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Assessment of Scrub Practitioners’ List of 
Intraoperative Non-Technical Skills (SPLINTS) 
in an Asian Ambulatory Surgical Setting
Huey Peng Loh, MHA, BSN; Dirk Frans De Korne, PhD, MSc; Shan Qing Yin, PhD, BS; 
Emily Ang, PhD, MSN; Ying Lau, PhD, MSN

ABSTRACT
Communication and other nontechnical skills can affect the number of adverse events occurring in periopera-
tive areas. Our study assessed the properties of the Scrub Practitioners’ List of Intraoperative Non-Technical 
Skills (SPLINTS) used to assess nontechnical skills of scrub nurses in a diverse Asian ophthalmic ambulatory 
setting. We evaluated the content validation index, cultural equivalence index, concurrent validity, interrater 
reliability, test-retest reliability, internal consistency, and concurrent validity. The content validity and cultural 
equivalence indices were 0.93 and 0.91, respectively. We found that the tool showed acceptable interrat-
er reliability, acceptable test-retest reliability, and an appropriate Cronbach alpha ranging from 0.80 to 0.88. 
We found satisfactory concurrent validity between the SPLINTS and the communication and teamwork scale 
assessment (rs = 0.73, P < .001) and clinical teamwork scale (rs = 0.64, P < .001). We concluded that SPLINTS is a 
sound psychometric tool for assessing the nontechnical skills of culturally-diverse scrub persons in ambulatory 
surgery settings.

Key words: nontechnical skills, ambulatory surgery, psychometrics, behavioral assessment, direct observation.

According to The Joint Commission,1 adverse 
events in health care are unintended, and many 
are a consequence of inadequate nontechnical 

skills (NTS) of health care workers. These NTS are defined 
as cognitive, social, and personal resource skills that pos-
itively affect technical skills. Health care workers exhibit 
these skills by successful task performance.2,3 In 1999, an 
Institute of Medicine report4 indicated that some adverse 
events were related to surgical procedures. Adequate 
NTS of medical teams can help increase patient safety;5 
however, perioperative leaders and educators have over-
looked these skills when educating their team members, 
especially scrub persons.6-9 Nurse educators and leaders 
should identify important NTS and their associated behav-
iors when developing educational programs for scrub 
practitioners.10

Specific behavioral assessment tools exist for NTS of 
practitioners in other disciplines.6,11-14 One behavior 
assessment tool that nurses and leaders can use to assess 
the NTS of scrub persons is the Scrub Practitioners’ List 
of Intraoperative Non-Technical Skills (SPLINTS).3,15,16

STATEMENT OF PURPOSE
Our study aims to add to the existing evidence regarding 
the assessment of the NTS of scrub personnel by exploring 
the use of a behavior marker system for rating the obser-
vation of NTS of registered scrub nurses (ie, Singapore 
State RNs who completed a three-year nursing diploma 
study) in an ambulatory surgical setting. The Asian context 
of this study adds diversity to the literature regarding NTS 
in a health care setting.

http://doi.org/10.1002/aorn.12640 
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RESEARCH QUESTION
Our study had one research question that involved the 
testing of SPLINTS. We wanted to find out if the SPLINTS 
tool was suitable for measuring the NTS of registered 
scrub nurses in an ophthalmic ambulatory surgery center 
in Singapore.

STATEMENT OF SIGNIFICANCE TO NURSING
Nurses should be able to use the results of this study to 
guide the development of interventions and research to 
improve NTS and patient safety in high-risk domains such 
as the OR. Perioperative nurse educators and leaders who 
apply valid NTS measurement tools will have added sup-
port for developing educational strategies that could be 
useful in assessing the readiness of novice scrub persons 
to carry out their tasks safely.

