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ABSTRACT

Background: Non-technical skills like communication, teamwork, situational awareness, decision-making,
adaptability, task management, and leadership, are important for keeping patients safe during surgery.
However, evidence evaluating context-adapted multidisciplinary NTS interventions and their relationship with
patient-level safety outcomes remains limited in low- and middle-income countries, including Ethiopia.

Aim: To assess changes in NTS following context-adapted training and examine selected perioperative patient
safety outcomes at Hakim Gezaw Teaching Hospital, Ethiopia.

Methods: A mixed-methods quasi-experimental pre-post study was conducted among 24 multidisciplinary
operating-room professionals and 672 adult surgical patients. Staff NTS was assessed before training,
immediately after training, and one month later using an eight-item, five-point Likert-scale instrument informed
by NOTSS, ANTS, and SPLINTS frameworks. Changes in NTS were analyzed using linear mixed-effects models
with participant-level random intercepts. Patient outcomes were compared between 336 pre-intervention and
336 post-intervention patients. Focus group discussions conducted before and one month after training were
analyzed thematically and integrated with quantitative findings.

Result: Mean overall NTS scores increased from 3.36+0.37 at baseline to 3.82+0.34 immediately after training and
4.04+0.61 at one month. Compared with baseline, adjusted mean differences were 0.464 (95% CI: 0.161-0.766;
effect size=1.06) immediately after training and 0.679 (95% CI: 0.373-0.985; effect size=1.55) at one month.
Situational awareness, adaptability, and task management improved significantly. Post-intervention periods
were associated with fewer adverse events, delays, and communication-related safety events and higher patient
satisfaction. Qualitative findings supported improvements in teamwork, communication, shared awareness,
coordination, and speaking up.

Conclusion: Context-adapted NTS training was associated with improved team NTS, sustained at one month.
Improvements in patient safety outcomes occurred concurrently but cannot be attributed causally to the
intervention because there was no control group. Integration into routine practice, refresher training, and

supportive leadership may help sustain gains.

Keywords: Non-technical skills; Patient safety; Teamwork; Communication; Operating room; Ethiopia.
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INTRODUCTION

Perioperative care involves delivery of service in complex, high risk environment where patient safety depends not
only on technical expertise but also on effective use of Non-Technical skill (NTS)(1). These abilities are described
include situational awareness, decision-making, communication, teamwork, leadership, adaptability, and task
management. Failure to perform these skills can cause preventable harm, communication breakdown and inadequate
coordination where as effective teamwork and structured communication can produce shared mental models, early
identification of hazards, and coordinated responses to intraoperative challenges(2, 3).

Common behavioral framework including Non-Technical Skills for Surgeons (NOTSS), Anaesthetists” Non-Technical
Skills (ANTS), and the Scrub Practitioners’ List of Intraoperative Non-Technical Skills (SPLINTS), are used to observe
domains for NTS (4, 5). Evidence suggests that Structured interventions such as simulation, team training, briefings,
debriefings, and TeamSTEPPS-based approaches, can improve teamwork, communication, situational awareness, and
other team behaviors especially in high resource settings (6, 7).

There is a clear gap in evidence generation in low- and middle-income countries, where operating rooms often work
with limited resources, high workloads, changing staff, and strict team hierarchies (6). Studies on perioperative
research focus on issues like lack of proper training in teamwork and communication, or concerns about safety culture,
but not on evaluating new team training programs in a proper, forward-looking way (8, 9). Also, these studies usually
use different ways to measure results, often looking only at individual groups or relying on people's own reports,
with little follow-up or focus on actual patient outcomes (10). Because of this, there is not much proof yet about
whether adapting teamwork training to local settings can improve team performance and lead to better patient safety
during surgeries. In Ethiopia, this lack of evidence is especially important because there isn’t much research on
structured teamwork training programs for surgical teams, using repeated checks and looking at safety outcomes at
the patient level (11). It is needed to find out if such training can be part of regular surgical practices and whether
changes in team behavior led to better safety results (12).

So, this study looked at a locally adapted teamwork training program for surgical teams at Hakim Gezaw Teaching
Hospital in Ethiopia. It checked how teamwork improved right after the training and one month later. It also
compared key patient safety measures like bad outcomes, delays in care, communication problems, and patient
satisfaction before and after the training. The study also looked at what team members thought, how they felt things
had changed, and what challenges they faced in keeping up the better safety practices.

Aim and Objectives

The aim of this study was to evaluate changes in non-technical skills following a structured, context-adapted NTS
training intervention among multidisciplinary surgical teams at Hakim Gezaw Teaching Hospital, Ethiopia, and to
examine concurrent changes in selected perioperative patient safety outcomes, including adverse events, delays in
care, communication-related safety events, and patient satisfaction

METHODOLOGY

Study design and Setting

A mixed-methods quasi-experimental pre—post intervention design was used to assess changes in non-technical skills
(NTS) among multidisciplinary operating-room teams and selected perioperative patient safety outcomes following
a context-adapted NTS training intervention. Quantitative assessment of NTS was conducted at baseline, immediately
after the intervention, and at one-month follow-up. Selected patient safety outcomes were compared between the pre-
intervention and post-intervention periods. Qualitative data were collected through focus group discussions (FGDs)
before and one month after the intervention to explore participants’ experiences and perceptions of teamwork,
communication, leadership, situational awareness, and implementation of NTS practices. Quantitative and qualitative
findings were integrated through mixed-methods triangulation.
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The study was conducted at Hakim Gezaw Teaching Hospital, a teaching hospital affiliated with Debre Berhan
University, Ethiopia. The hospital provides surgical services including general, orthopedic, pediatric, obstetric and
gynecologic, neurologic, and emergency surgery. Perioperative care is delivered by multidisciplinary teams
comprising surgeons, anesthetists, and operating-room nurses. The study was conducted from December 2025 to
September 2026.

