ORIGINAL RESEARCH

Development and Validation of a Theory-Informed
Group Learning Environment Assessment Tool for
Graduate Medical Education Programs

Cristina E. Welch, MD

Melissa M. Carbajal, MD

Shelley Kumar, MS, MSc

Satid Thammasitboon, MD, MHPE

ABSTRACT

Background Recent studies showed that psychological safety is important to resident perception of the work environment, and
improved psychological safety improves resident satisfaction survey scores. However, there is no evidence in medical education
literature specifically addressing relationships between psychological safety and learning behaviors or its impact on learning
outcomes.

Objective We developed and gathered validity evidence for a group learning environment assessment tool using Edmondson’s
Teaming Theory and Webb's Depth of Knowledge model as a theoretical framework.

Methods In 2018, investigators developed the preliminary tool. The authors administered the resulting survey to neonatology
faculty and trainees at Baylor College of Medicine morning report sessions and collected validity evidence (content, response
process, and internal structure) to describe the instrument’s psychometric properties.

Results Between December 2018 and July 2019, 450 surveys were administered, and 393 completed surveys were collected (87%
response rate). Exploratory factor analysis and confirmatory factor analysis testing the 3-factor measurement model of the 15-item
tool showed acceptable fit of the hypothesized model with standardized root mean square residual = 0.034, root mean square
error approximation =0.088, and comparative fit index =0.987. Standardized path coefficients ranged from 0.66 to 0.97. Almost all
absolute standardized residual correlations were less than 0.10. Cronbach’s alpha scores showed internal consistency of the
constructs. There was a high correlation among the constructs.

Conclusions Validity evidence suggests the developed group learning assessment tool is a reliable instrument to assess
psychological safety, learning behaviors, and learning outcomes during group learning sessions such as morning report.

Introduction hierarchy, can make disclosing medical errors and
knowledge deficits challenging.’*®

Although there is extensive evidence that shows
psychological safety improves team performance in
the business literature, there is limited evidence in
medical education. Studies suggested psychological
safety may be relevant to resident perception of
clinical experiences,' and it correlates with resident
satisfaction survey scores.” Additionally, one study
reported “toxic” work environments—*(negative)
interactions with faculty/attendings” and “attendings
who berate resident physicians”—as the most critical
factor influencing medical trainee burnout.® Others
have highlighted ensuring the psychological safety of
learning environments as a key factor in facilitating
learning.”

We posit that psychological safety experienced by
medical trainees and faculty is an essential, but
currently overlooked, component for assessing quality
of group learning environments such as morning
report. Using Teaming Theory as part of our
theoretical framework,*'” we aimed to develop a
DOI: http://dx.doi.org/10.4300/JGME-D-19-00748.1 tool to assess the group learning environment

Psychological safety has recently garnered more
attention within medical education, as it has been
shown to improve residents’ perception of their work
environment.' It refers to the perception that a learner
is free to take interpersonal risks such as reporting
mistakes or problems, or sharing new ideas without
feeling they will be penalized for highlighting their
vulnerability."* Early work by Edmondson showed
that observed medical teams displaying higher levels
of teamwork disclosed more medical errors in order
to encourage learning and improvement.” These
observations led to the development of “Teaming
Theory” in which psychological safety and team
learning behaviors are core constructs.” Although
learners in any environment naturally seek to
minimize interpersonal risks, environments like
morning report (typically a case-based teaching
session for faculty and trainees at academic institu-
tions*), which are marked by constant evaluation and
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experienced during a morning report, including its
impact on learning outcomes, and to gather validity
evidence to support the interpretation of the results
derived from this tool.

Methods

We used a systematic approach to survey creation to
develop our group learning environment assessment
tool and Messick’s framework to guide the accrual of
validity evidence to support the interpretation of
assessment results.''™'* Content and response process
evidence was obtained during tool development.
Internal structure evidence was obtained through
psychometric evaluation.

