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skills acquisition, motivation, and flow during the COVID-19 pandemic 
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a lack of theoretically based studies of motivational processes 
in surgical simulation training. 

Self-determination theory (SDT) claims that when the basic 
needs for competence, autonomy, and relatedness are satisfied, 
personal well-being and social development are optimized (Deci 
and Ryan 2000). In this condition individuals are intrinsically 
motivated, able to fulfill their potential, and able to seek out pro-
gressively greater challenges. The intrinsic types of motivation 
are the most self-determined and are performed for the satis-
faction gained from the activity. Extrinsic motivation lies at the 
lower end of the self-determination scale. The extrinsic moti-
vation types ranging from most self-determined to least self-
determined are: identified regulation; introjected regulation; and 
external regulation. Amotivation is characterized by the absence 
of motivation. The different types of motivation postulated by 
SDT have proved to be meaningful in order to predict the level 
of engagement in a variety of life domains. Research has shown 
that there is a strong positive correlation between intrinsic moti-
vation and good work performance (Deci and Ryan op.cit). 

Csikszentmihályi et al. (2005) defined flow as a mental 
experience of intensive enjoyment characterized by com-
plete concentration, heightened sense of control, merging 
of action and attention, loss of self-consciousness, distor-
tion of time perception, and internally driven. Flow may 
be described as a temporary psychological state of arousal/
attention involving positive feelings during a specific 
moment-to-moment activity. Flow treated as a state, assessed 
by its intensity, can foster positive affect and stimulate posi-
tive educational outcomes (Cerasoli et al. 2014, Csikszent-
mihályi 2014). According to flow theory, flow can increase 
intrinsic motivation toward a specific activity (Moneta 2012, 
De Fraga and Moneta 2016). 

Flow experience has been studied in fields such as perform-
ing arts and sport, education, neuropsychology, educational 
psychology, social psychology work, and everyday activities 
(De Fraga and Moneta op.cit).

The COVID-19 pandemic will continue to have a profound 
effect on society, including orthopedic surgery (Felländer-Tsai 
2020, Wright et al. 2020). Educational crisis management is 
mandated. As elective surgeries are being postponed for many 
orthopedic residents they must change their daily clinical rou-
tines. Increased opportunities for virtual and simulated surgi-
cal training can facilitate trainees/residents/experts retaining 
basic competence. A way to maintain skills acquisition and 
to prevent skill decay is to provide increased possibilities to 
practice simulated surgical tasks, i.e., psychomotor training 
including virtual learning such as 3D visualization. 

For a growing number of minimally invasive and techni-
cally challenging orthopedic procedures, there is a movement 
to improve surgical skills training outside the operating room 
because of, e.g., patient safety concerns (Atesok et al. 2016). 
Surgical simulation is a powerful tool that can help meet these 
training demands (Felländer-Tsai et al. 2004, Gallagher et al. 
2005, Johnston et al. 2016). Kogan et al. (2020) pointed out 
that quarantine away from patient care, active social distanc-
ing, and diminished case volume during the pandemic will 
increase the need for surgical simulation training.

Motivation in simulation training 
Simulation-based skills training including 3D visualizations 
is becoming increasingly integrated into surgical education as 
an important teaching method across most surgical special-
ties. Proficiency and progression-based simulation training 
is today an influential approach to surgical simulation-based 
skills training and medical education (Gallagher et al. 2005, 
Ahlberg et al. 2007, Stefanidis et al. 2010). This kind of train-
ing is considered to improve general motivation, skills train-
ing, and skill retention. 

Wallace et al. (2017) have remarked that most of the studies 
in the field of cognitive training are without underlying theory. 
The psychological mechanisms underlying the efficacy of 
cognitive training programs are not well known. There is also 
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The extensively validated simulator for generic minimally 
invasive navigational skills, MIST VR (Gallagher et al. 2005), 
and also newer and more advanced simulators, have long 
proved to be very suitable training environments. We have 
identified state motivation as an important variable for mini-
mally invasive surgical performance both when training in 
surgical simulators and during acute team training (Schlickum 
et al. 2013). Moreover, a state of flow appears to contribute to 
both real-life and simulated learning of minimal invasive skills 
(Ahlborg et al. 2015). 

Engagement in a simulated basic skill task: example 
from a pilot experiment
There is still a lack of detailed knowledge of different moti-
vational states while reaching a predetermined criterion level 
of performance. As part of the previously published investi-
gation (Schlickum et al. 2016) the present authors collected 
and analyzed data on flow experience and situational moti-
vation from 30 surgical novices. All received a standardized 
verbal introduction and a standardized video-demonstration of 
a well-studied basic task (manipulative diathermy at medium 
difficulty) in a validated minimally invasive surgery training-
virtual reality simulator (MIST-VR). Training was then per-
formed for approximately 1 hour until a pre-set criterion level 
was reached following measurement of performance. Motiva-
tion was then self-assessed by validated instruments: a short 
and long flow state scale (Jackson et al. 2008), and a situational 
motivation scale (Guay et al. 2000). We found no statistically 
significant correlations between types of situational motiva-
tion and MIST-VR performance. Presumably, the manipula-
tion task in this low-fidelity simulator was too simple. How-
ever, flow state scores for the short and long version of the 
flow scales were positively correlated, and flow state assessed 
by the short flow state scale was correlated with the best per-
formance (data not shown). Notably, flow state assessed by the 
short state flow scale were positively correlated with intrinsic 
motivation (data not shown). The pilot experiment indicates 
that surgical novices’ flow state was correlated to performance 
in the simulated basic skills task. 

