone was new, too. I found the group 

discussions helpful to gaining an in-depth comprehension of content outside of my field 

and to learning some new methods for policy research. (SCA21) 

Thus, the evidence indicates that no single component improved participants’ confidence in 

reading in a new field. Instead, the interplay of multiple components helped participants 

undertake a new subject and research methods. 
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Research question 4d. What components of the intervention do participants report as having 

the greatest benefit to engagement with the PL? 

Participants reported numerous intervention components as beneficial to engagement 

with the primary literature. These components included seeing other people’s perspectives 

(46%), having a challenge (29%), an interesting/relevant topic (25%), and working on analyzing a 

single article with the whole group (17%). Participants enjoyed working on an article shared by 

the group mainly because they benefitted from seeing other people’s perspectives (SCA01, 

SCA04, SCA08, SCA18, SCA21). For example:  

I like seeing other people's perspectives on it [the article], and the more we started to 

talk about it, I was like, oh, this paper maybe not like be as rigorous as I previously 

thought it was ( … ) Also, it was nice, if I wasn't clear about something to see what other 

people were saying. (SCA04)  

The participant could clear confusion and think more critically about the research article 

because other people’s perspectives were available to check on their thinking. 

In addition, many resonated with the topic as interesting, relevant, or important (SCA01, 

SCA03, SCA04, SCA05, SCA09, SCA13). For instance, “Climate change attitudes are a super 

interesting topic, and I think about it in my free time” (SCA17). Another elaborated, “I wonder 

how well I would read this paper if I wasn't interested in the human response to climate 

change?” (SCA03). This participant recognized that a significant part of her engagement with 

the article was her interest in the topic. Of course, not everyone found the topic relevant to 

their policy work, but it was at least “general and accessible” (SCA01). Thus, this evidence 

indicates that no single intervention component improved participants’ engagement with the 
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primary literature. Instead, an interplay of multiple components helped participants to get 

involved and read critically. 

Conclusions 

In this study, the student researcher examined the effectiveness of a primary literature 

reading intervention among doctoral student participants in various fields motivated to read 

research in a new field (i.e., science policy research). The study compared the participants’ pre- 

and post-test mean scores in the areas of reading comprehension as critical reading, research 

self-efficacy, and reading apprehension. The study was a four-week intervention that included 

explicit instruction in a strategic reading method (e.g., CERIC) and social collaboration 

annotation (SCA) practice. After examining the results from the pre-posttests plus additional 

work products, surveys, and interviews with 24 participants, the statistical analysis concluded 

that the intervention improved outcomes with large and medium effect sizes, as shown below 

in Figure 15. First, the reading comprehension assessment pre-test (M= 13.7, SD = 4.3) and 

post-test (M = 20.1, SD = 3.1) scores indicate that the intervention resulted in a statistically 

significant improvement in reading comprehension as critical reading of primary literature 

outside the participants’ fields of study, t(23) = 13.6, p < .0001 with a large effect size, Cohen’s 

d =1.68. Next, the research self-efficacy assessment pre-test (M= 56.1, SD = 9.4) and post-test 

(M = 62.3, SD = 7.6) scores indicate that the intervention resulted in an increase in research 

self-efficacy, t(23) = 4.9, p < .0001 with a medium effect size, Cohen’s d = 0.72. Finally, the 

reading apprehension pre-test (M= 19.2, SD = 8.1) and post-test (M = 14.5, SD = 4.4) scores 

indicate that the intervention resulted in a decrease in reading apprehension of primary 

literature outside the participants’ fields of study, t(23) = 4.3, p < .0001 with a medium effect 
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size, Cohen’s d =0.73. These quantitative findings indicate that this primary literature 

intervention improved participant performance in the measured areas.  

Figure 15 Findings Summary: Research Question 1 

Findings Summary: Research Question 1 

 

Note: *Reading comprehension was defined as critical reading, not content knowledge of 

astrophysics, which was the topic of assessment. 

The qualitative analysis corroborated and expanded upon these findings. The qualitative 

findings explained how participants had never received explicit reading instruction in primary 

literature beyond a reading club and how learning a strategic reading method (i.e., CERIC) 

combined with seeing other people’s ideas through SCA calmed fears and feelings of 

inadequacy and helped to improve focus, close reading, and engagement in critical thinking of 

primary literature. SCA created a supportive environment for peer feedback that reduced 

apprehension and increased confidence.  

Participants’ self-perceptions of their reading critical abilities improved in terms of 

reading ease and reading confidence, as shown below in Figure 16. The reading ease 
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assessment pre-test (M= 2.5, SD = 1.1) and post-test (M = 3.2, SD = 1.0) scores indicate that the 

intervention resulted in a statistically significant improvement in feelings of ease while critically 

reading primary literature outside the participants’ fields of study, t(23) = 2.1, p < .05 with a 

moderate effect size, Cohen’s d =.67. The reading confidence assessment pre-test (M= 2.7, SD = 

1.0) and post-test (M = 3.2, SD = .7) scores indicate that the intervention resulted in a 

statistically significant improvement in feelings of confidence while critically reading primary 

literature outside the participants’ fields of study, t(23) = 2.1, p < .05 with a moderate effect 

size, Cohen’s d =.57. The qualitative findings corroborated and explained these results. 

Figure 16 Findings Summary: Participants' Feelings About Critical Reading 

Findings Summary: Participants' Feelings About Critical Reading 

Note: *Astrophysics was topic of the critical reading assessment, which represented a field in 

which no participant had any formal academic training. 

However, participants’ perceptions of reading understanding did not improve. This 

finding is nuanced, and it provides a valuable check on the study design. The intervention 

focused on critical reading skills, not content knowledge. No participant had formal academic 
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training in the field of astrophysics, which was the subject of the pre-post reading assessments. 

The intervention did not teach astrophysics content or aim to improve this knowledge.  

Although previous scholarship indicated that explicit instruction and SCA discourse 

practice improved reading outcomes in younger students, this study was the first to follow 

doctoral students in reading comprehension as critical reading of primary literature. This study 

was also the first to consider reading apprehension at the doctoral level. Likewise, this study 

applied a novel combination of a structured reading method (CERIC) with SCA in an online 

learning environment as part of a professional development course. It is possible that outcomes 

would vary if measured over a more extended period or with a study population not 

intrinsically motivated to read research articles. As is, these methods were sufficient as primary 

literature reading interventions to improve outcomes for doctoral student participants. 

Discussion 

A predominant assumption of doctoral education in experimental sciences is that 

students receive sufficient preparation in reading the primary literature from prior coursework 

or research experiences. Participants explained why this assumption is fraught with challenges. 

Once students enter doctoral programs, mentors may recognize insufficient preparation and 

informally model reading practices through reading clubs, lab discussions, shared notetaking, 

and assigning hundreds of pages of reading. Still, there is often no formal training in reading 

primary literature at the doctoral level. Therefore, mentors can only offer guidance while 

students must ultimately figure out how to read effectively. Those who cannot or take a long 

time to figure it out struggle most to apply the reading to their writing. 
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Meanwhile, the level of adoption of evidence-based instructional practices among 

chemistry, biology, and physics faculty varies widely (Lund & Stains, 2015). Many essentials are 

taught on the level of individual labs. Part of the challenge is that research skills are divergent 

across many fields of experimental sciences. Nonetheless, reading primary literature and 

writing research papers are core research skills universal to all fields, yet they are often treated 

as soft skills to be learned along the way. Finally, undergraduate preparation in reading the 

primary literature varies widely by major, division, and university, with an overall pattern of low 

motivation for reading (Clump & Doll, 2007; Clump et al., 2004; Denecke, 2017; Matarese, 

2013).  

The evidence identified in this study appears to reveal that scientific reading is 

inadequately taught in higher education, and there is a need for explicit instruction in reading 

primary literature at the doctoral level. This intervention provides a validated model for 

improving reading comprehension of the primary literature. The evidence that supports this 

claim includes the needs assessment findings in Chapter 2, the intervention literature review in 

Chapter 3, and the intervention outcome results in Chapter 5. The reasoning that connects the 

evidence to the claim is a body of scholarship (Chapter 3) showing that explicit instruction in 

reading skills improves performance.  