Tool Development and Theoretical Framework

First, we affirmed the need for assessing psychological
safety within the Baylor College of Medicine neona-
tology section through a comprehensive review of the
literature, ™>>%%1417 informal interviews with fel-
lows and personal communication with faculty and
experts on medical education and teamwork within
and outside of the institution, and a review of our
Accreditation Council for Graduate Medical Educa-
tion survey results from 2016 to 2018. Through an
iterative process by investigators and experts, we
developed a theoretical framework (FIGURE 1) based on
synthesis of the literature using a “Teaming” theory
(team psychological safety and team learning behav-
iors models®) as well as the addition of Webb’s Depth
of Knowledge model."® Edmondson defines team
psychological safety as “a shared belief that the team
is safe for interpersonal risk taking” and team learning
behaviors as “an ongoing process of reflection and
action, characterized by asking questions, seeking
feedback, experimenting, reflecting on results, and
discussing errors or unexpected outcomes of actions.”
Together, the team psychological safety and team
learning behaviors delineate desirable learning attri-
butes of interest. The depth of knowledge model offers
a framework for learning outcomes and requires
learners to demonstrate their level of understanding
and their ability to transfer knowledge between
various contexts (ie, morning report to the bedside).
This theoretical framework guided the tool devel-
opment. Item creation was based on Edmondson’s
prior psychological safety survey,® which resulted in
18 items covering 3 domains: team psychological
safety, team learning behaviors, and depth of knowl-
edge. Each item was written as a short phrase asking
participants to respond on a S-point Likert scale. To
ascertain content validity, the tool went through an
iterative process using expert consensus of faculty in
the pediatric sections of neonatology, critical care,
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What was known and gap

The literature demonstrates psychological safety is important
to resident perception of the work environment and can
enhance resident satisfaction survey scores. However, there
is no evidence in medical education literature specifically
addressing relationships between psychological safety and
learning behaviors or its impact on learning outcomes.

What is new
A group learning environment assessment tool using
Edmondson’s Teaming Theory as a framework.

Limitations

Single center study which limits generalizability. Survey
relied on self-reported data and may have also been
influenced by social desirability and acquiescence biases.

Bottom line

The tool is a reliable instrument to assess psychological
safety, learning behaviors, and learning outcomes during
group learning sessions.

hospital medicine, and medical education. In total, we
reworded 3 items and added 3 items. Cognitive
interviews with end users to assess response process
validity were performed. Ten faculty members (neo-
natology, hospital medicine, critical care) and 10
fellows (neonatology, cardiology and critical care)
offered feedback on clarity, understanding, and
interpretation of tool items and format. As a result,
examples were added to each item in the depth of
knowledge domain. The tool was then piloted in
December 2018 and revised before administration via
paper form.

Setting and Participants

After development, the tool was administered to the
neonatology section morning report participants
using purposive sampling of morning report on day
5 and 26 of each 4-week service block as well as 2 to 3
additional randomized days during each block. The
study period began in December 2018 and concluded
in July 2019. Morning report is hosted daily from
8:00 to 8:45 am where the post-call fellow presents
overnight admissions and any active or clinically
challenging patients. It serves as an overnight handoff
to the day team and offers opportunities to review
imaging and discuss diagnostic and clinical challeng-
es. Participants include on-service fellows, faculty,
radiologists, and other learners (off-service fellows
and faculty, medical students, and neonatal nurse
practitioners). At the conclusion of morning report,
participants were invited to complete the tool
reflecting on their experiences during the session.

Psychometric Evaluation

We conducted exploratory factor analysis (EFA) to
examine the factor structure. Confirmatory factor
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analysis (CFA) was then performed to assess how well
our final model fits the data, followed by measure-
ment of internal consistency (Cronbach’s alpha, inter-
factor correlations, and item-total correlations) to
determine validity evidence for internal structure.
Sample size was determined using the items-to-
participants criterion due to lack of a priori knowl-
edge of communalities. We aimed for 180 minimum
responses for EFA (10 participants per item) and 200
minimum responses for CFA.'?° Kaiser-Meyer-Ol-

kin measure was used to determine sample adequa-

ey 2!

Exploratory factor analysis determined whether the
tool items intended to assess the proposed 3 domains
would load on their respective factors. Estimation of
factors was done with weighted least squares means
and variance adjusted estimator and rotated with an
Oblimin (Geomin) rotation that provided the best-
defined factor structure. We planned a priori to
interpret an item as loading on a factor if the rotated
factor pattern loading was > 0.50 for that factor.?*

Confirmatory factor analysis was then conducted to
assess how well the model fits another set of data.
Multiple fit indices, measuring the degree to which
the factor model reproduced the empirical covariance
matrix, were computed based on the recommended
cutoffs. Cronbach’s o coefficient was calculated to
determine internal consistency of items within a
factor (> 0.7 satisfactory).”> Homogeneity of factors
was examined using item-total correlations (> 0.40
indicate all item are positively correlated).”* In
addition, all corrected item-total correlations were
assessed, with scores above 0.2 indicating an accept-
able correlation between each item and the overall
score. Statistical significance was set at P <.05.

