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Abstract

Background Manual dexterity and visual-spatial ability are considered key to the development of superior laparoscopic
skills. Nevertheless, these abilities do not reliably explain all the variance found in the technical performance of surgical
trainees. Consequently, we must look beyond these abilities to improve our understanding of laparoscopic skills and to better
identify/develop surgical potential earlier on.

Purpose To assess the individual and collective impact of physical, cognitive, visual, and psychological variables on per-
formance during and after basic simulation-based laparoscopic skills training.

Method Thirty-four medical students (laparoscopic novices) completed a proficiency-based laparoscopic skills training
program (using either a 2D or 3D viewing mode). This was followed by one testing session, a follow-up testing session with
new (yet similar) tasks, and a series of physical, cognitive, visual, and psychological measures.

Results The statistical models that best predicted variance in training performance metrics included four variables: viewing
mode (2D vs 3D), psychological flexibility, perceived task demands, and manual dexterity (bimanual). In subsequent festing,
a model that included viewing mode and manual dexterity (assembly) best predicted performance on the pre-practiced tasks.
However, for a highly novel, spatially complex laparoscopic task, performance was best predicted by a model that comprised
viewing mode, visual-spatial ability, and perceived task demands. At follow-up, manual dexterity (assembly) alone was the
best predictor of performance on new (yet similar) tasks.

Conclusion By focussing exclusively on physical/cognitive abilities, we may overlook other important predictors of surgical
performance (e.g. psychological variables). The present findings suggest that laparoscopic performance may be more accu-
rately explained through the combined effects of physical, cognitive, visual, and psychological variables. Further, the results
suggest that the predictors may change with both task demands and the development of the trainee. This study highlights
the key role of psychological skills in overcoming initial training challenges, with far-reaching implications for practice.
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it is essential that the chosen few possess the necessary
knowledge, skills, abilities, and attributes to reach laparo-
scopic proficiency with greater efficiency and efficacy. How-
ever, the most important predictors of surgical potential are
still a point of conjecture and debate. While research shows
that academic achievements (e.g. grades, test knowledge)
are limited in their ability to predict surgical performance
[6-8], many surgeons believe that certain innate abilities are
the key to superior laparoscopic skill [7].

Innate abilities

When 58 master surgeons were asked to identify the most
important attributes for surgical trainees, innate dexterity
was reported as the strongest perceived predictor of techni-
cal skill in both training and practice [7]. This incorporated
psychomotor abilities such as hand—eye coordination, limb
coordination, speed, and steadiness (i.e. manual dexterity),
as well as spatial perception, and the ability to visually inter-
pret and manipulate images (i.e. visual-spatial ability) [7].
Moreover, these abilities were considered particularly vital
for the development of laparoscopic skills to manage the
visuomotor discordance and increased technical complexity
created by the fulcrum effect (i.e. the counterintuitive move-
ments required by the perceived inversion of motion from
the handle to the end of the instrument) [7, 9].

Empirical research has since shown significant correla-
tions of both manual dexterity and visual-spatial ability with
novices’ technical performance (i.e. efficiency and accuracy)
in laparoscopic skills training [10-15]. While these relation-
ships have not always been observed [16, 17], inconsistent
and conflicting results may be due to various methodologi-
cal limitations common in this research field. For exam-
ple, many studies have neglected to assess or control for
potentially confounding visual variables (e.g. visual acuity,
stereoacuity) that may impact laparoscopic performance,
particularly with different viewing modes (i.e. 2D and 3D)
[18, 19]. Furthermore, past research has often focussed on
the independent effects of manual dexterity [17], visual-spa-
tial ability [20], and visual ability [21], yet their combined
effects have been found to explain a greater portion of vari-
ance in laparoscopic performance [22, 23]. While design dif-
ferences may account for some of the inconsistent findings
throughout the literature, variance still exists in the perfor-
mance of surgical trainees that cannot be explained by the
individual or combined effects of such innate abilities [22].
Consequently, it is important to expand beyond the scope
of past research and consider other individual differences
that may account for further variance in performance and
enhance the prediction of surgical potential.
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Perceived demands

Research has shown that higher levels of stress (i.e. where
internal/external demands are perceived by the individual as
a threat rather than a challenge) are associated with poorer
surgical performance (i.e. longer times and increased errors),
and inferior economy of motion during laparoscopic skills
training and practice [24-26]. Excessive levels of stress have
also been found to disrupt and relocate limited attentional
resources and impair visual-spatial ability, hand-eye coordi-
nation, memory, situation awareness, and decision-making
in various high-stakes contexts [27-29]. Such results suggest
that a surgeon’s innate physical and cognitive abilities may
be significantly impacted by their psychological state and
the way they perceive internal and external demands [25].
For example, if a surgeon becomes overwhelmed at critical
points of complexity and pressure, their normally quick hand
movements and cognitive processing may be interrupted or
impaired.