LITERATURE REVIEW
Mitchell et al3 completed a study that tested the psycho-
metric properties of SPLINTS in five Scottish hospitals using 
seven simulated scenarios. Thirty-four scrub practitioners 
who were new to the SPLINTS system participated in the 
study.3 In this study, most of the participants (94% to 100%) 
found the tool to be helpful when evaluating behavioral per-
formance and providing feedback. The participants found it 
relatively easy to use, even with minimal training.3

Mitchell et al3 reported that use of the SPLINTS achieved 
satisfactory levels of reliability and internal consistency. 
Within-group agreement (rwg) “represents the degree to 
which a number of raters agree on the absolute ratings 
they provided.”3(p204) The value of rwg falls between 0 (no 
agreement) and 1 (complete agreement). The researchers 
used the ratings given by the participants when using the 
SPLINTS for each of the seven scenarios to determine 
rwg. The SPLINTS has three categories, and each category 
has three elements (Sidebar 1).3 The researchers evaluat-
ed the nine elements and calculated the average scores 
(ie, rwg) for the category and the individual elements. 
The score for six of the elements was rwg > 0.7,3 which 
is considered acceptable.17 The three elements that fell 
below the acceptable value for rwg were providing and 
maintaining standards (rwg = 0.66), coping with pressure 
(rwg = 0.66), and gathering information (rwg = 0.69).3 The 
researchers calculated the internal consistency between 
element ratings and category ratings and reported a 
mean absolute difference of M < 0.2 between all three 

categories, which indicated “there was good internal 
consistency.”3(p206) Although the SPLINTS tool showed 
adequate psychometric properties in western practices, 
evaluation across other settings and cultures could pro-
vide additional evidence of its applicability.3,16,18

Psychometric Evaluation Using Simulated 
Scenarios
When the SPLINTS has been used for psychometric eval-
uation, results have been limited by observations of sim-
ulated scenarios.19 This may not adequately reflect NTS in 
an actual surgical setting when the context of the situation 
is different for each individual.20 Also, many studies of this 
nature focus on major surgeries, which are generally per-
formed in hospital settings as opposed to ambulatory sur-
gery settings.21 The hospital setting may be a drawback 
because approximately half of the total number of surgeries 
performed in the United States in 2014 were of an outpa-
tient nature, with cataract surgery being the most common 
invasive outpatient procedure.22 In a 2014 report, The Joint 
Commission1 listed some NTS (eg, human factors, commu-
nication) as root causes of sentinel events, including wrong-
patient, wrong-site, or wrong-procedure surgery. Some 
researchers indicate that psychometric testing is more reli-
able and valid if the tests are designed appropriately23 and 
that recorded feedback can be helpful to personnel.24

Rating Scale for the SPLINTS
The SPLINTS is a hierarchical behavioral rating system com-
posed of three levels: category, element, and behavior.25 
Each category comprises specific elements that are group-
ings of specific behaviors. Both the category and elements 
are scored using a 4-point Likert scale where 1 = unac-
ceptable performance, 2 = performance that is concerning, 
3 = satisfactory performance with room for improvement, 
and 4 = consistently high performance. If behaviors are not 
observed or are not required, “N/R” is indicated.25

Lingard et al26 indicated that the ease of using an ordi-
nal rating scale described in the SPLINTS depends on 
the context of the observation. Although the rating scale 
is applicable for simulated scenarios, users may find the 
comparative grading method difficult to apply in non-
simulated surgical settings. This is because the rater is 
expected to scale and observe simultaneously, which neg-
atively affects the reliability and consistency of the mea-
surement.26,27 Using a binary (ie, yes or no) scale to indicate 
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whether a described behavior was observed might reduce 
the variability of interpretation and improve reliability.28

STUDY DESIGN
We used a descriptive quantitative study design in a ter-
tiary ophthalmic ambulatory surgery setting in Singapore 
with an annual surgical volume of 27,000 procedures. 
In 2015, we asked for and received permission to use 
the SPLINTS data collection form and framework as the 
observational tool from Emeritus Professor Rhona Flin 
from the University of Aberdeen, Scotland.