Study Population / Data Source

The study population consisted of multidisciplinary operating-room professionals and adult surgical patients at
Hakim Gezaw Teaching Hospital. For the NTS component, the population comprised eligible surgeons, anesthetists,
and operating room nurses who routinely participated in perioperative care. The final quantitative NTS analysis
included 24 staff participants. Twenty-four participants contributed baseline and immediate post-training
observations, while 23 contributed data at one-month follow-up because one participant was lost to follow-up
following a change in location. A total of 672 adult surgical patients were included, consisting of 336 patients in each
period.

Eligibility Criteria

Staff Inclusion Criteria

Participants were included who are licensed surgeons, anesthetists, and operating-room nurses working at Hakim
Gezaw Teaching Hospital; had at least six months of operating-room experience; were routinely involved in
perioperative care; and were willing to participate in the intervention and associated assessments.

Staff Exclusion Criteria

Staff were excluded if they were temporary staff, interns, students, or not regularly assigned to the operating rooms;
were on leave, rotation, or otherwise unavailable during the intervention period; or declined participation or did not
provide informed consent.

Patient Eligibility
Adult patients undergoing major surgical procedures under anesthesia during the defined study periods were eligible
and data was extracted from the electronic medical record.

Sampling and Sample Size

Census sampling was used for the staff component, with all eligible multidisciplinary operating-room professionals
invited to participate because of the small available workforce. Consecutive sampling was used for the patient
component, with eligible adult surgical patients recruited sequentially until 336 patients per period (672 total) were
included. Purposive sampling was used for the qualitative component to ensure representation of surgeons,
anesthetists, and operating-room nurses.

For the staff component, the sample size was estimated using a paired t-test, assuming a mean difference of 2 points,
standard deviation of paired differences of 3.5, 95% confidence, and 80% power. The estimated requirement was 24
staff members.

For patient outcomes, assuming a reduction in adverse events from 16% to 10%, the initial sample size was
approximately 493 per period. Finite population correction for an estimated population of 800 reduced this to
approximately 305 per period; allowing 10% for incomplete records resulted in a final target of 336 patients per period.
The calculation was based primarily on the expected change in adverse events and was not intended to ensure
adequate power for all secondary outcomes.

Data Collection / Study Procedures

Data collection was conducted sequentially among eligible multidisciplinary operating-room staff and surgical
patients. After informed consent, baseline staff NTS assessments and pre-intervention FGDs were conducted, and
patient outcomes were collected for the pre-intervention period. The NTS intervention was then delivered to
participating staff. Staff NTS was reassessed immediately after training and again at one month; 23 of the 24 original
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staff participants completed the one-month assessment, with one unavailable because of relocation. Patient outcomes
were subsequently collected for 336 post-intervention patients and compared with the 336 pre-intervention patients.
Four FGDs were conducted: two at baseline and two at one-month follow-up, with 12 multidisciplinary operating-
room professionals at each time point, representing surgeons, anesthetists, and nurses. Discussions explored
teamwork, communication, leadership, decision-making, situational awareness, psychological safety, safety practices,
and implementation barriers and facilitators. FGDs were facilitated by Dr. Brook Ameha Kebede and Molla Amsalu
Tadesse, conducted in English, and documented using detailed notes rather than audio recording. Qualitative data
were analyzed inductively using thematic analysis and integrated with quantitative findings through mixed-methods
triangulation.

Non-Technical Skills Training Intervention

A 2-day, three-session, context-adapted NTS training programme was delivered to participating multidisciplinary
operating-room staff. The programme addressed situational awareness, decision-making, communication, teamwork
and coordination, leadership, adaptability, and task management, drawing on NOTSS, ANTS, and SPLINTS
frameworks. Training was delivered by Tadele Mesfine and facilitated by Melkam Mulugeta using interactive
presentations, group discussion, simulation, role-play, and practical exercises on briefing, debriefing, closed-loop
communication, teamwork, and situational awareness. Examples and scenarios were adapted to the workflow and
locally identified challenges of Hakim Gezaw Teaching Hospital.

Data Quality Assurance

Study instruments and procedures were reviewed before implementation, and study personnel were oriented on data
collection, confidentiality, and ethical procedures. Quantitative data were checked for completeness, consistency, and
errors before and after entry. Qualitative data were systematically coded, and quotations were anonymized. Internal
consistency of the eight-item NTS instrument was assessed using Cronbach’s alpha. Overall reliability was acceptable
(o =0.776), while the two-item situational-awareness domain showed poor internal consistency (a = 0.060; inter-item
correlation = -0.031), which was considered when interpreting the findings.