We performed factor analyses on Mplus version 8.3
(Muthén & Muthén, Los Angeles, CA) and used SPSS
25.0 (IBM Corp, Armonk, NY) for assessing internal
consistency and Kaiser-Meyer-Olkin Measure of
Sample Adequacy.

The Institutional Review Board of Baylor College
of Medicine approved the study.

Results

The tool comprises 3 domains: team psychological
safety, team learning behaviors, and depth of knowl-
edge (FIGURE 2). We administered 450 surveys and
received 393 completed surveys (87% response rate)
from 25 morning report sessions. The Kaiser-Meyer-
Olkin of 0.87 (> 0.6) indicated sample adequacy for
EFA, and EFA on the first 190 responses suggested 3
factors based on Eigenvalue (> 1) and scree plot.
Given very high cross-loadings on team psychological
safety items 6 and 7, both were deleted to reduce
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FIGURE 1
Theoretical Framework of Group Learning
Environment Assessment Tool

Note: Theoretical framework derived from Edmonson’s work® proposes a
link between psychological safety, learning behaviors, and learning
outcomes. In this framework, learning is optimized by promoting 5 core
learning behaviors among learners: feedback seeking, help seeking,
speaking up about concerns and mistakes, innovation, and boundary
spanning.® Given that there is no consensus regarding what learning
outcomes are expected for morning report in the literature, we chose to
use Webb's depth of knowledge levels'* as a framework to operationally
define differing levels of knowledge gained during a morning report. The
levels vary sequentially and in increasing knowledge depth from recall and
reproduction (What is the knowledge?); skills and concepts (How can the
knowledge be used?); strategic thinking (Why can the knowledge be
used?); and extended thinking (How else can the knowledge be used?).'

redundancy among the items. Due to very high
correlation coefficient (0.9) between depth of knowl-
edge items 3 and 4, item 4 was removed as we learned
that many respondents had difficulty answering it.
The rotated factor loadings are presented in TABLE 1.
The high loadings (> 0.5) for all factors indicated a
pivotal relationship between the factor and vari-
able.”> All items were clustered with like items
consistent with the proposed 3 domains.
Confirmatory factor analysis on the remaining 203
observations showed acceptable to excellent fit
indices of the 3-factor model: standardized root mean
square residual of 0.034 (< 0.055 = ideal®®), root
mean square error of approximation of 0.088 (0.08-
1.0 = mediocre), and comparative fit index of 0.987
(> 0.96 = excellent®®). These findings indicate that
the overall structure of the model fits the data.
Structural equation modeling provided standardized
path coefficients and significance levels for parameter
estimates of the associations as shown in FIGURES 3a
and 3b. The results indicate significant effect of team
psychological safety on team learning behaviors (B =
0.75, P < .0001) and significant effect of team
learning behaviors on depth of knowledge (B =
0.66, P < .0001). Team psychological safety has no
significant effect on depth of knowledge (B =0.143, P
= .09), so that path was excluded from the final
model. All path coefficients were high (0.66 to 0.97)
with favorable t values (> 2.58) supporting the 3-
factor model.”> Almost all standardized residual
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Please rate whether the following statements are accurate or inaccurate descriptions of the Strongly | Strongly
social climate of today’s morning report. Disagree Agree
When someone makes a mistake, it is often held against him or her. 1 2 3 4 5
It is easy to discuss difficult issues and problems. 1 2 3 4 5
Participants are sometimes rejected for having different opinions. 1 2 3 4 5
It is completely safe to take a risk in discussion. 1 2 3 4 5
It is difficult to ask other participants for help. 1 2 3 4 5
No participant deliberately undermines another participant. 1 2 3 4 5
Participants value and respect each other’s' contributions. 1 2 3 4 5
How often did you observe the following behaviors demonstrated during today’s morning Rarely -« » Very
report? Frequently
Participants seek feedback from one another through discussion. 1 2 3 4 5
Differences of opinion are handled as teaching opportunities. 1 2 3 4 5
Problems/errors are communicated appropriately so that ongoing issues are addressed. 1 2 3 4 5
Participants seek new information that leads to important changes in our plans/work processes. 1 2 3 4 5
Participants talk about mistakes or misconceptions and their potential solutions. 1 2 3 4 5
Participants raise concemns they have about plans or decisions. 1 2 3 4 5
Multidisciplinary views are presented and discussed. 1 2 3 4 5
At the end of today’s moming report, how confident are you in completing the following Notatall | «— —— Very
tasks related to the cases presented? Confident Confident
State medical facts, principles or rules pertinent to the clinical scenario(s) presented. 1 2 3 4 5
Example: time constant = compli X resi e
Explain how concepts and skills can be used to solve the clinical scenario(s) presented.
Example: Babies with RDS have a short time constant, this is because they have decreased 1 2 3 4 5
|__lung compliance.

