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Effects of Error-Management Training on Veterinary Student Performance in Technical
Skills Training
Introduction
Errors are an inevitable part of the human condition. With that in mind, it would be
unreasonable to expect someone to completely prevent errors and, yet, many professional
training strategies emphasize error avoidance. In professional settings, the adverse perception of
errors stems from their cost with regards to finances, time, safety and individual intellectual
resources (Edmondson 1996; Sitkin 1996; Van Dyck 2010). In this perspective, errors can
become significant sources of emotional distress, particularly in vulnerable populations such as
medical professionals (Mellanby 2004). Contrarily, in the educational setting, errors can serve as
powerful impetuses for learning (Van Dyck 2010). When defined as deviations from the
expected outcome, errors can also prompt innovation and progress. In 1874 the British economist
Williams Stanley Jevons stated:
“It would be an error to suppose that the great discoverer seizes at once upon the truth, or has any
unerring method of divining it. In all probability the errors of the great mind exceed in number
those of the less vigorous one.” (Jevons Principles of Science: A treatise on logic and scientific
method 1913 McMillan and Co, LTD London)
This notion is perpetuated in today’s society, through nonfiction writing and peer-reviewed
scientific publication (Buljac- Samardžić 2012; Kuhn 2012; Johnson 2011). In spite of this,
many modern educational programs – including veterinary curricula – frame errors as
unfavorable outcomes to be avoided as much as possible, entrenching the sentiment into their
students.
Real-life scenarios often do not mimic those encountered during training, opening up
opportunity for errors to occur. In the general sense, errors result from cognitive limitations or
system failures, either singly or in combination (Oxtoby 2015). Cognitive limitations, if
identified, can be addressed and ameliorated. System failures may be out of an individual’s
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control, but how one reacts towards such failures is not. Regardless of cause, how one manages
errors can significantly influence the behaviors and outcomes of individuals and organizations
alike (Buljac-Samardžić 2012). To reduce the frequency and the negative consequences of errors,
the medical profession has dedicated substantial research efforts into the investigation of the
source of errors and the development of methods to mitigate risks (Lawton 2012; Taylor-Adams
2004; Van der Schaaf 2005; van Vuuren 1997). The result of this research has led to the
implementation of several programs – including the London protocol, the Eindhoven PRISMA
model and the Yorkshire framework – to instill systematic approaches to assess the cause of
errors, and help to outline ways to recognize and manage them in a productive fashion (Oxtoby
2015). While research into the causes of errors in veterinary practice is starting to surface, there
are no systematic methods outlining how to handle errors in this field at this time (Oxtoby 2015).
Error-management training (EMT) could potentially help fill this gap and can be implemented
early on in the veterinary curriculum.
EMT is an alternative teaching strategy that defines errors as learning opportunities,
reframing errors in a positive light (Keith 2008). The defining characteristics of EMT are as
follows: minimal instructor intervention to allow for self-directed learning, use of challenging
(i.e. error-prone) tasks and explicit encouragement to make errors (Keith 2008). Prior studies
have found that EMT leads to improved performance in novel tasks (adaptive tasks) and in longterm task completion when compared to traditional error-avoidance training (EAT) methods
(Keith 2008). These same studies found that EAT participants significantly perform better in
tasks that directly correlate to skills taught during training sessions (analogue tasks). One could
argue, however, that improved performance in analogue tasks does not necessarily translate to
success in the workplace where unfamiliar scenarios will inevitably be encountered. This is
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particularly true for most veterinary professionals who can expect to encounter unfamiliar
scenarios on a daily basis depending on their type of practice.
In addition to task performance in technical skills, EMT can benefit trainees by
promoting non-technical skills that aid in error recognition and management, namely those of
metacognition and emotion control (Keith 2005). Metacognition is a self-regulatory practice that
modulates understanding during task performance, requiring both self-awareness and selfdirected learning. By relying on automaton-like practice, EAT methods – where individuals are
instructed to follow instructions as closely as possible to arrive at expected results – leave little
room for open-exploration and enhanced understanding. In contrast, EMT offers ample
opportunity for individuals to meditate on their understanding, thus allowing for adjustments and
adaptations when their understanding is insufficient or inaccurate to permit task completion.
Some learning theories postulate that, for learning to occur, individuals need to recognize when
and where their current knowledge is insufficient or inaccurate and then engage in self-directed
methods to address that gap in knowledge (Ambrose 2010a; Merriam 2013b). Inherently, errors
can serve as indicators of knowledge insufficiency/inaccuracy and error-management could
serve as self-directed method to bridge that knowledge gap, mainly through the process of
metacognition.
Another self-regulatory practice enhanced by EMT is emotion control which can help
reduce anxieties and other negative emotions during task completion (Kanfer 1996). Errors often
lead to negative emotions, which can cascade and become dysfunctional to the individual (Van
Dyck 2010). Lack of emotion control thwarts learning and performance by diverting intellectual
