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ABSTRACT
A growing body of literature shows that Primary Scientific Literature
(PSL) is a valuable and useful tool for STEM. Current assessments
measuring the success of PSL-based interventions focus mainly
on specific scientific content and/or the specific scientific skills
students learn. We believe that the underlying motivation
students consider while learning to read PSL is equally important
to assess. We present ‘Motivation in Reading Primary Scientific
Literature,’ a 19 item novel questionnaire based on student
purpose for reading PSL and student efficacy for reading PSL.
Exploratory and confirmatory factor analyses (EFA and CFA) were
performed on data collected from students enrolled in
introductory Biology courses (n = 411 for EFA and n = 325 CFA).
Results confirmed 19 items that can be used to measure student
motivation in reading PSL through four subscales: (1) expectancy-
value, (2) self-efficacy, (3) performance/competence and (4)
interest. Preliminary external validity of the Motivation in Reading
PSL questionnaire verified differences (p < .05) in students’
motivation between one control and two treatment groups after
a one-semester PSL-based intervention. These findings suggest
that our questionnaire can be used by instructors who implement
PSL-based interventions and would like a more comprehensive
understanding of how their students approach reading PSL.
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Introduction

Providing undergraduate students with opportunities to engage in authentic scientific
practices has become a key emphasis in the ongoing evolution of classroom instruction.
A more holistic science education now includes teaching students scientific practices
such as data interpretation, problem solving, experimental design and critical analysis
of primary scientific literature (PSL) (Bauerle, 2011). While a large investment has
been made in understanding the more laboratory/field-based practices (National Acade-
mies of Sciences & Medicine, 2017), there is a significant research gap in examining
undergraduate science students’ PSL reading approaches (Lennox et al., 2020). Targeted
interventions designed to understand how students learn to read PSL are limited and
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little is known about the process by which expertise in reading PSL begins to develop at
the introductory level.

One reason for this may be the lack of accessible assessment tools for evaluating PSL
interventions. Content assessments are common in PSL studies, however, these assess-
ments are time consuming to make and are specific to each piece of PSL. In one
study, student comprehension of PSL, specific to the piece of PSL that was read, was
assessed based on performance on lower-level Bloom’s questions, while student’s critical
analysis of PSL was assessed using higher-level Bloom’s questions (Sato et al., 2014).
Likert-style questionnaires have been used to assess critical thinking, students’ attitudes
about the nature of science and students’ confidence in their ability to read, analyze and
explain PSL (Hoskins et al., 2007; Murray, 2014).

While these assessments may help to evaluate the success of various individual PSL-
based interventions, they are generally targeted to a specific piece of PSL and are not
externally validated, making it difficult to share these assessments with other researchers
and instructors. It is unlikely that these assessments will help to understand how novice
PSL readers develop. Most importantly, unless students all read the same piece of PSL,
these assessments cannot be used across different student populations. A more
‘content-independent’ type assessment that can be used with any number of pieces of
PSL would increase our ability to better evaluate PSL-based interventions across
different contexts and settings.

When considering what a ‘content-independent’ PSL-assessment would look like, it is
necessary to look at the larger picture. Most undergraduate science courses require stu-
dents to engage with PSL, a skill that few students learn in high school science class-
rooms. While introductory undergraduate courses may currently rely on textbooks
instead of PSL, science education reforms are changing classroom dynamics to be
more science practice-centred (National Research Council, 2012). Instances of PSL
being included in introductory classrooms are increasing and likely to continue in this
direction (Chatzikyriakidou et al., 2021; Hoskins & Gottesman, 2018; Schmid et al.,
2021). Therefore, how we introduce novice students to PSL is critical. Because we
want to prime students for an academic career full of engaging with PSL, and because
we want students to value reading PSL as a scientific practice, we focused our
‘content-independent’ assessment on motivation for reading PSL. We took a motiva-
tional focus because motivation determines why individuals choose to do different activi-
ties. For novice students learning to read PSL, improving their underlying motivations
related to PSL may be as important as teaching them the mechanics of reading PSL.
We want our students to value PSL and to eventually choose to engage with it outside
of class, and viewing PSL-interventions through a motivational lens is one way to
expand our understanding of how novice undergraduate students learn how to read PSL.

In this paper, we developed and evaluated a questionnaire measuring undergraduate’s
motivation for reading PSL. We adapted previous motivation in reading assessments to
be more explicit to undergraduates, especially novice undergraduates, as they engage
specifically with reading PSL. We implemented this questionnaire in introductory
Biology classrooms participating in a PSL-based intervention and were able to show
differences in motivation between different student populations. We contextualise our
work by reviewing the importance of motivation to reading in general and the conceptual
motivation frameworks that inform the analysis of this study.
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Aim

The aim of the current study was to develop and evaluate a questionnaire measuring
undergradaute’s motivation for reading PSL, and to collect initial validity evidence sup-
porting the proposed use of the instrument. We collected data concerning internal ques-
tionnaire structure and relationships to external variables. We test the hypothesis of
whether our instrument is sensitive enough to measure differences among different
student populations.

Literature review

Primary Scientific Literature (PSL) in undergraduate classrooms. Incorporating
primary scientific literature (PSL) into science classroom curricula provides an opportu-
nity for students to experience and engage in authentic scientific practices. Through
reading and deconstructing PSL, students can gain an understanding of how scientists
design their experiments, analyze and draw conclusions from their data and present
their results, allowing students to experience how researchers progress from a problem
to a set of data to a new conclusion. Scientists also use PSL as a way to discuss what
steps to take next, demonstrating to students that there are still many unanswered ques-
tions and challenges for the next generation of scientists.

