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ABSTRACT

Expanding the scope of previous undergraduate research assessment tools, the Entering
Research Learning Assessment (ERLA) measures undergraduate and graduate research
trainee learning gains in the seven areas of trainee development in the evidence-based
Entering Research conceptual framework: Research Comprehension and Communication
Skills, Practical Research Skills, Research Ethics, Researcher Identity, Researcher Confi-
dence and Independence, Equity and Inclusion Awareness and Skills, and Professional and
Career Development Skills. In this paper, we present multiple sources of validity evidence
for the ERLA trainee self-assessment and mentor assessment of trainee learning gains. Ev-
idence of internal structure of the initial scales via exploratory factor analysis (N, ... =
193; N_. ... = 130) revealed seven factors that align with the Entering Research conceptu-
al framework. Validity evidence for internal structure using confirmatory factor analysis,
convergent validity, and evidence of internal consistency for the revised scale were exam-
ined with a larger sample (N, .. =489;N__ = 256). Evidence of internal structure and
alignment for a paired version of the ERLA was also examined with a subset of the original
sample (N = 121 pairs). Each analysis revealed acceptable model-data fit. Guidance on us-
ing the ERLA instruments and interpreting their scores is presented.

INTRODUCTION

Mentored research experiences play an important role in the development of under-
graduate and graduate students in science, technology, engineering, mathematics, and
medicine (STEMM); positive research experiences and mentor—trainee relationships
predict long-term trainee success (Eagan et al., 2013; National Academies of Sciences,
Engineering, and Medicine [NASEM], 2017, 2018). Notably, interventions that include
mentored undergraduate research experiences have been shown to increase the per-
sistence of students from diverse populations in STEMM (e.g., Eagan et al., 2013). To
understand how mentored research experiences produce positive outcomes, research
training program directors and education researchers need assessment tools that can
accurately measure the gains in research trainee learning and development that occur
as a result of the research experience. An important component of assessing mentored
research experiences has been trainee self-reported assessment of skills or learning
gains.

Several tools exist to measure learning gains and outcomes of research experiences;
yet few tools offer a multidimensional approach to assessing trainee learning. Of the
multidimensional tools available, many omit key areas of trainee development, such
as research ethics or promoting equity and inclusion in the research environment. A
comprehensive assessment can help training program directors efficiently assess the
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progress of trainees while they simultaneously identify gaps in
their training. To expand the scope of current self-assessment
instruments, we developed and collected validity evidence for
the Entering Research Learning Assessment (ERLA), which col-
lects trainee assessment data from trainees and their mentors
that can be aligned and compared. The ERLA expands the com-
prehensiveness of available assessments by incorporating two
important but largely underassessed areas of the research train-
ing experience: research ethics and equity and inclusion. The
ERLA aligns with learning objectives and outcomes that were
derived from the literature and informed by STEMM practi-
tioners and social science researchers. Finally, the ERLA includes
an assessment of trainee learning gains from the perspective of
the mentor that complements the trainee self-assessment and
aligns with these same standards.

Evidence of Validity

Collecting validity evidence for an instrument is an ongoing pro-
cess. The American Educational Research Association, in con-
junction with the American Psychological Association, National
Council on Measurement in Education, and Joint Committee on
Standards for Educational and Psychological Testing have devel-
oped standards for educational and psychological testing and
provide several recommendations related to validity evidence for
instruments (AERA et al., 2014). Included in their recommenda-
tions are descriptions of different types of validity evidence that
can be used separately or together to provide evidence that the
instrument can be used and its scores interpreted in the intended
way. These include evidence based on test content, evidence of
response processes, evidence based on internal structure, and
evidence based on relations to other variables. Not all types of
validity evidence are needed in order to consider whether an
instrument is “valid”; instead, different types of validity evidence
provide information on whether the instrument scores can be
interpreted in the way in which they were intended for a specific
population and context (AERA et al., 2014). Reliability and inter-
nal consistency measurements (e.g., Cronbach’s alpha) provide
information about the expected consistency of scores across dif-
ferent administrations. (See Supplemental Material for brief
summaries of validity evidence and reliability.)

Many metrics are used to evaluate evidence of internal struc-
ture (i.e., model-data fit) in new and revised instruments.
These include the chi-square statistics, chi-square/degrees of
freedom (x*/df) ratios, root-mean-square error of approxima-
tion (RMSEA), comparative fit index (CFI), and Tucker Lewis
index (TLI). Lower x? values and x*/df ratios of between 2 and
3 often indicate acceptable fit (Schreiber et al., 2006). CFI val-
ues above 0.95, TLI values less than 0.95, and RMSEA values
less than 0.06 are also used as criteria for acceptable model-
data fit (Hu and Bentler, 1999; Schreiber et al., 2006). We used
these guidelines to develop the ERLA and to evaluate how other
assessments of trainee learning gains have been developed. It is
important to note, however, that different threshold values for
each of these fit statistics have been recommended by different
researchers (e.g., Hu and Bentler, 1999; Schreiber et al., 2006;
Knekta et al., 2019).

Several instruments have been developed and evidence of
validity and reliability collected to assess skills and learning
gains in the context of mentored research experiences. Some
instruments focus on only one or two aspects of the research
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experience and trainee development, such as research self-effi-
cacy and outcome expectations (Byars-Winston et al., 2016) or
science identity and values (Chemers et al., 2010; Estrada et al.,
2011). Here, we focus on instruments that were designed to
assess trainee learning and skill gains across multiple dimen-
sions. These instruments, the Undergraduate Research Student
Self-Assessment tool (URSSA; Weston and Laursen, 2015), the
Survey of Undergraduate Research Experiences (SURE; Lopatto,
2004), and the Mentor Competency Assessment (MCA; Fleming
et al., 2013) adapted for use with trainees, served as the start-
ing point for understanding the current landscape of research
trainee assessment and for development of the ERLA.

Existing Multidimensional Instruments for Assessing
Research Trainee Learning Gains

A brief overview of the validity evidence for the URSSA, SURE,
and MCA instruments is provided in Table 1. The URSSA
(Weston and Laursen, 2015) is a 34-item survey designed to
assess research trainees’ gains. Respondents are asked to self-as-
sess how much they gained as a result of their most recent
research experience, with options ranging from “no gains” to
“great gains.” Evidence of content validity for this instrument
was provided by developing and aligning items to the key ben-
efits and gains of research experiences identified through quali-
tative interviews with students and faculty engaged in under-
graduate research experiences: personal and professional
development, knowledge in thinking and working related to
research, gains in skills, gains in professional socialization, and
preparation for graduate school and career (Hunter et al.,
2009). Evidence of validity based on internal structure was pro-
vided through a confirmatory factor analysis and internal con-
sistency statistics.

The SURE (Lopatto, 2004, 2007) is another commonly used
survey for assessing research trainee learning gains. Like the
URSSA items, the SURE items were designed to align with key
themes identified in previous research. To identify these themes,
Lopatto (2003) invited science faculty to share what they
thought were the essential features of a successful undergradu-
ate research experience; students from four institutions were
then asked to select the most important benefits of undergrad-
uate research experiences that had been identified by faculty
and by the literature. This resulted in the 20 learning gains
items. The SURE is designed to assess the benefits that trainees
gained from their research experience. Responses can range
from “no gain” to “very large gain,” with an option to indicate
that a response is not applicable. Evidence of content validity
for the SURE is provided through the alignment of items with
the research experience outcomes identified by Lopatto (2003)
in his prior work with science faculty and students. Internal
consistency statistics were also calculated.

The MCA (Fleming et al., 2013) was developed to assess
mentors’ skills across six mentoring competencies; items were
aligned to a mentor training curriculum in the Entering
Mentoring series (Pfund et al., 2013, 2015). Items were devel-
oped to align with each of these competencies and were
reviewed by survey experts and via cognitive interviews with
mentors and trainees. Validity evidence based on internal
structure was presented, as was evidence of internal consis-
tency. An adapted version of the MCA has been developed for
use with trainees.

CBE—Life Sciences Education « 19:ar18, Summer 2020



Entering Research Learning Assessment

TABLE 1. Existing multidimensional instruments for assessing skills and knowledge of research trainees and mentors

Population from which Internal
validity evidence was Model-data fit consistency
Instrument® Number of items and constructs measured collected statistics statistics (o)
URSSA 34 items evaluating undergraduate trainees’ gains: 506 undergraduate trainees x2(458) = 1418* 0.83-0.92
(Weston and Laursen, Skills (12 items); Thinking and Working Like a from United States and RMSEA =
2015) Scientist (8 items); Personal Gains (6 items); Canada 0.064
Attitudes and Behaviors as a Researcher CFI=0.76
(8 items)
SURE 20 items evaluating undergraduate trainees’ gains 1135 undergraduates (59% N/A 0.92-0.94
(Lopatto, 2004, 2007) related to the research experience. Items are women; 57% White; 9%
designed to be scored individually. African American; 16%
Asian American; 5%
Hispanic; 6% other or
multiracial)
MCA 26 items evaluating mentors’ skill gains: Effective 283 mentors (40% women; y? (284) = 0.62-0.90
(Fleming et al., 2013) Communication (6 items); Aligning Expecta- 90% White; 2% African 663.20%
tions (5 items); Assessing Understanding American; 8%; Asian; RMSEA =
(3 items); Fostering Independence (5 items): 2% other; 7% Hispanic/ 0.069
Addressing Diversity (2 items); Promoting Latino). Participants CFI=0.85
Professional Development (5 items) were mentors of faculty TLI = 0.83
(46%) research
scientists (5%), and
students/fellows (49%)
ERLA 53 items evaluating undergraduate and graduate 490 undergraduate and x> (1304) = 0.86-0.95
(present study) trainee’s gains: Research Comprehension and graduate trainees 3333.766*
Communication Skills (15 items); Practical (see Table 5) x>/ df=2.56
Research Skills (13 items); Research Ethics RMSEA =
(3 items); Researcher Identity (6 items); 0.056
Researcher Confidence and Independence CFI=0.957

(7 items); Equity and Inclusion Awareness
and Skills (5 items); Professional and Career

Development Skills (4 items).

Parallel version for mentors to assess trainees’

skills also available (47 items)

aThe MCA assesses the skill gains of research mentors. An adapted version of this instrument used to assess trainee gains is also available, but no validity evidence on
this version of the instrument is currently available. The validity evidence presented for the ERLA refers to the data collected for trainees and presented in stage 4; see
Table 6 in this paper for additional information on the properties of this scale for trainees and mentors.

*p < 0.001.

Limitations of Existing Multidimensional Assessment Tools
The URSSA, SURE, and mentee version of the MCA are all tools
widely used by training programs to assess the benefits of men-
tored research experiences and the skill levels of research train-
ees. However, these instruments have several limitations.

Content Limitations. Two recent reports, Undergraduate
Research Experiences for STEM Students (NASEM, 2017) and
Graduate STEM Education for the 21st Century (NASEM, 2018),
recommend learning goals for undergraduate and graduate
trainees. These goals include expected domains such as disci-
plinary knowledge and skills and professional skills that are
addressed in the URSSA, SURE, and MCA, but also include
learning goals focused on ethical development, cultural issues
in research, and promoting inclusive learning environments,
which are not addressed in the URSSA and SURE. The ERLA
and the Entering Research conceptual framework with which it
aligns were informed by the broad recommendations in these
reports and therefore provide a more comprehensive training
and assessment strategy for research training programs that
aspire to respond to the recommendations.