resources towards the self and away from the task (Kanfer 1996; Van Dyck 2010). However, it is
not sufficient to simply suppress negative emotions as this also drains intellectual resources,
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leading to cognitive decline (Muraven 2000). To prevent cognitive decline during an emotional
event, it is necessary to re-evaluate the event in order to modify emotions before they are
expressed; this is done through the self-regulatory process of emotion control (Richards 2000).
By framing errors in a positive light, EMT can reduce the anxiety and negative emotions that
may develop when facing errors, helping participants to develop and practice emotion control
(Keith 2005). In contrast, EAT participants are not as prepared to regard the negative emotions
resulting from errors, potentially allowing these adverse emotional reactions to detract from their
cognitive ability and, so, performance (Keith 2005). Given that veterinarians frequently face
challenging tasks, potentiating the possibility of error, the practice of emotion control – as is
fostered through EMT – could prove a vital resource to redirect attention to the task and away
from one’s own self.
The effect of EMT varies based on certain dispositional features including that of goal
orientation. Given that errors result in non-completion or erroneous completion of a task, it can
be said that errors prevent goal attainment. Since errors occur during the pursuit of a goal, it
follows that goal orientation may influence how an individual approaches errors (Heimbeck
2003). As part of a theory proposed by Dweck et al, there are two different orientations when
pursing goals: learning and performance (Dweck 1986). Learning goal orientation regards goal
attainment as a means to increasing knowledge and, therefore, views errors as a chance to learn
(Dweck 1988). Contrarily, performance goal orientation seeks to demonstrate competence,
thereby perceiving errors as an indicator of incompetence (Dweck 1988). When assessing the
efficacy of EMT, goal orientation should be considered. Heimbeck et al. found those with
learning goal orientation thrive in EMT settings while those with performance goal orientation
profit most under EAT conditions (Heimbeck 2003).
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Both medical and non-medical training programs have successfully implemented EMT;
these include ultrasonographer training in fetal measurements, driving simulation, and computer
software training (Dyre 2017; Ivancic 2000; Gardner 2014). Its effects in veterinary medicine
have yet to be investigated. The following material describes two prospective, double-blinded
studies that evaluate the efficacy of EMT on veterinary students learning two different technical
skills: 1) surgical knot tying and 2) blood smear preparation and analysis. A secondary objective
of the latter study was to assess the role of the aforementioned self-regulatory skills (i.e.
metacognition and emotion control) and goal orientation for veterinary students training in
technical skill acquisition.
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Ch. 2: Investigating the Effects of Error Management Training on Veterinary Students
Learning to Tie Surgical Knots
2.1 Introduction
The aim of this study is to determine the impact of EMT in veterinary students learning to
tie surgical knots. This is a skill that requires advanced fine motor skills and muscle memory.
Novice surgeons find this skill challenging and are likely to generate a broad spectrum of errors,
which might manifest as knot instability, inadequate hemostasis, and dehiscence. Furthermore,
simulated training performed on artificial pedicles does not necessarily transfer to clinical
settings, where knots may need to be placed in confined spaces, possibly with limited
visualization, and unfamiliar suture materials. Difficulty may be further compounded by time
restrictions (i.e. such as during bleeding or surgery in a critically ill patient). Successful training
equips students to utilize existing knowledge to either modify a procedure or generate a new
solution. This has been named ‘adaptive transfer’, differing from ‘analogous transfer’ where the
task directly resembles training (Ivancic 2000). We hypothesized that EMT results in improved
performance in unfamiliar scenarios (adaptive transfer), as compared to an error-avoidance
method. Our secondary hypothesis was that EMT is associated with improved adaptive transfer
performance after a sustained period of training quiescence. These results may have direct
implications on teaching strategies, including how students and instructors chose to manage
errors.
2.2. Materials and Methods
2.2.1 Recruitment and Ethical Approval
An overview of the study timeline is illustrated in Figure 2.1. Second year veterinary
students at the Oregon State University Carlson College of Veterinary Medicine (OSU-CCVM)
were eligible for inclusion. To ensure a cohort of novice participants, the experiment was
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conducted prior to beginning the OSU-CCVM introductory general surgical skills course.
Students who self-identified as having extensive surgical experience or formal training in tying
surgical knots were ineligible.
Ethical approval was granted by the Oregon State University Institutional Review Board
(approval number 8194). Participation in the study was voluntary and all students received an
explanation of research prior to enrollment. Recruitment was led by a graduate researcher (DM)
to minimize perceived coercion. Participants were unaware of the specific research aims and
hypotheses; incomplete disclosure was deemed necessary to determine the educational value of
the intervention. All participants were fully debriefed upon conclusion of the study and given the
opportunity to have their results withdrawn. Data were anonymized with unique identification
numbers. Recruitment incentives were a free catered meal and entry into a gift card raffle.
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for participants
Debrief, data analysis and
manuscript preparation