Statistical / Qualitative Analysis

Quantitative data were analyzed using Stata 17.0. Descriptive statistics included means and standard deviations for
continuous variables and frequencies and percentages for categorical variables. NTS changes over time were assessed
using linear mixed-effects models, with time as a fixed effect and participant as a random intercept; Bonferroni-
adjusted pairwise comparisons and standardized effect sizes were reported. Pre- and post-intervention patient
outcomes were compared using chi-square or Fisher’s exact tests, with 95% confidence intervals. Patient satisfaction
was assessed using ordinal regression. Statistical significance was set at p < 0.05.

Qualitative data were analyzed using inductive thematic analysis. Quantitative and qualitative findings were
integrated through triangulation to assess convergence, complementarity, and differences.

Ethical Considerations

Ethical approval was obtained from the Institutional Review Board of Hakim Gezaw Teaching Hospital (AWHSC-
IRB; approval reference AWHSC-IRB-447) on 17 March 2026. The study was conducted in accordance with the
Declaration of Helsinki and applicable Ethiopian guidelines for health research. Data collection and participant
involvement commenced only after ethical approval. Written informed consent was obtained from participating
surgical team members and patients, as applicable. Participation was voluntary, and participants were informed of
their right to withdraw without consequences. Confidentiality was maintained throughout the study; direct identifiers
were removed during data collection, and each participant was assigned a unique, non-identifying study code. For
focus group discussions, participants were asked to respect the confidentiality of information shared by others. Study
data were stored on password-protected devices with access restricted to the research team, and only anonymized
findings were reported.
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Participant Characteristics

A total of 24 surgical team members participated with mean age of 34.71 + 4.36 years (range: 26-45 years). Fifteen
(62.5%) of the participants were male and surgical nurses comprised the largest professional group (33.3%) followed
by Anesthesia professionals (25%). Half of the participants hold MSc degree and ten were specialists (41.7%). Out of
the 24 participants nine (37.5%) reported previous non-technical skill (NTS) training. The mean professional
experience was 10.42 + 4.57 years differing significantly across professional roles (Kruskal-Wallis x2(5) = 17.30, p =

0.004). (Table 1)

All 24 participants completed the baseline and immediate post-training assessments. At one-month follow-up, 23
(95.8%) participants completed the assessment, with one participant (4.2%) lost to follow-up because of a change in

location.

Table 1: Sociodemographic and professional characteristics of participants included in the non-technical skill (NTS) training

study (n=24).

B $Abebe, Demelash, Kebede, Tadesse & Owokole

RESULTS

Variable Category N Percentage
Pervious NTS training | Yes 9 37.5
experience No 15 62.5
Sex Male 15 62.5
Female 9 37.5
Role Surgical nurse 8 33.33
Senior anesthetist 6 25.00
Surgical specialist 4 16.67
Ob/Gyn 3 12.5
Orthopedic surgeon 2 8.33
Neurosurgeon 1 4.17
Educational Qualification BSc 2 8.33
MSc 12 50
Specialist 10 41.67
Total Participants 24 100.0
< Elective Emergency Elective Emergency
Post Pre

Figure 1: Distribution of Surgical Urgency Before and After Intervention
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Figure 2: Distribution of Procedure Complexity by Intervention Period

Primary Findings

This study used qualitative and quantitative methods following the Implementation of context adapted non-technical
skill (NTS) intervention. changes in NTS among surgical teams and selected perioperative patient safety outcomes
were assessed.

At baseline, the overall mean NTS Score was 3.36+0.37 on a five-point scale. Following the implementation of the
training intervention, the mean score increased to 3.82 + 0.34 immediately after training and to 4.04+0.61 at one month.
(Table 2)

Table 2: Overall NTS scores by assessment time

Time point n Mean SD Median IOR
Pre-training 24 3.36 0.37 3.38 3.13-3.56
Immediate post-training 24 3.82 0.34 3.75 3.63-4.00
One-month follow-up 23 4.04 0.61 3.88 3.75-4.63

Values are descriptive statistics. The linear mixed-effects model used all available repeated observations and accounted for within-
participant correlation.

Pairwise analysis and LLM was done to evaluate the NTS was retained, declined and its long-term impact.
Comparisons between immediate post-training and pre-training performance showed statically significant (95% CI:
0.161-0.766, P=0.001) improvement in competencies with adjusted mean score of 0.464 points. The magnitude of this
effect was high with a model-standardized effect size of 1.06 (Table 3)

The one month follow up was also evaluated against the pre-training baseline which showed the participants NTS
scores remained significantly higher with an adjusted mean difference of 0.679 points (95% CI:0.373-0.985, P<0.001).
The magnitude of this long-term change was remarkably profound, resulting in a model-standardized effect size of
1.55 (Table 3).

While the comparison between the one month follow up and the immediate post training assessment, which was used
to assess the skill decay, showed a non-significant adjusted mean difference of 0.215 point (95% CI: -0.091-0.522,
P=0.277) and a model-standardized effect size of 0.49. This change demonstrated the improvement achieved
immediately after training was maintained at one month rather than demonstrating a statistically significant further
increase (Table 3).
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Table 3: Linear mixed effects model pairwise comparisons of Overall NTS scores

Pairwise comparison Adjusted 95% CI Model- Bonferroni-
mean standardized | adjusted p-value
difference effect
Immediate post-training vs. | 0.464 0.161-0.766 1.06 0.001
pre-training
One-month follow-up vs. pre- | 0.679 0.373-0.985 1.55 <0.001
training
One-month  follow-up  vs. | 0.215 -0.091-0.522 | 0.49 0.277
immediate post-training

Model-standardized effect was calculated as the LMMe-estimated adjusted mean difference divided by the residual standard

deviation from the fitted model (residual SD = 0.438). Pairwise comparisons were adjusted using the Bonferroni method.