The URSSA, SURE, and MCA each focus on the research
experience and/or the research mentoring relationship, but
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these are not the only places where students may gain research
skills and knowledge. Indeed, the communities and structured
learning experiences (e.g., seminars and workshops) in formal
research training programs have the potential to augment and
expand upon what is learned in the research experience (Balster
et al., 2010). Thus, it is important to use assessments that can
capture how training programs and research experiences work
in concert to promote trainee development. In developing the
ERLA, we sought to create an instrument that was comprehen-
sive enough in scope to capture learning across the research
experience, the mentoring relationship, and the training pro-
gram activities. To that end, the ERLA question stem invites
trainees to consider gains over the course of their research expe-
riences, not just their experiences doing research, and assesses
areas of trainee development not assessed in previous
instruments.

The URSSA and SURE contain items that align with aspects
of the research experience important to trainee development
(i.e., building research skills, communicating about research,
and the research mentoring relationship) but do not address
equity and inclusion, a critical factor shown to impact research
trainee development and retention in STEM. An unwelcoming
climate in the research environment, stereotype threat, and bias
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can negatively impact the participation of individuals from his-
torically underrepresented groups in STEM (Steele, 1997; Pres-
ident’s Council of Advisors on Science and Technology, 2012;
Valantine and Collins, 2015). Incorporating discussions of these
topics into the mentored research and training experiences
acknowledges that cultural identities and the extent to which
trainees feel welcome in the research environment can impact
trainee perceptions of research and the research environment
(Bumpus, 2015; Butz et al., 2018). Currently, few tools exist to
assess underrepresented trainees’ growth in their capability to
navigate these challenges or to assess well-represented trainees’
abilities to recognize their biases and assumptions and act as
advocates for those who may be marginalized or excluded from
research. New tools are needed to empower research training
programs to measure the development of their trainees’ aware-
ness and skills in equity and inclusion as they work to respond
to calls to broaden participation in STEMM.

Notably, the adapted version of the MCA for trainees con-
tains items designed to assess equity and inclusion; these items
were adapted in the development of the equity and inclusion
ERLA items. However, the trainee version of the MCA does not
provide a comprehensive assessment of trainee research learn-
ing gains. It is based on the competencies of research mentor
training and thus narrowly focuses on skills related to the men-
toring relationship.

Limitations of Validity Evidence and Measurement. The
URSSA, SURE, and trainee version of the MCA each provide
validity evidence. However, this validity evidence comes with
some important limitations. Weston and Laursen (2015) call for
refinement of the URSSA instrument to further establish the fac-
tor structure of the scale. The SURE provides limited validity
evidence. Although the internal consistency statistics for the
SURE are high, these internal consistency statistics alone do not
provide much information or guidance on the interpretation of
scores for this instrument. Cronbach’s alpha is sensitive to the
number of items in a scale and is meant to be calculated for
unidimensional scales; it does not provide evidence of the factor
structure of a given scale (Cronbach, 1951). Although validity
evidence for the mentor version of the MCA is provided, validity
evidence for the trainee version of the MCA scales has not been
systematically analyzed and reported. Finally, none of the three
measures were designed to assess both undergraduate and grad-
uate trainee development, nor were these instruments designed
to be used as paired trainee and mentor assessment instruments.

The ERLA addresses these gaps. First, items for the ERLA
align with the areas of trainee development and learning objec-
tives outlined in the Entering Research conceptual framework
(Branchaw et al., 2020; Supplemental Figure S1), which apply
to both undergraduate and graduate research trainees. There-
fore, ERLA can assess undergraduate or graduate trainee devel-
opment and provide scores across seven constructs associated
with trainee development. Second, methodology used to
develop ERLA included the collection of multiple sources of
validity evidence (AERA et al, 2014). The multiple sources
address the call from previous researchers who have noted that
measures in some domains of science education lack validity
and reliability evidence (Campbell and Nehm, 2013). Finally,
the ERLA begins to address the challenge of using only self-re-
ported data to document research trainee gains. The paired
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assessment allows training program directors to obtain the men-
tor’s assessment of trainee gains, which can be compared against
the trainee’s self-reported gains or used on its own. Together, the
paired assessments provide two measures of trainee develop-
ment and also provide information about the alignment between
trainee and mentor assessments of trainee skills and knowledge.
By collecting validity evidence for a paired scale and providing
guidance for the scoring and use of these paired scores, ERLA
can be used to assess trainee gains based not only on self-re-
ported data from trainees, but also via comparison data col-
lected from mentors based on their observations.

The Present Study

In response to the gaps identified previously and in conjunction
with the development of a revised and expanded curriculum to
support comprehensive research trainee development, we first
developed a comprehensive set of meta-learning objectives
(i.e., learning objectives that applied across multiple Entering
Research curricular activities) for trainee development based
on the literature, then adapted and created items that aligned
with those meta-learning objectives to assess trainee develop-
ment. These meta-learning objectives were eventually orga-
nized into what is now the Entering Research conceptual frame-
work. Our goal in creating this conceptual framework and its
accompanying instrument was to create an assessment tool that
could measure several different dimensions of trainee develop-
ment identified by prior research as important to research
trainee success. In addition, we aimed to develop a tool that
could capture trainees’ learning and growth throughout the
undergraduate and graduate trainee experiences. Finally, we
sought to begin to address the limitation of existing instruments
that rely solely on self-reported data by creating an instrument
that could be used with mentor and trainee pairs to assess
trainee skills and examine the effect of alignment, or similarity
of the scores.

DEVELOPMENT OF THE ENTERING RESEARCH
LEARNING ASSESSMENT

The creation of the ERLA occurred over a four-stage, iterative pro-
cess of development, testing, and refinement (Figure 1). In stage
1, we defined meta-learning objectives and identified, adapted,
and developed items to align with them, providing validity evi-
dence for test content. In stage 2, we took the items developed in
stage 1 and pilot tested them with research trainees and mentors,
examining respondent feedback to identify problematic items and
used exploratory factor analysis (EFA) to determine whether the
items aligned with our intended organization of the meta-learn-
ing objectives into a conceptual framework; this provided initial
validity evidence for internal structure. Items were then refined
and the instrument expanded in stage 3 before we conducted a
confirmatory factor analysis and alignment analyses with a new
sample of trainees and their mentors in stage 4, which provided
additional validity evidence for internal structure along with con-
vergent validity evidence and evidence of internal consistency. We
present the methods and results for each stage below.

Stage 1: ltem Development

The ERLA was developed in conjunction with the Entering
Research curriculum and conceptual framework (Branchaw
et al., 2020) using a backward design approach. Learning

CBE—Life Sciences Education « 19:ar18, Summer 2020



Stage 2
Pilot Test of Items,
Feedback and
Exploratory Factor

Stage 1
Item Development

Analysis

Trainees

44 items; N = 193
Mentors

44 items; N = 130

15 adapted items
29 new items

Entering Research Learning Assessment

Stage 4
Confirmatory
Factor Analysis of
ERLA; Alignment
Analyses

Stage 3
Item Refinement
Based on EFA
Results and Expert
Feedback

Trainees

55 items; N = 489
Mentors

51items; N = 256

FIGURE 1. Development of Entering Research Learning Assessment (ERLA).

objectives were first defined, then assessments and activities
were developed to align with the objectives (Wiggins et al.,
1998). In this section, we describe the process of defining the
meta-learning objectives, including the literature that informs
them; the development of the ERLA items; and the organization
of the meta—learning objectives into areas of trainee develop-
ment as a conceptual framework.

Stage 1A: Defining the Entering Research Meta—Learning
Objectives. As we began to restructure the Entering Research
curriculum from a linear, two-semester curriculum in the first
edition to a more flexible collection of activities organized by
meta—learning objectives in the second edition (Branchaw
et al., 2020), we looked to both practitioners and the literature
to help us define the meta-learning objectives that should
frame our curriculum. An initial list of meta-learning objectives
was developed based on the content in the first edition of the
curriculum, the literature on STEMM research trainee develop-
ment and persistence, and the recommendations for research
program design in two recent National Academies reports,
Undergraduate Research Experiences for STEM Students and
Graduate STEM Education for the 21st Century (NASEM, 2017,
2018; Table 2). These reports were written by committee mem-
bers with expertise in education, STEMM research training, and
institutional change. We asked a team of 17 STEMM and social
science researchers and practitioners who were adapting the
first edition activities and authoring new activities for the sec-
ond edition of the curriculum to provide feedback on the initial
list of objectives and to suggest additional objectives that they
thought were addressed by the curriculum. Their feedback led
to the generation of a final set of meta—learning objectives that
are addressed in the Entering Research curriculum and are
aligned with factors shown to be important in undergraduate
and graduate research trainee persistence and success in
STEMM (Table 2).

Stage 1B: Development of ERLA Items, Alignment with
Meta—Learning Objectives, and Development of Response
Scale. Once the meta-learning objectives were articulated, we
developed new and adapted existing items (e.g., from URSSA,
MCA). To provide evidence of validity based on test content, we
aligned items with specific meta-learning objectives articulated
in stage 1A. In all but one case, multiple items were developed
for each meta-learning objective; for the meta-learning objec-
tive Develop Research Leadership and Mentoring Skills, only
one item was developed (“Mentor others learning to do
research”). One item from the URSSA (Weston and Laursen,
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2015) Thinking and Working Like a Scientist subscale, “Under-
stand the theory and concepts guiding their research project,”
was incorporated without adaptation, and three other items in
this subscale were adapted. In addition, one item from the
URSSA Skills and two items from the Personal Gains subscales
were adapted. Six items were adapted from the trainee version
of the MCA (Fleming et al., 2013). Two items relating to
researcher identity were adapted from the Scientific Identity
scale developed by Estrada et al. (2011). Twenty-nine new
items were developed by the three authors of the curriculum
(Branchaw et al., 2020). There were 44 items included in the
first version of the ERLA (see Table 4 later in the article).

We chose to use a gains-based response scale similar to the
one used on the URSSA rather than an assessment of absolute
skill level. Therefore, ERLA responses represent trainee learning
gains relative to the knowledge and experience they had when
beginning the research experience. We used this approach
because, as other researchers have noted (e.g., Weston and
Laursen, 2015), trainees, especially novice trainees, have diffi-
culty realistically assessing their absolute pre skill level on
assessments that are administered as pre- and postsurveys.

Stage 1C. Organization of Meta—Learning Objectives into
the Entering Research Conceptual Framework. With one
exception, all meta—learning objectives developed during stage
1A were retained with minor revisions throughout instrument
development. These meta-learning objectives were initially
organized around five areas of trainee development (see Table
4 later in the article): Research Skills, Interpersonal Skills,
Research Attitudes and Beliefs, Equity and Inclusion Awareness
and Skills, and Professional and Career Development Skills.
However, as data were collected during pilot testing (stage 2),
this organization evolved. Three separate areas of trainee devel-
opment emerged from the Research Skills and Interpersonal
Skills areas: Research Comprehension and Communication
Skills, Practical Research Skills, and Research Ethics. Likewise,
two independent areas of trainee development emerged from
the Research Attitudes and Beliefs area: Researcher Identify and
Researcher Confidence and Independence (Supplemental
Figure S1).