In addition, this study shows that there is an opportunity to improve doctoral education 

by integrating PL interventions into doctoral programs. Participants suggested many 

applications, including formal instruction (i.e., integration with coursework and literature 

reviews) and informal guidance (i.e., integration with reading clubs and professional 

development seminars). In summary, doctoral students need explicit reading instruction in the 
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primary literature, and this intervention serves as an evidence-based model for improving 

reading comprehension of primary literature. Further, this study’s finding suggests many 

possible implementations of this intervention that could improve doctoral education. 

Sociocultural theory provided the theoretical framework to investigate the relationship 

between language and learning at the doctoral level (Vygotsky, 1978). The literature reviews in 

Chapters 1 and 3 considered how doctoral learning occurs primarily from participating in 

discursive activities between professor and student or between students in a collaborative 

discussion (Brown & Renshaw, 2000) that, at the doctoral level, culminates in a written 

dissertation. Students develop and refine their thinking through reading, writing, and feedback 

from more knowledgeable others, such as advisors, professors, and peers. However, 

participants reported that this process often breaks down in highly competitive academic 

environments. In addition, students experience and learn disciplinary cultural norms through 

coursework, during lectures and presentations, conferences, and from reading the primary 

literature. Participants reported that these norms must be absorbed implicitly because they are 

rarely taught, which can be fraught when those norms are critical for degree progress.  

Moreover, the primary research literature is a unique genre of writing. Primary 

literature articles are not meant to be read from the ground up, start-to-finish like novels, and 

beginning graduate students tend to be unaware of this academic norm (Lie et al., 2016). This 

situation is not surprising because English courses focus on narrative texts to develop reading 

skills (Zywica & Gomez, 2008). Likewise, many doctoral students are unaware that reading 

primary literature is essential for writing (Sverdlik et al., 2018, p. 368). Moreover, without solid 

reading skills, writing and research skills do not fully develop because "reading and writing do 
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not stand in a functional relationship with inquiry [i.e., research] but are constitutive of it–

essential elements of the whole" (Norris & Phillips, 2003, p. 226). Thus, writing a dissertation is 

about reading primary literature while also conducting a research project. 

The conceptual frameworks in Chapter 3 (Figure 6) and Chapter 4 (Figure 9) illustrate 

how reading, writing, and researching interplay for thesis production. Notably, the changes to 

the framework in Chapter 4 reflect insight gained from the intervention study through strategic 

reading instruction and SCA discourse practice because core skills interact in many ways. For 

instance, reading primary literature happens at all stages of the Ph.D. preparation process and 

informs research and writing. In addition, improved reading comprehension and research self-

efficacy support practices necessary for degree progress, while reading anxiety can impede skill 

development necessary for degree progress.  

A surprising finding was that the study achieved a more extensive representation of 

doctoral students of color than the association’s membership from which it recruited (Table 

10). Recruitment did not specify any goals for demographic representation, such as by race or 

ethnicity. Nonetheless, half of the participants identified as students of color, which is 25% 

more than the proportion within NSPN’s membership. This corresponded with half of the 

participants identifying as White, which is 25% less than the proportion within NSPN’s 

membership. In addition, eleven (46%) participants of color identified as intersectional, 

meaning a person of color and a woman or non-binary person (Crenshaw, 1990). Thus, the data 

set included a rich and highly diverse range of backgrounds, suggesting enhanced transferability 

to other contexts.  
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One finding was inconclusive, relating to the quality of SCA. The student researcher did 

not correct for wide variations in participants’ prior experience with annotation. Nonetheless, 

these wide variations rendered SCA quality inconclusive as a quantitative indicator. Thus, the 

SCA findings underwent only qualitative and not quantitative analysis. In future studies, prior 

annotation ability levels should be assessed pre-post and accounted for as was the primary field 

of doctoral training in reading.  

A major limitation of this study is the ITS design, which can sensitize participants to 

assessments and produce the effect of teaching to the test. However, this study corrected for 

sensitization by creating pre-post assessments in reading comprehension using primary 

literature in astronomy, which a pre-enrollment survey showed was a topic outside all 

participants’ areas of formal academic study. The reading comprehension assessment findings 

indicate that the improvement was due to strategic reading skills and not gains in astronomy 

background knowledge, which was never discussed during the intervention and was used only 

to assess performance.   

Other limitations reflect the nature of a voluntary professional development setting. 

These limitations include participants who volunteered because they had a high intrinsic 

motivation to learn to read in a new field (i.e., science policy research) with attendant career 

goals. Thus, there were no participants with low motivation for reading. Also, participants were 

heterogeneous in terms of field and year of study, and it is possible that a more homogenous 

sample would produce different effect sizes. For instance, a group of less experienced readers 

may have improved more. Finally, the study was not longitudinal by design, and thus, it is 

unclear how participants will use the reading and annotation skills over time. 
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Implications For Practice 

  The doctoral student participants in this study offered many suggestions for improving 

their experiences with learning to read primary literature critically. These findings point to 

several major implications for practice. Future practice should focus on five major areas, 

modifying instruction, realizing new affordances, field-specific implementation, higher 

education implementation, and addressing invisible barriers. 

Modifying Instruction  

 The implication of modifying current practices motivates new instructional design 

strategies. The learning objective is to meet doctoral students’ need for explicit instruction in 

how to read the field’s primary literature critically. A combination of direct instruction and 

group practice, incorporating prompts and real-time peer feedback, in a hybrid sync/async 

format optimizes learning. The instructional design also needs to anticipate learners’ 

challenges, such as distinguishing between evidence and reasoning, by providing many worked 

examples supported with real-time discussion.  

In addition, instructional design should integrate the critical reading of the primary 

literature with other science practices. SCA can scaffold group projects, while the CERIC method 

can map essential information necessary to develop literature reviews or research 

presentations. For example, SCA can help students collaborate on analyzing a set of research 

articles that they use to generate a mini-literature review. In another example, the CERIC 

categories can structure an engaging research presentation by mapping to a five-point narrative 

arc used in filmmaking (Hockrow, 2014). The first plot point, exposition, maps to an article’s 

context. The second plot point, rising action, corresponds to an article’s evidence and 
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reasoning. The third plot point, the climax, links to the claim. The fourth plot point, falling 

action, relates to the discussion. The fifth and final plot point maps to implications and 

conclusions. Thus, combining SCA and the CERIC method with other science practices can 

improve the quality and creativity of students’ work products. 

Instructional design should integrate explicit instruction in critical reading of primary 

literature with topical instruction as early as the undergraduate level. For example, a first-year 

doctoral course on research methods should include group SCA discourse practice analyzing the 

methods presented in a set of research articles exemplary in the field. Analyzing a collection of 

research articles in tandem with learning the methodologies would allow learners to deepen 

their understanding through critique. In another example, an upper-division undergraduate 

course for majors could include a group SCA+CERIC analysis of several relevant research 

articles’ key concepts and methods to support learners in understanding essential disciplinary 

ideas and practices. Notably, instructional designers must account for the major limitation of 

the CERIC method in that it is relevant only to empirical papers with claims and evidence, not 

review articles. Nonetheless, SCA works for all types of primary literature. 

Realizing New Affordances 

 The study’s hybrid learning environment creates new possibilities for learning. Most 

importantly, this approach destigmatizes and democratizes the primary literature. Novice 

readers may carry an implicit assumption that primary literature is written by experts for 

experts, which does not include them, reinforcing feelings of fear and inadequacy. Providing 

student readers with an explicit and shared way to understand and critique research literature 

offers social-emotional relief and reassurance. When everyone is learning together without a 
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hierarchy or competition, negative feelings of self-doubt and fear can calm down. A calmer, 

cooperative approach to critical reading affords a more positive social-emotional climate, 

encouraging feelings of belonging.  

 This study also provides an active, transparent approach to evaluating research articles 

accessible to everyone, including novice readers. Many students skim abstracts and struggle to 

know when to stop or read deeper. Even after deeper reading, many students did not learn 

how to evaluate arguments from evidence and reported feeling like frauds for not knowing. 

Group SCA+CERIC practice provides an explicit method for evaluating the abstract, deciding if 

the paper is worth further attention, and then the CERIC method scaffolds how to conduct an 

analysis. SCA peer feedback reinforces the feeling that it is okay not to know and learn 

together. These new affordances lend well to reading outside a primary topical area, as did this 

study, exposing doctoral students in experimental sciences to science policy research. There are 

many motives to read outside one’s primary field, including coursework, interdisciplinary 

collaborations, teaching, and learning about social or life-impacting issues (e.g., climate change 

or the COVID-19 pandemic).   

