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ABSTRACT

Background
TENTS (Teamwork Evaluation of Non-Technical Skills) is a valuable team performance, 13 item observational
assessment tool that has been used in clinical settings, but validity and reliability have not been tested.

Objective
This study conducted validity and reliability tests on the TENTS observation tool.

Method

This study used a convenience sample of 109 teamwork event observations conducted in an academic medical
center in the United States of America (USA). Five different events were observed; new admissions, transfers to and
from other units, rapid response team events, morning rounds, and medical procedures. Exploratory factor analysis
(EFA) and confirmatory factor analysis (CFA) were conducted and the Cronbach’s alpha coefficients of the inventory
were obtained.

Result

The EFA results indicated the TENTS tool consisted of three factors; communication, leadership, and cross-
monitoring. These three factors accounted for 46.30% of the total variance and their internal consistencies
(Cronbach’s o) were .71-.79 (.88 overall).

Conclusion

TENTS is a valid and reliable instrument for observing a variety of clinical teamwork events. EFA and CFA
demonstrated that the tool is well-aligned with long-standing essential teamwork components described in the
literature and in the TeamSTEPPS™ system.
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INTRODUCTION

Several studies have identified teamwork as a crucial factor for reducing medication-related errors, improving
care quality, and patient safety (Wheeler et al 2018; Pellegrin et al 2017; Xu et al 2017; Hicksand et al 2014).
The Agency for Healthcare Research and Quality developed TeamSTEPPS™, (“TeamSTEPPS 2.0 Online” 2018
DEC) an evidence-based teamwork program that is designed to optimize patient outcomes by improving health
care professionals’ communication and teamwork skills. However, evaluating the outcomes of TeamSTEPPS™
training is difficult without a proper instrument.

The Teamwork Evaluation of Non-Technical Skills (TENTS) tool was designed and developed by Hohenhaus et
al (2008) to measure teamwork performance and has been used in clinical studies (Fraino and Sneha 2015;
Sheppard et al 2013; Mayer et al 2011). After obtaining permission from the original author (Hohenhaus
et al 2008), the original TENTS tool was modified to eliminate redundancy and add clarity to item meaning
and was used while conducting interdisciplinary team event observations during research to evaluate the
impact of TeamSTEPPS™ training. The purpose of this study is to test TENTS validity and reliability through
a literature review and factor analysis using the observation data.

BACKGROUND

There are two ways in the literature to measure teamwork. One is via the use of retrospective self-evaluation
questionnaires, the other is independent observation and evaluation of team performance during team
events. This study focuses on the independent observation and evaluation of individual or team performance.

Eleven teamwork evaluation instruments identified in the literature are listed in table 1. Most of the identified
teamwork observation tools were designed to evaluate team performance, and two tools were designed to
evaluate individual team members during team meetings (Jalil et al 2014; Lamb et al 2011).

Current teamwork observation tools have limitations. The instruments may have limited applicability to all
clinical settings. Forexample, sixinstruments are limited to use in critical care settings, such as the emergency
department or intensive care units, two are designed for use in the operating room (Hull et al 2011; Mishra
et al 2009), two are specific to meetings (Jalil et al 2014; Lamb et al 2011), and one for the delivery room
(Guise et al 2008). Also, the rating scales used in the instruments vary from one another. Some instruments
use qualitative analysis (quality of behavior), others focus on quantitative analysis (frequency of behavior),
and one focuses on both frequency and quality (Weller et al 2011). However, Weller et al (2011) only used one
question to evaluate the overall quality of the teamwork. Finally, the reliability and validity of these instruments
has not been thoroughly tested. Seven out of 11 instruments provide inter-rater reliability, but only five provide
internal consistency, only Cooper et al (2010) provided both. All instruments provide content validity, but only
two teamwork observational instruments used exploratory factor analysis (EFA) to investigate construct validity
(Kolbe etal 2013; Cooperetal 2010). The results indicated that the Teamwork in Multidisciplinary Critical Care
Tool (Weller et al 2011) has three factors and the Team Emergency Assessment Measure (Cooper et al 2010)
has one factor. Teamwork observational instruments have been tested during actual live events, video events,
simulated events (Sawyer et al 2013; Guise et al 2008; Malec et al 2007) or both video and live events (Jalil
etal 2014). Among these, actual live events are the most suitable for determining the feasibility and accuracy
of observational instruments; however, less than half of the instruments have been tested during actual live
events. Observers require focus and familiarity with an instrument when using it for evaluation during actual
live events; video events can be viewed multiple times and thus are easier to evaluate compared to actual
live events. In simulated events, team members’ actions can be anticipated, and thus simulated events are
also easier to evaluate than actual live events. Lastly, most teamwork observation instruments only partially
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measure TeamSTEPPS™ concepts. For example, the Oxford Nontechnical Skill in Operating Room (Mishra