Stage 2: Pilot Test of Items, Feedback, and EFA

Participants. Participants were undergraduate trainees and
their mentors (Table 3) who completed the ERLA as part of
either a research symposium evaluation survey administered in
Spring 2017 at a large research university in the Midwest or as
part of the evaluation of activities pilot tested from the second
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TABLE 2. Entering Research meta—learning objectives aligned to supporting research and National Academies recommendations

Entering Research meta-learning
objective

Foundational research findings and alignment with recommendations from
National Academies reports (NASEM 2017; 2018)

Develop Disciplinary Knowledge:
Ability to understand the theory,
content and concepts that inform
research in a given discipline

Develop disciplinary knowledge/ specialized expertise (Craney et al. 2011; Kardash, 2000;
NASEM, 2017, 2018).

Understand the role of theory in research (Russell et al., 2007).

“Develop STEM literacy” (NASEM, 2017, p. 71).

“Utilize disciplinary research practices” (NASEM, 2017, p. 71).

Develop Technical Research Skills:
Ability to design and conduct research

Develop data-collection, data analysis, interpretation, and problem-solving skills (Kardash, 2000;
Bauer and Bennett, 2003; Lopatto, 2004; Russell et al., 2007; Junge et al., 2010; Gilmore et al.,
2015; NASEM, 2018).

Knowledge of experimental design and the research process (Russell et al. 2007; Thiry et al.
2011; NASEM, 2017, p. 109).

“Develop [research] skills/techniques” (NASEM, 2017, p. 71).

“Design a research strategy, including relevant quantitative, analytical, or theoretical approaches”
(NASEM, 2018, p. 106).

Develop Research Communication Skills:
Ability to communicate research to
different audiences and in different
formats (e.g., oral, written)

Increase communication skills (Craney et al., 2011; Junge et al., 2010; Kardash, 2000).
“Obtain, evaluate, and communicate information” (NASEM, 2017, p. 71).

“Acquire the capacity to communicate, both orally and in written form, the significance and
impact of a study or a body of work to all STEM professionals, other sectors that may utilize the
results, and the public at large” (NASEM, 2018, p. 107).

Develop Logical/Critical Thinking Skills:
Ability to think logically and critically
about one’s own research and the
research of others

Ability to contextualize research in the broader field (Kardash, 2000; Craney et al., 2011;
Gilmore et al., 2015).

“Engage in argumentation from evidence” (NASEM, 2017, p. 71).

“Analyze and interpret data” (NASEM, 2017, p. 71).

Understand disciplinary research practices (NASEM, 2017).

“Evaluate outcomes of each experiment or study component and select which outcomes to
pursue and how to do so through an iterative process” (NASEM, 2018, p. 106).

Develop Understanding of the Research
Environment:
Understand research culture and
norms; develop skills to successfully
navigate research environment

Understand the nature of science and research-related work; engage in authentic research
experiences (Harsh et al., 2011).

“Know importance of iteration” (NASEM, 2017, p. 71).

“Learn and apply professional norms and practices of the scientific or engineering enterprise”
(NASEM, 2018, p. 107).

Develop Effective Interpersonal
Communication Skills:
Skills to communicate clearly with
research mentors and research team
members and to ask clarifying
questions to increase understanding
of research

Increase professional interpersonal communication skills (Kardash, 2000; Hunter et al., 2007;
Junge et al., 2010; Laursen et al., 2010; Craney et al., 2011; Gilmore et al., 2015; Carter et al.,
2016).

“Act professionally” (NASEM, 2017, p. 71).

“Develop professional competencies, such as interpersonal communication, budgeting, project
management, or pedagogical skills that are needed to plan and implement research projects”
(NASEM, 2018, p. 107).

Develop Responsible and Ethical
Research Practices:
Understand what constitutes
ethical research practices

Integrating ethics training that encourages active trainee participation leads to gains in ethics,
knowledge, skills, and attitudes (Watts et al., 2017).

Awareness of “the importance of ethics and responsible conduct” (NASEM, 2017, p. 40).

“Learn and apply ... ethical responsibilities of scientists and engineers within the profession and
in relationship to the rest of society, as well as ethical standards that will lead to principled
character and conduct” (NASEM, 2018, p. 107).

Develop Research Leadership
and Mentoring Skills:
Prepare to take on increasing levels
of leadership and mentorship

Develop research leadership, collaboration, and management skills (Coker and Van Dyke, 2005;
Mancha and Yoder, 2014; NASEM, 2018).

Leadership opportunities should be a component of undergraduate chemistry curriculum,
including research experiences (Wenzel et al., 2012).

Graduate students often serve as mentors for undergraduate trainees (NASEM, 2017).

Develop Identity as a Researcher:
Think about oneself as a researcher

Research experiences are a key contributor to science identity (Seymour et al., 2004;
Hunter et al., 2007; Kardash and Edwards, 2012).

Science identity contributes to persistence in STEM (Barker, 2009; Estrada et al., 2011;
Villa et al., 2013; Raelin et al., 2014).

“Promote agency and develop STEM identity” (NASEM, 2017, p. 71).

Develop Independence as a Researcher:
Ability to work independently and
exhibit leadership at a level
appropriate to one’s training

Self-efficacy and project ownership contribute to research independence (Adedokun et al., 2013;
Hanauer and Dolan, 2014).

“Increase ownership of project” (NASEM, 2017, p. 71).

“Develop professional competencies, such as interpersonal communication, budgeting, project
management, or pedagogical skills that are needed to plan and implement research projects”
(NASEM, 2018, p. 107).

(Continues)
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TABLE 2. Continued

Entering Research Learning Assessment

Entering Research meta-learning
objective

Foundational research findings and alignment with recommendations from
National Academies reports (NASEM 2017; 2018)

Develop Confidence as a Researcher: .

Develop confidence and self-efficacy in research (Byars-Winston et al., 2015; Chemers et al.,

Confidence in one’s ability to
successfully conduct research

2011; Estrada et al. 2011; Hunter et al., 2007; Hurtado et al., 2009 John and Creighton, 2012;
Russell et al., 2007; Seymour et al., 2004).
Student confidence/self-efficacy (NASEM, 2017).

Advance Equity and Inclusion in the

Research Environment:

Recognize and mitigate stereotype
threat, bias, and microaggressions;
acknowledge intersection of personal
and research identities

Research programs that provide support for trainees from underrepresented groups increase
persistence and success (Hathaway et al., 2002; Mendoza-Denton et al., 2002; Lee and Davis,
2000; Woodcock et al., 2012).

“Develop a sense of belonging/inclusion” (NASEM, 2017, p. 71).

Implement “practices that create an equitable and inclusive institutional environment” (NASEM,
2018, p. 9).

Develop Skills to Deal with Personal

Differences in the Research
Environment:

Build capacity to effectively engage
with individuals from different
backgrounds and identities to
maximize the benefits of an increas-

Heterogeneous research teams produce more innovative and effective solutions and products
(Ferrini-Mundy, 2013; Page, 2008; Reagans and Zuckerman, 2001; Roberge and Van Dick, 2010;
Saxena, 2014; Woolley et al., 2010).

“Perform work as collaborative member of team” (NASEM, 2017, p. 71).

“Recognize and overcome stereotype threat” (NASEM, 2017, p. 71).

Work collaboratively with individuals from “diverse cultural and disciplinary backgrounds”
(NASEM, 2018, p. 107; NASEM, 2017).

ingly diverse STEM workforce

Explore and Pursue a Research Career: °
Explore career pathways and create .
professional development plans .

Awareness of what graduate school is like (Russell et al., 2007).
Mentors who provide career and graduate school guidance (Carpi et al., 2017).
Confirmation/clarification of career path (NASEM, 2017, p. 71; Russell et al., 2007);

exposure to research careers and career expectations (Hurtado et al., 2009).
* Retention in STEM major/commitment to the discipline (NASEM, 2017, p. 71).
* Explore STEM career opportunities and pathways (NASEM, 2018).

Develop Confidence in Pursuing .
a Research Career: .
Confidence in one’s ability to pursue
a STEM research career and the next .
steps in one’s training. .

Intention to pursue a PhD (Russell et al., 2007).

Research experiences help trainees “solidify their career plans as research scientists”
(Hurtado et al., 2009, p. 211).

“Confirmation/clarification of career path” (NASEM, 2017, p. 71; Russell et al., 2007).
Retention in STEM major/commitment to the discipline (NASEM, 2017, p. 71).

¢ Explore STEM career opportunities and pathways (NASEM, 2018).

edition of Entering Research in Summer 2017 at four sites across
the United States (2 West; 1 Midwest; 1 Northeast; Institutional
Review Board [IRB] protocol 2017-0026).

Procedure. The original prompt for this instrument was ‘As a
result of your research experience, indicate how much you gained
in your ability to ...” for trainees and “How much did your trainee
GAIN in their ability to do the following as a result of their
research experience?” for mentors. Response options were: “no
gain,” “a little gain,” “moderate gain,” “good gain,” “great gain,”
and “not applicable.” A subset of the trainee sample (n = 142) and
all mentors in our sample (n = 130) also had the option to indi-
cate that “this question was unclear.” Individuals who indicated
that a question was not applicable or was unclear were asked to
provide information on why the statement was not applicable or
was unclear. These open-ended responses were reviewed in com-
bination with the results of the item analysis and EFA to identify
potentially problematic items that needed modification.

” @ ” « 2 ¢

Analyses. Both an EFA and item-level analysis were conducted
as part of this pilot-testing stage. The EFA was conducted using
SPSS v. 23 (IBM SPSS Statistics for Windows, 2015). Because
we anticipated that our factors would correlate, we analyzed
the data using principal axis factor with an oblique rotation.
The data were treated as interval for this analysis, so any selec-
tions of “not applicable” or “this question was unclear” were
excluded from analysis. To maximize the data available from

CBE—Life Sciences Education « 19:arl8, Summer 2020

individuals who completed most items but who may have cho-
sen “not applicable” or “this question was unclear” as a response
option, we chose pairwise deletion. After the factor structure
was revealed, we examined internal consistency statistics
(Cronbach’s alpha) for each of the subscales.

The inflexion point of the scree plot and eigenvalues were
examined to determine how many factors were appropriate to
retain (Cattell, 1966). We did not specify an eigenvalue cutoff,
but instead examined the data relative to the Entering Research
conceptual framework to determine whether the number of fac-
tors extracted and the ways in which the items loaded on par-
ticular factors were consistent with the intended framework
(Knekta et al., 2019). Factor loadings were examined using the
pattern matrix; any items with factor loadings lower than 0.4
were flagged for further review to determine whether items
should be removed or revised. We expected to find a five-factor
solution wherein all items aligned with the original Entering
Research conceptual framework. However, any additional fac-
tors that emerged were further analyzed to determine whether
they indeed represented a new factor or were simply an artifi-
cial factor that could not be reasonably represented in the
framework. Individual items were assessed based on several
criteria, including the extent to which participants noted items
were not applicable or unclear and interitem correlations. The
results of these analyses were examined holistically to deter-
mine whether individual items should be revised to better align
with the intended framework or removed from the instrument.
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TABLE 3. Demographic information for stage 2 sample

Trainees Mentors
(N =193) (N =130)
Gender
Female 48% 62%
Male 23% 33%
Other gender identities <1% —
Not reported 28% 5%
Race/ethnicity®
White 52% 63%
Asian 11% 15%
African American 3% 5%
Native Hawaiian/Pacific Islander — <1%
Native American <1% —
Two or more races 2% 5%
Unknown 2% —
Not reported 29% 11%
Hispanic 7% 9%

aRespondents could select Hispanic in addition to a race category. As a result, total
percentages for the sample may add up to more than 100%.