PROTECTION OF PARTICIPANT RIGHTS AND 
STUDY SAMPLE
The study was approved by our facility’s Central 
Institutional Review Board (CRIB 2015/2084) with full 

waiver of consent. We recruited the ophthalmic reg-
istered scrub nurses (N = 30), including recently hired 
nurses who were able to care for patients independent-
ly after orientation, using a census sample. All of the 
participants were from various cultural backgrounds, 
predominantly Chinese. One researcher (H.P.L.) gave eli-
gible participants a full explanation of the purpose of the 
study and the recording process that researchers would 
use. Each participant was required to sign a waiver of 
consent to participate in the study, and they were free 
to withdraw from the study at any time.

METHODS
We invited 10 individuals with more than 10 years of 
experience each to form a multidisciplinary panel of sur-
geons, residents, human factor specialists, and RNs to 
evaluate the content of the SPLINTS.29 We found that a 
sample size of 10 was ideal to generate an appropriate 
level of information for assessing the instrument.23,30 We 
asked the panel members to rate each item listed on the 
form using a 4-point Likert scale where 1 = very irrelevant, 
2 = irrelevant, 3 = relevant, and 4 = very relevant.28 We 
asked the same panel to assess each item on the data col-
lection form for clarity, style, and cultural relevance based 
on a 4-point Likert scale where 1 = very inappropriate, 2 = 
inappropriate, 3 = appropriate, and 4 = very appropriate.

We used a portable wide-angle audiovisual recording 
system that included a camcorder (GY-HM200E), data 
video switcher control (HS-500), video recorder (mod-
el DN-700-HDD), and a microphone (NTG-2 Shotgun 
Microphone) for the study (Figures  1 and 2). We mea-
sured NTS of the participants through observation using 
the SPLINTS tool. We documented the list of acceptable 
or unacceptable behaviors we observed by using a 1 
for yes, 2 for no, or 3 for not applicable. One research-
er recoded the positive observations as 1 or negative 
observations as 0 to reflect true positive and negative 
responses and exclude the not applicable observa-
tions.28 These discrete responses emphasized the rele-
vant observations.

Concurrent Validity, Reliability, and Internal 
Consistency
Registered scrub nurses completed the demographic 
information on the day of study. We used the SPLINTS 

Sidebar 1.  Categories and Elements 
of the Scrub Practitioners’ List of 
Intraoperative Non-Technical Skills1

•	 Situation awareness

o	 Gathering information

o	 Recognizing and understanding information

o	 Anticipating

•	 Communication and teamwork

o	 Acting assertively

o	 Exchanging information

o	 Coordinating with others

•	 Task management

o	 Planning and preparing

o	 Providing and maintaining standards

o	 Coping with pressure

REFERENCE
1. �Mitchell L, Flin R, Yule S, Mitchell J, Coutts K, 

Youngson G. Evaluation of the scrub practi-

tioners’ list of intraoperative non-technical 

skills (SPLINTS) system. Int J Nurs Stud. 2012; 

49(2):201-211.

Resource
SPLINTS - Scrub Practitioners’ List of 

Intraoperative Non-Technical Skills. University 

of Aberdeen, Industrial Psychology Research 

Centre. www.abdn.ac.uk/iprc/splints. Accessed 

December 19, 2018.
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tool to observe and code 84 NTS behaviors of study 
participants (Tables  1 and 2) during surgical procedures 
between November 2015 and June 2016. A member of 
the research team completed one direct observation for 
each participant, and the video recording system was acti-
vated and left operating unattended during the entire ses-
sion to prevent disruption to the surgical flow and reduce 
the Hawthorne (observer) effect.31

The research team compared the direct observation 
record with the recording to verify the points in time 
of the direct observation. After the comparison of the 
observations and video recordings were completed, 
H.P.L. coded the 30 video observations using the com
munication and teamwork scale (CATS).32 Other re
searchers (Y.L. and E.A.) validated the final coding of the 
recordings.