Figure 2.1. Flowchart demonstrating progression through the study.
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2.2.2 Introductory training and analogue pre-test
At the beginning of the introduction session, each participant was given a survey
assessing their surgical expertise (1 = no prior experience performing hand ties; 2 = student has
practiced hand ties, but has not performed a hand tie in a real surgical setting; 3 = student has
practiced hand ties, and has performed a hand tie in ≤5 real surgeries; 4 = student has practiced
hand ties, and has performed a hand tie in >5 real surgeries). All students were randomly
assigned into error avoidance training (EAT) or error management training (EAT) using a freely
accessible random number generator (https://www.google.com/search?q=random+number).
Randomization did not take into account responses to the introductory survey.
Participants received a 30 minute, didactic, introductory session intended to briefly
summarize the purpose of surgical knot ties (Boothe 2018). The introductory session was
delivered in the form of a PowerPoint presentation by a board-certified veterinary surgeon (KT).
Introductory training also included a real-time demonstration of an instrument tie and a onehanded square knot. Baseline performance was determined by an analogical pre-test (i.e. directly
analogous to training method), taken within 60 minutes of completing the introductory session.
During the pre-test participants were asked to repeat skills covered in the introduction using a
surgical knot tying board and color-coordinated rope (Ethicon US, Cincinnati, OH, USA; Figure
2.2A). Participants were asked to tie two consecutive square knots using two different
techniques: firstly an instrument tie using needleholders, and secondly a one-handed tie.
Participants were given up to two minutes to complete each task. Hand movements were
recorded with participant number for identification; videos were used for evaluation of outcome
measures only.
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Figure 2.2. Images demonstrating materials used for training and testing. A. Suture
board and rope used for the pre-test, training and analogue short-term test. The rope has been tied
in two consecutive square knots. B. Short- and long-term adaptive transfer tests utilized a
penrose drain and 3-0 PDS suture. The image shows two consecutive square knot around the
drain, simulating a ligature. By using suture as opposed to rope, the adaptive transfer test
required participants to apply their expertise to an unfamiliar set of conditions. C. The long-term
adaptive transfer test introduced an additional layer of unfamiliarity by asking participants to tie
knots around a penrose drain secured at the bottom of a box that restricted hand movements.
Participants were asked to tie the knot around the marked line.
Outcome measures for both skills were time for completion (seconds) and number of
attempts. For instrument ties, participants were also given a technical score out of four with one
point assigned for each of the following categories: tying two square knots (yes/no), appropriate
technique (correct/incorrect), instrument handling (correct/incorrect), and tying two knots
(yes/no). The latter category was created to give credit for those participants who created two
knots that were not necessarily square. For hand ties, participants were given a technical score
out of three (two square knots, two knots tied, appropriate technique). Each video recording was
evaluated by two trained personnel (DM and KT), blinded to the participant and method of
training received. Final scoring for each video was decided by consensus. Participants who
started the test, but were unable to complete the tasks and declined to use the whole time, were
assigned 120s of time. Number of attempts and number of errors were scored up to the point at
which they elected to end the test.
2.2.3 Training and experimental interventions
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Groups separately met for one, 90 minute training session delivered seven (EAT) or eight
(EMT) days after the introductory session. Training sessions consisted of three 30 minute
modules to be completed sequentially: instrument tie, hand tie (one-handed technique) and open
exploration (time to practice either instrument or hand tie, at discretion of participant). All
participants received an individual printed color hand out containing static images and written
instructions of the two skills. Images and instructions were taken from a free access online
resource (http://surgsoc.org.au/wp-content/uploads/2014/03/Ethicon-Knot-Tying-Manual.pdf).
Continuously looping videos of each skill were also displayed on an overhead projector. The
instrument tie video included demonstration of correct instrument handling. Skills were practiced
on a surgical knot tying board with color-coordinated rope, as previously.
Scripted heuristics were designed according to existing literature and are displayed in
Table 2.1 (Frese 1991). Respective EMT and EAT heuristics were delivered in the printed
handout, and stated to participants at the beginning of the session. Thereafter instructions were
verbally repeated at 15 minute intervals for the remainder of the session. As per previous
descriptions of EMT, training sessions were designed to give participants only minimal instructor
guidance, with a view to creating an environment that encourages active exploration (Keith 2008).
As such, instructor interventions were only offered upon request. For both groups, verbal feedback
was limited to “correct” or “incorrect” and a brief explanation of the error if applicable. Each
instance of instructor feedback, regardless of participant performance, was accompanied by an
appropriate intervention heuristic that was individually re-stated to the participant (i.e. “you got it
right – well done! Keep practicing the same way” for EAT; “you got it right, remember you can
learn from getting it wrong too” for EMT).
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Table 2.1: Scripted heuristics for Error Avoidance Training (EAT) and Error Management
Training (EMT)
EAT
We want you to know these tasks are really
challenging! Follow the instructions exactly
as demonstrated.