 Finally, this study’s hybrid approach to learning critical reading of primary literature 

opens many possible applications. The participants offered numerous suggestions, including 

updating journal/reading clubs, learning why particular articles are seminal, comparing claims 

between articles, evaluating a series of articles, and learning how to referee articles. In other 

words, this study’s approach enriches the current educational ecosystem by amplifying the 

sociocultural construction of disciplinary knowledge and practices.  
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Field-Specific Implementation 

Exploring a variety of intervention implementations could be valuable because doctoral 

education is not a monolith. Instead, it is a collection of many fields with various research 

methods. Field- and method-specific implementations will offer more benefit to students than 

a generic approach because core skills are co-constructed at the doctoral level (Kwan, 2008) 

and embedded in a sociocultural milieu of field-specific discourse (Brown & Renshaw, 2000).  

Another implication relates field-specific implementations to primary literature critique. 

Understanding the extent of adaptations of the intervention to individual fields is necessary to 

integrate this intervention into broader programmatic systems of primary literature critique. A 

literature critique is a form of discourse with field-specific norms that develop through situated 

learning. In this instructional model, students learn from observing others and practicing as 

cognitive apprentices (Brown, Collins, & Duguid, 1989). In this model, learning is not abstract 

and occurs through contact with experts in the field (Lave & Wenger, 1991). SCA in this study 

provided a means of asynchronous cognitive connection, where participants learned from 

observing each other’s ideas and practiced annotating their own.  

The data showed that deconstructing the core skill of reading primary literature with a 

strategic reading method (CERIC) and making this assumed knowledge explicit with direct 

instruction and SCA discourse practice improved strategic reading skills, research self-efficacy, 

and reading anxiety. Participants expressed over and again that knowing how to read primary 

literature effectively is not obvious, and they would have suffered less if they had learned 

earlier. Also, the intervention was all participants’ first exposure to strategic reading and SCA. A 
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major implication of this study is to start primary literature interventions much earlier in higher 

education, as early as undergraduates choose their majors.  

Finally, a boundary for field-specific implementation is the field’s use of empirical 

studies. Fields that rely primarily on empirical studies, such as the experimental sciences, are 

likely to benefit most from implementation. However, fields that do not draw heavily from 

empirical studies, such as history and the arts, are not likely to find implementation useful.  

Higher Education Implementation 

The doctoral participants in this study wished they had learned critical reading of the 

primary literature earlier in their academic careers. The ideal times to learn varied from 

undergraduate to graduate school. One participant explained, “I think the optimal time to learn 

a systematic reading method like CERIC was probably when I was first starting to read papers in 

undergrad, but also at the start of grad school” (SCA04). They key to optimal timing is starting 

instruction when students in higher education begin reading and engaging with the primary 

literature. This timing appears to be field and institution specific. 

Participants suggested preparing students in primary literature annotation as early as 

the second semester of undergraduate study (SCA01, SCA18, SCA15), during upper-division 

undergraduate courses (SCA04, SCA09, SCA23), or during the first or second year of graduate 

school (SCA17, SCA23). Focusing on graduate school, one participant described a situation 

where she thought SCA would be most helpful:  

There are no undergraduate standards for reading primary literature. The GRE doesn’t 

even test it. So, we bring in first- and second-year doctoral students into the lab and do 

literature reviews every other month. Students are required to turn in a literature 
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review about a paper, and then we [the senior graduate students and post-docs] review 

it and analyze their critiques. We try to help them think critically about papers. There 

would be a lot of value for the new students to see some social annotation about a new 

paper and the important things we pull out. (SCA17)  

Thus, explicitly teaching critical reading of the primary literature throughout higher 

education would improve students’ experiences and better prepare them for graduate and 

doctoral studies. 

Addressing Invisible Barriers 

Participants of color reported invisible barriers and explained their nature and impacts. 

One participant explained it this way: 

“This kind of fear [of being a fraud] is often felt most strongly within groups that are 

underrepresented in science ( … ) there are many invisible barriers preventing a 

student's success that do not get talked about” (SCA16). 

Invisible barriers center on feeling unfairly judged about academic abilities because of personal 

traits, including: 

• “skin tone” (SCA16),  

• “accent” (SCA23),  

• intersectional identities, such as a “nonbinary and Black” (SCA19), and  

• other harmful stereotypes, such as the perpetual foreigner “because you look 

Asian, people assume you’re foreign and ask you where you’re from all the time” 

(SCA21).  
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To the latter point, the participant explained how she was “never nominated for funding 

or awards that required U.S. citizenship because the people around me assumed I was foreign. I 

had to apply for everything on my own” (SCA21). These invisible barriers based on visible traits 

added to feelings of being unfairly judged and were only reported by participants of color. 

Participants of color shared their experiences with invisible barriers in an intervention 

designed to address assumed reading skills. Not explicitly teaching critical reading of primary 

literature keeps this essential reading knowledge secret. Keeping vital knowledge secret is one 

way that Mainstream Academic English (MAE) perpetuates the Whiteness of the academy's 

creators (Trepagnier, 2010) and White Supremacy culture (WSC; Okun, 2021). One way to 

address invisible barriers within academia is to make expectations explicit and offer instruction 

in assumed skills, as did this intervention in the core skill of reading primary literature.  

Implications for Future Research 

Doctoral students need explicit reading instruction in the primary literature. This 

intervention provides a working model that could be adapted to any field of study and other 

levels of education where reading primary literature is a learning necessity. Future research 

should focus on at least three significant areas, creating standardized primary literature reading 

assessments, bridging from analysis to synthesis, and faculty professional development. In 

addition, there are several important considerations for future research. 

Create a Standardized Reading Assessment of the Primary Literature 

Management thinker Peter Drucker wrote, “If you can’t measure it, you can’t improve 

it.” This notion applies to reading comprehension of the primary literature. Currently, there are 

no standardized assessments. Thus, this study created bespoke assessments. However, it would 



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

256 

be beneficial to have a standardized measurement tool. An essential next step is to create a 

standardized reading assessment tool or, more likely, a protocol that could be adapted to 

different fields—having such a protocol would allow for a broader assessment of reading 

comprehension of primary literature at the doctoral level. With carefully developed reliability 

and validity, this protocol could be used by researchers and educators alike to gauge current 

and incoming students’ reading comprehension of the primary literature to implement and 

improve explicit reading interventions. Many doctoral programs already administer skills tests 

to incoming students (e.g., placement tests), and adding a reading assessment of the primary 

literature at that time point would be compatible with and improve existing practices. 

Bridge from Literature Analysis to Synthesis 

Strategic reading methods like CERIC are valuable tools for deconstructing primary 

literature and analyzing the components. SCA adds another layer of socially constructed 

learning by making other people’s ideas visible and creating a low-stakes forum for analytic 

discourse. Both are essential aspects of reading comprehension and critique. The next step is to 

create an explicit conceptual bridge from reading analysis to writing synthesis, focusing on 

crucial doctoral outputs, such as literature reviews, presentations, posters, papers, and 

dissertations. Synthesis differs from summarizing in that synthesis is produced with analysis, 

while summaries can be made with skimming. The goal of synthesis is a deeper, more advanced 

understanding of texts that evolves the reader’s understanding. Combining CERIC and SCA 

could serve as this bridge between reading and writing by extending the learning from the 

reading intervention, focusing on analysis, to additional practices that prepare learners for 

synthesis. For instance, identifying implications is one of the CERIC elements, and it is possible 
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to compare/contrast several related papers’ main implications. This compare/contrast analysis 

fits well within an SCA discourse practice environment and could serve as the basis for a written 

paragraph synthesizing key elements. Varma (2021) provides a clear example of a section 

synthesizing implications as follows: 

Because the Global Gag Rule limits access to sexual and reproductive healthcare, it has 

been implicated in increased instances of unintended pregnancies, increased rates of 

unsafe abortion, and higher maternal mortality [emphasis added]. A study across 

twenty countries in sub-Saharan Africa found that abortions were 2.55 times more likely 

when the rule was in effect, compared to the same areas when the rule was not in effect 

[emphasis added] (p = 0.01). This is because the same NGOs that provide abortions also 

provide access to family planning services, including contraceptives [emphasis added]. 