Results. Preliminary validity evidence for internal structure
and evidence of internal consistency were provided via
responses from trainees and mentors. Feedback from respon-
dents along with the results of the EFA led to the removal of
three items and the revision of eight items before expert feed-
back on the scale was solicited as part of stage 3 (Supplemental
Table S1). A brief overview of validity evidence reviewed during
stage 2 is provided later.

Results for Trainee Sample. The Kaiser-Meyer-Olkin measure
of sampling adequacy revealed a value of 0.932, indicating that
our sample size was sufficient to reveal reliable factors
(Hutcheson and Sofroniou, 1999). The initial EFA extracted
seven factors that accounted for 67% of the variance (Table 4).
Factor 1 (Research Comprehension and Communication Skills)
accounted for 46% of the variance, factor 2 (Equity and Inclu-
sion Awareness and Skills) for 7%, factor 3 (Professional and
Career Development Skills) for 5%, factor 4 (Researcher Confi-
dence and Independence) for 3%, factor 5 (Research Ethics) for
3%, and factors 6 (Practical Research Skills) and 7 (Researcher
Identity) each accounted for 2%. The items retained from the

TABLE 4. Entering Research Learning Assessment (stages 1 and 2): Original items and results of Exploratory Factor Analysis

Item RCC PRS RE RID RCI EIA PDS

Research Skills

1. Understand the theory and concepts guiding your 0.413 0.181 0.088 0.027 0.210 0.011 0.088
research project.

2. Connect your research experience to what you have 0.123 0.260 0.186 0.187 -0.214 0.114 0.025
learned in courses.®

3. Communicate the context, methods, and results of 0.567 0.210 0.023 0.238 0.187 0.026 0.083
your research.

4. Tailor your research communications for different 0.373 0.159 0.106 0.173 0.133 0.271 0.004
audiences (e.g., general public, disciplinary
conference)

5. Identify forms of unethical practices or research 0.075 0.071 0.858 0.082 0.089 0.068 0.057
misconduct.

6. Understand the consequences of unethical practices or ~ 0.007 0.084 0.913 0.032 0.017 0.010 0.063
research misconduct.

7. Take action to address unethical practices or research 0.178 0.016 0.525 0.123 0.124 0.379 0.017
misconduct.

8. Use logic and evidence to interpret data. 0.681 0.156 0.212 0.111 0.116 0.002 0.062

9. Use logic and evidence to build arguments and draw 0.548 0.082 0.161 0.144 0.156 0.056 0.060
conclusions from data.

10. Make connections between your research and societal ~ 0.280 0.125 0.117 0.000 0.090 0.211 0.004
issues.

11. Design and conduct a research project. 0.085 0.500 0.185 0.077 0.304 0.002 0.082

12. Keep detailed research records (e.g., a lab/field 0.204 0.494 0.020 0.197 0.032 0.122 0.001
notebook).¢

13. Analyze data.’ 0.610 0.005 0.007 0.150 0.125 0.013 0.030

14. Work in the research environment comfortably. 0.611 0.246 0.135 0.126 0.004 0.054 0.162

15. Be yourself when working in the research environment. ~ 0.619 0.232 0.063 0.123 0.106 0.164 0.051

16. Accept and use criticism of your research to improve 0.534 0.227 0.064 0.007 0.073 0.099 0.136
your research.

17. Understand that the process of discovery is iterative 0.758 0.060 0.075 0.064 0.196 0.008 0.187
and never-ending.

(Continues)
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Entering Research Learning Assessment

TABLE 4. Continued

Item RCC PRS RE RID RCI EIA PDS

Interpersonal skills

18. Listen for understanding and comprehension 0.476 0.056 0.036 0.022 0.285 0.203 0.025
regarding your research project.

19. Ask questions to clarify your understanding of your 0.523 0.014 0.106 0.136 0.229 0.092 0.190
research project.

20. Align your research experience goals and expectations  0.545 0.105 0.097 0.016 0.212 0.051 0.130
with those of your research mentor.¢

21. Practice regular and open communication with your 0.661 0.113 0.097 0.144 0.064 0.033 0.225
mentor.

22. Practice regular and open communication with 0.626 0.019 0.065 0.024 0.068 0.154 0.027
research team members.

23. Mentor others learning to do research. 0.163 0.105 0.019 0.025 0.319 0.427 0.072

Researcher Attitudes and Beliefs

24. Think of yourself as a scientist/researcher.® 0.186 0.069 0.198 0.603 0.021 0.039 0.017

25. Feel like you belong in research.¢ 0.126 0.058 0.047 0.705 0.023 0.066 0.169

26. Call yourself a researcher when talking to others. 0.122 0.054 0.053 0.717 0.003 0.052 0.204

27. Work independently on your research project.f 0.048 0.215 0.015 0.151 0.443 0.077 0.187

28. Determine the next steps in your research project.” 0.040 0.336 0.022 0.001 0.606 0.006 0.196

29. Investigate and solve problems when they arise in 0.109 0.035 0.009 0.048 0.742 0.028 0.150
your research (e.g., troubleshoot).

30. Be confident in conducting research.f 0.050 0.024 0.070 0.149 0.589 0.005 0.169

31. Be confident in coping with challenges when they 0.125 0.024 0.153 0.107 0.629 0.048 0.062
arise in your research project.

32. Be confident in staying motivated and committed to 0.101 0.082 0.092 0.202 0.493 0.099 0.028
your research project when things do not go as
planned.

33.Be confident in completing your research training. 0.228 0.000 0.202 0.116 0.427 0.086 0.117

34. Be confident in pursuing a career in research. 0.068 0.004 0.035 0.481 0.091 0.039 0.501

Equity and Inclusion Awareness and Skills

35. Identify the biases and prejudices that you have about  0.038 0.123 0.014 0.029 0.069 0.837 0.085
others.4

36. Identify the biases and prejudices that others may 0.014 0.093 0.083 0.072 0.105 0.848 0.120
have about you.

37. Understand the impact of biases on your interactions ~ 0.019 0.018 0.061 0.078 0.064 0.918 0.013
with others in a research environment.

38. Work effectively with others in a research environ- 0.204 0.091 0.187 0.053 0.019 0.458 0.036
ment whose personal backgrounds are different from
your own.¢

39. Understand how others might experience research 0.007 0.053 0.140 0.076 0.127 0.727 0.013

differently based on their identity (e.g., race,
socioeconomic status, first-generation status)

40. Advocate for others who may be marginalized or 0.055 0.008 0.056 0.078 0.133 0.680 0.031
excluded from the research environment.

Professional and Career Development Skills

41. Explore possible research career pathways. 0.135 0.059 0.025 0.146 0.018 0.118 0.659

42. Set research career goals.¢ 0.071 0.075 0.100 0.082 0.098 0.103 0.709

43. Develop a plan to pursue a research career 0.005 0.008 0.077 0.094 0.072 0.030 0.755
(determine the next step in their training).

44. Meet and establish relationships with research 0.066 0.052 0.074 0.033 0.183 0.083 0.655

professionals in their field (network).¢

Question stem for each item was “As a result of your research experience, indicate how much you gained in your ability to...” for trainees and “How much did your
mentee gain in their ability to do the following as a result of their research experience?” for mentors. The areas of trainee development from the Entering Research
conceptual framework are listed in bold. Items appearing in italics were removed from the assessment at Stage 2. Adapted items are noted by superscripts: b, URSSA
(Thinking and Working Like a Scientist); ¢, URSSA (Skills); d, MCA (Trainee adaptation); e, Estrada et al. (2011); f, URSSA (Personal Gains). RCC, Research Compre-
hension and Communication Skills; PRS, Practical Research Skills; RE, Research Ethics; RID, Researcher Identity; RCI, Researcher Confidence and Independence; EIA,
Equity and Inclusion Awareness and Skills; PDS, Professional and Career Development Skills.
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first iteration of the instrument provided preliminary evidence
of internal structure and internal consistency with our trainee
sample (factor loadings 0.28-92; oo = 0.74 — 0.95). An exam-
ination of inter-item correlations revealed that items correlated
significantly and positively with one another, and that the items
pertaining to each of the seven factors revealed in the EFA cor-
related with one another.

The frequency with which trainees selected “not applicable”
or “this question was unclear” was also assessed, with most
items having fewer than 10% of respondents indicating that an
item was not applicable or unclear. The exception was one item
from the research ethics subscale, “take action to address uneth-
ical practices or research misconduct,” for which 15% of train-
ees indicated that the item was not applicable. When looking at
respondent feedback to this item, many individuals noted that
they had selected this option because they had not had to
address unethical practices in the course of their research expe-
rience. We decided to retain this item, because it is applicable to
the research experience and this topic may be addressed in
training experiences or in training program seminars.

Revision of Entering Research Conceptual Framework and
Refinement of Meta—Learning Objectives. Two factors
emerged from items originally placed in the Research Skills and
Interpersonal Skills subscales (Supplemental Figure S1). Many
of the items in the Research Skills subscale and all of the items
in the Interpersonal Skills subscale loaded onto one factor,
which we renamed Research Comprehension and Communica-
tion Skills. A second factor, Practical Research Skills, also
emerged from the Research Skills subscale. We retained this fac-
tor, which aligned with the learning objective Develop Techni-
cal Research Skills and subsequently split this meta-learning
objective into two separate meta-learning objectives, Develop
Ability to Design a Research Project and Develop Ability to Con-
duct a Research Project.

Two factors emerged from the items originally included
under Research Attitudes and Beliefs: Researcher Identity and
Researcher Confidence and Independence. One item from this
subscale, “Be confident in pursuing a career in research,” loaded
onto the Professional and Career Development Skills factor. We
decided that this loading was appropriate and retained that
item in the Professional and Career Development subscale
during the next stage of development. The original meta-learn-
ing objective, Develop Confidence as a Researcher and in Pursu-
ing a Research Career, with which this item and other confi-
dence items were aligned, was revised into two separate
meta—learning objectives: Develop Confidence as a Researcher
and Develop Confidence to Pursue a Research Career. These
objectives were aligned with Researcher Confidence and Inde-
pendence and Professional and Career Development Skills,
respectively.

Results for Mentor Sample. Low sample size and high num-
bers of mentors indicating some items were “not applicable” or
that items were unclear resulted in a mentor sample that was
too small to perform an EFA. An examination of inter-item cor-
relations for the mentor items revealed similar results to those
found with the trainee data, though correlation coefficients
were often smaller and, in one case, not statistically significant.
The item “make connections between your research and socie-
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tal issues,” was not significantly correlated or had low correla-
tion coefficients with several of the items in the Research Com-
prehension and Communication Skills scale, lending further
support to our decision to revise that item. The frequency with
which mentors selected “not applicable” or “this question was
unclear” was higher compared with trainees, especially in items
pertaining to research ethics (17-39% of respondents indicat-
ing items were not applicable) and equity and inclusion aware-
ness (13-26% of respondents indicating items were not applica-
ble). Mentors commented that items were confusing and/or
difficult to answer (e.g., “I can’t speak for my trainee”) and con-
sequently did not rate their trainees’ gains. This was particu-
larly true for items relating to equity and inclusion. In some
cases, mentors expressed frustration with these items (e.g.,
“Doesn’t matter, questions like this promote biases and preju-
dice”; “It’s about the science, not about them”). Three items
from this subscale were flagged for further review based on
mentor feedback that these items were difficult to assess.