A growing body of literature shows that PSL is a valuable and useful tool for STEM
education. Educational interventions using PSL include journal clubs, data and figure
exploration, tutorials on how to read PSL, tailored assignments preparing students to
discuss PSL, annotated PSL and full courses being taught only with PSL (Chatzikyriaki-
dou et al., 2021; Hoskins et al., 2007; Kararo & McCartney, 2019; Krontiris-Litowitz,
2013; McCartney et al., 2018; Round et al., 2013; Sato et al., 2014). These interventions
engage students in science process skills that are a critical part of holistic science edu-
cation. For example, closely analyzing PSL in a classroom setting can engage students
in discussion and debate around interpretations of experimental data while building
their insight into both the nature of science and researchers themselves (Hoskins
et al., 2007). Teaching with PSL promotes critical thinking, experimental design
ability, and epistemological maturation, as well as improve students’ attitudes about
science and scientists (Gottesman et al., 2013; Hoskins et al., 2011; Murray, 2014;
Round et al., 2013). PSL has also been shown to promote the development of creativity
through study design assignments (Gottesman et al., 2013; Hoskins et al., 2007).

There is great potential for the use of PSL in the classroom to bring positive change to
STEM education. The scientific practice skills involved in being able to read and critically
analyze PSL are applicable across all science-based subject areas and are not discipline-
specific. PSL also comes at less cost and higher scalability than traditional lab-based
courses (Wei & Woodin, 2011). Thus, colleges and universities with limited resources,
such as community colleges, and institutions serving primarily underprivileged and
underrepresented students, can use PSL-based learning as a way to bring authentic
science practices to their students.

Despite the benefits of including PSL in undergraduate classrooms, it remains
unknown how many undergraduate science departments are actively engaging students
with PSL (Marsh et al., 2015). Some reasons for this lack of PSL in undergraduate
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classrooms include: the amount of educator time spent in developing PSL lessons;
difficulty with sharing and/or re-using PSL curricula because topics are often specific
to particular scientific disciplines; and difficulty evaluating the higher order thinking
skills involved with the use of PSL. It is thought that many STEM students reach their
junior and senior years being intimidated by having to read and interpret PSL (Smith,
2001). This is likely related to the readability of scientific literature decreasing over
time, essentially making PSL inaccessible to most students and even scientist themselves
(Plavén-Sigray et al., 2017). In addition, the technical nature of research articles, the
mathematical or statistical tools that may have been used in data analysis, and disci-
pline-specific jargon all serve as barriers for students trying to engage with PSL.

What can we do, as educators, to make PSL more accessible and less daunting to stu-
dents? One possibility is to learn more about underlying student motivation related to
PSL, as a lack of motivation to engage with PSL may only exasperate the barriers to
PSL described above. Research shows that students devote more time to a learning
task, and learning occurs more effectively, when they are motivated to engage with the
learning process (Keller, 2008). For example, students who are motivated to learn
science pursue science-learning goals, including succeeding in their science courses
and aspiring to join the scientific workforce (Keller, 2008). Similarly, if students are
motivated to read PSL, will they be more likely to overcome barriers and succeed in
reading PSL? It may not be enough to simply teach students the mechanics of reading
a piece of PSL, we may also need to provide them with the underlying motivation to con-
tinue to engage in the scientific practice of reading PSL.

The relationship between motivation and reading. In academia, reading is seen as
purposeful, critical and challenging to readers (Isakson & Isakson, 2017). However,
many undergraduates have stated that they do not complete reading assignments and
perceive assigned readings to be irrelevant (Brost & Bradley, 2006; St Clair-Thompson
et al., 2018). In addition, undergraduates may believe that they have read deeply when
they have not, confusing reading sufficiency for proficiency (Hoeft, 2012). Because
undergraduates perceive reading assignments in this way, it is necessary to address
factors that may improve these perceptions, such as their underlying motivation for
reading.

Several empirical studies have examined the relationship between intrinsic reading
motivation and reading literacy and have found a moderate positive association
(Becker et al., 2010). Reading motivation explained a significant amount of the variance
in student text comprehension when controlling for covariates such as past achievement,
amount of reading, reading efficacy and socioeconomic status (Guthrie et al., 1999),
suggesting that reading motivation is a critical contributor to reading achievement.
Therefore, if we want students to read PSL, an already challenging task, we should con-
sider understanding and improving, their underlying motivations as a first step.

Reading motivation is predominantly studied using quantitative methods, and the
Motivations for Reading Questionnaire (MRQ) (Wigfield & Guthrie, 1997) is a
common instrument for doing so. The reading motivations assessed in the MRQ
include students’ beliefs about (1) their purposes for doing different tasks and (2) their
efficacy to achieve. While the MRQ was designed for upper elementary students, and
is centred on reading in general, the underlying frameworks remain relevant for our
specific interest in undergraduate students reading PSL. Therefore, we modelled our
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questionnaire after the motivational frameworks contained within the MRQ and made
adaptions as needed to target our questionnaire specifically to undergraduate students
engaging with PSL (Figure 1). Our questionnaire provides researchers and instructors
with a new ‘content-independent’ tool that can be used to evaluate PSL-based interven-
tions as we work to determine best-practices in engaging students in reading PSL and
strive to understand how students learn to read PSL.

Theoretical frameworks

1. Students’ purposes for doing different tasks. Motivation researchers study the
different purposes individuals have for doing various activities. Relevant constructs criti-
cal to motivation include individuals valuing of achievement, intrinsic and extrinsic
motivation, and achievement goals (Wigfield & Guthrie, 1997). With regards to individ-
uals valuing of achievement, expectancy value theory (EVT) predicts that individuals will
put more effort into tasks that they simultaneously perceive to have value and at which
they expect to succeed (Eccles & Wigfield, 2002; Wigfield & Eccles, 2000). Therefore, the
value of a particular task to a particular individual is a function of both the perceived
qualities of the task and the individual goals, needs and self-perceptions (Eccles &
Wigfield, 2002). The value of any specific task is a function of four major components:

1. Attainment value: importance of doing well on the task.
2. Intrinsic value: inherent, immediate enjoyment one gets from engaging in a task.
3. Utility value: the importance of the task for a future goal.
4. Perceived cost: costs incurred by participating in a task.