Draw conclusions from observations/reasoning/evidence discussed, and apply them to variations of the
same clinical scenario(s). 1 2 3 4 5

Example: Last time | treated RDS, | used a fast rate with a short iT because they have

| decreased lung compliance. This new baby has RDS, let’s use a fast rate and short iT.

Formulate generalized knowledge and strategies, and apply them to solve different clinical scenario(s).

Example: Fast rates and short iT work for RDS because they have a short time constant and 1 2 3 4 5

decreased lung compliance. If infants with BPD have longer time constants and increased

resistance, then maybe a slower rate with a longer iT will be a good ventilation strateqy to try.

FIGURE 2

Group Learning Environment Assessment Tool for Morning Reports

Note: The team psychological safety (7-item, 5-point agreement scale) assesses the extent to which individuals view the learning environment as
conducive to interpersonal risk; the team learning behavior (7-item, 5-point frequency scale) assesses the extent to which individuals engage in desirable
learning behaviors according to team psychological safety; and the depth of knowledge (4-item, 5-point confident scale) assesses the products of
learning.

TABLE 1
Rotated Factor Loadings From Exploratory Factor Analysis for Final 15 Items in the Tool®
Factor 1: Factor 2: Factor 3:
Abbreviated Tool Item Psyc.ll-le:lc':;ical L:::I?:‘g De:;th
Safety Behavior Knowledge

Mistake held against individual® 0.758° -0.026 0.157
Easy to discuss issues and problems 0.540 0.361 0.038
Rejected for having different opinions® 0.935 0.020 0.034
Completely safe to take risk in discussion 0.601 0.453 -0.022
Difficult to ask other participants for help® 0.655 0.178 -0.029
Participants seek feedback from one another 0.025 0.720 0.033
Difference of opinion held as teaching opportunity 0.177 0.769 0.016
Problems/errors are communicated appropriately 0.037 0.872 -0.008
Participants seek new information 0.038 0.792 0.016
Participants talk about mistakes or misconceptions -0.165 0.858 0.010
Participants raise concern about plans or decisions -0.103 0.978 -0.132
Multidisciplinary views are presented 0.011 0.893 0.008
State medical facts, principles, or rules -0.010 0.071 0.920
Explain how concepts and skills can be used -0.010 -0.023 1.004
Draw conclusions from observations/reasoning/evidence discussed -0.005 0.073 0.921

@ Based on the responses of 190 Baylor College of Medicine neonatology faculty, trainees, and medical students.
® Items 1, 3, and 5 were reverse coded.
 Bold fonts indicate the items in each factor that had factor coefficients greater than 0.50.
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FIGURE 3A
The Hypothesized Model of Group Learning Environment Assessment Tool

Note: Hypothesized model for the tool. The 3 domains—team psychological safety, team learning behaviors, and depth of knowledge—assess the
extent to which individuals view the learning environment as conducive to interpersonal risk, the extent to which individuals engage in desirable
learning behaviors, and the products of learning respectively.

FIGURE 3B
The Best Fit Model of Group Learning Environment Assessment Tool

Note: Final fitted model had 5 manifest variables for team psychological safety, 7 for team learning behavior, and 3 for depth of knowledge. Parameters
expressed as maximum likelihood estimates (standardized path coefficients). Parenthetical numbers indicate associated t values for standardized path
coefficients (All t values are significant at the .01 level because their absolute value exceeds 2.58). Standardized path coefficient can be interpreted as
following. For example, the standardized path coefficient for the effect on team learning behavior on depth of knowledge is 0.66 (t =18, P < .01). This
means there is an increase of 0.66 standard deviation in depth of knowledge for an increase of one standard deviation in team learning behavior, while
holding constant the effect of the other independent variable.

correlations were small (< 0.10),%° indicating a good Discussion
fit of the model.