We scored the CATS observations either 1 to indicate 
observed and good, 0.5 to indicate variation in quality, or 
0 to indicate a behavior was expected but not observed; 
we repeated coding the observations using a clinical team-
work scale (CTS) developed by Guise et al33 using the crew 
resource management curriculum. We scored all items 
except one (ie, target fixation) on an ascending positive 
scale from 0 to 10: 0 indicated unacceptable, 1 to 3 indi-
cated poor, 4 to 6 indicated average, 7 to 9 indicated good, 
and 10 indicated perfect.

Data Analysis
We analyzed the data with SPSS software (version 24) 
using descriptive and inferential statistics to ensure the 
psychometric properties of SPLINTS were evaluated. We 
determined consistency using content validity index (CVI), 
cultural equivalence (CEI), and concurrent validity. We 
established accuracy using interrater reliability (IRR), test 
and re-test reliability, and internal consistency (Cronbach 
alpha [α]).

Content Validity and Cultural Equivalence
After the 10 panel members completed their ratings of the 
items, the research team assessed the content and cul-
tural equivalence of the items in the SPLINTS by calcu-
lating the CVI and CEI for each item and an overall score. 
Researcher H.P.L. recoded the positive responses rated 3 
(relevant) and 4 (very relevant) as 1, and 1 (very irrelevant) 
and 2 (irrelevant) as 0. After the responses from all 10 rat-
ers for the 84 items in the SPLINTS tool were recoded, 
the research team totaled the score and divided it by 10 
(number of raters) to obtain the average congruence per-
centage. We totaled the average congruence percentage 
of all 84 items and divided this number by 84 to obtain the 
CVI. We repeated the same process to calculate the CEI. 
An average congruence percentage of at least 90% is con-
sidered acceptable.34 Two different researchers validated 
both data sets.

Figure 1.  Complete portable wide-angle audiovisual 

recording system.

Figure 2.  Console of portable wide-angle audiovisual 

recording system.
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Concurrent Validity
Concurrent validity assesses the validity of a new instru-
ment (ie, SPLINTS) when compared with other tools (ie, 
CATS, CTS). It is confirmed if the tools correlate regarding 
specific criteria when they are used concurrently.35 One 
researcher, H.P.L., coded NTS elements using the same 
recorded data set from 30 participants and the CATS and 
CTS tools. A total score from each category and overall 
score for three tools were calculated and analyzed using 
the Spearman correlation. Although it is difficult for 
researchers to label the validity of correlation coefficients, 

those that are at least 0.45 indicate good agreement and 
acceptable concurrent validity.23 Researchers Y.L. and E.A. 
checked the data coding.

Reliability
We established consistency and stability of the 
SPLINTS by measuring IRR and test and retest reliabili-
ty, respectively.36 The Spearman correlation coefficient 
(rs) of two sets of the SPLINTS scores was calculat-
ed, and we considered a score value greater than 0.7 

Table 1. Observation Field Notes Using SPLINTS as a Measurement Tool Showing Examples of Scrub Personnel’s 
Appropriate Behavior

Element1 (Corresponding Behavior) Example Transcripts

Gathering information (demonstrates awareness 
of location of equipment and movement of 
staff members on the floor)

[S3 pointing left and right to guide OTA3 to center the microscope.] [Reminded him to take note 
of the correct adjustment and position.]

Exchanging information (provides team members 
with information and demonstrates awareness 
of own limitations)

[S5 started cleaning the eye followed by draping.] [She said to herself “right eye” before placing 
the aperture over right eye.]