EMT
We want you to know these tasks are really
challenging! You should expect to make lots
of mistakes when learning these skills.

If you closely follow the instructions you
should be able to complete them easily

Although the instructions are very specific,
you do not need to stick to them exactly as
demonstrated! Experiment with the technique
as much as you like.
Mistakes you make are great! The more
mistakes you make, the more you will learn

Try to make as few mistakes as possible.
Do everything you can to get the correct
knot as efficiently as possible!
You got it right – well done! Keep
practicing the same way
That’s incorrect. Go back and review the
instructions/video closely!
Make sure you read the instructions really
closely!
Aim to do the best you possibly can

Use your mistakes to help you learn better!
Call over an instructor to check your technique
when you like.
You got it right. But remember you can learn
from getting it wrong too! You can call me
over as many times as you like
That’s incorrect. Remember, don’t worry
about getting the tie wrong– these are a natural
part of your learning experience
That’s incorrect. Try exploring variations in
technique! These instructions are just a broad
guide
You made a mistake - now try to figure out
where you might have gone wrong and how
you can approach it differently.
You have made a mistake? Great! Now you
can learn something new.

2.2.4 Testing and surveys
Participants were tested 48 hours (hereafter referred to as ‘short-term’) and 7 weeks
(hereafter referred to as ‘long-term’) after completion of training. The short-term test had an
analogical component identical to the pre-test (i.e. instrument and hand tie using rope), and an
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adaptive transfer component which used an unfamiliar scenario of which they had no prior
notification. The long-term testing window evaluated adaptive transfer only.
Adaptive transfer tasks were designed to test participant’s ability to apply skills to an
unfamiliar scenario. Tasks were intended to be structurally different from training, requiring
modification of the learned procedures (Keith 2008) Participants were asked to tie two consecutive
square knots using 3-0 PDS suture (product Z316H, Ethicon, Cincinnati, OH). This material
contrasts from rope training due to differences in width, length, extensibility, memory, tensile
strength and a needle at one end (Figure 2.2B).
Knots were to be tied firstly by the instrument technique and secondly by one-handed
technique. For both short and long-term adaptive transfer tests, participants were asked to tie knots
around a marked ¼” penrose drain (Covidien, Mansfield MA, USA) with a knot at one end.
Additional unfamiliarity was added to the long-term test by having participants tie knots within a
20cm x 20cm x 20cm box that restricted hand movements (Figure 2.2C). This task was intended
to simulate the ligation of tubular structures (i.e. ovarian pedicles, arteries) within a body cavity.
For all adaptive transfer tests, participants were given the following additional instructions: “This
drain simulates an artery. Please tie your knots over the line tightly, so as to achieve hemostasis.
We will pressure test the strength of your knots once you are done”. For both groups, participants
were asked to complete the task exactly as demonstrated in the printed notes and videos. For the
EMT participants specifically, instructions were supplemented with: “During training we asked
you to experiment and make mistakes. This time please complete exactly as instructed”.
Participants were given up to three minutes to complete each task. Recorded hand and instrument
ties were reviewed and scored as previously described.
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A digital manometer (General Tools & Instruments ® DM8215, Melrose, MA) was used
to determine the water pressure at which fluid leaked from the ligature (hereafter referred to as
knot leaking pressure). By way of a four way stopcock (Component supply company, Sparta TN,
USA, a 25-gauge butterfly catheter (Terumo, Somerset NJ) was connected to a syringe pump
(Medfusion ® 3500, Smiths Medical ASD, Inc., St. Paul, MN) equipped with a 60mL syringe
(Covidien, Mansfield MA, USA). The syringe was filled with blue-colored tap water and pumped
at a rate of 300mL/hr into the penrose drain. Pressure (psi) was recorded when blue-colored fluid
appeared past the ligature.
Upon completion of the short-term assessment, participants were asked to complete a 10
question survey that evaluated attitudes towards errors, ability to manage unfamiliar scenarios,
metacognition, and whether students were performance goal orientated or learning orientated
(Elliott 1988). Participants were asked the extent to which they agreed with each statement, scored