By reducing these resources, the Global Gag Rule leads to an increase in unwanted 

pregnancies and consequent abortions [emphasis added]. (p. 2) 

This example shows a concise synthesis of four implications, shown in italics, derived from 

seven primary literature sources. This depth of analysis does not arise from skimming or 

reading only the abstract. Instead, a deeper analysis of the primary literature sources allowed 

the author to evolve the understanding of the texts, flow logically from one idea to the next, 

and support the ideas with appropriate citations. CERIC could serve as an analytical bridge from 

analysis to synthesis that develops this core writing skill by teaching students how to read 

research in preparation for writing. Further, SCA discourse practice in this context would allow 

students to see other people’s ideas, check their understanding with peers, and reduce 
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apprehension. Finally, future, research could be maintained over a long term, such as an 

academic year or longer, to model disciplinary literacy spanning analysis to synthesis. 

Develop and Provide Faculty with Professional Development 

Faculty at colleges and universities are generally not trained as teachers, except in the 

field of education (Kamler & Thompson, 2014). Instead, faculty prepare as researchers in a 

specific field and may teach as a job requirement. Some faculty may gain experience with 

teaching during graduate school if they serve as teaching assistants. Others may receive 

professional development for teaching along the career path. Either way, many faculty who 

work with doctoral students have little formal experience with teacher preparation and 

generally teach the same way they were taught (Kamler & Thompson, 2014). Therefore, an 

essential next step is providing faculty professional development in facilitating primary 

literature reading interventions. A significant hurdle is to gain faculty acceptance of the finding 

that all students, particularly doctoral students, need explicit instruction in the primary 

literature. Moreover, most faculty may feel too overworked to add one more task to their long 

to-do lists. Thus, professional development offered at the department or professional 

association level is essential, as is parallel integration of explicit reading interventions at the 

system level, which could include the program, department, division, or university.  

Additional Considerations for Future Research 

One possible model for the diffusion of this innovation could be the use of opinion 

leaders and change agents (Rogers, 2003). For example, pharmaceutical companies market new 

drugs by enlisting the help of thought leaders who are experts in the relevant medical specialty 

and can influence others’ opinions and behaviors. Thought leaders teach other physicians about 
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the drug through professional development programs, activating local social networks to 

spread the innovation. They also share personal experiences about the new drug and answer 

questions. Most importantly, opinion leaders are members of the group they influence. Thus, 

they differ from change agents who are external to the system and attempt to influence 

innovation-decision in a particular direction.  

Applied to this intervention, the student researcher could act as a change agent and 

propose this reading intervention to an official of the American Chemistry Society, for example. 

If successful, an ACS leader could implement a series of professional development seminars for 

faculty on how to facilitate explicit reading interventions. Faculty completing the professional 

development programs could then take the innovation to their home institution and act as 

either change agents for other departments or opinion leaders within their departments. Thus, 

opinion leaders and change agents are both necessary for the successful diffusion of 

innovation, including this reading intervention. 

Finally, future research should consider investigating the impact of explicit reading 

instruction in primary literature at the doctoral level and earlier over a more extended period 

(e.g., three months or longer) and within single fields. Likewise, future research with SCA should 

consider prior experience with annotation, as it varied widely in this study. In addition, carefully 

monitoring the progress of all learners was necessary because gains for some students were 

minimal. Nonetheless, these results indicate the need for educators in higher education to 

reconsider the assumption that current reading preparation is sufficient. 
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Appendix A  

Examples of Scientific Writing Guidebooks 

General Scientific Writing Guides 

Alley, M. (2018). The craft of scientific writing. New York: Springer. 

Day, R. A., & Gastel, B. (2018). How to write and publish a scientific paper. Cambridge, United 

Kingdom: Cambridge University Press. 

Glasman-Deal, H. (2016). Science research writing: For non-native speakers of English. London: 

Imperial College Press. 

Heard, S. B. (2016). The scientist’s guide to writing: How to write more easily and effectively 

throughout your scientific career. Princeton: Princeton University Press. 

Lindsay, D. (2013). Scientific writing: Thinking in words. Collingwood, Vic.: CSIRO Publishing. 

Field-Specific Scientific Writing Guides 

Life and Medical Sciences 

Hofmann, A. H. (2020). Scientific writing and communication: Papers, proposals, and 

presentations. New York: Oxford University Press. 

Mathematics 

Higham, N. J. (1998). Handbook of writing for the mathematical sciences. Philadelphia: SIAM, 

Soc. for Industrial and Applied Mathematics. 
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Appendix B 

Needs Assessment Survey Instrument 

1. What year are you in your doctoral program? 
 1 
 2 
 3 
 4 
 5 
 6 
 7+ 

 
2. What is your doctoral domain of study? 
 Applied Sciences (i.e., business, engineering, or medicine) 

o [smart question] What is your field of study within applied sciences? 
 Business 
 Engineering 
 Medicine 
 Other: : [____________] 

 Formal Sciences (i.e., computer science, mathematics, or statistics) 
o [smart question] What is your field of study within formal sciences? 

 Computer Science 
 Mathematics 
 Statistics 
 Other: : [____________] 

 Humanities 
o [smart question] What is your field of study within humanities? 

 Classics 
 History 
 Languages and Literature 
 Law 
 Philosophy 
 Religion/Theology 
 Visual/performing arts 
 Other: : [____________] 

 Life sciences (i.e., basic or applied biological sciences) 
o [smart question] What is your field of study within life sciences? 

 Basic biological sciences 
 Applied biological sciences 
 Other: : [____________] 

 Physical sciences 
o [smart question] What is your field of study within physical sciences? 
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 Astronomy 
 Chemistry 
 Earth Science 
 Physics 
 Other: : [____________] 

 Social sciences 
o [smart question] What is your field of study within social sciences? 

 Anthropology 
 Archaeology 
 Communication 
 Economics 
 Education 

• [smart question] What is your field of K-12 certification? (Select all 
that apply.) 

o English 
o Mathematics 
o Biological or Physical Sciences 
o Social Sciences 
o Special Education 
o Other: : [____________] 
o N/A 

 Geography 
 Law 
 Linguistics 
 Political Science 
 Psychology 
 Sociology 
 Social Work 
 Other: : [____________] 

 
3. What challenges are you currently experiencing as a doctoral student?  
(Select all that apply.) 
 No challenges 
 Advisor support 
 COVID-19 illness/caregiving 
 Discrimination/Microaggression 
 Department/Program requirements 
 Employment 
 Isolation/Loneliness 
 Family/Friends 
 Field of study 
 Finances/Funding 
 Housing 
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 Stress 
 Online instruction/courses 
 Other caregiving 
 Papers/Proposals 
 Parenting 
 Physical health 
 Reading research papers 
 Research 
 Research group/Peers 
 Time management 
 University 
 Writing 
 Other not on the list: [____________] 

o [smart question] Of the challenges you are currently experiencing, which is (are) 
the most difficult? [__________________________________] 

 
4. What support for writing about research and reading research studies have you 
experienced during your doctoral program? (Select all that apply.) 
 Examples of good work from peers/professors 
 Feedback on my writing from professor/advisor 
 Feedback on my writing from peers/writing group 
 No writing support of any kind 
 OFF campus research writing seminar/workshop 
 ON campus research writing seminar/workshop 
 Online course(s) 
 Online video(s) 
 Research writing course in the group/department 
 Research writing course on campus 
 Seminar/workshop at professional society meeting 
 Writing center/clinic 
 Writing tutor/coach 
 Writing group 
 Other (please share any other writing support): [____________] 

 
5. What is challenging about academic writing? (Please type your response.) 
[________________________________________________________________] 
Submit 
Your responses have been received. Thank you for participating in this survey about the 
challenges of earning a doctoral degree. We appreciate your contribution.  
 