Recognizing and understanding information 
(switches between tasks efficiently; responds 
appropriately to changes in surgeon’s body 
language and tone of voice)

[S5 wet the eye, but SR5 requested for more drops, S5 looked at TV and wet eye at short interval 
(4x in 40 secs) until SR5 asked her to cut vacuum to 280, which she did so, while she was 
pressing SR5 said “US 15, vacuum 280 and US 15,” S5 adjusted accordingly quietly attempting 
several times until it was set at what SR5 had requested and continue to wet the eye.]

SPLINTS = Scrub Practitioners’ List of Intraoperative Non-Technical Skills; S# = designated scrub nurse; SR# = designated surgeon; OTA# = desig-
nated operating theater assistant; US = ultrasound; TV = television.
Reference

1. �Mitchell L, Flin R, Yule S, Mitchell J, Coutts K, Youngson G. Evaluation of the scrub practitioners’ list of intraoperative non-technical skills (SPLINTS) system. 
Int J Nurs Stud. 2012;49(2):201‐211.

Table 2. Observation Field Notes That Are Examples of Scrub Personnel’s Poor Behavior Using SPLINTS as a 
Measurement Tool

Element1 (Corresponding Behavior) Example Transcripts

Gathering information (conducts frequent scan of the environment) S3 kept alternating her views between TV monitor which was diagonally to her 
surgical field rather than following surgeon directions.

Recognizing and understanding information (fails to seek clarifica-
tion when faced with unclear commands or requests from other 
team members)

S13: 1 cc? [she was confused when SR5 mentioned small] 
SR5: “No need”… “3 cc, then just tap 27 G needle.” [participant confused 
about tapping the needle which means aspirate] 
S13: asked “Tap the lens?” 
SR5: {used gestures to explain} “normally before we do the rhexis we 
express the milky stuff out” 

Anticipating (fails to respond to evolving surgical progress) S5 passed her the keratome and forcep and SR5 asked for sinskey hook 
instead of forceps 

SPLINTS = Scrub Practitioners’ List of Intraoperative Non-Technical Skills; S# = designated scrub nurse; SR# = designated surgeon; G = gauge; 
TV = television.
Reference

1. �Mitchell L, Flin R, Yule S, Mitchell J, Coutts K, Youngson G. Evaluation of the scrub practitioners’ list of intraoperative non-technical skills (SPLINTS) system. 
Int J Nurs Stud. 2012;49(2):201‐211.
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satisfactory.37 A subsample of 10 participants was used 
to conduct test-retest reliability. The scores from the 
84 items captured from 30 participants were used to 
calculate internal consistency, the degree of homoge-
neity of items that measure similar dimensions.38 We 
considered a Cronbach α of at least 0.7 satisfactory.37 
The corrected item-total correlation test showed how 
well the results correlated to the whole subscale. We 
considered a correlation coefficient greater than or 
equal to 0.3 an acceptable criterion value of a reliable 
scale.39

RESULTS
Thirty registered scrub nurses participated in this study 
by agreeing to have their work observed. Table  3 pro-
vides a description of the study participants. The major-
ity (60%) had higher-level professional qualifications (ie, 
an advanced diploma, a bachelor’s degree, or both). The 
AORN Position Statement on Orientation of the Registered 
Nurse and Surgical Technologist to the Perioperative Setting40 
defines an experienced perioperative nurse as an RN with 
a minimum of two years of recent perioperative expe-
rience; the size of the facility and the types of patients 
served should be similar. Using this definition, only 4 of 
the 30 nurses (13%) at our facility were experienced in 
perioperative nursing.

Content Validity
All 10 experts returned the SPLINTS item rating survey 
with minor revisions and comments. The overall CVI and 
CEI scores were 0.93 and 0.91, respectively, which indi-
cates satisfactory agreement among experts.

Concurrent Validity
The research team found a significant positive correla-
tion (rs = 0.73, P < .001) between the SPLINTS and CATS 
and between the SPLINTS and CTS (rs = 0.64, P < .001). 
These correlations indicate that using the SPLINTS cor-
responded to using other established tools with a similar 
construct.