To address these concerns, many researchers have
attempted to predict how candidates will work under pres-
sure by defining the ideal psychological states, traits, char-
acteristics, behaviours, and/or coping strategies of practic-
ing surgeons [30-38]. However, the results have ultimately
lacked clarity, consistency, and an objective and reliable
connection with technical skill [39, 40]. It is suggested that
such limitations are likely due to the ill-defined labels used
to identify levels of expertise (e.g. the skills and abilities of
a “master surgeon” have yet to be defined), and the inaccu-
rate assumptions that years of surgical experience reflect a
particular level of surgical skill [41]. More importantly, this
area of research has largely overlooked why individuals sub-
jectively evaluate the same demand in different ways (e.g.
why one individual sees it as a challenge, while another sees
it as a threat), and how this impacts subsequent performance
[42]. As a result, we must look beyond the surgical litera-
ture to better understand the key psychological mechanisms
behind perception and performance in this high-stress and
high-demand contexts.

Psychological flexibility

In other high-stakes fields such as aviation, the military,
and elite sports, an attribute known as psychological flex-
ibility has been consistently found to impact well-being,
stress, technical and non-technical performances, and skill
development under pressure [43—-48]. For example, greater
psychological flexibility has been associated with increased
resilience and reduced risk of posttraumatic stress in active
Air Force personnel, improved decision-making in aircrew,
and higher coach-ratings of athlete’ performances [43—48].
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Psychological flexibility can be described as the ability to
remain aware and engaged in one’s present experience with-
out internal distraction, while persisting or changing actions
towards chosen goals or values [46, 49]. It is important to
note that psychological flexibility is not simply a state of
happiness, well-being, positivity, or ease, but rather involves
functional responses to difficult, uncertain, and challenging
thoughts/feelings/situations [50]. Furthermore, improving
psychological flexibility is the core function of mindfulness-
based practice (a growing area involving stress-reduction
techniques) [51-53], which is considered to benefit per-
formance by reducing the attentional resources spent try-
ing to change, control, judge, or avoid internal thoughts or
events [54]. This then leaves greater awareness available for
task-relevant cues and more effective responding to contin-
gencies in the environment [54]. As surgical excellence is
not marked by error-free performance, but rather the abil-
ity to manage errors, disruptions, and complications, and
efficiently change techniques and strategies to meet these
challenges [55, 56], it is suggested that a surgeon’s psycho-
logical flexibility may carry significant implications in the
operating theatre.

While it appears that psychological flexibility has yet
to be explored in a surgical context, it has been associated
with increased emotion regulation, self-efficacy, resilience,
and work performance in other health professions [57-59].
Additionally, Lebares et al. (2019) [60] found that surgi-
cal residents who completed laparoscopic skills training in
combination with a mindfulness-based training interven-
tion, showed improved well-being, executive functioning,
and motor performance at a 1-year follow-up, compared to
residents who completed laparoscopic skills training alone.
This suggests that more mindful and flexible behaviours
may enhance surgical performance by optimising attentional
resources and reducing the deleterious effects of stress. This
may also help to explain why certain individuals perceive
and react to demands in different ways, and how this changes
their performance. However, this point remains conjecture
given the lack of investigation into psychological flexibility
within a surgical context. Also, to the authors’ knowledge,
no published empirical study has explored psychological
variables in combination with physical, cognitive, and visual
abilities to examine their individual and collective impact on
laparoscopic skills.

Aims

To expand beyond past research, the study had two main
aims. The first aim was to assess the individual and collec-
tive impact of (a) manual dexterity, (b) visual-spatial ability,
and (c) visual abilities (i.e. visual acuity and stereoacuity)
on performance in proficiency-based laparoscopic skills

training and testing (while controlling for viewing mode:
2D/3D). The second aim was to assess the individual and
collective impact of (d) perceived demands and (e) psy-
chological flexibility on performance in proficiency-based
laparoscopic skills training and testing (beyond that of
other variables). By enhancing our ability to predict surgi-
cal potential, it may be possible to equip medical students
to make more informed decisions about their suitability for
a surgical career early on, and allow them to focus on devel-
oping all relevant supportive skills/attributes prior to formal
selection and training. Moreover, by the time they reach sur-
gical residency, applicants may be more likely to possess the
necessary aptitude and attitude to reach laparoscopic profi-
ciency with increased efficiency and efficacy.

Method
Participants

Thirty-four laparoscopic novices (male, n=18; female,
n=16) with a mean age of 25.29 years (SD =3.66, range
19-34) voluntarily participated in this study. Participants
were current medical students (between the first and fourth
year of medical school), recruited from a larger sample who
participated in Beattie et al.’s (2020) [61] study investigating
the effects of 2D vs 3D viewing modes on laparoscopic skills
training. Thirty-two participants were right-handed and two
were left-handed. Participants received no financial com-
pensation for their involvement. The study was approved by
the Royal Brisbane and Women’s Hospital (RBWH) and the
University of Queensland ethical committees.