Using the lens of EVT, if the overall value of the task is perceived to be low, then stu-
dents are less likely to put forth effort (Eccles &Wigfield, 2002). In the context of reading
PSL, this means that students need to perceive value stemming from reading PSL in order
to maximise their PSL motivations. Therefore, being able to increase student perception
of the value of reading PSL will potentially increase student motivation to do so. We have
included EVT items in our questionnaire as a way for instructors to determine whether a
PSL intervention has influenced the value their students place in reading PSL.

Figure 1. An overview of the motivational constructs used in the development of the Motivation in
reading PSL questionnaire.
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To further explore students’ purpose for reading PSL, we use the construct of interest.
Previous studies have examined how interest affects comprehension. For example,
undergraduates who were interested in the content of the text they were reading under-
stood that text more deeply than did less interested students, even when the students’
prior knowledge was controlled (Schiefele, 1996). A separate study also found that inter-
est in the materials enhanced comprehension, even of materials that were difficult for the
participants to read (Renninger, 1992). Additionally, when asked about their experience
and feelings while doing a specific activity, participants responding with high interest
levels were also found to be intrinsically motivated (Fishbach & Woolley, 2022). There-
fore, because interest is an important motivational factor that influences performance, we
included interest items in our questionnaire.

2. Students’ efficacy to achieve. Many researchers interested in motivation focus on
individuals’ sense of efficacy and beliefs about their ability (Wigfield & Eccles, 2000).
Theory and empirical evidence suggest that students’ engagement and performance on
a task are influenced by their confidence to succeed in the task, that is, their self-
efficacy (Bandura, 1986). Student confidence in reading PSL has been examined pre-
viously (Hoskins et al., 2011), however, the questionnaire was neither validated using
factor analysis, as recommended (Knekta et al., 2019), nor grounded in self-efficacy
theory. These assessments asked students to rate, on a scale of 1–5, their confidence in
their ability to read and analyze scientific journal articles, their confidence in their
ability to critically review PSL and their confidence in reading PSL and explaining it to
another person (Hoskins et al., 2011). While we did consider these questions as we
designed our questionnaire, we ultimately decided on a more uniform set of items
asking about student self-efficacy around understanding specific parts of a piece of
PSL, that is, the scientific practice of reading one piece of PSL, rather than the larger
and more complex skill set students can develop as they continue to read PSL over time.

Self-efficacy is just beginning to be explored with regards to students reading PSL.
Abdullah et al. (2015) developed a Likert-style questionnaire where students self-
reported their self-efficacy in scientific practices, including interpretation and inference,
evaluation and experimental design. However, this assessment was designed for students
enrolled in a research-based master’s programme, making it tailored for higher-level stu-
dents who are critically reading PSL in-depth. Our questionnaire is designed for under-
graduate students who are more novice PSL readers.

In the context of this study, we utilised the construct of self-efficacy as a proxy measure
of expectancies. Self-efficacy is one’s self-confidence to perform a behaviour (Bandura,
1986), and in the case of this study, behaviour was contextualised as reading PSL. Self-
efficacy is domain- and task-specific, as well as based upon a social cognitive paradigm
much like expectancies (Schunk et al., 2008). Self-efficacy is critical to the point that
even if a person has the ability necessary to perform a behaviour, if he or she does not
think he or she can perform the behaviour, it is not likely to occur. We have included
self-efficacy items tailored to specific sections of PSL, for example, abstract, methods, dis-
cussion, etc.

To further measure the student efficacy aspect of motivation, we use the construct of
performance and competence. Performance/competence beliefs are related to self-
efficacy beliefs, however, self-efficacy refers to an individual’s domain- or task-related
confidence levels, and focuses on the relationship between the individual and the task
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in question. Performance/competency beliefs refer to an individual’s confidence levels in
relation to their learning environment or disciplinary community, that is, a college class-
room (Carlone & Johnson, 2007; Godwin et al., 2016). In other words, self-efficacy beliefs
are more task-related, whereas performance/competency beliefs are more course-related.
For example, a self-efficacy measure of reading PSL would be ‘I think that I can under-
stand the overall ideas presented in PSL,’ while a performance/competency measure
would be ‘I am confident that I can understand PSL I read in [discipline] class.’ There-
fore, including a performance/competence construct in our questionnaire would assess
whether students can read PSL efficaciously in the setting of an undergraduate science
classroom. This assessment is in parallel with self-efficacy assessments and will provide
the added dimension of being able to engage with PSL in the context of learning science.

Different frameworks for student motivation are not mutually exclusive and can be
used together to describe student behaviour in the classroom (Glynn et al., 2015). In
alignment with previous assessments for measuring reading motivation, we have
chosen to include EVT and interest items to measure students’ purposes for engaging
with PSL. Additionally, we have chosen to include self-efficacy and performance/compe-
tence items to measure students’ efficacy to achieve in reading PSL. While items are
specific for reading PSL at the undergraduate level, they are not discipline-specific and
can be used with a wide diversity of PSL implementations and with a diversity of
STEM courses across disciplines, including those at the introductory level. A complete
overview of our motivation constructs and the relationships between them are shown
in Figure 1.

Methods

Participants. All data were collected from comparable Gen Bio I students during Fall
2020 at three different institutions. These institutions are part of an ongoing research col-
laboration examining PSL use in the classroom. Institution 1, referred to as PSL1, is a
Carnegie R1-ranked land grant institution. Institution 2, referred to as PSL2 is a Carnegie
R2-ranked state supported university serving a high population of students that are first
generation college students. Institution 3, referred to as control, is a public Carnegie R1-
ranked urban university and Hispanic Serving Institution. Demographics for each insti-
tution and for the students in this study are shown in Table 1.