The future
Findings in training research should be considered when new 
training programs have to be developed, delivered, and moni-
tored. Salas et al. (2012) have provided evidence-based rec-
ommendations for maximizing training effectiveness before, 
during, and after training. We recommend using their check-
lists. They provide insight into best practices for training skills 
that are durable and resistant to skill decay, assessing skills 
over time, and repeating training at appropriate intervals. 
Most of the proposed actions will promote motivation to learn 
and increase flow. Moreover, to foster motivation during skill 
acquisition in simulation training, feedback of performance is 
critical and given: (1) automatically and immediately by the 
simulator itself, (2) by the instructor giving verbal feedback 

during training (technical and pedagogical support), and (3) 
by the instructor and other team members after the training 
sessions (debriefing). All kinds of feedback can offer oppor-
tunities to tailor the trainee’s abilities and feelings during 
the process of skill acquisition. As in ideomotoric training 
(Immenroth et al. 2007), where the surgeon imagines him- or 
herself performing a procedure, the sensory aspects of the pro-
cedure should be included as far as possible in order to elicit 
motivational and arousal components of cognitive training. 

Atesok et al. (2016) have reviewed several barriers to over-
come when integrating the simulation of surgical skill training 
into orthopedic surgical education. They discuss the value of 
proficiency and progression-based simulator training as the 
next-generation approach, and using measurable criteria for 
technical performance. The outcome measures of technical 
skill performance should be quantitative metric. The model 
presented by Khamis et al. (2016) integrates principles of cur-
riculum development and simulation design. It involves best 
practices for, e.g., individualized learning, providing forma-
tive and summative feedback, deliberate practice with forma-
tive feedback, and mastery learning progressing from novice, 
competent, proficient, expert to master. 

Conclusion
When used appropriately, extended simulation training can be 
a highly effective additional training tool in the development 
and maintenance of technical skills and combatting skills 
decay, taking into account motivation and flow. This is rele-
vant also for temporarily non-performing orthopedic surgeons 
during a crisis affecting the organization of healthcare such as 
the COVID-19 pandemic. 

Funding and conflict of interests
Funds were received to conduct the study from an independent 
agency. The authors report no conflicts of interest.

LRH: Investigation, original draft preparation, final draft writing. LF-T:  
Final draft writing.

Ahlberg G, Enochsson L, Gallagher A G, Hedman L, Hogman C, McClusky 
DA 3rd, Ramel S, Smith C D, Arvidsson, D. Proficiency-based virtual real-
ity training significantly reduces the error rate for residents during their 
first 10 laparoscopic cholecystectomies. Am J Surg 2007; 193(6): 797-804. 

Ahlborg L, Weurlander M, Hedman L, Nisell H, Lindqvist P G, Felländer-
Tsai L, Enochsson L. Individualized feedback during simulated laparo-
scopic training: a mixed methods study. Int J Med Educ 2015; 6: 93-100. 
doi:10.5116/ijme.55a2.218b.

Atesok K, Satava R M, Van Heest A, Hogan M V, Pedovits R A, Fu F H, Sit-
nikov I, Marsh J, Hurwitz S L. Retention of skills after simulation-based 
training in orthopaedic surgery. J Am Acad Orthop Surg 2016; 24 (8): 505-
14. doi: 10.5435/JAAOS-D-15-00440.

Cerasoli C P, Nicklin J M, Ford M T. Intrinsic motivation and extrinsic incen-
tives jointly predict performance: a 40-year meta-analysis. Psychol Bul-
letin 2014; 140 (4): 980-1008. doi: 10.1037/a0035661.

Csikszentmihályi M. Intrinsic motivation and effective teaching. In: Csik-
szentmihályi M, editor. Applications of flow in human development and 



522 Acta Orthopaedica 2020; 91 (5): 520–522

education: the collected works of Mihaly Csikszentmihalyi, Chapter 8. 
Dordrecht: Springer; 2014. p. 173-86. doi: 10.1007/978-94-017-9094-9.

Csikszentmihályi M, Abuhamdeh S, Nakamura J. Flow. In: Elliot AJ, Dweck 
C S, editors. Handbook of competence and motivation. New York: Guilford 
Press; 2005. p. 598-608.