Materials and measures
Laparoscopic tasks

Training tasks Participants performed all six tasks from the
3-Dmed program (3-Dmed®, Franklin, OH, US) to a base-
line level of proficiency (see Table 1) using a box trainer
and laparoscopic instruments. Total scores were calculated
by the total time taken (in seconds), combined with the total
time penalties incurred for errors across all training repeti-
tions (in seconds). Consequently, lower scores reflected
more efficient and accurate performances. All baseline levels
of proficiency, error parameters, and instructions outlined by
Schreuder et al. (2011) [62] were adopted in this research
(see Table 1 for an overview of the six tasks).

Testing tasks During testing, participants completed all
3-Dmed tasks again (twice) with the same scoring param-
eters, followed by a novel task developed and validated by
Sakata et al. (2017) [18, 63], known as the “Navigating in
Space” task (NIS). The NIS task assesses fine dexterity and
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Table 1 Overview of the 3-Dmed tasks used in training and testing (parameters adopted from Schreuder et al. 2011)

Task Proficiency Penalties Description
Score (in
seconds)
1. Post and sleeve 120 Drop sleeve on the board=10s Pick up and transfer six sleeves from one side of the board to the
Drop sleeve off the board=20s  other, and back again, using both hands
2. Loops and wire 86 Miss a loop=10s Feed two pipe cleaners through two rows of loops using both
hands, starting one from the left side and one from the right
side
3. Pea on a peg 313 Drop bead on the board=10s  Pick up wooden beads from a cup and place them onto 14 pegs,

Drop bead off the board =20 s

4. Wire chaser (one hand) 69
5. Wire chaser (two hands) 127

6. Zig-zag loop 48 Miss aloop=10s

Lose/drop the ring=10 s

Lose/drop the ring=10 s

using the right hand to complete the right side and the left hand
to complete the left side

Move three rings of decreasing diameter to the other end of a
curved wire with one hand

Move three rings of decreasing diameter to the other end of a
curved wire with two hands

Alternately feed a rope through the first and second rows of

loops using both hands to make an “M”-shaped or zigzag pat-
tern

required participants to pass a curved suture through six
flexible loops (made from a monofilament strand) in a pre-
defined sequence with two needle holders. Scores on the
NIS task were calculated by the total time taken (in seconds)
to complete the last two repetitions of the task (with a time
limit of 10 min per attempt). The first attempt was used to
familiarise participants with the task requirements.

Follow-up tasks In the follow-up session, participants
completed the first two tasks from the FLS training pro-
gram (i.e. Peg Transfer and Precision Cutting) three times
each. Similar to the first 3-Dmed task (i.e. Post and Sleeve),
the Peg Transfer task required participants to pick up and
transfer six objects from one side of the board to the other,
and back again, using both hands. The Precision Cutting task
required participants to use a grasper in one hand to pro-
vide traction to a piece of gauze, and endoscopic scissors in
the other hand to cut around a pre-marked double-circle on
the gauze. All standard instructions and scoring parameters
defined by the FLS program (https://www.flsprogram.org/)
were adopted here.

Innate abilities

With manual dexterity, visual-spatial ability, visual acuity,
and stereoacuity found to significantly correlate with laparo-
scopic training performance [13-15, 18], participants were
assessed on these variables as baseline measures of physical,
cognitive, and visual ability in the screening session. The
Purdue Pegboard (PP) test (Lafayette Instrument Co) was
used to measure innate manual dexterity through four sub-
tests: right hand (alone), left hand (alone), bimanual (both
hands together), and an assembly task (both hands working
simultaneously and continuously to construct assemblies
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with multiple elements). Higher scores on the PP reflected
superior manual dexterity. An online version of the Men-
tal Rotations Test was used to assess participants’ visual-
spatial ability, with higher scores reflecting more efficient
and accurate visual-spatial ability [64]. Participants’ right
and left visual acuity, and their level of stereoacuity were
also assessed using the LogMAR eye chart (National Vision
Research Institute, Melbourne, Australia) and Randot Ste-
reo Test (Stereo Optical, Chicago, IL), respectively. In both
these tests, lower scores reflected a greater level of visual
ability.

Perceived demands

With high levels of stress found to negatively impact lapa-
roscopic performance [65], participants completed the well-
validated NASA Task Load Index (NASA-TLX) [66, 67] at
the end of each session to assess the level of mental demand,
physical demand, temporal demand, performance, effort, and
frustration/stress that they associated with the tasks. Partici-
pants rated each of these dimensions on a 7-point scale [68]
from Very Low (scored 0%) to Very High (scored 100%),
except for performance, which was anchored at Perfect
(scored 0%) and Failure (scored 100%). Lower scores on the
index indicated less demand/stress perceived from the tasks.