PSL Interventions. PSL1 and PSL2 participated in a PSL intervention with their stu-
dents (control had no PSL included in their course). Details of the intervention are pro-
vided in Appendix 1. PSL used in the intervention was chosen based on course content,
and students were engaged in learning the underlying biological concepts of each piece of
PSL at the time they were assigned PSL readings. Each piece of selected PSL was ∼5 pages
long.

Collectively, these data show that our overall student population is at the introductory
level with little to no experience with reading PSL. It is important to note that these data
were collected during the Fall of 2020, where all three institutions had COVID protocols
in place requiring remote, online learning. Data shown in Table 1 represent students who
completed the pre-questionnaire. We have no additional data on previous dispositions
towards science and science reading among our population, other than to state that
the students elected to enrol in a Biology course. It is also important to note that the
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diversity among our population suggests students may be reading PSL in a second
language, however, this likely impacts the control group that did not read any PSL as
part of this study. We also see a predominance of students identifying as women in
PSL2 and control groups, and, while gender differences in science interest may affect
our results, we collected no additional data on student interest in science other than to
state that these students elected to enrol in a Biology course.

Development of the Motivation in Reading Primary Scientific Literature question-
naire. The Motivation in Reading Primary Scientific Literature (PSL) questionnaire was
developed by adapting similar instruments (Abdullah et al., 2015; Godwin et al., 2016;
Hoskins et al., 2011; Wigfield & Guthrie, 1997). The questionnaire was developed on
the basis of the theoretical frameworks described above and all items were modified
and contextualised for undergraduate students in an introductory STEM course who
would be interacting with PSL.

Using EVT [38–40], we developed six original items in order to measure the four
major components of the value of reading PSL (Appendix 2). Specifically, we wrote
two items to measure attainment, or the importance of doing well on the task of
reading PSL, one item to measure intrinsic value, or the enjoyment a student gets
from reading PSL, one item on perceived costs, or the potential negatives (i.e. effort)
in reading PSL, and two items on utility, or the importance students see in reading
PSL in reaching a future goal. Questionnaire items were measured using a 6-point
Likert-type scale (1 = Strongly Disagree, 2 =Moderately Disagree, 3 = Slightly Disagree,
4 = Slightly Agree, 5 =Moderately Agree and 6 = Strongly Agree).

Using both Bandura’s work on how to write self-efficacy items, that is, ‘I think that I
can… ’ (Bandura, 1986), and the comprehensive components of a piece of PSL presented
by Hoskins et al. (2011), we developed eight original items to measure self-efficacy
(Appendix 3). Our items relate to reading strategies to tackle a specific section of PSL
and are not intended to measure reading comprehension. We chose to address each
section of PSL individually, as previous research on expert and novice PSL readers has
shown that different groups engage differently with different sections of PSL. For
example, one study found students rating ‘methods’ and ‘results’ as less important for
their understanding than other PSL sections (Lennox et al., 2020). A separate study
found that while participants of all career stages described the abstract as easy to read,
in general, individuals at different career stages valued different sections of scientific
papers over others (Hubbard & Dunbar, 2017). Therefore, developing items specific
for different sections of PSL will collectively give a self-efficacy measurement and

Table 1. Demographics for institutions and students involved in this study.

Inst. 1 PSL1 Inst. 2 PSL2 Inst. 3 control
Institution wide
Total number of students 24,500 13,500 42,000
Students identifying as Hispanic/Latino 4% 3% 67%
Students identifying as African American/Black 5% 6% 12%
Students identifying as women 49% 61% 57%
students in this study
Number of total students (n) 105 306 147
Freshmen 82% 77% 77%
No prior experience with PSL 34% 32% 27%
Having read less than 5 pieces of PSL prior to this course 51% 45% 36%
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allow for researchers and instructors to determine which specific parts of PSL students
struggle with, ultimately providing researchers and instructors with valuable information
on where students need reinforcement and where they are confident. These kinds of data
may help researchers learn more about how novice readers become expert readers. Ques-
tionnaire items were measured using the 6-point Likert-type scale described above.

We adapted items from the Persistence Research in Science and Engineering study
described in Godwin et al. (2016) (Appendix 4). We adapted six performance/compe-
tence items by changing the word ‘physics’ to ‘primary scientific literature.’ We did
the same with three interest questions for a total of nine items. Questionnaire items
regarding students’ performance/competence and interest beliefs in reading PSL were
measured using the 6-point Likert-type scale described above.

We chose a 6-point scale to increase the reliability of responses (Chomeya, 2010). In
addition, we chose to include only positive statement items for two reasons. First, we feel
that negatively worded questions or statements can be confusing to readers. If a respon-
dent has to disagree in order to agree, we feel that the item is unclear. Second, and likely
connected to confusing language, in our experience, negatively worded items have
tended to cluster as their own factor that have never met validity standards, resulting
in their removal from the final questionnaire.

Motivation in Reading PSL Questionnaire distribution. All questionnaire data were
collected using Qualtrics. Online links to the questionnaire were provided to students
using Canvas classroom management software. All Gen Bio I students of all three insti-
tutions (control, PSL1, PSL2) were invited to take the questionnaire, once at the begin-
ning of the semester and once during the last week of the semester. Students who
completed the questionnaire were given course credit, however, students were given
the option to complete the questionnaire yet opt to not have their data included in the
study and still receive the credit. All questionnaire protocols were in accordance with
the approved institutional review board protocol at FIU (IRB-17-0105-AM01).

Dimensionality of Motivation in Reading PSL questionnaire. In order to collect
internal validity evidence concerning the internal structure of our questionnaire, factor
analysis was necessary. Considering that these data were collected with a newly developed
instrument and a new student population, exploratory factor analysis (EFA) was per-
formed and followed by confirmatory factor analysis (CFA). EFA was conducted on
the pre-dataset (n = 411) and CFA was conducted on the post-dataset (n = 325) on the
combined data of the PSL-based course populations (PSL1 and PSL2). We did not
included the control data in the factor analysis. All analyses were run in R Studio 4.0.0.