Domain-specific findings showed different patterns of improvement. Situational aware

(all p<0.001). Decision-making, communication, and teamwork/coordination showed progressive increases, but their
immediate post-training comparisons were not statistically significant; significant improvements were evident only
at one month compared with baseline (p=0.007, p=0.002, and p=0.003, respectively). Leadership did not show a
statistically significant change across the three time points (Wald x2(2)=1.62, p=0.444). Although qualitative findings
indicated perceived improvements in shared leadership and speaking up, the quantitative measure did not

demonstrate a significant leadership improvement (Table 4).

Table 4: Domain-specific changes in non-technical skill across assessment time points

ness, adaptability, and task
management demonstrated significant improvements immediately after training that were sustained at one month

baseline MD=0.79,
p<0.001; 1-month

NTS Domain Baseline | Immediate | One- Overall/Pairwise | Interpretation
Post- month | Statistical Result
training | Follow-
up
Situational awareness 3.08 3.88 (3.64— | 4.09 Wald x2(2)=43.49, Significant
(2.85— 4.11) (3.85— p<0.001; improvement
3.31) 4.32) immediate vs immediately

after training,
maintained at

1-month vs
immediate
MD=0.25, p=0.936

vs baseline one month.

MD=1.00, p<0.001;

1-month vs

immediate

MD=0.21, p=0.565

Decision-making 3.75 4.25(3.91- | 4.50 Wald x2(2)=9.55, Improvement

(3.41- 4.59) (4.16— p=0.0085; became
4.09) 4.84) immediate vs statistically

baseline MD=0.50, | significant at

p=0.129; 1-month one month,

vs baseline but not

MD=0.75, p=0.007; | immediately

after training.
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Adaptability 3.58 429 (4.01- | 4.57 Wald x2(2)=30.77,
(3.30- 4.58) (4.28- p<0.001;
3.87) 4.86) immediate vs

baseline MD=0.71,
p<0.001; 1-month
vs baseline
MD=0.99, p<0.001;
1-month vs
immediate
MD=0.28, p=0.380

Significant
early
improvement,
sustained at
one month.

Task management 3.36 4.14 (3.80— | 4.25 Wald x2(2)=20.81,
(3.01- 4.49) (3.89- p<0.001;

3.70) 4.60) immediate vs
baseline MD=0.79,
p=0.001; 1-month

Significant
improvement
immediately
after training,
maintained at

baseline MD=0.50,
p=0.153; 1-month

vs baseline one month.
MD=0.89, p<0.001;
1-month vs
immediate
MD=0.10, p=1.000
Communication 292 3.42 (3.06—- | 3.78 Wald x2(2)=11.29, Improvement
(2.56— 3.77) (3.42- p=0.0035; became
3.27) 4.15) immediate vs statistically

significant at
one month,

p=0.339; 1-month
vs baseline
MD=0.796,
p=0.003; 1-month
vs immediate
MD=0.421, p=0.236

vs baseline but not
MD=0.87, p=0.002; | immediately
1-month vs after training.
immediate
MD=0.37, p=0.473
Teamwork/coordination | 3.21 3.58 4.00 Pairwise: Improvement
immediate vs became
baseline statistically
MD=0.375, significant at

one month,
with no
significant
immediate
post-training
difference.

Leadership 3.81 3.50 (3.15- | 3.56 Wald x2(2)=1.62,
(3.45- 3.85) (3.20- p=0.444;
4.16) 3.92) immediate vs
baseline
MD=-0.31,

p=0.686; 1-month
vs baseline
MD=-0.25,
p=1.000; 1-month
vs immediate
MD=0.06, p=1.000

No statistically
significant
change across
assessment
time points.
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Note: Values are adjusted model means with 95% confidence intervals where available. Pairwise comparisons are Bonferroni-
adjusted. Situational awareness should be interpreted cautiously because the two-item subscale demonstrated poor internal
consistency (Cronbach’s a=0.060; inter-item r=—0.031). The exact overall Wald statistic for teamwork/coordination was not
retained in the final statistical output available here; therefore, only its final pairwise results are reported.

Patient safety outcomes

The post-intervention period demonstrated substantially lower frequencies of perioperative adverse events, delays in
care and communication-related safety events, together with higher patient satisfaction. These findings occurred
concurrently with improvements in staff NTS and are directionally consistent with literature linking effective
teamwork and communication with safer perioperative care. However, the study design does not permit attribution
of these changes solely to the NTS intervention. The absence of a concurrent control group means that secular trends,
changes in case mix, staffing, workflow, institutional practices or other unmeasured factors may have contributed to
the observed differences. Furthermore, staff NTS and patient outcomes were analyzed at different levels and
individual improvements in staff NTS could not be directly linked to individual patient outcomes. The patient
findings should therefore be interpreted as important post-intervention associations that warrant further controlled
evaluation (Table 5).