Psychological flexibility

Participants’ level of psychological flexibility was measured
using the validated 7-item Acceptance and Action Ques-
tionnaire-II (AAQ-II; [69]). An example statement from the
AAQ-II includes “Worries get in the way of my success”.
Each statement required a response on a 7-point scale from 1
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(never true) to 7 (always true). All responses were reversed
scored so that higher scores reflected a higher level of psy-
chological flexibility, and lower scores reflected greater
experiential avoidance (or inflexibility).

Despite being recruited through a surgical interest group
(requiring self-selection), participants’ “interest in surgery
compared to the average medical student” was also meas-
ured on a 5-point scale from Very Low (1) to Very High
(5), to confirm if the sample adequately represented those
interested in a surgical career. While other exploratory vari-
ables were also included as part of a larger body of research
(e.g. level of medical study, video-game use; see Beattie
et al. 2020 [61]), they were not the focus of the current study
(and did not display any significant relationships with per-
formance), thus are not discussed here.

Procedure

Participants attended five sessions at a simulation training
centre within a tertiary hospital campus, and the first four
sessions overlapped with the study conducted by Beattie
et al. (2020) [61]. See Fig. 1 for an overview of the complete
study design. The first session included the collection of
background information and baseline measures of physical,
cognitive, and visual abilities. The second and third sessions
included the set practice of six laparoscopic skills tasks to
a pre-defined level of proficiency using either a 2D or 3D
viewing mode. The 3D viewing mode was included to con-
trol for its effects on performance (given 3D has the potential
for more common use in future due to its efficacy in training)
[18, 61]. The fourth session included testing of the six tasks
again (twice) and three attempts at a novel task. See Beattie
et al. (2020) [61] for further details of the methodology and
materials involved.

After completing the fourth session, all participants were
invited to participate in a fifth (follow-up) session that was
unique to the current study. During this fifth session, partici-
pants completed the first two tasks from the Fundamentals of
Laparoscopic Skills (FLS) training program (to which they
had no prior exposure) three times each in the 2D viewing
mode. These tasks were followed by a series of psychologi-
cal and behavioural measures administered online via the
Qualtrics survey platform. It is noted that 23 (out of the 34)
participants completed the psychological and behavioural
measures via Qualtrics using a laptop in the simulation cen-
tre. However, due to COVID-19 restrictions on face-to-face
research at the time of the study, 11 participants completed
the same psychological and behavioural measures via Qual-
trics outside of the simulation centre and could not under-
take the two FLS tasks in the follow-up session.

SESSION 1
Screening

Tasks:
Baseline Assessments

\ 4

SESSION 2
1st Proficiency Training

3-Dmed Tasks:
1. Post and Sleeve
2. Loops and Wire

3. Peaon aPeg

Y

SESSION 3
2nd Proficiency Training

3-Dmed Tasks:
4. Wire Chaser (One Hand)
5. Wire Chaser (Two Hands)
6. Zig-Zag Loop

Y

SESSION 4
Testing

Retention/Transfer Tasks:
1. All 3-Dmed Tasks x 2

2. Navigating in Space Task x 3

Y

SESSION 5
Follow-up Testing
FLS Tasks:

1. Peg Transfer x 3
2. Pattern Cutting x 3

Fig.1 Overview of study design
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Statistical analysis

Statistical analyses were conducted using SPSS® version 25
(IBM Corp, 2017, Armonk, NY: USA), with a set at 0.05.
Independent #-tests were run to check for any significant
differences between participants who completed the online
psychological/behavioural measures in the lab versus outside
the lab. To identify the variables for inclusion in multivariate
analyses, bivariate correlations among all potential predic-
tor and criterion variables were assessed using Pearson’s
correlation coefficients (see Table 2). Any predictor vari-
able that did not have a significant relationship (p > 0.05)
with any of the criterion variables was excluded from further
analyses. After satisfying the mathematical assumptions for
multivariate analyses [70], a series of combined hierarchical
stepwise regressions was conducted to predict the individual
and collective impact of the associated variables on each
criterion, respectively (i.e. training repetitions, total training
score, total test score, total NIS score, and total follow-up
test score). To control for its already well-established effects
on laparoscopic performance [61, 71, 72], the viewing mode
variable (coded as 2D =0 and 3D = 1) was entered into Step
One of each analysis (except for follow-up testing where
participants used 2D only) using the Enter method. Given
the exploratory nature of this study, and to avoid overfitting
the model, all significantly associated predictor variables
were then entered into Step Two using the Stepwise method
(to determine the line of best fit with inclusion criteria set at
p <0.05, exclusion at p >0.10, and order based on explana-
tory power) [70]. Despite the relatively small N for the num-
ber of predictors employed, the sample size per variable still
met the minimum requirements suggested in the literature
[73, 74]. Additionally, the adjusted R’ is reported here (in
addition to the conventional R? in Tables 3 - 7) to further
account for the relatively small sample size (as suggested
by Austin and Steyerberg, 2015 [73]).