Stage 3: Item Refinement Based on EFA Results and Expert
Feedback

Item Refinement. With the revised framework in place, we
reexamined items with lower factor loadings to determine
whether the items could be revised or clarified. All items were
evaluated to ensure that the structure of each item following
the question stem was consistent. Assessment of item factor
loadings, participant feedback on items, and the revised con-
ceptual framework led to the revision of some original items
(Supplemental Table S1). The revised instrument included 13
additional items, 10 of which were created to assess the Practi-
cal Research Skills factor that emerged during the EFA, because
only two original items loaded on this factor during stage 2.
Two of these items were adapted from the URSSA; one from the
Skills subscale and one from the Thinking and Working like a
Scientist subscale. One of the research identity items (“Behave
like a researcher”), which was originally intended to partner
with the trainee item “Think like a scientist/researcher”) was
revised to “Behave like a researcher in your discipline,” and an
identical item was developed and added to the trainee survey.
Two additional items were added to the Researcher Identity
subscale: “Fit in with the research culture of your discipline”
and “Fit in with the culture of your research group.”

Item Stem and Response Scale Refinement. We also made
some refinements to the item stem and response scale. In sub-
sequent iterations of the ERLA, we changed the prompt for the
item stem to “How much did you gain in your ability to do the
following over the course of your research experience?,” to
acknowledge that research learning also occurs outside actu-
ally conducting research (e.g., participation in a course based
on Entering Research) and can impact trainee learning gains.
The response option “not applicable” was removed for both
trainees and mentors to reflect our assumption that all of the
items included in the final instrument would apply to research
experiences across STEMM disciplines. For mentors, we added
the response option “did not observe,” to allow mentors to
share if they did not have the opportunity to observe the
trainee engaged in a particular skill. These responses were
combined with “no gain” as part of the scoring process. We
chose to combine these two options in the scoring process,
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because all of the response options for mentors are based on
their observations. If a mentor did not observe a particular
behavior or skill for a trainee, then a response of “did not
observe” is equivalent to no observable gain (i.e., “no gain”).
Though these types of responses (e.g., “don’t know,” “unsure”)
are often treated as missing by researchers (Schafer and Gra-
ham, 2002), these responses have been treated in many differ-
ent ways, including recoding a response into a different cate-
gory (Denman et al., 2018). Researchers have noted that
decisions on the scoring of such responses must be done “in
the context of a specific instrument” (DeMars and Erwin,
2004, p. 87). With this in mind, we chose to incorporate the
“did not observe” responses into mentors’ scores, because dif-
ferences between mentor and trainee assessments of trainees’
skills provide important information about the mentored
research experience that program directors may find useful for
program evaluation. We later explore how the factor structure
of the ERLA is affected when mentors’ responses of “did not
observe” are treated as missing.

Expert Review. Once these initial revisions based on the EFA
and mentor and trainee feedback were incorporated, we asked
two individuals from different STEM disciplines (chemistry and
engineering) with experience facilitating Entering Research and
working with undergraduate and graduate research trainees to
review the items and provide feedback. Feedback from these
experts led to additional refinements. The three items under
the Equity and Inclusion Awareness and Skills subscale that
were initially flagged for review in stage 2 were removed in
stage 3 due to expert feedback that aligned with the feedback
that we had received previously from mentors indicating that
they could not accurately assess their trainees’ gains on these
items. These experts provided additional suggestions for
revised wording and suggested an additional item, “Make
detailed observations,” which was incorporated into the Practi-
cal Research Skills subscale. Final edits based on their feedback
yielded a trainee survey with 55 items and a mentor survey
with 51 items.

Stage 4: Confirmatory Factor Analysis of ERLA Scale

and Alignment Analyses

Participants. Novel participants for stage 4 (Table 5) were
recruited as part of their participation in a mentored research
experience at a large research university in the midwestern
United States (IRB protocol 2018-0312) and through snowball
sampling via emails sent to undergraduate and graduate
research programs and centers across the United States request-
ing that they forward the survey on to their trainees and their
mentors for completion (IRB protocol 2017-0026). Twenty-four
percent (24%) of trainees were first- or second-year undergrad-
uates; 47% were undergraduates in their third year or beyond;
13% were postbaccalaureate students or graduate students in
their first or second year; and 15% were graduate students in
their third year of training or beyond; 2% did not report their
training stages. One trainee completed the assessment more
than once to assess multiple mentors. These two surveys were
treated as individual observations to examine validity evidence
for the instrument, as trainees were asked to complete each
survey keeping in mind a specific mentor. This led to a total
sample size of 490.
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Entering Research Learning Assessment

TABLE 5. Demographic information for stage 4 sample

Trainees  Mentors
(N=489) (N=256)
Gender
Female 65% 52%
Male 31% 45%
Other gender identities 1% <1%
Not reported 2% 4%
Race/ethnicity?
White 66% 77%
Asian 19% 12%
African American 4% <1%
Native Hawaiian/Pacific Islander — —
Native American 1% <1%
More than one race 6% 3%
Unknown 1% 1%
Not reported 5% 6%
Hispanic 8% 5%

aRespondents could select Hispanic in addition to a race category. As a result, total
percentages for the sample may add up to more than 100%.

The majority of mentors (96%) were mentors of undergrad-
uate students. Some mentors completed the assessment more
than once because they were assessing multiple trainees. Each
survey response was treated as an observation to examine
validity evidence for the instrument, as mentors were asked to
complete each survey keeping in mind a specific trainee. This
led to a total sample size of 309.

Measures. All questions were administered to participants via
an online survey. The survey included the revised version of the
ERLA (55 items for trainees and 51 items for mentors) and
questions asking participants to rate the research experience
and the overall quality of their mentoring relationship. Due to a
survey error, the majority of mentors in our sample did not have
the opportunity to rate the research experience, resulting in a
lower sample size for this item (N = 182).

Analyses. We examined responses to the ERLA for missing data
to determine whether our data met the criteria for ignorable
missingness (i.e., data missing completely at random [MCAR]
or missing at random) as this has implications for subsequent
treatment and analysis of data (Myers et al., 2013). Little’s
MCAR test (1988) revealed that data were missing completely
at random in the mentor sample. The data were not found to be
missing completely at random in the trainee sample; however,
the percentage of missing data for all variables was less than
5%, indicating that the missing data could be ignored (Tabach-
nick and Fidell, 2007). An examination of the mentor and
trainee data revealed that the data were not univariately nor-
mally distributed. Due to the Likert-type response scale, it was
best to treat the data as ordinal. The Weighted Least Mean
Square and Variance-Adjusted estimator available in MPLUS
(Muthén and Muthén, 1998-2017) is appropriate for this type
of data (Knekta et al., 2019) and was used to conduct the con-
firmatory factor analysis.

When using the ERLA to conduct research, researchers who
do not wish to factor “did not observe” mentor responses into
scale scores may want to treat these responses as missing data.
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To confirm that the model identified in our previous analysis
would fit the data if the “did not observe” responses were
treated as missing, we ran a separate confirmatory factor anal-
ysis. When treated as missing, the mentor sample data were not
found to be missing completely at random based on Little’s
MCAR test (1988). Because the percentage of missing data was
greater than 5% (13.04% for all variables), multiple imputation
was conducted in MPLUS using maximum likelihood estima-
tion to replace any missing values due to responses of “did not
observe” or nonresponse. Fifty imputed data sets were created
based on the recommendations by Graham et al. (2007) that
more imputations will increase statistical power. These data sets
were used to conduct a confirmatory factor analysis using the
approach outlined above.

For examination of evidence of convergent validity, correla-
tions between each of the ERLA subscales and ratings of the
research experience and quality of the mentoring relationship
were examined for trainees and mentors, respectively. Several
fit statistics noted in the Introduction of this paper were used to
examine model-data fit (i.e., lower x> values; y2/df ratio
between 2 and 3; CFI > 0.95; and RMSEA <0.06; Hu and
Bentler, 1999; Schreiber et al., 2006).

To examine whether the trainee and mentor versions of the
instrument could be used together to assess the degree to which
trainee self-assessments of skill gain and mentor assessments of
trainee skill gain align, we first examined validity evidence for
internal structure for a version of the trainee instrument that
aligned with items presented on the mentor instrument. Inter-
nal structure validity evidence was assessed using the model-
data fit statistics and criteria outlined earlier. We next examined
the descriptive statistics for trainee and mentor scores by calcu-
lating the means and standard deviations for a paired subset of
our larger sample (n = 121) and examined the extent to which
trainees and mentors aligned on their assessments by calculat-
ing difference scores and Spearman correlations for each
subscale.

Results

Validity Evidence Based on Internal Structure and Evidence
of Internal Consistency. Initial fit statistics for the 55 trainee
items fit to a seven-factor model were ¥2(1409) = 3920.362,
p < 0.001; y%/df = 2.78; RMSEA = 0.060, 90% CI [0.058,
0.063]; CFI = 0.949. In addition to the confirmatory factor
analysis model-fit statistics, model modification indices, inter-
nal consistency statistics (i.e., Cronbach’s alpha), and item-to-
tal correlations were examined to identify any problematic
items. Modification indices suggested that the fit statistics for
the model would significantly improve with the removal of
one item in the Equity and Inclusion Awareness and Skills sub-
scale, “Work effectively in a research environment with indi-
viduals whose personal backgrounds are different from your
own,” and one item in the Professional and Career Develop-
ment Skills subscale, “Meet and establish relationships with
research professionals in your field (network).” In addition,
the subscale internal consistency analyses revealed lower
item-total correlations for the items and a lower overall alpha
value when these items were retained in the subscale. For
these reasons, the items were removed, resulting in final mod-
el-fit statistics of x2(1304) = 3333.766, p < 0.001; x?/df = 2.56;
RMSEA = 0.056, 90% CI [0.054, 0.059]; CFI = 0.957.
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Initial fit statistics for the 51 mentor items fit to a seven-fac-
tor model were x%(1203) = 2829.838, p < 0.001; x/df = 2.35;
RMSEA = 0.066, 90%CI [0.063, 0.069]; CFI = 0.938. As was
done with the trainee data, model modification indices, internal
consistency statistics (i.e., Cronbach’s alpha), and item-total
correlations were examined to identify any problematic items.
Modification indices suggested that the fit statistics for the
model would improve with the removal of the Equity and Inclu-
sion Awareness and Skills item “Work effectively in a research
environment with individuals whose personal backgrounds are
different from your own,” one item from the Researcher Iden-
tity subscale (“Call themselves a researcher when talking to oth-
ers”), and one item from the Practical Research Skills subscale
(“Do experiments”). Further examination of these items
revealed that Cronbach’s alpha would improve if the items were
removed from the Equity and Inclusion Awareness and Skills
and Researcher Identity subscales and that the interitem cor-
relation for the practical research skills item was comparatively
low. The Professional and Career Development Skills item
removed from the trainee survey was removed here as well to
improve the alpha for the subscale. The final fit statistics for the
mentor version of the ERLA with these four items removed was
¥2(1013) = 2306.844, p < 0.001; x%/df = 2.28; RMSEA = 0.064.
90% CI [0.061; 0.068]; CFI = 0.949. Similar fit statistics were
found when “did not observe” responses were treated as miss-
ing, x2(1013) = 2370.431, p < 0.001; y?/df = 2.34; RMSEA =
0.066; CFI = 0.961. Factor loadings and Cronbach’s alpha val-
ues for the subscales of the final trainee and mentor surveys are
presented in Table 6; item factor loadings of the mentor version
of the ERLA with “did not observe” treated as missing are pre-
sented in Supplemental Table S2; intercorrelations between
subscales of the ERLA are presented in Supplemental Tables
S3.1 and S3.2. For trainees, correlations of subscales ranged
from 0.643 to 0.970; for mentors, correlations of subscales
ranged from 0.493 to 0.975.