on a five point Likert scale (1 = strongly disagree to 5 = strongly agree). The survey also included
opportunity for open comments.
2.2.5 Statistical analysis
All statistical analyses were performed using GraphPad Prism 7.04 for Windows (GraphPad
Software, San Diego, CA). Normality of the data was tested by D’Agostino and Pearson test. Data
are presented as median (interquartile range, IQR) unless otherwise stated. Continuous data (time,
leaking pressure) were analyzed by student’s t-test (if normally distributed) and Wilcoxon ranksum tests (if non-normally distributed). Paired continuous data were analyzed by a paired t-test or
Wilcoxon matched-pairs signed rank test. Wilcoxon matched-pairs signed rank tests were used for
paired ordinal data (analogue pre-test and short-term test; short and long-term adaptive transfer
tests). All P values were two-tailed. For all test outcomes, pre-analyses were performed to
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determine if data could be combined or stratified for subsequent hypothesis testing. For the survey
data, it was concluded that analysis beyond descriptive observations would be inappropriate due
to sample distribution.
To reduce the possibility of false positive Type I error associated with performing multiple
tests, a false discovery rate (FDR) approach was used (Benjamini 1995, Chen 2010). While this
procedure has been primarily applied to large scale genetic studies, the FDR procedure may be
used if a small fraction of false discoveries are deemed acceptable (Chen 2010). This was selected
over alternative strategies that control family-wise error rate associated with multiple testing (i.e.
Bonferroni adjustment), noting that such an approach might have been too stringent (Chen 2010).
The FDR analysis performed on P-value stacks was set for a desired FDR of Q = 5%.
2.3 Results
Forty four participants enrolled in the study (22 EMT and 22 EAT). One participant from each
cohort withdrew after training and their data was excluded from analysis. The pre-training
questionnaire evaluating previous knot tying experience found a median score of 1 (no prior knot
tying experience; n = 32) with the 75th percentile at 2 (have practiced surgical hand ties but never
in a surgical setting; n = 8). One participant indicated <5 knots in a real surgical setting, and two
participants indicated ≥5 knots in a real surgical setting. One of the participants in the latter
category indicated this was approximately 15 years ago. Following randomization, the median
experience for EAT was 1 (1-1) and for EMT the median was 1 (1-2).
All subsequent statistical analyses that generated two-tailed P-values were analyzed
according to the two-stage linear step-up procedure of Benjamini, Krieger and Yekutieli
(Benjamini 1995). P-values < 0.039 were classified as ‘discoveries’.
2.3.1 Performance in analogue pre-test and short term test
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Times to complete the analogue instrument and hand ties are shown in Table 2.2. For all
participants, the median pre-test and short term times for the instrument tie were 45s (39-54s)
and 31s (27-37s); this difference was statistically significant (two-tailed P < 0.0001). For the
hand ties, times were 87s (57-120s) and 27s (20-36s) respectively; this difference was also
significant (two-tailed P < 0.0001). Technical performance is shown in Figure 2.3. For all
participants, the total number of technical errors in the pre-test was 72 (instrument tie) and 93
(hand tie). At the short term test, there were 41 and 21 errors for the two respective tests. For the
instrument tie, errors in all four categories decreased in the range of 25-77%. In the hand tie,
errors in all three categories decreased in the range of 70 – 84%. Total attempts for the
instrument and hand ties decreased by 15 (23%) and 80 (46%) attempts respectively, between the
two time points (Figure 2.3, right half). There were significant differences in technical errors
and number of attempts for both the instrument and hand ties (P ≤ 0.013).
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Table 2.2. Performance in analogue tests, before (pre-test) and shortly after training (shortterm).
Results are shown as the median (IQR) and compared by Wilcoxon rank-sum tests at one time
point (*listed in rows for each outcome) and Wilcoxon matched-pairs signed-rank tests between
two time points (**listed in far right column). Bolded P-values are those that are statistically
significant after performing a false discovery rate (FDR) controlling procedure.
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Table 2.2. Performance in analogue tests, before (pre-test) and shortly after training (shortterm).
INSTRUMENT
Pre-test