Deci E L, Ryan R M. The ‘what’ and ‘why’ of goal pursuits: human needs and 
the self-determination of behavior. Psychol Inq 2000; 11(4): 227-68. doi: 
10.1207/S15327965PLI1104_01.

De Fraga D, Moneta B. Flow in work as a moderator of the self-determina-
tion model of work engagement. In Harmat L, Ørsted Andersen F, Ullén 
F, Wright F J, Sadlo G, editors. The flow experience: empirical research 
and applications. New York: Springer; 2016. p. 105–23. doi: 10.1007/978-
3-319-28634-1. 

Felländer-Tsai L. Pandemic pressure: policy, politics, profession, and rapid 
publication, Acta Orthop 2020. doi: 10.1080/17453674.2020.1753162.

Felländer-Tsai L, Kjellin A, Wredmark T, Ahlberg G, Anderberg B, Enochs-
son L, Hedman L, Johnson E, Mäkinen K, Ramel S, Ström P, Särnå L, 
Westman B. Basic accreditation for invasive image-guided intervention: a 
shift of paradigm in high technology education, embedding performance 
criterion levels in advanced medical simulators in a modern educational 
curriculum. J Inf Techn Healthc 2004; 3(2): 165-73. 

Gallagher A G, Ritter E M, Champion H, Higgins G, Fried M P, Moses G, 
Smith C D, Satava R M. Virtual reality simulation for the operating room: 
proficiency-based training as a paradigm shift in surgical skills training. 
Ann Surg 2005; 241(2): 364-72. doi:10.1097/01.sla.0000151982.85062.80.

Guay F, Vallerand R J, Blanchard C. On the assessment of situational intrinsic 
and extrinsic motivation: the Situational Motivation Scale. Motivation and 
Emotion 2000 24(3): 175-213.

Immenroth M, Bürger T, Brenner J, Nagelschmidt M, Eberspächer H, Troidl 
H. Mental training in surgical education: a randomized controlled trial. 
Ann Surg 2007; 245(3): 385-91.

Jackson S A, Martin A J, Eklund R C. Long and short measures of flow: the 
construct validity of the FSS-2, DFS-2, and new brief counterparts. J Sport 
Exerc Psychol 2008; 30(5): 561-87. doi: 10.1123/jsep.30.5.561. 

Johnston M J, Paige J T, Aggarwal R, Stefanidis D, Tsuda S, Aora S. An 
overview of research priorities in surgical simulation: what the literature 
has achieved during the 21st century and what remains. Am J Surg 2016; 
211(1): 214-25. doi: 10.1016/j.amjsurg.2015.06.014. 

Khamis N N, Satava R M, Alnassar S, Kern D E. A stepwise model for 
simulation-based curriculum development for clinical skills, a modifica-
tion of the six-step approach. Surg Endosc 2016; 30: 279-87. doi: 10.1007/
s00464-015-4206-x.

Kogan M, Klein S E, Hannon C P, Nolte M T. Orthopaedic education during 
the COVID-19 pandemic. J Am Acad Orthop Surg 2020. doi: 10.5435/
JAAOS-D-20-00292. [Published online ahead of print May 7, 2020]. 

Moneta G B. Opportunity for creativity in the job as a moderator of the rela-
tion between trait intrinsic motivation and flow in work. Motivation and 
Emotion 2012; 36; 491-503. doi 10.1007/s11031-012-9278-5.

Salas E, Tannenbaum SI, Kraiger K, Smith-Jentsch K A. The science of train-
ing and development in organizations: what matters in practice. Psychol Sci-
ence Public Interest 2012; 13(2): 74-101. doi: 10.1177/1529100612436661.

Schlickum M, Felländer-Tsai L, Hedman L, Henningsohn L. Endourological 
simulator performance in female but not male medical students predicts 
written examination results in basic surgery. Scand J Urol 2013; 47(1): 
38-42. doi:10.1007/s00464-007-9287-8. 

Schlickum M, Hedman L, Felländer-Tsai L. Visual-spatial ability is more 
important than motivation for novices in surgical simulator train-
ing: a preliminary study. Int J Med Educ 2016; 7: 56-61. doi: 10.5116/
ijme.56b1.1691. 

Stefanidis D, Acker C E, Greene F L. Performance goals on simulators boost 
resident motivation and skills laboratory attendance. J Surg Educ 2010; 
67(2): 66-70. doi: 10.1016/j.jsurg.2010.02.002.

Wallace L, Raison N, Ghumman F, Moran A, Dasgupta P, Ahmed K. Cogni-
tive training: how can it be adapted for surgical education? Surgeon 2017; 
15(4): 231-9. doi: 10.1016/j.surge.2016.08.003. Epub 2016 Sep 19.

Wright R W, Armstrong A D, Azar F M, et al. The American Board of Ortho-
paedic Surgery response to COVID-19. J Am Acad Orthop Surgeons 2020. 
doi: 10.5435/JAAOS-D-20-00392 [published online ahead of print May 7]. 