Convergent Validity Evidence. Correlations between each of
the subscales of the ERLA and trainees’ and mentors’ percep-
tions of the research experience and overall quality of the men-
toring relationship are presented in Table 7. For trainees and
mentors, all seven subscales of the ERLA were significantly and
positively related to both overall ratings of the research experi-
ence and ratings of the quality of the mentoring relationship.

Alignment Analyses. Research training program directors may
use the ERLA with pairs of mentors and trainees to examine
trainees’ perceived gains compared with their mentors’ assess-
ments of the trainees’ gains. Therefore, we also examined the fit
of a seven-factor model for trainees that included only the items
that align with the 47-item mentor version of the instrument.
The fit statistics for the aligned scale were 2(1013) = 2828.499,
p<0.001; x*/df=2.79; RMSEA = 0.060, 90% CI [0.058, 0.063];
CFI = 0.958. The final factor loadings for the aligned version of
the trainee scale are presented in Table 6.

To investigate whether alignment of trainee- and mentor-re-
ported gains differed across the different areas of trainee devel-
opment, we used a subset of paired mentor-trainee responses
from our sample (n = 121). We examined the average subscale
scores for mentors and their trainees, using only the items that
were common across both surveys and calculated the extent to
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TABLE 6. Entering Research Learning Assessment (stage 4): Final items and results of confirmatory factor analysis?

Subscale and
item number

Item

Internal consistency and
factor loadings

T

M

Trainee (T)

Mentor (M)

T

T

aligned

M

Research Comprehension and Communication Skills

1

25

14

24

44

19

28

45

29

13

41

34

1

22

12

21

39

16

25

40

26

11

36

31

Understand the theory and concepts guiding
your research project.’

Communicate the context, methods, and
results of your research.

Tailor your research communications for
different audiences (e.g., general public,
disciplinary conference)

Use logic and evidence to interpret data.
Use logic and evidence to build arguments
and draw conclusions from data.
Communicate the relevance of your research
to others.

Analyze data.

Work in the research environment
comfortably.

Accept and use criticism of your research to
improve your research.

Understand that the process of discovery is
iterative and never ending.

Demonstrate understanding and comprehen-
sion regarding your research project.

Ask questions to clarify your understanding of
your research project.

Align your research experience goals and
expectations with your research mentor’s.4

Practice regular and open communication
with your research mentor.

Practice regular and open communication
with your research team members.

Understand the theory and concepts guiding
their research project.

Communicate the context, methods, and
results of their research.

Tailor their research communications for
different audiences (e.g., general public,
disciplinary conference).

Use logic and evidence to interpret data.
Use logic and evidence to build arguments
and draw conclusions from data.
Communicate the relevance of their research
to others.

Analyze data.

Work in the research environment
comfortably.

Accept and use criticism of their research to
improve their research.

Demonstrate understanding that the process
of discovery is iterative and never ending.
Demonstrate understanding and comprehen-
sion regarding their research project.

Ask questions to clarify their understanding of
their research project.

Align their research experience goals and
expectations with your goals and
expectations.

Practice regular and open communication
with you.

Practice regular and open communication
with your research team members.

a=0.95 =095 o=0.94

0.748

0.848

0.723

0.852

0.876

0.780

0.692
0.904

0.858

0.821

0.807

0.786

0.847

0.698

0.793

0.747

0.850

0.720

0.851

0.875

0.782

0.690
0.904

0.858

0.819

0.810

0.787

0.848

0.700

0.792

0.806

0.851

0.649

0.845

0.904

0.776

0.711
0.849

0.792

0.801

0.828

0.775

0.792

0.786

0.788

Practical Research Skills

=092 =092 o=0091

10 8 Design a research project. Design a research project. 0.685 0.683 0.818

18 15 Keep detailed research records (e.g., a lab/ Keep detailed research records (e.g., a lab/ 0.687 0.683 0.674
field notebook).¢ field notebook).

47 41 Conduct a research project. Conduct a research project. 0.841 0.839 0.847

15 — Do experiments. 0.627

30 27 Collect data. Collect data. 0.786 0.781 0.682

21 18 Use the tools, materials, and equipment Use the tools, materials, and equipment 0.813 0.810  0.787
needed to conduct research. needed to conduct research.

31 28 Understand the safety precautions relating to ~ Demonstrate understanding of the safety 0.756  0.748  0.679
your research. precautions relating to their research.

37 33 Work effectively with the subject of study Work effectively with the subject of study 0.829 0.826 0.814
(e.g., mathematical models, mice, plans, rock  (e.g., chemicals, mathematical models, mice,
formations). plants, rock formations).

12 10 Formulate a research question/hypothesis. Formulate a research question/hypothesis. 0.795 0.794 0.798

33 30 Make a case for your research question based ~ Make a case for their research question based 0.819 0.818 0.776
on the literature. on literature.

17 14 Determine the appropriate experimental Determine the appropriate experimental 0.830 0.825 0.805
approach to investigate your research approach to investigate their research
question. question.

49 43 Determine an analysis plan/statistical Determine an analysis plan/statistical 0.725 0.720 0.796
methods to analyze your data.c methods to analyze their data.

53 47 Make detailed observations. Make detailed observations. 0.872 0.871 0.860

(Continues)
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TABLE 6. Continued

Subscale and Internal consistency and
item number Item factor loadings
T M Trainee (T) Mentor (M) T Ta“g“e " M
Research Ethics o=0.86 o=0.86 o=0.85
4 3 Identify forms of unethical practices or Identify forms of unethical practices or 0.814 0.809 0.845
research misconduct. research misconduct.
20 17 Understand the consequences of unethical Demonstrate understanding of the conse- 0.871 0.879 0.909
practices or research misconduct. quences of unethical practices or research
misconduct.
42 37 Take action to address unethical practices or Take action to address unethical practices or 0.890 0.885 0.885
research misconduct. research misconduct.
Researcher Identity =091 0=0.87 o=0.86
3 —  Think of yourself as a scientist/researcher.® 0.789
43 38 Feel like you belong in research.® Act like they belong in research. 0.899 0.883 0.903
38 —  Call yourself a researcher when talking to 0.822
others.
40 35 Behave like a researcher in your discipline. Behave like a researcher in your discipline. 0.917 0.895 0.898
11 9 Fit in with the research culture of your Fit in with the research culture of your 0.819 0.805 0.875
discipline. discipline.

32 29 Fit in with the culture of your research group.  Fit in with the culture of your research group. ~ 0.813  0.798  0.758
Researcher Confidence and Independence a=091 =091 a=0.92
22 19 Work independently on your research project.” Work independently on their research project. ~ 0.726 ~ 0.728  0.755

5 4 Determine the next steps in your research Determine the next steps in their research 0.754 0.749 0.797

project.? project.

50 44 Investigate problems when they arise in your  Investigate problems when they arise in their 0.841 0.842 0.876
research (e.g., troubleshoot). research (e.g., troubleshoot).

36 32 Confidence in conducting research.t Confidence in conducting research. 0.921 0.920 0.919

48 42 Confidence in coping with challenges when Confidence in coping with challenges when 0.873 0.875 0.887
they arise in your research project. they arise in their research project.

16 13 Confidence in staying motivated and Confidence in staying motivated and 0.829 0.828 0.809
committed to your research project when committed to their research project when
things do not go as planned. things do not go as planned.

52 46 Confidence in completing your research Confidence in completing their research 0.900 0.902 0.925

training.

training.

Equity and Inclusion Awareness and Skills
7 —  Identify the biases and prejudices that you

have about others.?

35 Identify the biases and prejudices that others

may have about you.4

Understand the impact of biases on your

interactions with others in a research

environment.

Understand how others might experience

research differently based on their identity

(e.g., race, socioeconomic status, first-genera-

tion status).

Advocate for others who may be marginalized

or excluded from the research environment.

46

51 45

26 23

0=092 =081 o=0.84

0.835
0.861
0.972
Demonstrate understanding of how others 0.847 0.875 0.938
might experience research differently based
on their identity (e.g., race, socioeconomic
status, first-generation status).
Advocate for others who may be marginalized  0.825 0.852 0.878

or excluded from the research environment.

Professional and Career Development Skills

39 34 Explore possible research career pathways.
8 6 Set research career goals.?
27 24 Develop a plan to pursue a research career
(determine the next step in your training).
23 20 Confidence in pursuing a career in research.

0=090 0=090 a=0.91

Demonstrate understanding of possible 0.910 0.908 0.892
research career pathways.

Set research career goals. 0.851 0.848 0.889
Develop a plan to pursue a research career 0.896 0.898 0.888
(determine the next step in their training).

Confidence in pursuing a career in research. 0.875 0.877 0.889

aT, trainee version of ERLA; M, mentor version of ERLA. Question stem for each item was “How much did you [your trainee] gain in your [their] ability to do the follow-
ing over the course of your [their] research experience?” Adapted items are noted by superscripts: b, URSSA (Thinking and Working Like a Scientist); ¢, URSSA (Skills);
d, MCA (Trainee adaptation); e, Estrada et al. 2011; f, URSSA (Personal Gains). The first column for trainees reports factor loadings for the full ERLA scale. The second

column (Taligncd
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) provides factor loadings for the ERLA including only items that align directly with the mentor version of the scale.
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TABLE 7. Means, standard deviations, and spearman correlations between ERLA and self-reported rating of the research experience and
overall quality of the mentoring relationship?

1 2 3 4 5 6 7 8 9 M SD
1. Research Comprehension and Communication Skills ~— — 0.846 0.464 0.865 0.891 0.521 0.696 0.600 0.679 4.13 0.76
2. Practical Research Skills 0873 — 0.510 0.811 0.816 0.545 0.674 0.549 0.624 3.85 0.90
3. Research Ethics 0.631 0.661 — 0430 0.396 0.687 0.412 0.293 0.325 2.86 1.37
4. Research Identity 0.824 0.811 0.596 — 0.814 0.439 0.680 0.586 0.666 4.05 0.95
5. Researcher Confidence and Independence 0.888 0.873 0.609 0.848 — 0.476 0.673 0.582 0.664 4.10 0.87
6. Equity and Inclusion Awareness and Skills 0.615 0.603 0.775 0.563 0.600 — 0.408 0.258 0.315 294 1.50
7. Professional and Career Development Skills 0.746 0.718 0.593 0.811 0.760 0.573 —  0.434 0.575 3.65 1.19
8. Research Experience 0.563 0.488 0.335 0.505 0.525 0.280 0.446 — 0.778 4.35 0.87
9. Relationship Quality 0.511 0.465 0.278 0.444 0.481 0.255 0.401 0.744 — 4.34 0.86
M 419 399 350 393 409 341 377 450 444
SD 069 076 1.08 0.87 0.78 110 1.01 090 0.89

Pairwise intercorrelations for trainees (N = 482-490) are presented below the diagonal, and intercorrelations for mentors (N = 182-309) are presented above the
diagonal. Due to a survey error, several mentors were not presented with the research experience question. Responses for ERLA subscale could range from 1 (no gain)
to 5 (great gain). Reponses to research experience and relationship quality could range from 1 (poor) to 5 (excellent). All correlations were statistically significant,

p <0.001.

which mentors and trainees scores aligned by subtracting the
trainee scores from the mentor scores on each of the ERLA sub-
scales and examining Spearman correlations between trainees’
and mentors’ scores. A positive difference score indicated that
mentors rated trainee gains higher than the trainee, while a
negative score indicated that the trainee rated the gains higher
than the mentor rated the trainee’s gains. Trainee-mentor pairs
who were within an absolute value of 0.50 difference between
scores were considered aligned. A positive, statistically signifi-
cant correlation would indicate that trainees and mentors rate
trainees’ skill gains similarly.