et al 2009) focused on problem-solving and decision-making and did not focus on mutual support. Only the
Team Performance Observation Tool (Sawyer et al 2013) has been developed according to TeamSTEPPS™;

however, the Team Performance Observation Tool only tested for internal reliability and content validity.
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The TENTS does not have these limitations. It can be used in multiple settings and for multiple team events.
TENTS can be used to measure the team performance across healthcare professionals or of one health care
professional. The tool measures the quality of multiple team behaviors. Since TENTS was developed based
on the concepts of TeamSTEPPS™, this study may provide the needed construct validity by using EFA and
also convergent validity by using CFA.

INITIAL INSTRUMENT DEVELOPMENT

Salas etal (2008) identified five core concepts of teamwork; team leadership, mutual performance monitoring,
backup behavior, adaptability, and team orientation. Team leadership refers to the designated or situational
team leaders who monitor team activities, cultivate a positive team atmosphere and provide feedback to
achieve optimum team performance. Mutual performance monitoring is the ability of team members to
monitor their own and other team members’ performance. To balance self-monitoring with awareness of
others, members must understand one another’s roles and responsibilities. Backup behavior occurs when
team members anticipate and provide support to other team members. Adaptability is crucial for teamwork as
team members respond to rapidly changing and diverse situations. Finally, team orientation is a focus on the
success of the collective team that facilitates the open sharing of knowledge and opinions while incorporating
the expertise, preferences, and personal goals of all members. These five core concepts of teamwork are
aligned with the four core concepts of TeamSTEPPS™; leadership, mutual support, situation monitoring and
communication. An observation measurement tool also alighed with these concepts is needed.

The instrument was developed by Hohenhaus et al (2008) to measure four dimensions: communication,
leadership, situation monitoring, and mutual support. It contains 21 items and five scale points ranging from
“expected but not observed” (0) to “observed and good” (4). The last two of the 21 items measure overall
leadership and teamwork. These items were developed using the four core concepts of the TeamSTEPPS™
program. The instrument provides detailed expressions of the scale to enable comprehensive observation.
For example, when evaluating the difference between “observed and acceptable” (3) versus “observed and
good”(4),the description of good (4) -“the performance is consistent and can be used as a positive example
for others”, provides a clear definition to distinguish between the two scores.

METHOD

Sample and Participants

Five event types were observed and evaluated using the instrument, new admissions, transfers to and from
other units, rapid response team events, morning rounds, and medical procedures such as bronchoscope,
stomach scope or take off ECOM, etc. (see table 2).

Each event involved at least two different health care professionals. For example, new admissions usually
involved physicians and nurses familiar with each other performing an inital assessment and developing
a treatment plan. Transfers to and from other units involved physicians and nurses unfamiliar with each
other sharing information about the patient. Rapid response team events involved physicians, nurses and
a respiratory therapist responding to urgent patient situations all over the hospital and interacting with
many other unfamiliar team members. Morning rounds usually involved physicians, nurses, a pharmacist
and sometimes a nutritionist gathering daily to determine treatment and care plans for patients. Medical
procedures involved physicians, nurses and an anesthesiologist or technician forming a team again with a
mix of familiar and unfamiliar team members.
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The events were observed mostly in a pediatric intensive care unit or a surgical intensive care unit, and
rapid response team events were observed all over the hospital. The final 109 events were used for data
analysis. One observer was recruited to observe all the events. A program director periodically observed
events alongside the observer to ensure that the observer maintained the same evaluation standard for all
events. The interrater agreement was .90 at the beginning and at the middle of the observation period that
spanned one year.

Table 2: Types of observed events (N= 109)

Frequency Percent %
New admissions 59 54.1
Medical procedures 12 11.0
Morning rounds 8 2.8
Rapid response teams 16 14.7
Transfer to and from other units 19 17.4
Total 109 100.0

Procedure

Prior to beginning the analysis, four experts were invited to examine the content validity of the tool, two of
whom were clinical experts and two of whom had PhDs in nursing. Some items were deleted because of
redundancy or if they had been only rarely observed.

The remaining items were confirmed using exploratory factor analysis (EFA) and confirmative factor analysis
(CFA). EFA used principal axis factor analysis and promax rotation with Kaiser Normalization. All eigenvalues
were greater than 1.00. Items with factor loadings greater than .40 were retained and item-item and item-
total correlations were between .30 and .70 (Pett et al 2003).