Factor descriptives, Cronbach’s alpha, and inter-
factor correlations are given in TABLE 2. Cronbach’s ment tool using “Teaming™ theory as a theoretical
alpha values for all 3 factors indicated good to framework. The tool content was guided by this
excellent internal consistency reliability (> 0.8). The framework based on 3 existing domains: team
correlations among the 3 factors was high, ranging psychological safety,’ team learning behaviors,” and
from 0.66 to 0.70. For each of the 15 retained items, depth of knowledge.'® Through the development

We developed a group learning environment assess-

item-total score correlations were positive and signif-
icant (P <.001), affirming significant contribution of
each item to the total score of the tool.

process and psychometric evaluation, we gathered
validity evidence pertaining to content, response
process, and internal structure.’® To our knowledge,
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TABLE 2
Factor Descriptives and Internal Consistency for Final 15 Items of the Tool®
Cronbach’s Inter-Factor Range of Corrected
R (U, 7 e L LEE ) Alpha Correlations® 1 2 3 Item-Total Correlations®
Team psychological safety (5) 4.05 (1-5) 0.87 1 0.62-0.77
Team learning behavior (7) 4.08 (1-5) 0.92 0.70 1 0.65-0.85
Depth of knowledge (3) 3.97 (1-5) 0.93 0.66 0.70 1 0.80-0.90

@ Based on the responses of 203 Baylor College of Medicine neonatology faculty, trainees, and medical students.

® Inter-factor correlations are reported along the major diagonal.

€ None of the corrected item-total correlations were less than 0.50, indicating that all items correlate very well with the subscales.

this is the first study offering empirical evidence in
medical education addressing psychological safety
and learning behaviors and outcomes in group
learning sessions. Although the setting of this study
is a morning report session, the systematic approach
we described can be used to guide an adaptation of
the instrument for other forms of group learning
sessions (case conferences, morbidity and mortality
conferences, bedside teaching, etc) in medical training
that require an educational dialogue®” to facilitate
optimal learning. We propose this tool can be
administered to faculty and trainees to assess the
quality of group learning conferences and inform
program improvement efforts. We suggest adminis-
tering the tool 2 to 4 times per year or as needed to
assess psychological safety within these sessions.

Psychological safety is a vital component to group
learning and team behaviors.'* It allows learners to
take interpersonal risks, exhibit curiosity, ask ques-
tions, and show their vulnerabilities of knowledge
deficits.® In a recent qualitative study in medical
education, safe learning environments not only built
trust and set clear expectations for learners, but also
encouraged critical thinking.*® Psychologically safe
environments can have profound effects on learning,
growth potential, and physician burnout, and may
help distinguish Socratic teaching from “pimp-
ing, 891728

In addition to bringing attention to psychological
safety domains for assessing education process within
medical training, this is the first study to evaluate
psychological safety at an institutional level and
examine the relationships between psychological
safety, learning behaviors, and learning outcomes
(which have been shown to be critical relationships in
organizational work teams).>*>1¢ Although we did
not find an association between team psychological
safety and depth of knowledge, this may be due to
rating errors. Upon reviewing the raw data, there
appears to be acquiescence bias in the depth of
knowledge domain (ie, giving the same rating to each
depth of knowledge item). A relative ranking scale for
this domain may have provided more accurate data
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than the Likert scale we used as this would have
encouraged participants to identify how much of each
level they perceived during morning report.

This study has limitations. Self-reporting of the
team learning behaviors and depth of knowledge
poses threats to validity. Social desirability bias,
acquiescence bias, and survey fatigue could have
influenced the results. This is a single center study,
which limits generalizability. Future studies should
investigate the impacts of psychological safety on
observed learning behaviors and performance mea-
sures. Finally, we did not include validity evidence
pertaining to relations to other variables and conse-
quences.

Conclusions

In this study, we developed a theory informed group
learning environment assessment tool. We demon-
strated acceptable validity evidence to support the use
of the tool as a means of assessing psychological
safety and its consequences—learning behaviors and
learning outcomes—during group learning sessions
such as morning report.
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