Results
Participants

Overall, participants reported a High mean interest in sur-
gery (compared to the average medical student) (M =4.00,
SD=0.82). Participants’ mean scores across all other vari-
ables of interest are shown in Table 2. There were no signifi-
cant differences in the characteristics, survey responses, or
performances during training or testing between participants
who completed the follow-up measures online in the lab
vs outside the lab (all p’s > 0.05). Furthermore, there were
no changes in any of the relationships between variables
(in significance or direction) after the additional responses/
performances were included from these participants.
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Training
Repetitions

Bivariate correlations showed significant relationships
between total training repetitions and viewing mode (in
training), psychological flexibility, perceived demands (in
training), and manual dexterity (bimanual) (see Table 2).
Equally, the final model to predict total training repetitions
included training viewing mode (control variable), perceived
demands (training), psychological flexibility, and manual
dexterity (bimanual). All associated analyses are shown in
Table 3. The final model was statistically significant, F(4,
29)=15.33, p<0.001, and explained 63.5% of the variance
in total training repetitions, Ridj = 0.635 (large effect).
When controlling for the effects of other predictors, the
results showed that as psychological flexibility increased,
the number of training repetitions required to reach profi-
ciency significantly decreased (i.e. performance improved).
Additionally, as perceived demands increased, the number
of training repetitions significantly increased (i.e. perfor-
mance worsened), and as manual dexterity (bimanual)
improved, training repetitions significantly decreased. Over-
all, after controlling for viewing mode, psychological flex-
ibility uniquely accounted for 19.5% of the variance in total
training repetitions, while perceived demands accounted for
13.1%, and manual dexterity (bimanual) accounted for 6.4%.

Total Training Score

Bivariate correlations showed significant relationships
between total training score and viewing mode (in training),
perceived demands (in training), psychological flexibility,
and manual dexterity (bimanual) (see Table 2). Equally, the
final model to predict total training score included training
viewing mode (control variable), perceived demands (train-
ing), psychological flexibility, and manual dexterity (biman-
ual). All associated analyses are shown in Table 4. The final
model was statistically significant, F(4, 29)=17.12,
p<0.001, and explained 66.2% of the variance in total train-
ing score, Ri G = 0.662 (large effect). When controlling for
the effects of other predictors, the results showed that as
psychological flexibility increased, the total training score
(time + errors) significantly decreased (i.e. performance
improved). Additionally, as perceived demands increased,
the total training score significantly increased (i.e. perfor-
mance worsened), and as manual dexterity (bimanual)
improved, total training score significantly decreased. Over-
all, psychological flexibility uniquely accounted for 20% of
the variance in total training score, perceived demands
accounted for 15%, and manual dexterity (bimanual)
accounted for 7.4%.



3473

"§0°0 > d 1 sdIysuone[o1 JUBIYIUSIS 1091 SWAN PAPIOF “ON "100°0 > s “10°0> dxc ‘500>

3467-3479

€C=Ne

YE=N

Anmqrxop

(€9°L) [e2150]

- 8970 €0T0  %99€0— I¥1°0— 861°0 9LTO 860°0— ¥ST'0 091°0 LEOO 10— +€9€°0— =0EP°0— *TEP'0— L6'8T  -OUdAsd ‘ST
(Sunsay)

spuewap

= %22099°0 10— +€1°0 SIT0 LOO0 ELTO— 0€T0— SETO SLEO +$9€°0 L8T°0 ¥L0°0 6L0°0  (#7'E1) $6'9S PAAII] “p[
(Sururen)

spuewap

- S6T0— LTIO— LITO  S90°0— 8LT0— S000  1600— L9T°0 980°0— €510 «PEP'0 «0TP'0  (E1°€1) 09°€S PaAIddI] "¢
Kymoe

- u8LE 6600  ¥610— SS0'0— 000  LLTO-— ST00— £60°0 L10°0 ¥10°0 6110 (ST8I)8EEE  -0211§ "T[

&+

(80°¢) Aymoe

- TT0-  LOE£0-— 8E€T0—  =L9€0—  8TI'0— 0800 #4§TS°0 x+E8F°0 S80°0 #80°0 ¥S'S [ensIA T

fiiqe

Lo'9) [eneds

- 0LT°0 SY0'0 6800—  080°0— ¥20°0 «H8E0— 1120— S0T0— L9T°0— YTEL  -[ensIA 01

(Ajquuasse)