Optional Post-Survey Volunteer Questions 
 
1. Would you like to share this survey with another doctoral student? 
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 No 
 Yes, please send me the recruitment email that I can share to my email address at: 
[__________] 

 
2. Would you like to share more about your experiences in a brief phone interview about this 
topic? 
 No 
 Yes, please contact me at this email address to schedule a brief phone interview about my 
experiences with this topic: [__________] 

  



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

301 

Appendix C 

Qualitative Codebook Needs Assessment 

THEMES, Codes, and Subcodes Frequency 

1 PEER RELATIONSHIPS (+) 26 

2 OTHER SUPPORT 10 

     2.2 emotional support 5 

     2.3 family and friend support 5 

     2.4 support from associations (+) 7 

3 LITERATURE 31 

     3.1 Researching (+) 2 

          3.1.1 finding articles (+) 8 

          3.1.2 field terms and norms is learning curve 3 

          3.1.3 citation management (+) 10 

          3.1.6 organization 4 

          3.1.8 researching articles is ongoing 5 

     3.2 Reading (+) 48 

          3.2.3 reading challenges (+) 5 

          3.2.5 notetaking (+) 5 

          3.2.6 skipping work of thorough reading (+) 11 

          3.2.7 high volume of reading (+) 2 

     3.3 Reading-for-writing (+) 9 

          3.3.1 reading-for-writing evolving over time 2 

          3.3.2 finding articles (+) 6 

          3.3.4 categorical reading 8 

          3.3.5 write outline from articles 5 

          3.3.6 scheduling/deadlines 6 

     3.4 Writing (+)  8 

          3.4.1 Learning new writing skills at doctoral level 2 

               3.4.1.1 prior writing experience (+) 14 
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               3.4.1.2 writing expectations increase at doctoral level (+) 
(+) 

8 

          3.4.2 writing process and tools (+) 7 

          3.4.3 writing center support (+) 7 

          3.4.4 mental model of academic writing (+) 3 

          3.4.5 writing with others (+) 7 

          3.4.6  writing beliefs and feelings (+) 5 

          3.4.7 thesis/dissertation phase (+) 6 

               3.4.7.1 time management (+) 6 

               3.4.7.2 procrastination (+) 8 

               3.4.7.3 committee feedback on thesis only after 
submission 

2 

     3.5 Revising (+) 13 

     3.6 WRITING CHALLENGES (+) 41 

          3.6.1 focus 9 

          3.6.2 low confidence 2 

          3.6.3 level of detail 10 

          3.6.4 writing length/succinctly (+) 8 

          3.6.7 formal writing 3 

          3.6.8 format/organization/structure 15 

          3.6.13 clear expectations 3 

          3.6.15 perfectionism 4 

          3.6.17 academic writing style/voice/tone 10 

          3.6.19 getting started writing 8 

          3.6.20 writing structure 4 

          3.6.25 Motivation 21 

          3.6.26 No writing challenges 4 

4 DOC PROGRAM/DEPT (+) 19 

     4.1 department support for socializing 2 

     4.2 program is rigid about dates and timing 3 

     4.3 research assistant 3 
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     4.4 has funding/scholarship 4 

5 TIME MANAGEMENT (+)  40 

     5.1 deadlines are motivating 2 

     5.2 balancing act 7 

     5.4 Parenting (+) 4 

6 PROFESSORS 16 

     6.2 Relationships 4 

     6.3 Connection 3 

     6.4 Feedback 5 

     6.5 Courses 5 

          6.5.1 wrote course papers to fit dissertation topic 2 

          6.5.2 feedback on writing from course instructors 5 

          6.5.3 strategies for course readings 2 

          6.5.4 coursework should help hone the craft of writing (+) 2 

7 DISCRIMINATION 10 

     7.3 sexism, mansplained, talked over, and ignored 3 

8 JOB MARKET (+) (+) 8 

9 WELL-BEING/METACOGNITION 11 

     9.2 mindset change 4 

     9.3 self-awareness 4 

     9.5 doubt about becoming independent 2 

     9.6 learning disability (+) 2 

          9.6.1 doctoral research helped identify learning disability (+) 2 

          9.6.2 support does not increase independence (+) 2 

     9.7 isolation in program is a problem 3 

     9.8 struggle 2 

     9.9 doubt myself 3 

     9.11 imposter syndrome 5 

     9.12 I feel so tired (+) 2 

     9.13 wellness and exercise 2 

10 NEEDS (+) 36 
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11 ADVISING (+) 62 

     11.1 Not enough attention 5 

     11.2 Unsupportive/no connection 16 

     11.3 Supportive/connection 17 

     11.4 Feedback (+) 41 

12 EXPERIENCE (+) 21 

     12.1 previous research experience 4 

     12.3 master’s thesis 10 

     12.4 time in program 9 

     12.5 field of study (+) 18 

     12.6 pre-research stage 10 

     12.7 research stage 5 

     12.8 demanding job/career  6 
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Appendix D 

Multiple Comparison of Pairs (Tukey) of Year Groups  

D1. Humanities Year Groups  

 

Note. Mean scores for time-effort_comp Tukey analysis. The plotted intervals of group years 

and mean scores for each major field group are color coded according to significance (a = .05). 

The comparison group is shown in red, and all groups that are significantly different from it are 

shown in blue. Insignificant groups with respect to the comparison group color code in gray. A 

lower mean score corresponds with a decrease in perceived self-efficacy for writing time and 

effort. 

 



FIRST DRAFT THINKING: READING, WRITING, AND RESEARCHING 

306 

D2. Physical Sciences Year Groups  

 

Note. Mean scores for time-effort_comp Tukey analysis. 
 
D3. Social Sciences Year Groups  

 

Note. Mean scores for time-effort_comp Tukey analysis.  
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Appendix E 

Process Evaluation 

E1. Participants’ Satisfaction and Recommendation Survey 

Rate your responses to each item using 6-point Likert scale with 1 representing “very 

dissatisfied” and 6 representing “very satisfied.” 

1. Achievement of the learning goals. 

2. Usefulness of the programs to professional needs.  

3. Length of course. 

4. Course presentation of information. 

5. Interaction between course participants via annotation tools.  

6. Learning materials used .  

7. Would you recommend the course to other doctoral students? (Select Yes/No) 

Note. Alpha = 0.92 in 9,101 preservice teachers in Hong Kong (English speaking; Wong and 

Yeung, 2003). 
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E2. Implementation Rubric 

Evaluation Design and Data Collection (Haslam, 2008) 
 

Category 1 
Never 

2 
Rarely 

3 
Sometimes 

4 
Often 

5 
Always 

Individual doctoral 
student participation to 
determine whether those 
students who were 
targeted to participate 
actually participated and 
whether they 
participated in all of the 
key learning activities 
specified in the course 
plan and/or logic model 

     

The availability and 
proper functioning of the 
supplies, materials, and 
equipment, as specified 
in the course plan and/or 
logic model 

     

Whether the course 
learning activities 
occurred at the intended 
levels of frequency and 
duration and included the 
content specified in the 
course plan and/or logic 
model 

     

The extent to which all of 
the key actors (e.g., 
presenters, facilitators, 
coaches) carried out their 
responsibilities as 
specified in the course 
plan and/or logic model 

     

The extent to which 
contextual factors (e.g., 
changes in school 
requirements, changes in 
advisor priorities, 
changes in resources, 
changes in course 
assignments, changes in 
student characteristics) 
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influenced 
implementation, 
including student 
participation 
 

Note. This rubric also serves as an observation checklist.  
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Appendix F 

Outcome Evaluation 

F1. Reading Comprehension Assessment: Primary Research Literature 

F1.1 Pre-Test  

Directions: Read the passage below and complete the short-answer questions that follow. 

Please work independently and do your best to answer the eight short answer questions within 

10 minutes. Also, the passage may not relate to your field of study, and that is expected. 

 

Title: Variability in the Atmosphere of the Hot Giant Planet HAT-P-7b 

Authors: Armstrong, D. J., de Mooij, E., Barstow, J., Osborn, H. P., Blake, J. & Fereshteh-Saniee, 

N. 

Nature Astronomy (2016), 1(4) . https://doi.org/10.1038/s41550-016-0004  

Abstract 

As an exoplanet orbits its host star it reflects and emits light, forming a distinctive phase 

curve. By observing this light, we can study the atmosphere and surface of distant planets. The 

planets in our Solar System show a wide range of atmospheric phenomena, with stable wind 

patterns, changing storms, and evolving anomalies. Brown dwarfs also exhibit atmospheric 

variability. Such temporal variability in the atmosphere of a giant exoplanet has not to date 

been observed. HAT-P-7 b is an exoplanet with a known offset in the peak of its phase curve. 