Figure 2 shows that higher percentages of trainee-mentor
pairs in our sample were more closely aligned on their assess-
ment of trainee gains related to Research Comprehension and
Communication Skills, Practical Research Skills, Researcher
Identity, and Researcher Confidence and Independence, while
misalignment was more frequent in assessing trainees’ gains
related to Research Ethics, Equity and Inclusion Awareness and
Skills, and Professional and Career Development Skills. In cases
in which trainees’ assessment of their gains differed from their
mentors’ assessments, it was most often the case that a mentee
rated his or her gains higher than his or her mentor’s observa-
tion of gains.

Overall, Spearman correlations between trainees’ and men-
tors’ ratings of trainees’ skills showed low correlation coeffi-
cients (=0.009 < p £0.216), though two relationships were sta-
tistically significant: trainees’ and mentors’ ratings of trainee
Research Comprehension and Communication Skills and
Researcher Confidence and Independence (p = 0.183 and p =
0.216, respectively; p < 0.05; Supplemental Table S4). A more
in-depth explanation of the implications of trainee-mentor
alignment on the ERLA is presented in the Supplemental Mate-
rial (see Analysis of Trainee/Mentor Alignment on ERLA as
Predictive of Research Trainee Outcomes and Tables S5-S11).

DISCUSSION

The Entering Research Learning Assessment (ERLA), a new sur-
vey instrument for use with undergraduate and graduate
research trainees and their mentors, was created using an itera-
tive process of development, refinement, and collection of
validity evidence. The ERLA scales are based on an evi-
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dence-based conceptual framework of seven areas of trainee
development derived from the research literature (Branchaw
et al., 2020) and aligned with the recommendations of two
National Academies reports on STEM undergraduate research
experiences and graduate education (NASEM, 2017, 2018).
Items and scales from existing instruments with validity evi-
dence were leveraged to create ERLA, which provides a more
comprehensive assessment of trainee learning gains compared
with existing instruments and provides paired data from train-
ees and their mentors to allow alignment and comparison of
reported gains. Unlike prior instruments, the ERLA addresses
trainee growth in the areas of equity and inclusion and research
ethics, both of which were identified as important to STEMM
trainee development and success in the National Academies
reports (NASEM, 2017, 2018) but have been infrequently mea-
sured in comprehensive assessments of research trainees. The
ERLA can be used by any research training program interested
in assessing trainee learning across the seven areas of trainee
development, not only by those using the Entering Research cur-
riculum in their program.

Evidence of Validity
Multiple types of validity evidence were collected, including
evidence based on test content, internal structure, and conver-
gent validity evidence, as well as evidence of internal consis-
tency for the trainee and mentor versions of the ERLA.
Evidence based on test content assesses the extent to which
an instrument relates to the construct(s) it intends to measure.
The Standards for Educational and Psychological Testing note
that evidence based on test content “can include logical or
empirical analyses of the adequacy with which the test content
represents the content domain and the relevance of the content
domain to the proposed interpretation of test scores” (AERA
et al., 2014, p. 14). Validity evidence based on test content is
provided through ERLAs alignment with the areas of trainee
development and meta-learning objectives in the evi-
dence-based Entering Research conceptual framework. Using a
backward design approach, we first developed the meta-learn-
ing objectives used to frame the Entering Research curriculum
based on feedback from a community of STEM practitioners,
from key themes identified in the literature, and from the
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Percentage of Pairs
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FIGURE 2. Degree of alignment between trainees’ self-reported gains and mentors’ assessment of trainee gains (n = 121). Alignment was
calculated by subtracting the trainee’s score for each subscale from the mentor’s score for each subscale. RCC, Research Comprehension
and Communication Skills; PRS, Practical Research Skills; RE, Research Ethics; RID, Researcher Identity; RCI, Researcher Confidence and
Independence; EIA, Equity and Inclusion Awareness and Skills; PDS, Professional and Career Development Skills.

National Academies reports (NASEM, 2017, 2018). The final
meta-learning objectives align with several goals, outcomes,
and recommendations for optimizing undergraduate and grad-
uate research training programs (NASEM, 2017, 2018), thus
providing evidence that this instrument represents key aspects
of undergraduate and graduate research experiences noted by
practitioners and the literature on research training (Table 2).

The trainee and mentor versions of the ERLA each showed
evidence of acceptable model-data fit (i.e., evidence of internal
structure) based on the 2 and y?/df ratios, CFI, and RMSEA
statistics reported for both versions of the instrument. This
validity evidence suggests that the seven-factor structure of our
instrument revealed in the EFA is a good fit to the data collected
with a separate sample in stage 4 and that our items can be
organized and scored according to the Entering Research con-
ceptual framework. We were also able to collect validity evi-
dence for internal structure for an aligned version of the ERLA
for trainees that can be paired with the mentor scale to examine
alignment between trainees’ self-reported gains and mentors’
perceptions of trainees’ gains.

Intercorrelations between each of the ERLA subscales sug-
gests that several of the ERLA subscales are highly related to
one another (see Supplemental Tables S3.1 and S3.2). Research
Comprehension and Communication Skills was highly cor-
related with the Practical Research Skills, Research Identity,
and Researcher Confidence and Independence subscales for
both trainees and mentors. This is not surprising, as mentored
research experiences provide opportunities to increase profi-
ciency in conducting, understanding, and communicating
about research, which in turn can increase researcher identity,
research self-efficacy, and independence (NASEM, 2017, 2018).

Evidence of convergent validity for both the trainee and
mentor ERLA was collected by examining the relationship
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between each of the ERLA subscales and respondents’ percep-
tions of the overall research experience and quality of the men-
toring relationship. These relationships were all significant and
positive, ranging between 0.278 and 0.563 for trainees and
0.258 and 0.679 for mentors. These relationships are similar in
direction and magnitude to the relationships between the
URSSA subscales and satisfaction reported by Weston and
Laursen (2015), which ranged from 0.27 to 0.64. These find-
ings suggest that the ERLA instrument correlates with measures
of satisfaction with the research experience and overall quality
of the mentoring relationship in a way that was expected and
that aligns with previous findings.

Internal consistency statistics for each of the seven sub-
scales were 0.81 or higher for both trainees and their mentors.
These internal consistency statistics are similar to those
reported for other instruments designed to assess research
experiences or mentoring relationships (see Table 1); how-
ever, it is important to note that many factors, including the
dimensionality of the instrument and number of items can
contribute to these statistics; thus, these numbers cannot be
used to make a direct comparison. Though we were only able
to retain two of the three items originally included in the
Equity and Inclusion Awareness and Skills subscale on the
mentor version, we were encouraged by the high level of inter-
nal consistency of these items (0. = 0.84) and believe that this
subscale shows sufficient evidence of validity to be incorpo-
rated into the instrument.

Multiple Measures of Research Trainee Learning Gains

Many assessments of trainee learning (e.g., URSSA, SURE)
provide only trainee self-assessments of learning. The mentor
version of the ERLA instrument offers research training pro-
gram directors a second measure, beyond research trainee
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self-reported data, of their research trainees’ learning gains.
Ideally, research training program directors should use multiple
measures of trainee learning gains as evidence of trainee learn-
ing and, therefore, training program effectiveness (Gonyea,
2005; Kirkpatrick and Kirkpatrick, 2016). These include trainee
self-assessments; mentor assessments of trainees; measures of
the quality and quantity of the trainees’ research products (e.g.,
papers and presentations); direct measures of trainee learning,
such as written exams to assess content knowledge or practical
exams to assess technical skills; and data that reflect satisfac-
tory progress in the research program or toward research
degree completion (e.g., passing a preliminary exam, success-
fully defending a thesis proposal). Along with the trainee and
mentor ERLA surveys, we are exploring the development of a
third, aligned ERLA survey for individuals in a trainee’s mento-
ring network. This survey could be used by individuals who
interact regularly with the trainee and are responsible for
tracking progress, such as research training program directors,
thesis committee members, and near peers. Learning assess-
ment data from these individuals would provide additional and
unique evidence of trainee learning.

Evidence from multiple measures of trainee learning gains
will not only provide strong support for effectiveness claims
about research training programs, but may also be used to eval-
uate whether research trainees are able to accurately self-assess
their own learning gains. We hypothesize that accurate assess-
ment of skills is a contributor to persistence and success in
STEMM research. In general, research trainees’ ability to accu-
rately assess their learning gains reflects the ability to be meta-
cognitive in planning, monitoring, and assessing his or her
understanding and performance (Tanner, 2017; https://cft
.vanderbilt.edu/guides-sub-pages/metacognition). Metacogni-
tion and accurate assessment of one’s capabilities has been
shown to be an important factor in students’ academic success
and performance (Countinho et al., 2005; Sitzmann and John-
son, 2012). There is also evidence suggesting that, as trainees
gain additional experience in research, their accuracy in self-as-
sessment will also improve (Panadero et al., 2016). Additional
research on how the relationship between the ERLA and key
trainee outcomes changes as a function of training stage will
yield further insight into the extent to which trainee and men-
tor assessments of trainee learning gains relate to trainee out-
comes across different stages of trainee development. The
extent to which trainee and mentor assessments of trainees’
skill gains align can serve as a starting point for trainees to
reflect on their progress and can also serve as the basis for a
conversation on trainee progress between trainees, their men-
tors, and research training program directors.

Paired Trainee—Mentor Data: What Does Alignment or
Misalignment Mean?

Beyond providing multiple measures of research trainee learn-
ing gains, the paired ERLA trainee and mentor surveys provide
the opportunity to examine whether and to what extent the
trainee and mentor assessments of the trainee’s learning gains
align or are similar. Our initial findings with a subset of paired
data from the larger sample suggest that trainees’ and mentors’
assessments of trainees’ learning gains in the area of Research
Comprehension and Communication Skills are more closely
aligned (56% of pairs) compared with other areas of trainee
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development assessed with the ERLA. The largest differences
between trainee and mentor assessments of trainee learning
gains appear in the Research Ethics and Equity and Inclusion
Awareness and Skills subscales of the ERLA. Further examina-
tion of the data revealed that many mentors selected “did not
observe” for items on both of these subscales, which contrib-
uted to comparatively lower means for mentors, because “did
not observe” is scored as “1.”