Short-term

P-value**

Time
All
EAT
EMT
P-value*

45 (39-54)
45 (37-56)
45 (40-54)
-

31 (27-37)
29 (25-36)
32 (27-40)
0.16

<0.0001
<0.0001
0.0039

1 (1-2)
1 (1-2)
1 (1-2)
-

1 (1-1)
1 (1-1)
1 (1-1)
1

0.013
0.063
0.22

All
EAT
EMT
P-value*

2 (1-3)
2 (1-3)
1 (1-2)
-

1 (0-2)
0 (0-2)
1 (0-2)
0.64

0.0004
0.0017
0.11

All
EAT
EMT
P-value*

87 (57-120)
87 (60-120)
66 (56-120)
-

27 (20-36)
25 (19-33)
27 (21-39)
0.52

<0.0001
<0.0001
<0.0001

4 (2-6)
3 (2-6)
4 (2-6)
-

1 (1-2)
1 (1-2)
1 (1-2)
0.76

0.0001
0.014
0.0049

3 (2-3)
2 (2-3)
3 (1-3)
-

0 (0-1)
0 (0-1)
0 (0-1)
0.67

<0.0001
<0.0001
<0.0001

Number of attempts
All
EAT
EMT
P-value
Total
errors

HAND
Time

Number of attempts
All
EAT
EMT
P-value*
Total
errors
All
EAT
EMT
P-value*

19

Figure 2.3. Analogue performance for all participants. A stacked bar chart showing
performance in instrument- and hand-ties, before (pre-test) and shortly after training (shortterm). Technical performance errors are shown in the left half and number of attempts are shown
in the right half. Technical performance errors are subdivided into instrument handling
(instrument tie only), other technical errors, squareness of knot, and two knots tied. Bolded Pvalues are those that are statistically significant after performing a false discovery rate (FDR)
controlling procedure. All participants showed significant improvement in both technical
performance (P ≤ 0.0004) and number of attempts (P ≤ 0.013).
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2.3.2 Performance in transfer short term and long term tests
Descriptive statistics for leaking pressures at the two time points are shown in Table 2.3. Among
all participants, there was significant decline in leaking pressures for the instrument tie (P =
0.0086) but not in the hand tie (P = 0.27). The same period saw a decline in technical
performance (i.e. greater errors), as shown in Figure 2.4. Total technical errors increased by 27
(58.7%) for instrument ties and 44 (157.1%) for hand ties (range from 50% to 500% within
individual categories). Between the two time points, total technical errors for each participant
were significantly different for both instrument ties (P = 0.0078) and hand ties (P < 0.0001).
Attempts were significantly less for the instrument tie (P = 0.0061) and more for the hand tie (P
= 0.0018).
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Table 2.3. Performance in transfer tests, shortly after training (short-term) and 7 weeks
after training (long-term). Results are shown as the median (IQR) and compared by Wilcoxon
rank-sum tests at one time point (*listed in rows for each outcome) and Wilcoxon matched-pairs
signed-rank tests between two time points (**listed in far right column). Bolded P-values are
those that are statistically significant after performing a false discovery rate (FDR) controlling
procedure.
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Table 2.3. Performance in transfer tests, shortly after training (short-term) and 7 weeks
after training (long-term).
INSTRUMENT
Short term

Long term

P-value**

Leaking pressure (psi)
All
EAT
EMT
P-value*

11 (9-18)
10 (8-19)
13 (11-28)
0.053

10 (7-14)
10 (7-12)
10 (5-16)
0.75

0.0086
0.33
0.0085
-

All
EAT
EMT
P-value*

61 (50-77)
61 (51-77))
60 (45-78)
0.86

77 (59-94)
79 (61-97)
67 (55-94)
0.31

0.021
0.0057
0.49
-

All
EAT
EMT
P-value*

3 (2-3)
3 (2-4)
3 (2-3)
0.46

2 (1-3)
2 (1-3)
2 (1-3)
0.78

0.0061
0.045
0.086
-

All
EAT
EMT
P-value*

1 (0-2)
1 (0-2)
1 (0-2)
0.69

2 (0-3)
2 (1-3)
1 (0-3)
0.29

0.0078
0.023
0.16
-

All
EAT
EMT
P-value*

15 (10-23)
14 (9-22)
15 (12-27)
0.36

11 (9-19)
10 (8-15)
13 (11-25)
0.041

0.27
0.23
0.66
-

All
EAT
EMT
P-value*

46 (37-59)
45 (35-55)
47 (38-70)
0.27

66 (50-117)
95 (48-133)
66 (53-90)
0.041

<0.0001
<0.0001
0.1
-

Time

Number of attempts

Errors

HAND
Leaking pressure (psi)

Time
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Table 2.3. Performance in transfer tests, shortly after training (short-term) and 7 weeks
after training (long-term) “(Continued)”
Number of attempts
All
EAT
EMT
P-value*