Here we present variations in the peak offset ranging between - 0.086+0.033-0.033 to 

0.143+0.040-0.037 in phase, implying that the peak brightness repeatedly shifts from one side 

of the planet’s substellar point to the other. The variability occurs on a timescale of tens to 
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hundreds of days. These shifts in brightness are indicative of variability in the planet’s 

atmosphere, and result from a changing balance of thermal emission and reflected flux from 

the planet’s dayside. We suggest that variation in wind speed in the planetary atmosphere, 

leading to variable cloud coverage on the dayside and a changing energy balance, is capable of 

explaining the observed variation. 

Note. Excerpt adapted from Armstrong et al. (2016). This question is researcher-created based 

on standard assessments of reading comprehension, where the reader reads a passage from 

the primary literature and answers several questions (Herbert et al., 2013).  

Questions 

1. What is the paper’s primary claim? 

[There is variability in the atmosphere of the hot giant planet HAT-P-7b.] 

2. What evidence supports this claim? 

[1.Here we present variations in the peak offset ranging between - 0.086+0.033-0.033 to 

0.143+0.040-0.037 in phase. 2. The variability occurs on a timescale of tens to hundreds of 

days.] 

3. What reasoning connects the evidence to the claim? 

[These shifts in brightness are indicative of variability in the planet’s atmosphere, and result 

from a changing balance of thermal emission and reflected flux from the planet’s dayside. We 

suggest that variation in wind speed in the planetary atmosphere, leading to variable cloud 

coverage on the dayside and a changing energy balance, is capable of explaining the observed 

variation.] 

4. What are the implication(s) of this research? 
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[Implying that the peak brightness repeatedly shifts from one side of the planet’s substellar 

point to the other.] 

5. What is the rationale for this research? 

[Such temporal variability in the atmosphere of a giant exoplanet has not to date been 

observed.] 

6. What is missing from this excerpt that would allow for a complete critique of this paper? 

[Details of experimental methods or models that generated variations in peak offset.] 

7. What is the next experiment the authors could run to test this claim? 

[1. Study of the planet’s atmosphere to determine its composition. 2. Comparison to similar 

planets to measure systematic sampling noise.] 

 

Self-Reported Perceptions of the Assessment 

Directions: Rate your level of agreement to the statements below using a 1-5 scale, where 1 

means strongly disagree and 5 means strongly agree. 

1. [understanding] I understood the passage.  

2. [ease] I felt at ease while reading the passage. 

3. [confidence] I am confident that my responses are correct. 

 

Short Rubric for Pre-Post Tests 
5 4 3 2 1 0 

All correct 
items in key 
with no 
extraneous 
details. 

All correct 
items with 
one 
extraneous 
detail. 

Mostly 
correct items 
with two 
extraneous 
details. 

Somewhat 
correct 
item(s) with 
extraneous 
details. 

Mostly 
incorrect 
item(s) with 
or without 
extraneous 
details. 

No response. 
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F1.2 Post-Test  

Directions: Read the passage below and complete the short-answer questions that follow. 

Please work independently and do your best to answer the eight short answer questions within 

10 minutes. Also, the passage may not relate to your field of study, and that is expected. 

 

Title: A Seven-Planet Resonant Chain in TRAPPIST-1 

Authors: Luger, R., Sestovic, M., Kruse, E., Grimm, S. L., Demory, B. O., Agol, E., ... & Queloz, D. 

Nature Astronomy  (2017), 1(6), pp 1-8. https://doi.org/10.1038/s41550-017-0129 

Abstract: 

The TRAPPIST-1 system is the first transiting planet system found orbiting an ultracool 

dwarf star1 (https://www.nature.com/articles/s41550-017-0129#ref-CR1). At least seven 

planets similar in radius to Earth were previously found to transit this host star. Subsequently, 

TRAPPIST-1 was observed as part of the K2 mission and, with these new data, we report the 

measurement of an 18.77-day orbital period for the outermost transiting planet, TRAPPIST-1 h, 

which was previously unconstrained. This value matches our theoretical expectations based on 

Laplace relations and places TRAPPIST-1 as the seventh member of a complex chain, with three-

body resonances linking every member. We find that TRAPPIST-1 h has a radius of 0.752 R⊕ 

and an equilibrium temperature of 173 K. We have also measured the rotational period of 

the star to be 3.3 days and detected a number of flares consistent with a low-activity, middle-

aged, late M dwarf. A more refined determination of the flaring rate and energies requires an 

analysis of the short cadence data, which will be presented in a forthcoming paper. 

Questions 
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1.What is the paper’s primary claim? 

[We report the measurement of an 18.77-day orbital period for the outermost transiting planet, 

TRAPPIST-1 h. TRAPPIST-1 is the seventh member of a complex chain, with three-body 

resonances linking every member. Trappist 1-h is consistent with a low-activity, middle-aged, 

late M dwarf.] 

2. What evidence supports this claim? 

[TRAPPIST-1 was observed as part of the K2 mission. We find that TRAPPIST-1 h has a radius of 

0.752 R⊕ and an equilibrium temperature of 173 K. We have also measured the rotational 

period of the star to be 3.3 days and detected a number of flares.] 

3. What reasoning connects the evidence to the claim? 

[This value matches our theoretical expectations based on Laplace relations and places 

TRAPPIST-1 as the seventh member of a complex chain, with three-body resonances linking 

every member.] 

4. What are the implication(s) of this research? 

[A more refined determination of the flaring rate and energies requires an analysis of the short 

cadence data, which will be presented in a forthcoming paper.] 

5. What is the rationale for this research? 

[Orbital period was previously unconstrained. The TRAPPIST-1 system is the first transiting 

planet system found orbiting an ultracool dwarf star1. At least seven planets similar in radius to 

Earth were previously found to transit this host star.] 

6. What is missing from this excerpt that would allow for a complete critique of this paper? 
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[Details of experimental methods or models that generated orbital period, rotational period, 

and flares.] 

7. What is the next experiment the authors could run to test this claim? 

[Verify observations and measurements with an additional data set, such as ground-based 

data.] 

 

Self-Reported Perceptions of the Assessment 

Directions: Rate your level of agreement to the statements below using a 1-5 scale, where 1 

means strongly disagree and 5 means strongly agree. 

1. [understanding] I understood the passage.  

2. [ease] I felt at ease while reading the passage. 

3. [confidence] I am confident that my responses are correct. 

 
Short Rubric for Pre-Post Tests 

5 4 3 2 1 0 
All correct 
items in key 
with no 
extraneous 
details. 

All correct 
items with 
one 
extraneous 
detail. 

Mostly 
correct items 
with two 
extraneous 
details. 

Somewhat 
correct 
item(s) with 
extraneous 
details. 

Mostly 
incorrect 
item(s) with 
or without 
extraneous 
details. 

No response. 
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F2. Research Self-Efficacy Survey (RSES) Conceptualization Subscale  

Demographic questions 

1. Are you a full-time or part-time doctoral student? 

2. What is your year in program? 

3. What is your field of study? 

4. When (in what year) in your program do students start writing a dissertation? 

5. What is your gender? 

Rate your confidence in the following skills on a 100-point scale ranging from 0 (no 

confidence) to 100 (total confidence): 

1. (Q16) Identify areas of needed research, based on reading the literature. 

2. (Q18) Generate researchable questions. 

3. (Q20) Organize your proposed research ideas in writing. 

4. (Q17) Develop a logical rationale for your research idea. 

5. (Q15) Synthesize current literature. 

6. (Q22) Present your research idea orally or in written form to an advisor or group. 

7. (Q11) Discuss research ideas with peers. 

8. (Q24) Choose an appropriate research design. 

9. (Q8) Evaluate journal articles in terms of the theoretical approach, experimental 

design, and data analysis techniques. 

10. (Q21) Effectively edit your writing to make it logical and succinct. 

11. (Q26) Be flexible in developing alternative research strategies. 

12. (Q14) Decide when to quit generating ideas based on your literature review. 
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13. (Q13) Decide when to quit searching for related research/writing. 

14. (Q12) Consult senior researchers for ideas. 

15. (Q23) Utilize criticism from reviews of your idea. 

Note. Alpha =0.92 in 177 U.S. doctoral students in biological sciences (32%), social sciences 

(28%), Humanities (23%), and physical sciences (17%) (Bieschke et al., 1996). 
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F3. Reading Anxiety in College Students (RACS) Survey  

Rate your responses to each item using 5-point Likert scale with 1 representing “not true for me 

at all” and 5 representing “very true for me.” 