Interrater, Test-Retest, and Internal 
Consistency
The interrater correlation (rs) was 0.88, and the test-retest 
correlation (rsρ) was 0.84, indicating high reliability. The 

Cronbach α for the SPLINTS was 0.8, with α = 0.7 for 
situational awareness, α  =  0.8 for communication and 
teamwork, and α = 0.7 for task management, which were 
considered satisfactory.17,38

The corrected item-total correlation ranged from 0.18 to 
0.771, with 27 items not achieving the cut-off point of 0.3. 
The overall α for the SPLINTS and for each of the behav-
iors included in the elements did not differ significantly 
after these items were removed. The result is summarized 
in Table 4.

DISCUSSION
Our results suggest that the SPLINTS is effective for eval-
uating the NTS of registered scrub nurses during nonsim-
ulated surgical practice. To our knowledge, this is the first 
psychometric test to be validated in an Asian ambulatory 
surgical setting using a combined prospective and obser-
vational approach.

Table 3. Demographic Characteristics of Ophthalmic 
Scrub Nurses Observed by Researchers Using 
SPLINTS as a Psychometric Tool (N = 30)

Variable Number Percent Mean (SD)

Gender

Female 29 97 -

Male 1 3 -

Age (y) 31 (8)

20-30 18 60 26.8 (2.5)

31-40 8 27 34.4 (2.7)

41-50 3 10 45 (4.4)

≥51 1 3 NA

Years at current institution (median = 4)

≤1 3 10 0.44 (0.21)

1-5 16 53 3 (1.1)

6-10 3 10 6.7 (1.1)

11-20 7 23 13.8 (3.8)

≥20 1 3 NA

Highest professional education level

Diploma 12 40 -

Advanced diploma 4 13 -

Bachelor in nursing 14 47 -

SPLINTS = Scrub Practitioners’ List of Intraoperative Non-Technical 
Skills; SD = standard deviation; NA = not applicable.
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The CVI and CEI scores we calculated were congruent 
with the Mitchell et al3 2012 study of SPLINTS in which 
they reported usability and acceptability scores of 94% to 
100%. These scores were important factors to consider to 
ensure the description and language included in SPLINTS 
were appropriately worded to suit our local context and 
to reflect observability for the valid usability and accept-
ability of the tool. A summary of the reliability and validity 
evaluation for our study compared with the Mitchell et al3 
study is detailed in Table 5.

Our overall IRR was higher than the within-group IRR in 
the Mitchell et  al3 study. That study used simulated sce-
narios, which were a limitation because the assessors had 
limited time to receive training on the introduction of the 
tool, watch discussion videos, and practice using the obser-
vation tool. They did not have the opportunity to calibrate 
their rating skills.3 In our study, the researchers who coded 

the observations attended several practice sessions as rec-
ommended in the literature.41 These sessions included a 
review of direct observations recorded from an overview 
camera system mounted in the ORs; the researchers also 
could familiarize themselves with observing and assess-
ing nonsimulated ambulatory ophthalmic procedures and 
validate they were able to code their observations in the 
same way. Gillespie recommends that new raters be tested 
with at least five observations, or 10% of the total sample, 
to improve IRR.42 Because both assessors in our research 
study have a different amount of experience and qualifica-
tions,43 the high IRR was encouraging. This high IRR may 
indicate that the SPLINTS can be used with minimal training 
in the future.