1 (1-2)
1 (1-2)
2 (1-3)
0.19

3 (2-8)
6 (3-9)
2 (1-4)
0.023

0.0018
<0.0001
0.75
-

All
EAT
EMT
P-value*

0 (0-1)
0 (0-1)
0 (0-1)
0.93

2 (1-3)
2 (1-3)
2 (1-3)
0.93

<0.0001
0.0002
0.0009
-

Errors
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Figure 2.4. Transfer performance for all participants. Stacked bar chart showing performance
in instrument- and hand-ties for all participants, shortly after training (short-term) and 7 weeks
after training (long-term). Technical performance errors are shown in the left half and number of
attempts are shown in the right half. Technical performance errors are subdivided into instrument
handling (instrument tie only), two knots tied, other technical errors and squareness of knot.
Bolded P-values are those that are statistically significant after performing a false discovery rate
(FDR) controlling procedure. All participants showed significant improvement in both technical
performance and number of attempts (P ≤ 0.0078).
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2.3.3 Performance between EAT and EMT
Performance differences between EMT and EAT groups are shown in Table 2.2
(analogue tests) and Table 2.3 (adaptive transfer tests). In the analogue short-term tests,
performances were not significantly different in any of the outcomes (P all ≥ 0.16). For the shortterm adaptive transfer outcomes, only leaking pressure for the instrument tie approached
statistical significance (P = 0.053). At the long-term test, EMT participants took significantly
fewer attempts for the hand tie (P = 0.024); leaking pressures and time for the hand tie
approached significance (both P = 0.041) after the FDR correction.
By comparing performance trends within groups over the seven week interim period,
paired data were used to evaluate the second hypothesis. In so doing, the paired design allowed
individuals to serve as their own matched control. A total of seven paired outcomes yielded
statistically significant differences among all participants (all four outcomes for instrument tie;
3/4 outcomes for the hand tie). In the instrument tie, EAT was primarily responsible for slower
times and greater errors. For the hand ties, EAT was primarily responsible for the slower times
and greater number of attempts.
2.3.4 Post-training surveys
Survey results are shown in Figure 2.5. Question 1 was designed to evaluate participants’
receptiveness to challenging situations, and specifically if participants were learning goal
oriented (Heimbeck 2003). Greater than 95% of participants in both groups either agreed or
strongly disagreed. Question 2 aimed to determine if students were performance goal oriented,
motivated by demonstrated good performance and favorable judgment (Heimbeck 2003). These
participants might perceive errors as indicators of poor performance (Heimbeck 2003). Seventy
percent or more participants in both groups agreed or strongly agreed with this statement.
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Performance-avoid goal orientation (i.e. tendency to evade negative judgment) was tested in
question 3, with 15-43% agreeing and 33-45% disagreeing. Questions 4 and 5 evaluated
perceived performance in adaptive transfer: 45% or more in both groups generally felt that
training prepared them for unfamiliar scenarios. Between 19.1% - 40% of participants felt
unprepared for adaptive transfer. Question 6 evaluated participants’ perception of mistakes: ≥
90% in both groups felt that mistakes were an important part of their training. Questions 7-10
assessed student self-awareness: across all questions and groups, ≥ 50% positively reflected on
their ability to self-evaluate.
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Figure 2.5. Results of 10 survey questions taken immediately after short-term testing. Data
are expressed on a five point Likert scale (strongly disagree, disagree, neutral, agree, strongly
agree). The Y-axis is centered on the median neutral responses, with agree/strongly agree
responses on the right half and disagree/strongly disagree responses on the left half. EAT
participants are shown above EMT participants.
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A total of 19/42 participants provided written feedback in the open comments section (11
EAT, 8 EMT). Many comments expressed broad appreciation for learning a new, clinically
applicable skill (i.e. “I really enjoyed this”; “will help me a lot next term and after”). Some
participants indicated a preference for learning by video as opposed to printed hand outs (4/19).
One comment in the EMT group specifically pertained to the experimental intervention: “I
enjoyed the feedback – mostly to show off the off hand, eyes closed method! This was fun”.
Seven out of nineteen comments contained feedback directed at the training format necessitated
by experimental design. Examples included: “I thought it was great that there was no
communication that we would be expected to perform the tasks with suture and to challenge us
in that way”; or “I did not call the instructor over more since they couldn’t actually help, only
say if I was doing something right or wrong”.
2.4 Conclusions
This study sought to determine how veterinary students utilize errors, and if errors could
be leveraged to improve surgical knots created by novice surgeons. Specifically, this study aimed
to evaluate the impact of EMT in veterinary students learning to apply surgical knots to
unfamiliar scenarios. EMT modifies attitudes towards errors, and in doing so, might better
prepare students for real surgery and routinely arising unanticipated scenarios. Our prospective,
blinded and partially double blinded study tested the hypotheses that participants trained by EMT
would out-perform those trained by an error avoidance method (EAT) when asked to perform
unfamiliar (adaptive transfer) skills. We also hypothesized that EMT students would demonstrate
improved adaptive transfer performance after a period of training quiescence. While there were
no significant differences between EMT and EAT at the short-term and long-term tests, these