1. Do you feel self-conscious about your reading ability with research papers? 

2. Do you feel uncomfortable reading or discussing research papers out loud in front of 

people?  

3. Do you fear people correcting you when you make a mistake reading research 

papers? 

4. Do you worry you don’t understand what you read in research papers? 

5. Do you avoid reading research papers? 

6. Does reading research papers make you upset? 

7. Does reading research papers make you nervous? 

8. Does having to read a research paper feel like an insurmountable task? 

9. Does looking through/reading a research paper for class feel overwhelming? 

10. Do you have reading anxiety? (single-question alpha = 0.79) 

Note. Alpha = 0.91 in 402 U.S. undergraduates (Edwards et al., 2021). Text in italics shows 

adaptions for doctoral students reading the primary research literature. 
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F4. SCA Prompts for Each Module 

Module: SCA Prompt Definition 
Module 1: Identify the paper’s 
primary claim 

The claim is plain language answer to a research question 
defining a specific relationship between variables, a new 
method, or a discovery. It is usually found in the abstract and in 
good papers the title. 
Metacognition - Are you distracted right now? 
 

Module 2: Identify the evidence 
that supports the claim 
 

Evidence is the data, measurements, observations, models, 
computations, etc. that supports the claim. It is usually found in 
the Abstract and/or Methods section. 
Metacognition - Are you confused right now? 
 

Module 3: Identify the reasoning 
used to connect the evidence to 
the claim 
 

Reasoning is theory, methodology and/or prior research that 
connects evidence to claim. It is usually found in the 
Analysis/Results section of the paper. 
Metacognition - Are you overwhelmed right now? 
 

Module 4: Identify the implications 
of these findings 
 

Implications are the significance of result(s) beyond the 
immediate findings. They are usually found in the Discussion 
section or Abstract. 
Metacognition - Are you motivated right now? 
 

Module 5: Identify the context of 
this study, specifically the rationale. 
 

Context is the research context and broader questions that 
frame this work. The rationale is the gap is the research that 
this study wants to address. It is usually found in 
Introduction/Context section. 
Metacognition - Are you able to focus right now? 
 

Module 6A: Analyze the main 
elements of this study. 
 

Analysis means to evaluate the paper's overall quality and 
significance. Is the reasoning robust? What data are missing 
that would better support the claim? Are there assumptions 
that need to be tested? 
Metacognition - Are you aware of what strategies to use right 
now? 
 

Module 6B: In addition, compare 
this paper to at least one a similar 
paper from this course.  
 

Be sure to compare strengths and shortcomings of both papers. 
Also, qualify the significance or impact of the paper by the 
importance of the topic, the citation rate (e.g., citations/year) 
compared to similar papers on this topic. 
Metacognition - Can you think of several ways to solve this 
problem right now? 
 

Note. These annotation prompts are researcher-created based on the course module structure 

using CERIC as the reading method (Bjorn et al., 2021).  
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F5. Annotation Rubrics 

A. Systemic Functional Language Analysis Annotation Rubric: Quality of Written 

Annotations (Fang and Wang, 2011) 

Annotation 
Components Evaluation Questions Functional Language Analysis 

Strategies 
Organization How does the author organize this 

text? 
Is the text well-organized? 
By what logic is the text produced? 

Analyze Themes/Rhyme patterns 
Analyze cohesion patterns 
Analyze clause types and clause 
combining strategies 

Content - Arguing from 
Evidence 

What is going on in this 
annotation? 
What does the author of this 
annotation tell us? 
What is the main idea in this 
annotation?  
How does the author support the 
idea?  

Analyze transitivity patterns (e.g., 
participants, processes, 
circumstances) 
  

Style/Tone/Voice How does the author of this 
annotation interact with the text? 
What is the author’s perspective? 
What is the tone of the 
annotation? 
What else is the author expressing? 
How does the author express 
contextual information 

Analyze mood and emotional 
patterns 
Analyze modality 
Analyze word choices and other 
appraisal resources 
Analyze graphical patterns 
 

 

Note. This rubric was used to evaluate the quality of written annotations. There are at least two 

possible approaches. 
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B. Standard Annotation Rubric: Quality of Written Annotations (Gao, 2013; Mertler, 

2012) 

 10-9 Exemplary 8-7 
Competent 

6-5 
Proficient 

4-3 
Emergent 

2-0 
Novice 

Completion & 
Thoroughness 

EXCEEDS 
completion and 
thoroughness. 
EXCEEDS 
expectations. 

GOOD, mostly 
thorough 
completion. 

BASIC 
completion. 
Meets minimum 
requirements. 
Lacks 
thoroughness. 

WEAK 
completion. At 
least half the 
pages 
annotated, but 
lacking 
thoroughness in 
many areas. 

Lack of 
annotations 
shows no 
effort. 
Less than half 
the pages 
annotated; 
overall lacking 
in 
thoroughness. 

Insightful & 
Analytic 
Thinking 

Extremely 
MEANINGFUL 
annotations. 
EXCEEDS 
expectations. 
 

Some insightful 
annotations; 
some not as in-
depth. 
Summarizes. 

Mediocre 
analysis. 
Summarizes. 

Shallow analysis. 
Summarizes. 

No analytical 
thinking shown. 
Shallow 
analysis. 
Summarizes. 

Inferences & 
Explanations 

Makes 
inferences 
about the 
reading and 
EXPLAINS the 
significance of 
the 
highlighting. 
EXCEEDS 
expectations. 

Makes some 
inferences and 
mostly explains 
significance of 
highlighting. 
Summarizes. 

Sometimes 
makes 
inferences; 
minimal 
explanation of 
highlighting. 
Summarizes 

Rarely makes 
inferences; 
minimal 
explanation of 
highlighting. 
Summarizes. 

No inferences 
made at all. 
Highlights, but 
does not 
explain 
significance. 
Rarely makes 
inferences; 
minimal 
explanation of 
highlighting. 

Focus Elements 
& Active 
Reading 
Strategies 
(ARS), such as 
CERIC 
 

EXCELLENT. 
Identifies and 
ANALYZES the 
significance of 
the focus 
elements. 
Practices ARS. 
EXCEEDS 
expectations. 
  

GOOD. 
Recognizes 
focus elements 
but does not 
always analyze. 
Practices some 
ARS. 
Summarizes. 

BASIC. 
Only 
recognizes/labels 
focus elements, 
but mediocre 
analysis of their 
significance. 
Practices few 
ARS. 
Summarizes. 
 

WEAK. Only 
recognizes/labels 
focus elements, 
but weak 
analysis of their 
significance. 
Practices few 
ARS. 
Summarizes. 

LITTLE TO 
NONE. Does 
not identify 
focus elements; 
does not 
analyze 
significance. 
Practices few or 
no ARS. 
Summarizes. 
Labels. 
Identifies. 

Article Analysis  
 
DO NOT COPY 
FROM 

EXCELLENT 
chapter 
analyses; 
excellent 

GOOD chapter 
analyses; good 
understanding 
of the reading 

BASIC chapter 
analyses; LACK 
of understanding 
of the reading is 

WEAK chapter 
analyses; LACK 
of understanding 
of the reading is 

LITTLE TO NO 
chapter 
analyses; little 
to no 
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EXTERNAL 
SOURCES 
(PLAGIARISM) 

understanding 
of the reading is 
demonstrated; 
ties together 
predictions and 
outcomes. 
EXCEEDS 
expectations. 

is 
demonstrated; 
ties together 
predictions and 
outcomes. 
Summarizes. 

demonstrated; 
partially ties 
together 
predictions and 
outcomes. 
Summarizes. 

demonstrated; 
partially ties 
together 
predictions and 
outcomes. 
Summarizes. 

understanding 
of the reading 
is 
demonstrated. 
Summarizes. 