(Ls'9)  Krorxop

= asx00L0 0F00  PITO=  xx£99°0— S0T0— «HTH0— 62€0— S8T0— 16Ty [enuEN 6

(fenuewiiq)

(oL Knserxep

- 0S1°0 9€1°0 9LE0~ 20T0— #6HE°0— xS0b°0— *78E°0— 8811  [enuely '8

(3ur

-159)) opouwr

(05°0)  Burmara

- LO00 8ET0— %6690~  %x9TS0— €900~ L80°0— 960 dgsAAT’L

(Sur

-uren) apowt
(1s0)  Sumara

- 0re’0 691°0 0100  #x8TS°0—  2xLES0— Ly'0 desade9
;91008
dn-morjoy
- L6T0 8LEO £ve0 £2€°0(8T'102) 16'668 [BI0L 'S
- #x798°0 w0 TIT'0(86'S67) 89°€SS 91008 SIN ¥
(¥0'681) 91098
- #%008°0 =x08P°0 0S°SLOT 1S9 [BIOL "€
(z$'T600) 21008 Sut
- #5::3:L96"0 OL’LLEE -Uren [eI0], T
suonnadar

- (2rin9ogr  Suwreif |

(Sururen) (Bur
Aqixay (3unsay)  spuewop N+ Aiiqe  (Ajquasse)  (Jenuewiq) (3unsa)-uren) spowr 491008
[ea13ooyd SPUBWIOP  PIATOIIN] Amoe  Aymoe reneds  Ajdyxop K)119)X9papow SUIMIIA Surmora dn-mofyjoy 21008 2100s Sur  suonnadax as)
-Asd "G 1 PaAIRdIR] ] ‘€l -O9IAS TI[ensIA "[[  [ENSIA 'Ol [ENUBN "6  [eNUBIN ' de/dc L de/de9 [EIOL ' QI00S SIN 'y 159 [BIOL, "¢ -Ulen [eI0], "7 SuIurer, ' 4\ SlqeLieA

Surgical Endoscopy (2022) 36:

so[qeLIeA dwod)no pue 10)d1paid enuajod [[e UsaM)Aq SIUSIOYJA0D UOTIR[AIIOD UOSIEd] T d|qel

pringer

a's



3474

Surgical Endoscopy (2022) 36:3467-3479

Testing

Bivariate correlations showed significant relationships
between total test score and viewing mode (in testing), visual
acuity, manual dexterity (bimanual), manual dexterity
(assembly), and psychological flexibility (see Table 2).
Despite this, the final model to predict total test score
included test viewing mode (control variable) and manual
dexterity (assembly) only. All associated analyses are shown
in Table 5. The final model was statistically significant, F(2,
31)=12.15, p<0.001, and explained 40.3% of the variance
in total test score, Ri G = 0.403 (medium-to-large effect).
When controlling for the effects of test viewing mode, the
results showed that as manual dexterity (assembly)
increased, the total test score (time + errors) significantly
decreased (i.e. performance improved), with manual dexter-
ity (assembly) uniquely accounting for 16.3% of the variance
in test performance.

Novel task (NIS)

Bivariate correlations showed significant relationships
between total NIS score and viewing mode (in testing),
visual acuity, visual-spatial ability, and perceived demands
(in testing) (see Table 2). However, the final model to predict
total NIS score included test viewing mode (control varia-
ble), visual-spatial ability, and perceived demands (testing).
All associated analyses are shown in Table 6. The final
model was statistically significant, F(3, 30)=30.68,
p <0.001, and explained 73.0% of the variance in total NIS
score, Ri 6= 0.730 (large effect). When controlling for the
effects of test viewing mode, the results showed that as vis-
ual-spatial ability increased, the total NIS score (completion
time) significantly decreased (i.e. performance improved).
Additionally, as perceived demands increased, the total NIS
score increased (i.e. performance worsened). Overall, visual-
spatial ability uniquely accounted for 20.1% of the variance
in NIS task performance, while perceived demands
accounted for 6.4%.

Follow-up tasks

Bivariate correlations showed a significant relationship
between follow-up score and manual dexterity (assembly)
(see Table 2). Consequently, the final model to predict total
follow-up score included manual dexterity (assembly) alone.
Associated analyses are shown in Table 7. The final model
was statistically significant, F(1,21)=16.50, p=0.001, with
manual dexterity (assembly) uniquely explaining 41.3% of
the variance in total follow-up score, Ri 6= 0.413 (medium-

to-large effect). The results showed that as manual dexterity
(assembly) improved, the total follow-up score
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(time + errors) significantly decreased (i.e. performance
improved).