Two-stage CFA, employing first- and second-order confirmatory factor models, was performed using the EFA
model to confirm the structure of the subscale produced through EFA. The model was confirmed using the
following criterion: items with factor loadings greater than .50 were considered significant. Goodness-of-fit was
defined by a normed fit index (NFI), goodness-of-fit index (GFI), comparative fit index (CFl), and Tucker-Lewis
index close to or greater than .90 (Kline 2015).

Internal consistency was confirmed using the Cronbach’s alpha coefficients of the overall scale and subscales.
Internal reliability was confirmed by a Cronbach’s alpha greater than .70 (Nunnally and Bernstein 1967). The
analyses were conducted using IBM SPSS AMOS version 18.

FINDINGS

Content Validity

Before use in the observational study and evaluation of its content validity, the TENTS tool was modified
with permission from the original author (Hohenhaus et al 2008). The experts consulted in the present
study indicated that “speak up” and “ask questions” are similar concepts and suggested deleting “speak
up.” In addition, they suggested the other three items, “support others,
“backup behavior,” are similar concepts, and thus suggested deleting two of these items. “Support others”
and “secure additional resources” were subsequently deleted. “Uses appropriate critical language,
conflict resolution,” and “debrief completed” were also deleted because they could not be observed during or

" w

secure additional resources,” and

”ou“

employs
when applied to most of the observation events. The other two items, “overall communication” and “overall

teamwork,” were notincluded in the factor analysis because they were not necessary for determining individual
factors, only for obtaining an overall rating of the events.
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Event Characteristics

The following five event types were observed: new admissions (n = 59, 54.1%), transfers to and from other
units (n =19, 17.4%), rapid response team events (n = 16, 14.7%), morning rounds (n = 3, 2.8%), and medical
procedures (n =12, 11.0%).

Exploratory Factor Analysis (EFA)

The Kaiser-Meyer-0lkin test result was greater than .60 (.87) and that of the Bartlett’s test of sphericity
was significant (x2 = 504.92, df = 78, p < .001). Both results indicated adequate sampling and a suitable
correlation matrix for EFA (Pett et al., 2003). The item measures for sampling adequacy were all higher than
.60, which also indicated adequate sampling (Pett et al 2003). In each subscale, all item loadings were
greater than .40 and item-item and item-total correlations were all between .70 and .30; therefore, no
items were deleted. The final solution was constructed based on the factors of communication, leadership,
and cross-monitoring. Communication (five items) represented all attitudes, information, and skills related to
team communication; leadership (four items) represented the leadership-related behavior of the leader; while
cross-monitoring (four items) represented the team members’ interaction behaviors. These three subscales
accounted for 37.9%, 4.3%, and 4.1% of the variance respectively (see table 3)

Table 3: Means, Standard deviation, and Pattern Factor Loadings of the TENTS

Standard Factor
Original Factor EFA factor Mean t L. t_ o
deviation Loading
Factor 1: Communication N
Communication Utilizes teamwork tools 2.70 .78 .82
Communication Sends apd receives appropriate 075 67 64
information
Communication Sends apd recelvgs information to/ 3.44 77 52
from patient/family
Communication Asks questions 3.51 155) 45
Sltu§t|op Verbalizes adjustments in plan as 343 83 43
monitoring changes occur
Factor2 : Leadership .79
Leadership Instructs as appropriate 3.28 .68 .82
Leadership Delegates as appropriate 3.10 NS .69
Leadership Establishes event leader 3.19 .73 .59
Leadership Verbalizes plap: States |r1tent|ons, 298 82 40
recommendations and timeframes
Factor 3:Cross monitoring
Situation Uses back-up behavior 3.48 63 63
monitoring
Sltugtlop Visually scans environment 2.87 .90 .59
monitoring
Mutual support Prioritizes appropriately 2.95 71 .48
Communication Utilizes feedback between team 3.05 77 e 71

members
.88

*The bold words of each item indicate the labels used in the CFA

The factor loading of “backup behavior” was lower than .50 (.46). All other items (12) were significant, with
factor loadings greater than .50. The goodness-of-fit was determined using the NFI (.85), GFI (.91), CFI (.97),
and Tucker-Lewis index (.96), all of which were close to or greater than .90 (figure 1).
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Figure 1: A second-order confirmatory factor model of the Teamwork Evaluation of Non-Technical Skills Tool
(TENTS )
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Internal Consistency

The Cronbach’s alpha coefficient was .88 for the overall scale, .77 for the first factor, .79 for the second factor,
and .71 for the third factor. Thus, internal reliability was confirmed because all Cronbach’s alpha coefficients
were greater than .70.