Table 5: Comparison of perioperative patient safety outcomes and patient satisfaction before and after the non-technical skill
intervention (n=672)

Patient safety Pre-intervention Post-intervention Statistical test P-
outcome (n=336) (n=336) value
Perioperative adverse event
yes 40 (11.9%) 6 (1.8%) | x*=26.98 <0.001
No 296 (88.1%) 330 (98.2%)
Delay in care
Yes 54 (16.1%) 18 (5.4%) | x2=20.16 <0.001
No 282 (83.9%) 318 (94.6%)
Communication-related safety event
Yes 13 (3.9%) 1(0.3%) | x2=10.50 0.001
No 323 (96.1%) 335 (99.7%)
Patient satisfaction score
Mean + SD 297+1.44 3.70+1.29
Median (IQR) 3 (2-4)* 4 (3-5)* | Mann-Whitney U; z= | <0.001
6.645
QUALITATIVE FINDINGS

Focus group discussions conducted before and one month after the intervention identified four main themes: (1) from
fragmented interaction to coordinated teamwork; (2) improved communication and shared awareness through
structured practices; (3) greater opportunity for speaking up and shared leadership; and (4) adoption of safety
practices despite operational constraints.

Theme 1: From Fragmented Interaction to Coordinated Teamwork

Participants discussed a change from relative division, profession-specific working often focusing on individual
responsibility before the intervention to a greater teamwork and collaboration in one month after the intervention.
This is corroborated in a FGD by a surgeon pre-intervention as “Most of us focus on our own responsibilities. We
work in the same operating room, but not always as one coordinated team.” Participants also identified limited chance
for the surgical team to discuss.
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However, participants described better teamwork and shared understanding of surgical plans after the intervention.
A surgeon reported “We now discuss every case together before incision and everyone understands the plan.”
Furthermore, participants described more collaborative environment, with more willingness to raise questions,
discuss concern and participate in team discussions. An anesthetist noted “People now actively ask for input from
other professions before making decisions.” This suggests a shift in team coordination towards multidisciplinary
interaction which is also complemented by the quantitative result demonstrating significant improvement in overall
NTS performance and teamwork at one-month follow-up.

Theme 2: Improved Communication and Shared Situational Awareness Through Structured Practices

Before the intervention, communication was described as an important area of difficulty before the intervention.
Participants reported limited preoperative briefing, incomplete sharing of information, and communication
difficulties. One anesthetist described “There is rarely a structured briefing before surgery, so I sometimes don't know
the surgeon's complete plan.”. This difficulty was evident during emergencies, when multiple professionals
communicate simultaneous in a more stressful environment. A surgeon reported before the intervention “During
emergencies several people speak at the same time, making it difficult to know whose instruction to follow.”

Following the intervention, participants reported improvement in use of structured communication practices,
including team briefings, closed-loop communication, and more frequent information sharing suggesting clinically
important information was more consistently shared across the team. An anesthetist reported “Everyone now updates
each other whenever the patient's condition changes.” The qualitative and quantitative result are consistent showing
communication scores increased from baseline to one month, with the one-month score significantly higher than
baseline. Situational awareness also demonstrated significant improvement over time. The qualitative accounts
provide contextual evidence for these changes by illustrating how information sharing and structured communication
were incorporated into operating-room practice.

Nevertheless, participants still reported in maintaining of these behaviors especially in emergencies. One anesthetist
noted that although the training was helpful, sustaining the new behaviors during emergencies remained difficult.
Similarly, participants reported that busy schedules could lead to parts of the briefing or other communication
practices being skipped. Thus, improved communication practices were accompanied by continuing contextual
challenges.

Theme 3: Creating Space for Speaking Up and Shared Leadership

Professional hierarchies as mentioned by participants to be barriers to openly communicate and speak up before the
intervention especially junior team members hesitate to question senior members even if they recognize problems.
An OR nurse describes this reaction as “Sometimes I keep quiet because I don't want to interrupt the surgeon.”
Nevertheless, participants recognized the important of creating a setup where any concern could be raised irrespective
of professional role.

One month after the intervention, participants described greater confidence in speaking up. An OR nurse reported “I
feel much more confident reminding the team if something has been missed.” Participants also described more
structured leadership during procedures. A surgeon explained “The team leader now summarizes the surgical plan
before every procedure.” These show perceived changes of both psychological safety and leadership practices with
team members improved confidence to rise concerns and clearly coordinate surgical plans. These findings, however,
are only partially consistent with the quantitative domain result. The quantitative result didn’t show statistically
significant change in leadership score, although participants clearly showed improvements in leadership practice.
This difference may indicate that perceived changes in leadership behavior were not sufficiently consistent or large
enough to be detected by the quantitative measure during the study period.

Theme 4: Embedding Safety Practices Despite Operational Constraints
Before the training, participants described the use of WHO surgical safety checklist as only a documentation
requirement rather than an active mechanism for team communication An OR nurse explained “The checklist is
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completed, but sometimes just to satisfy documentation requirements.” Participants also identified a broader gap in
formal training related to teamwork and communication. An anesthetist noted “We've had many technical trainings
but almost nothing on teamwork or communication.”