Note: Annotation comment codes: 

1. Keep up the good work! 
2. Good start – add more detail to explanations. 
3. Better – showing improvement. 
4. When you ask questions in the reading, infer the answers and write them, as well. 
5. Article analyses are weak. 
6. Remember to write an analysis after each section. 
7. Not enough to evaluate—work on time management. 
8. Not enough to give a higher score – work on time management. 
9. Good content, but not enough to evaluate or to give a higher score – work on time 

management. 
10. Analyses are from online – PLAGIARISM ALERT! Analyses should be based on what you 

think, and not an external source. 
11. Illegible – cannot grade or score higher because handwriting cannot be read. 
12. Add more focus to literary elements and EXPLAIN the literary elements with more detail. 
13. Add more focus to ARS (Active Reading Strategies), such as CERIC. 
14. Look at “A” work example of annotations. 
15. Did not follow comments from previous annotation check. 
16. Summarizes. No analysis. 
17. Vague; unclear. Be more specific with details during explanations. 
18. Emerging analysis—expand details. 
19. Combination of summary and analysis. Work on more analysis. 
20. Missing article analyses. Where are they? 
21. Incomplete article analyses. 
22. GOOD use of article vocabulary! 
23. Highlighted text, but no annotations. 
24. Did not follow module requirements for article analysis. 
25. Be more specific with what occurs throughout the article and with whether or not your 

predictions were correct or incorrect.  
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F6. Written Metacognitive Self-Reflection Prompts 

Module Reflection Prompt 
Module 1 Research reveals that students’ sense of competence decreases with heavy 

workloads and increases with support. What is your experience? 
 

Module 2 
 

The authors’ developed the evidence using a specific sets of methods and 
tools. What background knowledge do you need to fully understand the 
evidence presented? 
 

Module 3 
 

Research shows that many students doubt their skills, talents, or 
accomplishments and have a persistent fear of being exposed as a "fraud". 
What is your experience? 
 

Module 4 
 

Research shows that using the organizational structure of a paper can help 
students learn, even when it is on a new topic. What is your experience? 
 

Module 5 
 

Do you think the authors’ main rationale for the paper was sufficiently 
supported? What information could they have provided the reader to make 
a stronger argument? 
 

Module 6 
 

What strategies did you use to compare/contrast both paper’s main 
arguments? What worked, what did not work, and why? 
 

 

Note. These metacognitive self-reflection prompts are researcher-created based on the course 

module structure and focus on metacognitive awareness (Flavell, 1979).  
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F7. Instructor Observation Protocol 

Observer  
Date of Observation  
Pod of Observation  
 
I. Module Content & Implementation 
 Never Occurred                                     Very Descriptive 
1. The module involved fundamental 
concepts of the subject. 

0    1    2    3    4 

2. The module prompted strongly 
coherent conceptual understanding. 

0    1    2    3    4 

3. The module provided clear 
instructions for practice.  

0    1    2    3    4 

 
II. Procedural Knowledge 
 Never Occurred                                     Very Descriptive 
1. Participants engaged in thought-
provoking activities that involved 
critical thinking in their field of 
study. 

0    1    2    3    4 

2. Participants were reflective about 
their learning. 

0    1    2    3    4 

3. There was clear valuing of 
academic discourse, challenging of 
ideas, and feedback. 

0    1    2    3    4 

 
III. Communicative Indicators 
 Never Occurred                                     Very Descriptive 
1. Participants were involved in the 
communication of their ideas to 
others using a variety of means and 
media. 

0    1    2    3    4 

2. Student questions and comments 
determined the focus of the 
module’s discourse. 

0    1    2    3    4 

3. There was a climate of respect for 
others’ ideas. 

0    1    2    3    4 

 

F8. Participants’ Experiences of Course (Post-Intervention Interviews) 

Structured interview questions include general, which are researcher-created, and specific that 

were created by Haslam (2008) and adapted to this study. 
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General Interview Questions 

1. Please describe your experiences with the modules. Include what worked, what did not 

work, and why. 

2. Please describe your feelings about your research reading abilities during the modules. 

3. Please describe your experiences and feelings about working with the primary research 

literature using SCA. 

4. Please describe your reading and writing skills after participating in the modules. 

Specific Interview Questions 

Not a validated survey. Qualitative assessment only. 

1. Understanding the purpose of course 

Which of the following statements best describes your primary purpose for participating in the 

online annotation course? (Select one.) 

The purpose of the course was: 

(a) To communicate some new ideas for me to consider using in my doctoral program 

(b) To provide an opportunity for me to learn from other doctoral students 

(c) To help me understand annotation 

(d) To help me apply/implement a new reading/annotation method in my doctoral program 

(e) Not clear 

(f) Other (Specify)_______ 

2. Ratings of the usefulness of key components of the course 

Which of the following statements best describes the usefulness of the online annotation 

course? (Select one.) 
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(a) It was a good start. 

(b) It was a good start, but I have a lot of questions. 

(c) It was a good start, and I look forward to using the new ideas in my doctoral program. 

(d) It provided everything I need to use the new ideas in my doctoral program. 

(e) I don’t think that these ideas will work very well in my doctoral program. 

(f) It’s too soon to tell. 

3. Ratings of the likelihood of applying new knowledge and skills in your doctoral program 

Which of the following statement say best describes how you might apply what you learned in 

the online annotation course in your doctoral program? (Select one.) 

(a) I have already practiced the skills in my doctoral program. 

(b) I have already practiced the skills in my doctoral program, and it seemed to work well. 

(c) I have already practiced the skills in my doctoral program, but it was not appropriate for 

 my field/topic. 

(d) I look forward to practicing the skills in my doctoral program in the next few weeks. 

(e) I look forward to practicing the skills in my doctoral program sometime later this year. 

(f) I would like to practice the skills, but I don’t have a reason to in the foreseeable future. 

(g) I don’t think that these skills will work with my field/topic. 

4. Overall ratings of the usefulness of the course compared with other skills preparation 

courses 

Which of the following statements best describes how the online annotation course compares 

with other doctoral reading/writing courses in which you have participated in during your 

master’s or doctoral program? (Select one.) 
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(a) This activity was more useful than other courses that I have participated in. 

(b) This activity was about the same as other courses that I have participated in. 

(c) This activity was less useful than other courses I have participated in. 

(d) I don’t have an opinion. 

(e) I don’t have an opinion because I haven’t participated in other skills preparation in the 

past year. 
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Appendix G 

Main Study Recruitment Email 

Sender Information From: Genevive Bjorn 
Sent: January 31, 2022, 10:30 a.m. 
To: doctoralstudent@xyz.edu  
(The student investigator holds a list of recruitment email 
addresses in a separate, confidential, and locked file.) 

Informative Subject Johns Hopkins Education Research Study  
Greeting 
 
Appeal for help, and what 
it’s about 
 
 
 
Why you were selected, 
and how long it takes 
 
 
 
Usefulness of survey 
 

Dear [First name], 
 
I am a doctoral student in Education at Johns Hopkins University 
asking for your participation in a research study about the 
effectiveness of doctoral reading-for-writing professional learning. 
 
You were selected because you are currently pursuing a doctoral 
degree in the U.S. This online study will take about 8 hours. The 
study was open for a 90-day period between February 1, 2022, and 
April 30, 2022. You can choose your pace during this period and 
use any connected device.  
 
There may be direct benefits to you by learning a new reading-for-
writing method applicable to primary research literature useful to 
your dissertation. Participation in this study will help us learn from 
your experiences and thereby gain generalizable knowledge that 
may be useful for graduate program enhancement or 
improvement. Further, this research contributes to my doctoral 
dissertation at Johns Hopkins University, School of Education. 

How to access the study To access the study, follow this link to enroll: 
https://jhuedu.co1.qualtrics.com/jfe/form/SV_brUKJgXIYPJ6UrX 

Ways to volunteer At the end of the study enrollment form, you will be asked if you 
would like to volunteer to participate in this research. Another way 
to support this study is to share this invitation to participate with 
another doctoral student enrolled in a U.S. program.  
If you would like to volunteer, please indicate at the end of the 
survey. All responses are anonymous and confidential.  

Confidential and voluntary  
 
 
 
 
 
 
Contact information  

By completing this survey or questionnaire, you are consenting to 
be in this research study. Your participation is voluntary, and you 
can stop at any time. All of your responses are anonymous and will 
be kept confidential in a locked file. The access code is to protect 
the integrity of the study. No personally identifiable information 
will be collected, and none will be associated with any reports of 
these data.  
The JHU Institutional Review Board has approved this survey. By 
completing this survey or questionnaire, you are consenting to be 
in this research. Should you have any comments or questions, 
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please feel free to contact my research supervisor, Dr. Karen Karp, 
at kkarp@jhu.edu or 410-516-4163. 

Closing and signature 
 

Thank you very much for your time and consideration. Your 
feedback is very important to us.  
Sincerely,  
Genevive Bjorn, Doctoral Student at Johns Hopkins University, 
School of Education 

 