DISCUSSION

This study evaluated the psychometric properties of the TENTS tool. Although the original design of the tool has
four subscales (communication, leadership, situation monitoring, and mutual support), the EFA results in this
study indicated the existence of only three because of the merging of mutual support and situation monitoring.
Mutual support is defined by TeamSTEPPS™ as team members helping one another and is dependent on
information obtained through situation monitoring, which is defined as the process of scanning to observe
other team members and the environment. Although differentiating between mutual support and situation
monitoring is simple, these concepts are related in that the interaction between situation monitoring and
mutual support can be observed only when team members help or offer help. Therefore, the combination
of mutual support and situation monitoring is similar to the concept of cross-monitoring, which refers to the
process of scanning team members and their environment to assess their actions.

” u“

Threeitems—“speak up,” “secure additional resources,” and “support others”—all of which were inthe subscale
of mutual support in the Hohenhaus et al (2008) scale. “Speak up,” was deleted because of the similarity
with “ask questions”, although “ask questions” was originally below “communication” subscale and “Speak
up” was below the “mutual support/assertion” subscale. Hohenhaus et al. (2008) defined “ask questions”
as team members feeling comfortable asking questions and “speak up” as team members’ ability to express
themselves in an appropriate manner. In the observations, a questioning sentence structure was often used

to express differing views of the situation, therefore “speak up” was deleted.

“Secure additional resources” and “supportothers” were deleted because “backup behavior” represents these
aspects of supportive behavior. In addition, “secure additional resources,” “
behavior” were originally in the same subscale of “mutual support/assertion” and all involve asking for or
offering help. “Secure additional resources” refers to asking other team members for help. “Support others”
refers to providing help when helpis required by another team member (Hohenhaus et al 2008), while “backup
behavior” indicates team members’ awareness of other team members’ strengths and weaknesses and their
provision of help in a timely manner (Hohenhaus et al 2008). With three slightly different concepts, team
members engaged in cross-monitoring may accordingly backup each other, so “secure additional resources”
and “support others” may not be necessary because team members directly offer help when required. Although
the factor loading of the “back up” is .46 which is lower than .5, “back up” was retained in the model because
it encompasses how team members perform situation monitoring and provide one another needed support.
This is also considered an important factor related to cross-monitoring other team members’ behaviors.

support others,” and “backup

The CFA model identified similar underlying constructs as included in the original TENTS tool. The first construct
was communication and it contained the 4 communication variables from TENTS and supported adding the
additional “adjust change” variable that was originally included in situation monitoring. “Adjust change” is
the behavior of team members thinking out loud to communicate while confirming a shared mental model as
the event unfolds. The verbalization aspect of adjust change fits the communication construct. The construct
of leadership contained the same variables as those in Hohenhaus et al (2008). The third construct, cross-
monitoring, was similar to situation monitoring in the original TENTS. However, cross-monitoring considered
not only situation monitoring but also all team members monitoring each other. Therefore, “prioritize” and
“offer feedback” fit into this subscale.
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TENTS has been successfully used to evaluate teamwork events in pediatric and surgical intensive care
units and rapid response team events in a variety of hospital settings in real time. Although some items
were deleted for being too similar to other items, the remaining items enabled the observer to better detect
teamwork behaviors. During real-time events, a teamwork observer must immediately distinguish and score
a team member’s behaviors. This study’s reduction of the number of items in TENTS enabled the observer
to concentrate on team behavior performance rather than distinguish between various behaviors, thereby
minimizing interrater bias and ensuring consistency. This study recruited only one observer and initially used
interrater reliability to distinguish between the observer and program manager. The interrater agreement was
.90 at the beginning and in the middle of this study.

LIMITATIONS

TENTS can only evaluate the performance of non-technical team skills and not that of clinical skills.
Communication with patients or their family members is crucial for patient safety and can be enhanced
through teamwork (Xu et al 2017). The original observation events were deleted when patient interaction was
not possible and resulted in a smaller sample size. Most of the existing teamwork observational instruments
were tested in intensive care units, the emergency care unit, or operating rooms (Hull et al 2016; Kolbe et
al 2013; Weller et al 2011). TENTS also was tested mostly in intensive care units with a small number of
events observed in general care units.

CONCLUSION

This paper reports on testing the TENTs using 109 event observations. A structure of content validity,
reliability, EFA, and CFA was undertaken. To the best of our knowledge, this was the first study to use CFA
to test a teamwork observational tool although the sample size was relatively small. The reduced number
of items in the TENTS tool facilitated the observation of teamwork in this study. Findings indicate TENTS
accurately measures the essential components of teamwork as described in the literature and emphasized
in TeamSTEPPS™ and can be used in a variety of settings. A recommendation for future research is to test
the use of TENTS as a measurement tool during interprofessional interactions with patients and their family
members in general care settings.
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