After the intervention, participants described more active communication with the checklist. An OR nurse stated,
“The checklist has become a real discussion rather than simply reading the form.” The shift in checklist use towards
an opportunity for communication and team discussion is also observed in the quantitative result where improvement
is observed in task management, teamwork/coordination, and communication.

However, participants recognize constraints like emergency surgery where there is limited time to implement
structured communication and collaborated by one surgeon stating, “Emergency surgeries remain difficult because
there is little time for structured communication.” Additionally, workloads are barriers for implementation of NTS
practices specially in demanding clinical schedules and environments. Despite these challenges, participants
emphasized the implementation and embedding of NTS practices and trainings in everyday clinical practice as an
important to improve patient safety. One OR nurse recommended “The training should become part of orientation
for all new staff.” Similarly, a surgeon suggested “Regular refresher sessions would help maintain these new
behaviors.”

The qualitative and quantitative findings show consistence. Overall, the NTS score increases 3.36 at baseline to 3.82
after the intervention and to 4.04 after one month. This matches the description of teamwork, clearer communication,
greater situational awareness, smoother coordination and more participants from different discipline. Leadership has
become indistinct and multidisciplinary team has felt more confident speaking up yet the quantitative leadership
scores did not change significantly.

An important area of divergence emerged for leadership. Quantitatively, leadership scores did not change
significantly across the three assessment points. However, qualitative findings suggested greater shared participation,
clearer communication of team plans and increased confidence among participants to raise concerns. This apparent
discordance may indicate that changes in relational or shared leadership behaviors were experienced by participants
but were not adequately captured by the quantitative measure or were insufficient in magnitude to produce a
statistically detectable change within the small staff sample. Rather than representing contradictory findings, the two
data sources provide complementary perspectives on how leadership behaviors may have evolved following the
intervention.

The descriptive data also explained NTS training has improved task management, adaptability and decision-making
skills and why there were lower adverse events and delays and higher patient satisfaction. Still staff NTS measures

could not be directly linked to outcomes for patients, so these results show a consistent pattern, across all data sources.

Table 6: Adjusted odds ratios for selected perioperative patient outcomes following the intervention (N = 672)

Patient outcome Comparison / factor Crude | p-value | Adjusted 95% CI p-
OR OR value
Perioperative Post-intervention  vs 0.13 0.13 0.13 | 0.06-0.32 <0.001
adverse event pre-intervention
Age, years 1.01 1.00 1.00 | 0.99-1.02 0.859
ASA III-V vs I-I 0.97 0.943 1.08 | 0.43-2.74 0.867
Intermediate vs minor 1.67 0.293 1.78 | 0.67—4.69 0.245
procedure
Major/complex Vs 1.27 0.616 1.36 | 0.52-3.54 0.526
minor procedure
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Delay in care Post-intervention  vs 0.30 | <0.001 0.29 | 0.17-0.52 <0.001
pre-intervention
GYNI vs general 0.16 0.076 0.15 | 0.02-1.09 0.060
surgery
NEURO vs general 0.34 0.075 0.33 | 0.10-1.09 0.069
surgery
OBS vs  general 2.04 0.049 1.81 | 0.88-3.74 0.108
surgery
ORTHO vs general 0.88 0.709 0.89 | 0.44-1.81 0.751
surgery
Communication- | Post-intervention vs 0.07t 0.012 - -
related event pre-intervention
Patient Post-intervention vs 2.54 <0.001 2.60 | 1.97-3.43 <0.001
satisfaction pre-intervention
Spinal vs general 1.18 0.257 1.18 | 0.89-1.58 0.250
anesthesia
Other vs general 0.64 0.049 0.59 | 0.38-0.92 0.020
anesthesia

Reference categories: pre-intervention period; ASA I-1I; minor procedure; general surgery; and general anesthesia. There were

only 14 communication events, an adjusted multivariable model was not fitted.

Table 7: Joint Display of Quantitative and Qualitative Findings

The Operating Room Global Journal

DISCUSSION
Study finding/construct | Quantitative findings | Qualitative findings | Integrated
interpretation
Overall NTS NTS increased | Greater coordination | Convergence:
significantly over time | and teamwork were | qualitative findings
described after | support the observed
training improvement in NTS
Communication Communication Increased use  of | Convergence:
improved, closed-loop structured
particularly at 1- | communication and | communication
month follow-up information sharing practices may explain
the quantitative
improvement
Situational awareness Significant More frequent sharing | Convergence:
improvement  from | of patient-condition | improved information
baseline changes sharing supports
improved situational
awareness
Teamwork/coordination | Significant Greater cooperation, | Convergence:
improvement at 1 | mutual respect, and | qualitative findings
month multidisciplinary reinforce quantitative
input improvement
Decision-making Significant overall | Greater participation | Convergence:
time  effect and | of different | qualitative  findings
improvement at 1 | professional groups help explain
month
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improved  decision-
making
Adaptability Significant Better  coordination, | Convergence with
improvement but emergency | qualification:
situations  remained | improvement
challenging occurred, but context
affected
implementation
Task management Significant More structured | Convergence:
improvement planning and active | qualitative evidence
checklist discussions | explains the
behavioral = changes
underlying
improvement
Leadership No statistically | Participants described | Discordance/partial
significant clearer leadership and | convergence:
quantitative team-leader roles qualitative
improvement improvement was not
detected
quantitatively
Patient safety Adverse events and | Better Complementarity:
delays decreased | communication, qualitative  findings
significantly after | teamwork, speaking | provide a plausible
intervention up and safety | mechanism for the
practices observed patient
improvements
Sustainability — Need for orientation, | Expansion: qualitative
refresher training, and | findings identify
organizational conditions needed to
support sustain  quantitative
improvements