Discussion

The aim of this study was to expand on past research and
assess the impact of physical, cognitive, visual, and psycho-
logical variables on novices’ performance in basic laparo-
scopic skills training and testing. Results indicated that (a)
manual dexterity, (b) visual-spatial ability, (c) visual abilities
(i.e. visual acuity), (d) perceived demands, and (e) psycho-
logical flexibility were all independently correlated with at
least one aspect of performance during proficiency-based
laparoscopic skills training and/or subsequent testing. How-
ever, when collectively assessing the variables and control-
ling for the well-known effects of viewing mode (i.e. 2D vs
3D) on performance, the results suggest that certain psycho-
logical functions (i.e. psychological flexibility and perceived
demands) were key to efficiently overcoming the initial chal-
lenges involved in training to proficiency. Then, once these
challenges were met (i.e. proficiency was achieved and par-
ticipants were performing at a relatively equivalent level),
innate abilities appeared to take centre stage and exert a
greater influence on subsequent performance. Despite this,
the value of each individual ability did not remain equiva-
lent across each task and stage of practice. For example,
we found that basic two-handed dexterity was more pre-
dictive of performance during training (when participants
were still becoming familiar with the basic movements and
tasks), while the two-handed assembly task (requiring more
complex, simultaneous, and continuous movements with
multiple elements) was more predictive of performance in
later testing of pre-practiced and new (more complex) FLS
tasks. It must be noted that, to the authors’ knowledge, the
various aspects of manual dexterity have never been broken
down in previous studies to explore how they respectively
impact performance during the different stages of laparo-
scopic skills training. This may help to explain why incon-
sistent outcomes have been identified in past research, as
manual dexterity has been conceptualised and measured in
different ways (e.g. performance on a laparoscopic task, or
a total score on a grooved pegboard test [16, 17]).
Furthermore, while visual-spatial ability did not account
for a significant portion of variance in participants’ train-
ing performance (beyond that of physical ability and psy-
chological perception), it explained a significant portion of
variance in performance when the task increased in spatial
complexity (i.e. in the NIS task). Similarly, while perceived
task demands (in testing) did not account for any significant
difference in the final model predicting participants’ test per-
formance (of pre-practiced tasks), these perceptions did pre-
dict a significant portion of variance in performance when
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Table 3 Summary of combined hierarchical stepwise regression analyses for variables predicting total training repetitions

Total training repetitions Model 1 (Control) Model 2 (Final) R? Ri i R? change
Variable B SE p B SE p

Constant 33.61 2.25 - 54.77 11.75 -

2D vs. 3D viewing mode (training) —11.80 3.27 —0.54%% -8.53 2.38 —0.39%* 0.289 0.267 0.289%*
Perceived demands (training) 0.34 0.10 0.40%* 0.420 0.383 0.131*
Psychological flexibility -0.69 0.16 —0.48%%* 0.615 0.577 0.195%*
Manual dexterity (bimanual) —-1.74 0.72 —0.27* 0.679 0.635 0.064*
N=34

*p <0.05, **p <0.01, ***p <0.001. Note. Bolded items reflect significant relationships at p < 0.05.

Table 4 Summary of combined hierarchical stepwise regression analyses for variables predicting total training score

Total training score Model 1 (control) Model 2 (final) R? R§ . R? change
Variable B SE p B SE p

Constant 4404.78 42523 - 8529.96  2127.83 -

2D vs. 3D viewing mode (training)  —2182.40 619.87 —0.53%*  —1543.90 430.76  —0.37** 0279  0.257  0.279%*
Perceived demands (training) 66.75 17.17  0.42%%* 0.429 0.392  0.150%*
Psychological flexibility —132.46 2891  —0.48%*  0.629 0.592  0.200%**
Manual dexterity (bimanual) —350.59 130.86  —.29% 0.703  0.662  0.074*
N=34

*p<0.05, **p <0.01, ¥**p <0.001. Note. Bolded items reflect significant relationships at p < 0.05.

Table 5 Summary of combined hierarchical stepwise regression analyses for variables predicting total test score

Total test score Model 1 (control) Model 2 (final) R Ri i R? change
Variable B SE p B SE p

Constant 1185.80 42.15 - 1770.44 198.58 -

2D vs. 3D viewing mode (testing) —197.38 56.38 —0.53%%* 191.37 50.47 —0.51%* 0.277 0.254 0.277%%*
Manual dexterity (assembly) —13.70 4.57 —0.40%* 0.439 0.403 0.163**
N=34

*p <0.05, *¥p <0.01, ***p <0.001. Note. Bolded items reflect significant relationships at p < 0.05.