Descriptive statistics. Before applying factor analysis, descriptive statistics and corre-
lations between items were examined in both pre- and post-data sets. There were no
missing values in this dataset, thus no imputation methods were needed. Each dataset
was inspected for multivariate normality (Mardia’s test, psych package) (Revelle, 2017)
and multicollinearity (olsrr package) (Hebbali, 2018). Analysis of Mahalanobis distance
was used to identify potential outliers with high Mahalanobis distance (p < .001).
Items with unacceptable values in the aforementioned test would be removed from
further analysis.

Exploratory factor analysis (pre-course dataset). Exploratory Factor Analysis (EFA),
is used to analyze the correlation patterns among student responses to the 23 items, and
then group the items that were answered similarly (correlated) into groups or factors.
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EFA with oblique rotation, which allows for correlations between factors, was performed
on the pre-dataset (n = 411). We hypothesised that the expectancy value items would sep-
arate from the self-efficacy, performance/competence and interest items in four
subscales.

Visual inspection of the parallel analysis scree plot based on eigenvalues from the prin-
cipal components and factor analysis in combination with theoretical considerations
were used to decide on the appropriate number of factors to retain (psych package).
Weighted least square estimator, an estimator suitable for ordinal and non-normally dis-
tributed data, was used to extract the variances from the data (23 items). Total variance
explained, communalities, pattern coefficients and factor correlations were used to evalu-
ate the fit of the data to the model as well as the fit of individual items to the scales. A
pattern coefficient cut-off < 0.5 and a cross-loading pattern coefficient cut-off > 0.30
were used. Typical cross-loading coefficient values are set at 0.25 (Knekta et al., 2019),
however, we wanted to preserve some items that were slightly above the typical cut-off
value, for the next step of analysis, so we decided to set the cross-loading coefficient of
EFA at 0.30.

Confirmatory Factor Analysis (post-course dataset). Following the results from
EFA, Confirmatory Factor Analysis (CFA) is performed to resolve the final structure
of the questionnaire using the post-dataset (19 items, n = 325). This sample size is in
accordance to the minimums required for CFA with a four-factor model and at least
three items per factor with expected factor loadings 0.50–0.65 (Wolf et al., 2013). In con-
sideration of the ordinal and non-normal nature of the data, the robust maximum-like-
lihood estimation (MLR) was used to extract the variances from the data. Multiple fit
indices (chi-square value from robust MLR [MLR χ2]; comparative fit index [CFI]; the
root-mean-square error of approximation [RMSEA]; and the standardised root-mean-
square residual [SRMR]) were consulted to evaluate model fit. The fit indices were
chosen to represent an absolute, a parsimony-adjusted and an incremental fit index
(Knekta et al., 2019). Consistent with the recommendations by Bandalos and Finney,
the following criteria were used to evaluate the adequacy of the models: CFI > 0.95,
SRMR < 0.08 and RMSEA < 0.06 (Bandalos & Finney, 2010). To assess reliability of the
survey, Cronbach’s coefficient alpha value was computed per factor, and values > 0.70
were considered acceptable.

External validity of the Motivation in Reading PSL questionnaire. Data were col-
lected from comparable Gen Bio I students during Fall 2020 at three different institutions
(Table 1) to serve two goals: (1) to externally validate the structure of the questionnaire
and (2) to provide evidence on the effect of a PSL-based intervention on introductory
biology students’ motivation for reading PSL. The control group had no PSL interven-
tions implemented in their course. PSL1 and PSL2 students served as treatment
groups where students were assigned three pieces of PSL to read over the course of
the semester (Appendix 1).

We compared the data collected from PSL1 and PSL2 to data collected from control
students. Analysis of variance (ANOVA) was used to examine whether the differences in
average student scores per questionnaire’s subscale were significantly different (p < .05)
among the three groups. Pair-wise comparisons of sample means were calculated via
the Tukey HSD test and effect sizes were compared based on Hedge’s g value. In addition,
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paired t-tests were used to compare pre–post differences in each institution. All analyses
were performed in R Studio 4.0.0.

Results

Exploratory Factor Analysis (EFA). Items had a mean between 3.2 and 5.2 (on a 6 point
Likert scale) with a standard deviation ranging between 0.98 and 1.4, a univariate skew-
ness < |1.9| and kurtosis < |3.5|, which do not indicate severe non-normality (Appendix 5;
S5_A). Mardia’s multivariate normality test showed significant multivariate skewness
and kurtosis, which indicated multivariate non-normality. The inter-item correlation
matrix showed that the correlations ranged, from r = 0.143 to r = 0.833 within all possible
combinations. The Kaiser’s measure of sampling adequacy values were > 0.93, which
indicated good factorability, for all items. Multicollinearity was investigated and the
minimum tolerance was found equal to 0.18, which is above the lowest acceptable
limit of 0.1 (Bandalos & Finney, 2010). Analysis of Mahalanobis distance revealed 25
cases as potential outliers, however, after inspecting the responses of each case, we
could not justify removing any of them. Parallel analysis scree plot (Appendix 5;
S5_B). indicated three components and three factors, however, due to the theoretical sug-
gestion of four subscales, both EFAs with four and three factors were examined (n = 411).

In the EFA with four factors (Appendix 5; S5_ B), one of them included all eight self-
efficacy (SE) items, but three of them cross-loaded (>0.41) to another factor, the same
factor which included the first five performance/competence (PC) items and Q9_9.
Another factor included all six expectancy values items (EV), however, one of them
cross-loaded (0.36) to the last factor, which included three of the performance/compe-
tence items, specifically those related to interest. In the EFA with three factors (Appendix
5; S5_B), one of them included all eight self-efficacy items, with no severe (<0.30) cross-
loadings. Another factor included all nine performance/competence items, however,
three of them cross-loaded to the same factor as the self-efficacy items. The third
factor included all the expectancy values items, except from item Q6_2 which cross-
loaded to the same factor that the performance/competence items were initially loaded.