This mixed-methods quality-improvement study evaluated changes in non-technical skills among multidisciplinary
operating-room professionals following a context-adapted NTS training intervention and examined concurrent
changes in selected perioperative patient safety outcomes. Three principal findings emerged. First, overall NTS scores
improved significantly immediately after training and remained significantly above baseline at one month. Second,
improvement varied across individual NTS domains, with some competencies demonstrating immediate change and
others becoming evident at one-month follow-up, while leadership showed no statistically significant quantitative
change. Third, the post-intervention period was associated with fewer adverse events, delays in care and
communication-related safety events and with higher patient satisfaction. Qualitative findings largely complemented
these results by describing improvements in teamwork, structured communication, shared situational awareness and
speaking up, while also identifying workload, emergency pressures and hierarchy as continuing barriers to
implementation.

Changes in overall non-technical skills

The overall NTS score increased from 3.36 at baseline to 3.82 immediately after training and 4.04 at one month. The
mixed-effects model showed a significant increase of 0.464 points immediately after training and 0.679 points at one
month compared with baseline. The corresponding model-standardized effects were 1.06 and 1.55, respectively. The
difference between immediate post-training and one-month follow-up was not statistically significant, suggesting that
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the improvement achieved immediately after training was maintained rather than showing evidence of further
statistically significant change.

This finding is consistent with pervious literature showing that structured NTS interventions can improve teamwork
and other NTS among healthcare professionals. Perioperative studies also found use of TeamSTEPPS-based
interventions have improved adherence to briefings, debriefings, communication practices, and other safety processes
(13, 14). This study expands on these findings to a multidisciplinary operating-room team in an Ethiopian teaching
hospital, a setting where formal NTS training has been less extensively evaluated.

The number and consistency of the observed improvement are also important to the research gap identified. Previous
studies had frequently relied on self-reported attitudes or single follow up, making it difficult to determine
sustainability of NTS. In this study, the one-month assessment remained substantially higher than baseline, providing
some evidence of short-term retention. This is relevant because previous literature has warned that gains in team
behavior may decline when training is not reinforced over time (15).

The persistence of improvement may partly reflect the practical structure of the intervention. The training used
interactive workshops, scenario-based learning, simulation-oriented activities, briefing and debriefing, closed-loop
communication, and coaching. These methods allowed participants to practice behaviors rather than only receive
information. The qualitative findings support this interpretation: participants described increased use of team
briefings, closed-loop communication, sharing of changes in patient condition, and greater involvement of different
professional groups in decision-making. Thus, the quantitative increase in NTS scores was accompanied by reports of
changes in actual team interaction.

Domain-specific changes in NTS

Situational awareness, adaptability, and task management showed significant improvements immediately after
training and remained improved at one month. These findings are consistent with the literature describing the
importance of situational awareness and adaptability in the operating room, where teams must respond to changing
patient conditions, equipment problems, workload, and unexpected events (16, 17). Previous observational studies
have also linked poor situational awareness with avoidable intraoperative incidents (18, 19) . However, these studies
were observational not intervention studies.

The mixed-methods study of 167 cases provides another useful comparison because it linked higher NOTSS
performance and intraoperative communication practices with efficient case turnover and first-case-on-time starts (6).
Unlike the current study, this study examines the relationship between observed team skills and workflow outcome.
The present study instead measures changes over time following an intervention, the cross-section of these results
suggests communication, situational awareness, teamwork, and task management are relevant to perioperative
functioning, although the available evidence comes from different methodological designs.

The intervention used in this study shares important components with TeamSTEPPS-based training, particularly
structured briefing and debriefing, closed-loop communication, shared mental models, and team-based problem
solving (6). Previous TeamSTEPPS implementation studies have reported improvements in teamwork processes and,
in some settings, patient safety outcomes (13). However, these studies differ from the present study in intervention
intensity, implementation period, organizational resources, and outcome measurement.

In addition, a TeamSTEPPS implementation study reported improvement in perioperative mortality, unplanned
reoperation, and low-risk mortality (18). These findings provide an important clinical comparison, but they should be
interpreted alongside the differences in study design and implementation scale. System-level implementation
programs may influence multiple processes simultaneously, including communication, teamwork, checklist use,
leadership, and organizational safety practices. The present study was conducted at a single hospital and therefore
provides more limited evidence about the independent contribution of NTS training to patient outcomes.

Patient safety outcomes: comparison with clinical evidence.

The reduction in adverse events, delays, and communication-related safety events after the intervention is clinically
important and is consistent with the direction of evidence from studies linking effective NTS with safer perioperative
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care. The patient-level analysis showed substantially fewer adverse events and delays in the post-intervention period,
and regression analysis remained consistent with lower odds of adverse events and delays after adjustment for
measured patient and procedural factors. Nevertheless, the absence of a concurrent control group means that other
temporal changes cannot be completely excluded. The communication-related outcome should also be interpreted
cautiously because only 14 events were recorded, preventing a stable adjusted model.