The IRR between elements were comparable between the 
Mitchell et al3 study and our study, with higher agreement 
achieved for the elements of recognizing and understand-
ing information, anticipating, acting assertively, coordinat-
ing with others, planning and preparing, and maintaining 
standards. Both studies showed a low IRR in the elements 
regarding coping with pressure and gathering informa-
tion. This could be attributed to the minimal variations 
that were observed and which may have been difficult to 
detect through observations or prerecorded events during 
cataract surgeries.10

Our study found lower concurrence for exchanging infor-
mation than the Mitchell et al3 study findings. We attribute 
this to structural power dynamics44 and a lack of comfort 
with speaking up, especially among Asian nurses.45 In a 
fast-paced setting where the need for constant communi-
cation may be unnecessary, we recognize that the absence 
of verbal responses may have been interpreted differently 
by different researchers.46

We calculated the Cronbach α through the standard sta-
tistical procedure of items analysis rather than using mean 
absolute difference, which was used in the original study.3 
Both studies identified that items described in the SPLINTS 
are correlated and provide a foundation for the concept of 
NTS. Out of the 27 items with a score below the cut-off 
point of 0.3 from the corrected item-total correlation, 15 
items were from the elements exchanging information and 
coping with pressure.

The element of exchanging information was substan-
tially different in our study than in the Mitchell et al3 
study for several reasons. The Asian-specific difference 

Table 4. Comparing the Interrater Reliability of the 
Three Categories and Nine Elements of SPLINTS1 
Using the Results of Our Singapore Study and the 
Scotland Study

Variable Singapore 
IRR (rs)  
(n = 10) 

Scotland 
Weighted IRR 

(rws)1 (n = 7) 

Overall 0.88 0.7

Situation awareness 0.93 0.75

Gathering information 0.50 0.69

Recognizing and understanding 0.95 0.71

Anticipating 0.84 0.73

Communication and teamwork 0.95 0.72

Acting assertively 0.94 0.70

Exchanging information 0.42 0.71

Coordinating with others 0.99 0.70

Task management 0.86 0.74

Planning and preparing 0.86 0.70

Providing and maintaining 
standards

0.97 0.66

Coping with pressure 0.56 0.66

SPLINTS = Scrub Practitioners’ List of Intraoperative Non-Technical 
Skills; IRR = interrater reliability; rs = Spearman correlation; rws = 
weighted interrater agreement.
Reference

1. �Mitchell L, Flin R, Yule S, Mitchell J, Coutts K, Youngson G. Evaluation 
of the scrub practitioners’ list of intraoperative non-technical skills 
system. Int J Nurs Stud. 2012;49(2):201‐211.
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in the perception of hierarchical power among nurses 
and surgeons may have resulted in communication con-
straints.45 These constraints contribute to incomplete 
information gathering, which is an essential element of 
the situational awareness category.47 Team members 
may prioritize required surgical activities based on their 
experience, and the high surgical volume of the ophthal-
mology service with its rapid between-case turnaround 
can inhibit communication.44 Work and team familiarity 
are crucial elements that are needed to enhance team 
performance and a shared mental model,16 and this 
may be lacking when there is inadequate staffing. Our 
research team coded the absence of the information- 
exchange element when we observed silence and 
nonverbal communication during surgical procedures, 
failure to clarify requests, lack of clear verbal respons-
es, or speaking quietly, which could be interpreted by 
other surgical team members as incompetence and lack 
of confidence that the participants would be supported 
by the rest of the team.48

The researchers observed a lack or nonapplicability of 
the items that comprise the coping with pressure ele-
ment because none of the Asian ophthalmic surgeons 
worked with music playing during surgery. Cataract sur-
geries and other minimally invasive procedures are sim-
ilar in that they are highly dependent on technology; 

however, cataract surgeons use standardized processes 
that are predictable to the rest of the team, so coping 
with pressure is less applicable in this setting.49 A mod-
ified version of the SPLINTS may be more relevant for 
fast-paced ambulatory settings, such as surgery centers 
focused on ophthalmic care.50