Looking at the cumulative variance values, it is worth-noting that in the case of four
factors, they all seem to explain a similar amount (∼0.13–0.18) of variance in the data,
whereas in the case of three factors, one of them (PC/I) appeared to contribute much
less (0.12) in model variance than the other two factors (0.27–0.23). Although, we theor-
etically know that performance/competence and interest for a task within a particular
learning environment are mutually dependent, for the sake of questionnaire design
and potential improvement, we considered that these two should be treated as separated
factors. We also recognise the fact that a factor with three items, barely meets the
minimum of factor/item ratio, and it is possible that a four factor model could have
been a clear solution, had there been more interest items included in the initial question-
naire. As a result, we continued to CFA with the suggested four-factor model and their
items (Table 2).

Confirmatory Factor Analysis (CFA). Among all 19 items that were chosen for CFA,
mean values ranged from 3.5 to 4.9 (on a 6 point Likert scale) and standard deviation
ranged from 0.9 to 1.4, with a univariate skewness < |1.3| and kurtosis < |1.2|, which
do not indicate severe non-normality (Appendix 6; S6_A). Mardia’s multivariate
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normality test showed significant multivariate skewness and kurtosis, which indicated
multivariate non-normality. The inter-item correlation matrix showed that the corre-
lations ranged, from r = 0.236 to r = 0.832 within all possible combinations. The
Kaiser’s measure of sampling adequacy values was > 0.92, which indicated good factor-
ability of all 19 items. Multicollinearity was investigated and the minimum tolerance was
found equal to 0.21, which is above the lowest acceptable limit of 0.1 (Bandalos & Finney,
2010). Analysis of Mahalanobis distance revealed 16 cases as potential outliers, however
after inspecting the responses of each case, we could not justify removing any of them.

A four factor CFA was specified with the post-dataset (n = 325). Correlation between
factors was allowed. The chi-square test of model fit was significant (χ2 = 146.0, df = 171,
p = .000), with robust model fit indices SRMR = 0.039, CFI = 0.974 and RMSEA = 0.055
[C.I. 0.043–0.066] suggesting a good fit to the data (Appendix 6; S6_B). Inspecting the
modification indices, no further alterations were deemed helpful for improving the
model fit, so these results were accepted as the final structure of our questionnaire.
The final version of the Motivation in Reading PSL questionnaire includes 19 items sep-
arated into four subscales; self-efficacy, performance/competence, expectancies and
interest (Table 3).

Implementing the Motivation in Reading PSL questionnaire in introductory
Biology courses

End of the semester analysis of variance (ANOVA) showed significant differences (p
< .05) in student responses, between the control and PSL1 groups in all four subscales
of the questionnaire (Table 4). These differences had reported effect sizes between 0.38
and 0.46, which are smaller than the typical 0.5 border line, however, they can still be

Table 2. Standardized pattern coefficients from EFA for 3-factor and 4- factor solutions.

1 2 3 4 1 2 3
EV_1 0.78 0.29 0.59
EV_2 b 0.48 0.36 0.51 0.43
EV_3 0.76 0.29 0.61
EV_4 0.88 0.25 0.70
EV_5 0.70 0.65
EV_6 0.28 0.43
SE_1 0.36 0.42 0.63
SE_2 0.47 0.41 0.74
SE_3 0.38 0.45 0.61
SE_4 0.56 0.29 a 0.80
SE_5 0.70 0.72
SE_6 0.91 0.83
SE_7 0.71 0.81
SE_8 0.74 0.77
PC_1 0.76 0.44 0.53
PC_2 0.76 0.66
PC_3 0.60 0.47 0.51
PC_4 0.42 0.31 0.44
PC_5 0.45 0.50
PC_6 0.67 0.29 0.66
I_1 0.78 0.75
I_2 0.84 0.86
I_3 0.70 0.80
aPattern coefficients below 0.25 are not shown for clarity.
aBolded items were considered unacceptable for use in further analysis.

12 K. CHATZIKYRIAKIDOU AND M. MCCARTNEY



considered important changes in student motivation, especially for the small class sizes
compared in this study. These data show that the questionnaire is sensitive enough to
measure differences across Institutions.

Now that we know there are differences between Institutions, we can look closer at why
this might be. In Figure 2, we used paired data sets (control = 80, PSL1 = 29, PSL2 = 201),
looking at a subset of students from each institutionwho completed both implementations
of the questionnaire, and we examined the pre- post-differences for each subscale with
respect to each student group using paired t-tests. Students in the control group show
an increase (borderline of significance, p = .048) in performance/competence with no
changes in the other subscales. We see no significant pre- post-changes with PSL1. We
see significant (p < .05) differences in PSL2; specifically student scores increased with
respect to self-efficacy (Figure 2(b)) and performance/competence (Figure 2(c)), and
decreased with respect to expectancy values (Figure 2(a)) and interest (Figure 2(d)).

Discussion

In this study, we developed and evaluated a questionnaire measuring university student
motivation for reading PSL. We present a validated, four factor questionnaire that is

Table 3. Confirmatory Factor Analysis (CFA) estimates for Motivation in Reading PSL questionnaire.

Subscale items
Item R2

estimate
Construct
reliability

Expectancy values
EV_1: Reading primary scientific literature is valuable to me as a student. 0.628 0.895
EV_3: The amount of effort it takes to read primary scientific literature is
worthwhile to me.

0.743

EV_4: I feel that being good at reading primary scientific literature is important to
me.

0.728

EV_5: It would be useful for my future career to read primary scientific literature. 0.588
EV_6: Reading primary scientific literature is useful in my daily life. 0.508
Self-efficacy
SE_4: I think that I can understand the experimental design from a primary
scientific literature article.