Table 6 Summary of combined hierarchical stepwise regression analyses for variables predicting total NIS score

Total NIS score Model 1 (Control) Model 2 (Final) R’ R? s R? change
Variable B SE p B SE p

Constant 783.20 5547 - 816.00 143.55 -

2D vs. 3D viewing mode (testing) ~ —410.73 7420  —0.70%%*  —400.10 5474  —0.68%**  (0.489  0.473  0.489%**
Visual-spatial ability -27.72 533 —048%**  0.690 0.670  0.201%***
Perceived demands (testing) 5.76 2.06  0.26%* 0.754  0.730  0.064%**

N=34

*p<0.05, *¥p <0.01, ***p <0.001. Note. Bolded items reflect significant relationships at p < 0.05.

the task was novel and highly complex (i.e. the NIS task).
Overall, these findings reiterate the limitations inherent in
trying to predict surgical skill through one or two innate
abilities alone. Rather, performance should be understood as

the combination of physical, cognitive, visual, and psycho-
logical skills/abilities that work together to allow effective
movement, attention, observation, and emotional regulation
that changes with the needs of the context/task/individual.

@ Springer
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TabIe? Summgry of regre.:ss.ion Total follow-up score Model 1 (Final) R? R? . R? change
analysis for variables predicting adj
total follow-up score Variable B SE p

Constant 1895.26 247.11 -

Manual dexterity (assembly) -23.15 5.70 —0.66%* 0.440 0.413 0.440%*

N=23
%p<0.05, *p <0.01, ***p <0.001

As past research has commonly focussed on only one or two
innate variables to predict surgical performance (and over-
looked the combined effects of psychological factors) [20,
21], it is not surprising then that we find a lack of consist-
ency in the strength and significance of various relationships
throughout the field.

Limitations and future research

Despite the novelty of the current findings, the study had
its limitations. First, though the sample was appropriately
powered for our interpretation of the reported analyses,
future studies may benefit from employing larger sample
sizes to allow for greater generalisability of the results and
to reduce the possibility of Type II errors. While no sub-
stantive conclusions were drawn from non-significant rela-
tionships here, several findings appear inconsistent with the
outcomes of prior research. For example, unlike in previous
studies [63], stereoacuity was not significantly correlated
with performance, and visual acuity did not account for a
significant portion of variance in performance beyond other
innate variables. However, these results may have been due
to a restricted range of responses (i.e. all participants were
within the normal range of visual ability), and a level of
shared variance with other predictors (e.g. viewing mode,
manual dexterity). Consequently, future research should
explore the effects of visual abilities across a broader range
and a larger sample of participants.

Additionally, while the results highlight the need to
expand on previous models to optimise the prediction of
surgical potential, several variables were omitted from the
study’s design that may have accounted for further variance
in participant’ performance. For example, the NASA-TLX
was used to measure how demanding participants perceived
the tasks in this study, yet no specific measure of stress per-
ception (i.e. perceiving the task as a threat or a challenge)
was included here. Therefore, we were not able to determine
whether psychological flexibility impacted performance via
different stress perceptions. Furthermore, assessing other
subcomponents of psychological flexibility, namely, cogni-
tive flexibility (an aspect of executive functioning that allows
flexible response adaptation and attention shifting, which
has been found to correlate with psychological flexibility in
other contexts) [75] may have accounted for further variance
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in the outcome measures and helped to explain the connec-
tions found between psychological variables and participant
performance here.

In addition, as this study focussed on initial training and
the early acquisition of skills, we cannot determine whether
the value of psychological flexibility is limited to overcom-
ing the initial challenges and frustrations involved in early
training, or whether there are broader implications for prac-
tice. For example, if such results are found in a controlled
training environment, it begs the question: What kind of
impact could psychological flexibility have on the perfor-
mance of early career surgeons who continuously face chal-
lenges, uncertainty, and extreme demands while practicing
in the high-stakes operational context? Consequently, further
exploration is required into how the potential for extreme
stress (i.e. high perceived task demands, threat percep-
tions, and/or low psychological flexibility) in early training
impacts performance in the later stages of training and per-
formance in the real operational context. Thankfully, unlike
innate abilities that can be particularly difficult to change/
improve over time, research shows that psychological flex-
ibility is a skill that may be taught and/or increased through
mindfulness-based practice [76—79]. Furthermore, as mind-
fulness-based practice has already been linked to improved
well-being and performance in laparoscopic skills training
[60], the combined assessment of psychological flexibility
and mindfulness may help to broaden our understanding of
performance and establish more effective and individualised
tools to prepare potential candidates for a surgical career.

Conclusion

Overall, the current results highlight the importance of
assessing physical, cognitive, visual, and psychological
functioning to predict surgical potential. Moreover, this
research provides a novel insight into the value of psycho-
logical functioning to increase the efficiency of proficiency-
based laparoscopic skills training. With further exploration
into these and other variables of interest (e.g. cognitive flex-
ibility, attention, mindfulness, stress perceptions), we may
be able to develop more reliable tools/guides to enhance the
self-selection and self-development of surgical candidates.
In doing so, these candidates may be more likely to possess
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the necessary aptitude and attitude to reach laparoscopic
proficiency with increased efficiency and efficacy, with ben-
efits for surgeons, patients, and the healthcare system alike.
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