A positive correlation between the SPLINTS, CATS, and 
CTS as exhibited by the concurrent validity strengthens 
the initial psychometric evaluation and provides support 
for researchers who may study the effectiveness of edu-
cational activities that address NTS in the future.38 The 
within-group agreement between the scenarios was not 
a direct test on the stability of instruments,38 which we 
found to be positive in a nonsimulated setting. However, 
we also found it more difficult to conduct the evaluations 
in the clinical setting rather than in a simulated scenario. 
Although there were more opportunities in the surgical 
setting for members of the research team to observe 
behavior such as nonverbal communication, it was more 
difficult to recognize the degree of implied communica-
tion as it occurred.51 When our research team complet-
ed direct observation in a fast-paced surgical setting, 
we were unable to complete simultaneous observation, 
even when we were familiar with the practices. By using 
a combined approach of observation and video record-
ing, our research team was able to identify activities 

Table 5. Comparing Our Evaluation of the Reliability and Validity of SPLINTS (Singapore) With the Mitchell et al1 
Evaluation (Scotland)

Singapore 
(Ophthalmic Theater Setting)

Scotland 
(Simulated Scenarios)

Test Results Test Results

Interrater reliability rs = 0.88 Interrater reliability
•	 Within-group agreement (weighted)
•	 Between scenarios (weighted)

•	 All 3 categories >0.70
•	 Inconsistent across 9 elements in 7 

scenarios

Test-retest reliability rs = 0.84 Not reported Not reported

Internal consistency α = 0.80 Internal consistency Mean difference between 3 categories is 
less than 0.2

Content validity and 
cultural equivalence

CVI = 0.93
CEI = 0.91 

Usability and acceptability 94%-100% indicating observability

Concurrent validity •	 rs = 0.73 for SPLINTS:CATS
•	 rs = 0.64 for SPLINTS:CTS

Concurrent validity Not reported

CATS = communication and teamwork scale; CTS = clinical teamwork scale; CEI = cultural equivalency index; CVI = content validity index; SPLINTS =  
Scrub Practitioners’ List of Intraoperative Non-Technical Skills.
Reference

1. �Mitchell L, Flin R, Yule S, Mitchell J, Coutts K, Youngson G. Evaluation of the scrub practitioners’ list of intraoperative non-technical skills system. Int J Nurs 
Stud. 2012;49(2):201‐211.
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that were not directly observed.43 The recording provid-
ed each member of the team an opportunity to review 
and gain a more nuanced observation retrospectively. 
This improved the collection and interpretation of data. 
Given the extensive list of items in a fast-paced setting, 
we found the binary rating system to be practical, appli-
cable, and precise.

Limitations and Recommendations
In this study, the SPLINTS tool showed statistically accept-
able levels of reliability and validity, which could be useful 
to measure NTS accurately in a surgical setting, specifi-
cally in the Asian context. However, this study had some 
limitations.

From a global perspective, the findings may not cor-
respond in other contexts or cultures in which RNs do 
not take on the scrubbing role consistently. The study 
was limited to a small surgery setting with one specialty. 
Our facility is located in a multiracial and multicultur-
al country. Although many of our nurses speak English, 
there are many nurses who are bilingual and are fluent in 
Mandarin. We recommend that a validation study with 
a larger sample size and completed at larger institutions 
with more subdisciplines be conducted. Also, a future 
study could be completed to validate a Mandarin ver-
sion of the SPLINTS with modifications to suit ambu-
latory settings. However, given the existing limitations, 
the primary results have indicated an acceptable level 
of validity and good reliability of the SPLINTS for clinical 
settings in Asia.

CONCLUSION
The results of our study indicate the SPLINTS is a reli-
able and valid psychometric instrument for measuring the 
NTS of scrub nurses. Perioperative educators and lead-
ers can use the SPLINTS to assess NTS in an ambulatory 
setting, specifically with a culturally diverse Asian cohort. 
Establishing the validity and reliability of a tool to evaluate 
NTS of scrub personnel is an important step in the devel-
opment of future educational activities to enhance patient 
safety. This study should encourage nursing professionals 
and members of other disciplines to focus on NTS assess-
ment, which was previously limited by the lack of appro-
priate validated measurement tools.

Acknowledgment: The authors thank all the scrub persons at 
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