0.707 0.932

SE_5: I think that I can understand the data presented in a primary scientific
literature article.

0.743

SE_6: I think that I can understand the results section from a primary scientific
literature article.

0.789

SE_7: I think that I can understand the discussion section from a primary scientific
literature article.

0.719

SE_8: I think that I can understand the overall ideas presented in a primary
scientific literature article.

0.726

Performance/Competence
PC_1: I am confident that I can understand primary scientific literature articles I
read in class.

0.761 0.916

PC_2: I can do well on exams based on primary scientific literature I have read as a
class assignment.

0.729

PC_3: I understand concepts I have studied through reading primary scientific
literature.

0.810

PC_4: I can overcome setbacks in reading primary scientific literature. 0.692
PC_5: Others ask me for help with reading primary scientific literature. 0.339
PC_6: I am confident that I can understand primary scientific literature I read
outside of class.

0.752

Interest
I_1: I am interested in reading more primary scientific literature. 0.866 0.928
I_2: Topics I read about in primary scientific literature excite my curiosity. 0.792
I_3: I enjoy learning about primary scientific literature. 0.779

INTERNATIONAL JOURNAL OF SCIENCE EDUCATION 13



sensitive enough to measure changes across student groups. We observe changes in
student motivation for reading PSL after a PSL-based intervention that are likely the
result of how the instructor presented the PSL to the students and whether or not the
students read PSL alone or in groups. In what follows, we contextualise key findings
within our motivation frameworks.

Questionnaire structure

Factor analysis resulted in slight changes from our original items (Table 3). For expect-
ancy value, the final subscale retained only those items regarding attainment value, utility
value and cost. The only intrinsic value item (EV_2, ‘in general, I find reading primary
scientific literature very interesting’) cross-loaded to the interest factor and had to be
removed from further analysis. This is not surprising, since intrinsic motivation
(value) to read is related to personal interest in the task (Fishbach & Woolley, 2022).
Therefore, in our questionnaire, student interest will be measured through the interest
construct only. Because both expectancy value and interest together were measuring

Table 4. Significant difference (p-value) and effect size (Hedge’s g value) in each subscale for the two
treatment groups as compared to the control group by the end of the semester (post-scores).

Treatment groups Exp. values Self-efficacy Perf./Comp. Interest
PSL1 (n = 76) p < 0.05 p < 0.05 p < 0.05 p < 0.05 vs. Control (n=152)
effect size 0.461 0.380 0.414 0.470
PSL2 (n = 249) p > 0.05 p > 0.05 p > 0.05 p > 0.05

Figure 2. Pre–post comparisons of each Institution in each subscale of the Motivation in
Reading PSL questionnaire. The 1–6 Likert-scale is shown on the Y axis with the four subscales
of the Motivation in Reading PSL questionnaire shown along the X axis. Asterisks indicate significant
(p < .05) differences in student scores between groups.
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student purpose for reading PSL, we are confident that this elimination by overlap will
still provide a measurement on student motivation.

For self-efficacy, three items related to abstract, methods and vocabulary were
dropped. These results are surprising, as, in our experience, methods and vocabulary
tend to be the parts of PSL students struggle with the most. However, research on under-
graduate students’ PSL reading approaches shows students rating ‘methods’ and ‘results’
as less important for their understanding than other paper sections, with only 16% of
novice choosing methods as most important (abstract and vocabulary were not included
in this study) (Lennox et al., 2020). A separate study found that participants of all career
stages described the abstract as easy to read (Hubbard & Dunbar, 2017). It is possible our
student population shared these views and did not consider these sections of the paper
relevant to their ability to read PSL.

All of the items for the subscale’s performance/competence and interest remained in
the final model. These items have been previously validated extensively with undergradu-
ate STEM students, and there was no reason to expect our student population to behave
differently (Godwin et al., 2016).

Implementing the questionnaire to our student population

Results from factor analysis support the use of our questionnaire in future courses where
student engagement in reading PSL is being assessed. Our questionnaire is ‘content-inde-
pendent’ as it can be used with any piece of PSL in any scientific discipline, allowing for
different PSL-based interventions to be tested across student populations. We envision
our questionnaire being used as an overall measure of student motivation and, therefore,
we tested the questionnaire in two different introductory Biology courses engaging in a
PSL-based intervention. It is worth noting that the majority (>0.64) of students in our
study reported having read zero to five PSL articles prior to this class and that the
majority of students are freshmen (>0.77) (Table 1), confirming that the questionnaire
was implemented with introductory students who self-reported as novice PSL readers.

Detecting change across institutions

Across Institutions (Figure 2), we see lower scores across all motivation constructs for
PSL1. PSL1 implementation consisted of students reading PSL alone as a homework
assignment and then individually completing clicker questions at the start of the next
class (Appendix 1). This suggests that simply giving introductory students PSL as an
assignment to read on their own lowers their motivation, fundamentally putting these
students a step backward in overcoming barriers related to reading PSL. Essentially,
implementation protocols for introducing students to PSL for the first time really
matter. Reading PSL is a challenging task that requires extensive practice to master,
and students who begin reading PSL with low motivation are already at a disadvantage.
As freshman biology students, students in our study have years of classes ahead of them
where reading PSL will be necessary, in addition to any future career paths they may
choose. Therefore, it is critical to try to make students’ introduction to PSL successful
and to aim to increase their motivation for reading PSL as early as possible. Our PSL1
data serves as a cautionary tale in this regard.
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Detecting change within institutions

We looked closer at data from within each Institution. For the control group, which read
no PSL, we expected to see no changes. However, we see a significant increase in per-
formance/competence, suggesting that without reading any PSL students became more
confident that they could read PSL in a Biology-course setting. While surprising, previous
research supports these data as student’s who lack meaningful PSL engagement in the
classroom (the control group read no PSL) may be overconfident in their ability to
read PSL and struggle to accurately assess their own scientific skills (Lennox et al., 2020).