These results are different from a previous study that looked at NTS interventions, which didn't find clear
improvements in key patient results (21).The difference might be because of how outcomes were defined, how the
programs were set up, how many people were studied, where the care was given, and which results were checked
.This study looked at certain problems that happened during perioperative period, communication issues, and patient
satisfaction in one hospital, not at things like mortality, returning to the hospital, or how long patients stayed, which
were looked at in other studies. So, these results shouldn't be taken as proof that NTS training always lowers the risk
of surgery complications.

The qualitative findings help explain the changes. Before the training, people talked about teamwork mainly focusing
on each person's own job, with not much teamwork across different professions. One month after the training, they
said there was more teamwork during planning, more use of clear communication that goes both ways, more sharing
about how patients were doing, and more confidence in speaking up about problems in the perioperative period.
These results match with the improvements seen in the overall teamwork skills, especially in talking with each other,
working together, knowing what's happening around them, and managing tasks.

At the same time, the qualitative results also showed ongoing challenges, like heavy workloads, emergency situations,
time pressure, and a strict hierarchy. These findings are important because they show that training alone isn't enough,
it depends on the work environment. The training can improve knowledge and awareness of good teamwork, but
keeping these changes needs support from leaders, chances to speak up, ongoing encouragement, and a workplace
that lets staff practice these skills.

So, the results should be seen as supporting each other rather than just agreeing with earlier studies. Observational
studies show that good teamwork is linked to safer surgery; intervention studies show that training can change team
behavior; and this study adds to that by showing that a training program tailored to the local setting can improve
teamwork skills quickly in an Ethiopian hospital and also improve some safety measures. However, the effects on
patient safety are still linked, not proven, because there wasn’t a group that didn’t get the training to compare with.

IMPLICATIONS / RECOMMENDATIONS

The findings suggest that NTS training can strengthen perioperative communication, teamwork, situational
awareness, coordination, and decision-making. Structured briefings, closed-loop communication, shared patient
updates, debriefings, and meaningful use of the surgical safety checklist should be integrated into routine operating-
room practice. NTS should also be incorporated into staff orientation, simulation-based learning, and continuing
professional development, with regular refresher training. Hospital leadership should promote psychological safety
and multidisciplinary participation while addressing workload, emergency pressures, and hierarchical barriers. These
practices should be integrated into existing patient-safety and quality-improvement systems rather than treated as
isolated training activities.

Future research should use larger samples, longer follow-up, and multicenter or controlled designs where feasible to
assess the sustainability of NTS improvements and their association with patient safety outcomes. Further studies in
Ethiopian healthcare settings could help determine how NTS interventions can be adapted, implemented, and
sustained across different hospitals and resource contexts.

LIMITATIONS
This study has several limitations. First, it used a single-Centre quasi-experimental pre-post design without a
concurrent control group. Consequently, changes observed during the post-intervention period cannot be attributed
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exclusively to the NTS training, as temporal, organizational or other unmeasured factors may have contributed.
Second, the staff component included only 24 multidisciplinary operating-room professionals. Although this
represented the available eligible workforce and retention was high, the small sample limits statistical precision,
subgroup analyses and generalizability beyond the study setting.

Third, follow-up was limited to one month. The study therefore provides evidence of short-term retention but cannot
determine whether improvements in NTS would persist over longer periods without reinforcement or refresher
training. Fourth, the adapted NTS instrument demonstrated acceptable overall internal consistency, but the two-item
Situational Awareness subscale showed poor reliability. Findings for this individual domain should therefore be
interpreted cautiously. Fifth, the NTS assessment relied on participant-reported ratings and may therefore have been
susceptible to response or social-desirability bias following training.

Sixth, although patient outcomes improved during the post-intervention period, residual confounding cannot be
excluded despite adjustment for selected patient and procedural characteristics. Staff NTS measurements and patient
outcomes were also collected at different analytical levels, preventing direct linkage of an individual staff member's
NTS improvement with outcomes in individual patients. Finally, the qualitative findings reflect participants'
experiences within a single institutional and cultural setting. Although they provide important contextual explanation
of the quantitative findings, their transferability to other hospitals and surgical systems requires further evaluation.

CONCLUSION

Context-adapted NTS training was associated with significant improvement in overall non-technical skills among
multidisciplinary operating-room professionals at Hakim Gezaw Teaching Hospital, with improvements maintained
at one-month follow-up. Patterns of change differed across individual NTS domains, while qualitative findings
provided complementary evidence of improved teamwork, structured communication, shared situational awareness,
coordination and confidence in speaking up.

The post-intervention period was also associated with fewer perioperative adverse events, delays in care and
communication-related safety events and with higher patient satisfaction. However, given the uncontrolled pre—post
design, these patient-level changes cannot be attributed causally to the intervention.

The findings support the feasibility and potential value of context-adapted multidisciplinary NTS training within this
perioperative environment. Sustaining these improvements is likely to require integration of NTS practices into
routine operating-room systems, periodic reinforcement, supportive leadership and an organizational culture that
promotes multidisciplinary communication and psychological safety. Larger controlled multicenter studies with
longer follow-up are required to determine sustainability and establish the relationship between NTS improvement
and patient outcomes more robustly.
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