The higher instance of “did not observe” responses for the
equity and inclusion and research ethics items may reflect the
extent to which these topics are addressed in the research expe-
rience itself, where the trainee and mentor interact. Other
researchers have noted that culture and/or racial/ethnic iden-
tity are often not acknowledged or considered to be relevant to
the research experience (e.g., Davidson and Foster-Johnson,
2001; Prunuske et al., 2013). Comments from mentors during
stage 1 pilot testing of the original version of ERLA stating that
culture and/or racial/ethnic identity are not relevant to the
research experience support these findings. Similarly, the dis-
cussion of research ethics is often left to leaders of professional
development seminars, not research mentors, and ethics may
not be explicitly discussed as part of the mentored research
experience (DuBois et al., 2008; Gasparich and Wimmers,
2014). Therefore, it is not surprising that mentors frequently
reported “did not observe” for these items.

Another possible interpretation of the alignment or misalign-
ment of trainee-mentor scores may be that it reflects the quality
of the communication or alignment of expectations between
mentors and trainees. However, the context of the research expe-
rience should be taken into account when considering this possi-
ble interpretation. Variations in trainee stage, expectations for
independence, and research group climate could all influence
the degree to which alignment may occur. For example, more
advanced graduate trainees may not need a high level of over-
sight to be successful and may be able to more accurately assess
their own skills, while earlier-stage trainees may overestimate
their gains, as they are still coming to understand what is needed
to be successful in research and are unable to accurately assess
their skill levels (Kardash, 2000; Dunning et al., 2003). Mentors
who expect high levels of independence from their trainees may
check in with their trainees less frequently, thus decreasing their
ability to easily assess their trainees’ learning gains over a given
period of time. Conversely a very hands-on mentor can compare
trainees’ gains to those of previous trainees, resulting in a more
informed assessment of trainee learning.

Though more research is needed to understand the implica-
tions of trainee overassessment, existing research on overconfi-
dence yields several important considerations. Higher levels of
confidence (and therefore overassessment of skill) may also be
present among individuals who possess an entity, or fixed,
mindset about intelligence (i.e., your intelligence cannot be
changed; Ehrlinger et al., 2016). The research by Ehrlinger
et al. (2016) suggests that individuals who believe that you
either have what it takes to be a scientist or you do not (i.e.,
having a fixed mindset) may be overconfident in their capabili-
ties and as a result may avoid more challenging tasks in research.
Moreover, a fixed mindset or a decrease in growth mindset is
associated with higher levels of dropout from STEM majors
(Dai and Cromley, 2014). It could be that overestimation of
skills by trainees is an indicator of fixed mindset in trainees,
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that, if caught early in the training experience, could be tar-
geted through interventions. Conversely, other researchers have
noted the benefits of overconfidence. For example, Bandura
(1997) notes moderate amounts of overconfidence in one’s
capabilities can be adaptive when individuals are faced with
new challenges. Therefore, overestimation of learning gains by
novice trainees relative to a mentor’s assessment of their learn-
ing gains may actually reflect a positive outcome. Future
research to explore these possible interpretations of the trainee—
mentor alignment (or misalignment) is planned.

Future research on ERLA will also focus on the extent to
which trainee-mentor alignment on the ERLA changes over the
course of the mentoring relationship and the predictive capacity
of alignment for longer-term trainee outcomes, such as enroll-
ment in graduate programs and scholarly productivity. In the
meantime, this aligned instrument with evidence of internal
structure and internal consistency provides a way to examine
trainees’ self-reported gains relative to their mentors’ observa-
tions of their gains in the context of a research experience.

Recommendations for Use

The ERLA surveys measure gains and are therefore designed to
be administered at the end of a research experience to collect
summative data. However, they may also be administered mid-
way through a research experience to collect formative data to
guide program adjustments in real time. Midpoint administra-
tion may be particularly useful in undergraduate research pro-
grams lasting longer than one semester and in graduate train-
ing programs, where annual collection of data would allow
program directors to track graduate student learning gains as
they progress in the program.

Though the ERLA surveys were developed and align with
the Entering Research curriculum and conceptual framework
(Branchaw et al., 2020), they can be used by any mentor, pro-
gram director, or instructor interested in assessing research
trainee learning gains in the seven areas of trainee develop-
ment. Users may use the entire instrument or opt to incorporate
individual subscales of the ERLA to assess one or more areas of
trainee development.

When interpreting survey results, program directors using the
ERLA should be aware of the extent to which each of the areas of
trainee development is addressed in the research experiences of
their trainees, either as part of the enrichment activities of a for-
mal program or as part of the mentored research experience
itself. Gains scores and differences between trainee and mentor
assessments of trainee gains should be interpreted based on
whether and to what extent the various areas of trainee develop-
ment are explicitly addressed in their programs. Although we
acknowledge that the exact skills and skill gains may look differ-
ent at different training stages, the basic skill areas in which train-
ees are expected to grow are common. In future research, we plan
to examine the extent to which the areas of trainee development
are addressed in research experiences and within the context of
trainee seminars to determine how each of these components of
the overall experience contributes to trainee gains.

Based on the results of the confirmatory factor analyses pre-
sented in this paper, we are confident that the measurement
model that treated mentors’ responses of “did not observe” the
same as “no gain” and the measurement model that treated
mentors’ responses of “did not observe” as missing both demon-
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strate acceptable model-data fit. Therefore, either approach
can be used for scoring the mentor scale. Though it is common
practice is to treat “did not observe” answers as missing, we
believe the “did not observe” responses provide important
information to practitioners interested in understanding the
quality of mentor-trainee relationships. Therefore, we recom-
mend that practitioners use the mentor version of the ERLA in
conjunction with the trainee version of the ERLA to examine
the extent to which trainees’ self-reported gains align with the
gains observed by their mentors and that they score the men-
tors’ responses of “did not observe” the same as “no gain” to
easily identify differences in trainee and mentor perceived
gains. These alignment results can be used in conjunction with
other program information (e.g., course syllabi, seminar agen-
das, other evaluation data) to ascertain whether or not research
training programs are meeting their intended goals for trainee
development. By contrast, practitioners and researchers who
are not interested in using the trainee and mentor scales
together to assess alignment or for program evaluation may
elect to treat “did not observe” responses from mentors as miss-
ing. If researchers and practitioners choose to do this, we sug-
gest they follow recommendations for treatment of missing
data (e.g., multiple imputation techniques) based on the extent
and nature of missing data in their sample before analyzing
their data.

A copy of the scale manual for the ERLA, with example sur-
veys and scoring instructions, is included in the Supplemental
Material for this paper and with the Entering Research curricu-
lum (Branchaw et al., 2020). Additionally, the ERLA instrument,
along with tools to evaluate research training programs, are
preloaded into surveys hosted by the Wisconsin Institute for
Science Education and Community Engagement (WISCIENCE;
(https://wiscience.wisc.edu/program/evaluating-entering-
research). These surveys are administered by WISCIENCE on
behalf of research training programs and aggregated reports of
data, including comparisons of mentor and trainee ERLA data,
are provided.

Limitations

The ERLA provides two sources of data to assess trainee learn-
ing gains: self-assessment data from the trainee and mentor
assessment data. Ideally, as outlined in the Discussion, other
objective forms of data should be collected to contextualize and
inform the interpretation of the ERLA data. The ERLA instru-
ment, like other commonly used assessments of research expe-
riences (e.g., URSSA), measures trainee gains at one point in
time. Therefore, the data collected with ERLA provide a snap-
shot and should be interpreted within the context in which they
were collected. For example, a trainee who reports “no gain” on
a particular item or a comparatively low mean on a subscale of
the ERLA may have chosen that option because the topic was
not addressed or because he or she was already proficient in the
area. ERLA users need to consider their trainees’ career stages
and prior research experiences and the topics addressed in their
training seminars when interpreting results.

We were not able to ascertain the extent to which trainees
who completed the ERLA in stages 2 and 4 were engaged in
training programs compared with those engaged in mentored
research without the support of a structured training program.
Future research examining gains of trainees in formal research
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training programs compared with those not engaged in formal
programs could shed light on the importance of formal pro-
grams in supporting trainee development, particularly in the
areas of equity and inclusion and research ethics.

Though we have presented robust validity evidence for
ERLA, further evidence should be collected with more diverse
populations of trainees and at various undergraduate and grad-
uate career stages. Specifically, although initial evidence for
content validity was provided through the alignment of items to
the Entering Research conceptual framework, review by a panel
of experts would provide additional evidence of validity based
on test content. Also, due to the low number of mentors of grad-
uate trainees who completed our survey at stage 4, additional
validity evidence for the mentor version of the ERLA should be
collected with mentors of graduate trainees. Additional
responses from mentors of graduate trainees could also provide
additional insight into how the length of the mentoring rela-
tionship impacts the alignment of trainee and mentor scores on
the ERLA, as graduate trainees often work with their research
mentors for longer periods of time. We were not able to present
evidence of criterion validity due to the cross-sectional nature
of the data collected thus far, and evidence of the predictive
validity of ERLA has yet to be collected, as trainees must be
tracked to document their research career trajectories and out-
comes to do this.

Collecting additional data from larger and more diverse sam-
ples will permit us to conduct additional analyses on the ERLA
using more advanced psychometric evaluation techniques, such
as those offered by item response theory (deAyala, 2009). These
techniques can provide additional insight on the relationship
between observed responses and the ERLA subscales identified
in this paper. Option response function plots could provide evi-
dence of whether response categories are being used as expected
and in the expected order. This approach will help us further
understand how the “did not observe” category is interpreted by
mentors and will yield additional insight on what number or
type of response categories are best used with research mentors.
Differential item functioning analyses could reveal whether the
instrument is operating similarly for trainees across different
racial, ethnic, and gender identities and training stages. Efforts
to collect more sophisticated evidence of validity are
underway.

CONCLUSIONS
Gathering validity evidence is an ongoing, iterative process
(Campbell and Nehm, 2013; Reeves and Marbach-Ad, 2016).
In this paper, we present initial validity evidence for internal
content, convergent validity, and evidence of internal consis-
tency for trainee and mentor versions of the ERLA and for an
aligned ERLA scale. Although more research is needed to gather
evidence of criterion validity and to investigate the role that
trainee—mentor alignment plays in predicting trainee outcomes,
the evidence provided in this paper is sufficient for program
directors to use the ERLA and interpret scores with confidence,
both independent of and in conjunction with training imple-
mentations that use the Entering Research curriculum (Branchaw
et al., 2020).

The ERLA and the validity evidence presented in this paper
move the field of research training forward for both practi-
tioners and researchers. Practitioners can use the ERLA and
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conceptual framework as a guide for choosing program activi-
ties and training that complement the research experience and
provide a holistic, trainee-centered program. This more compre-
hensive assessment of trainee learning will also be of use to
researchers who wish to examine the short- and long-term
impacts of research training experiences in relation to trainee
learning and skill gains. The ERLA extends the work of previous
researchers by providing a more comprehensive tool with which
research training program directors can assess trainee learning
and outcomes. In addition, ERLA aligns with two national,
comprehensive reports on the common elements of undergrad-
uate and graduate research training programs and training
experiences (NASEM, 2017, 2018) and explicitly assesses
trainee development in the areas of ethics and equity and inclu-
sion awareness, which were overlooked in prior comprehensive
assessments of trainee learning. The ERLA provides a tool that
is needed to assess efforts underway across the nation to diver-
sify the STEMM research workforce.
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