While PSL1 differs overall from PSL2 and control, we see no significant differences
among constructs within PSL1 itself. Most likely, this is due to the small sample size
of PSL1 (n = 29).

We see significant changes in both directions for PSL2. PSL2 students discussed PSL in
class, both in small groups with oversight from TAs and as a whole class discussion with
the instructor (Appendix 1). These students presented increased pre–post scores in self-
efficacy and performance/competence, the two motivation constructs measuring stu-
dents’ efficacy to achieve (Figure 2(b and c)). This suggests that for novice students,
learning to read PSL in a guided group setting, as opposed to individually, positively
impacts student confidence in reading PSL and should be further explored as a best-prac-
tice in PSL pedagogy. However, the increase we see in performance/competence is similar
to what we see with the control group, and at this time, it remains unclear if this change is
the result of the PSL intervention or the result of simply being in a Biology class.

PSL2 students presented decreased pre–post scores in expectancy value and interest, the
twomotivation constructsmeasuring students’ purpose for doing different tasks (Figure 2(a
and d)). This suggests that their perception of reading PSL as a valuable task decreased.
Perhaps they came to see engaging with PSL as simply another group assignment with the
TA.We see similar decreases in PSL1 data, most likely the result of reading PSL in isolation.
Recent research supports these data, as students often perceive that performing science skills
is not as important as gaining content knowledge (Addis & Powell-Coffman, 2018). This
suggests that, throughout any PSL implementation, Instructors should continuously
remind students that they are developing a valuable skill that will ultimately allow them to
better learn biology content in addition to any group work that is taking place.

A second explanation for these data is that students overestimated their responses on
the pre-course questionnaire, likely due to being first year students with little to no
experience reading PSL. Once PSL became a part of their course and students experi-
enced PSL as a graded assignment, they may have realised how complex reading PSL
truly is, resulting in lower responses on the post-course survey. This more novice-like
effect has been shown before in introductory Biology courses (Semsar et al., 2011).

Implications and future research

Collectively, our data show that positively changing student motivation related to PSL is
complex and likely influenced by many factors. It may be easier to determine what
doesn’t work (e.g. students reading PSL alone) than what does work. Our study supports
the use of the Motivation in Reading PSL questionnaire as a diagnostic tool to guide
instructors and researchers as they change curricula, implement new strategies and
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select pieces of PSL to use with students as they work to find best-practices in PSL peda-
gogy. In our study, questionnaire results led the instructors to contemplate how specific
details of their implementation protocols increased or decreased student motivation for
reading PSL among their students and to consider future changes.

Our questionnaire can be used in parallel with content assessments, a common
method for assessing student performance (Sato et al., 2014). Content comprehension
has been shown to be related to interest in the content (Renninger, 1992). In our data,
interest levels went down for both our treatment groups, but we do not know how
this affected content comprehension. PSL2 students were given instruction and
support when reading the PSL, which theoretically could have increased their under-
standing of the content. But is this what happened? Collecting content assessment
data in synch with motivation data would shed light on this. This kind of parallel assess-
ment could also prove valuable in identifying pieces of PSL that resonate with under-
graduate students, that is, PSL used in interventions with positive impacts on both
content comprehension and motivation could be shared with the community.

Recent work has started to investigate differences between novice and expert PSL
readers and how these differences can be used to inform pedagogical implementations
of PSL in classrooms (Hubbard & Dunbar, 2017; Lennox et al., 2020; Nelms et al.,
2019). Anecdotally, we can presume what motivates practicing scientists to read PSL,
and these are unlikely to be the same motivation that undergraduates have. Our work
could be used as a starting point for further exploration into collecting empirical evidence
related to motivation for reading PSL in experts and how it is developed over the course
of a scientific career. Results from a study of this kind could be used to better understand
best-practices in engaging novice PSL readers.

While collecting datamostly from introductory students in this study is not a limitation,
it is possible that more advanced students will respond differently to the Motivation in
Reading PSL questionnaire. For example, where a freshman might overestimate their
initial confidence, a senior student with research experience may self-report a lower
initial score due to having a more realistic and nuanced self-image as a scientist. In
other words, the Motivation in Reading PSL questionnaire offers information relevant
to a certain learning environment at a specific time point in a student’s career studies,
and further studies on student experience versus their score on these metrics would be
valuable. Because context related to learning environments likely matters, there are
additional items to consider when using the questionnaire with different populations,
including cultural implications and reading PSL in a second language.

We acknowledge that this study took place in Biology departments, with factor analy-
sis data collected from Biology students and the Motivation in Reading PSL question-
naire being tested in Biology classrooms. This was due to the research team being
members of Biology departments with direct access to students in Biology courses.
However, we believe our questionnaire is ‘content-independent’ in the sense that the
items in each subscale can be applied to any piece of PSL in any scientific discipline.
We do not know whether the same relationships among subscale items would have
been found with non-Biology students in other disciplines, and future external validity
studies should consider this.

We also acknowledge that in our study, the urban institute was assigned to be a control
and not an intervention. This is due solely to the collaborator at that institution not being
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assigned to teach introductory Biology. This likely raises equity issues that are beyond the
scope of this current project but will be investigated in the future.

Conclusion

This study aims to develop and evaluate a questionnaire measuring university student
motivation for reading PSL and to collect initial validity evidence supporting the pro-
posed use of the instrument. The results show a four-factor questionnaire that is sensitive
enough to measure differences among different populations of students. One of the most
important findings was that different PSL interventions led to different student motiv-
ations, suggesting that how students are introduced to PSL really matters. Therefore,
in practice, it may not be enough to teach our students simply the mechanics of learning
to read a piece of PSL, we also need to provide them, especially during introductory
courses, with the motivational beliefs to want to continue to engage in this scientific
practice.
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