data suggest that at a minimum, EMT is comparable to error-avoidance surgical knot training.
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This finding itself is notable, given the dramatically contrasting heuristics delivered to the two
groups (i.e. “you do not need to stick to [the instructions] exactly as demonstrated”, “try
exploring variations in technique” versus “follow the instructions exactly as demonstrated”).
These findings may have important implications for educators within both didactic and
laboratory training environments.
Training produced demonstrable improvements in analogous hand and instrument ties,
showing a positive effect of the study training procedure generally (significant P-values detected
in all 6 outcomes after FDR correction). Faster times were especially notable for both the
instrument and hand ties, likely due to improved proficiency and confidence associated with the
two skills. There were broadly similar performances between the two groups: of these five, only
one was disproportionately affected by the EAT (total errors – instrument). Previous studies have
suggested that students trained by proceduralized methods might perform comparably to EMT
participants in tasks that directly recapitulate training (Heimbeck 2003; Keith 2005).
These data fail to confirm the hypothesis that EMT results in superior performance in
short-term adaptive transfer as it relates to surgical knot tying. Results were not significantly
different between the two groups, but approached statistical significance for one of the eight
outcome measures (leaking pressure – instrument tie; P = 0.053). EMT has been successfully
applied to a variety of other training settings, most notably word processing and computing,
(Nordstrom 1998; Chillarege 2003) and also driver training, (Ivancic 2000) radiology technology
(Gardner 2014) and medical ultrasound (Dyre 2017). Not all studies have consistently
demonstrated that EMT is superior to proceduralized or error avoidance training (Debowski
2001; Gully 2002). A 2008 meta-analysis looked to explain inconsistent reported effects of EMT
(Keith 2008). One explanation for varying effect sizes might be the degree to which the adaptive
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transfer assessment differed from training. In those instances where the tasks resemble training
(as partially applicable to this experiment), the positive effects of EMT might be less apparent.
Perhaps one additional explanation for discrepancy might be that while our adaptive transfer
tests, by definition, added unfamiliarly - they also added a notable degree of difficulty for which
participants might have been unprepared for.
Performance for the entire cohort generally deteriorated for the long-term adaptive
testing. This was expected given the prolonged interval between training and testing, during
which period participants were given no explicit instructions to practice or seek out additional
resources. While analogue performance was not tested at 7 weeks, a decline in this might have
been expected too. When compared to the short-term test performance, 6/8 outcomes were
associated with significant reductions in performance (number of attempts for the instrument tie
significantly improved). When comparing changes that occurred within groups, declining
adaptive task performance was disproportionately associated with EAT in 4/6 of these outcomes
(as opposed to one, leaking pressure – instrument, for the EMT cohort). Even though only 1/8
outcomes had significant differences when directly comparing EAT and EMT at 7 weeks
(number of attempts, hand tie), different trends in the paired data lend some support to the
second hypothesis that EMT might help students retain adaptive transfer skill after a prolonged
period of training quiescence. Perhaps this could be attributed to an improved tolerance for
errors, which might inspire students towards a learning goal orientation with improved overall
learning (Heimbeck 2003; Bell 2008). Future studies might seek to determine if possible
differences in long-term performance are associated with inclinations to practice during the
interim period.
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Positive effects of EMT have been linked to the way in which it influences trainee
attitudes towards errors (Keith 2008). Specifically, EMT works to control the negative emotions
associated with errors (Keith 2005; Bell 2008). The post-training survey offers some insight into
junior veterinary student perceptions towards errors, and notably their comfort in managing
unfamiliar scenarios. The majority of participants recognized the importance of errors in training
(Figure 5, question 6), including those who received EAT. Yet participants in both groups
indicated that training left them feeling unprepared for adaptive transfer (questions 4 and 5). This
might reflect the relatively brief period of training and/or the nature of training, which by
experimental design, did not directly recapitulate test scenarios. Alternatively, difficulty
associated with the adaptive transfer tests might have left participants with a greater awareness of
the improvements necessary to be competent in these skills.
Metacognition also mediates the effectiveness of EMT (Keith 2005; Bell 2008). Errors
can serve to break a routine, requiring deeper mental engagement and higher order thinking
(Ellis 2005). An inevitable by-product of errors is the planning, monitoring, evaluation and
revision of subsequent tasks. Survey questions 7-10 served as a tool for self-evaluating
metacognition. While responses to these questions were largely positive, the training itself could
be completed with relatively limited self-reflection. Commonly EMT participants liberally
experimented with technique: such examples included reversing hands for ties, holding
instruments in different ways, changing directions of throws, tying with eyes closed and
attempting different knots entirely. However, instructors also noted that EMT participants did not
consistently reflect on these deviations – especially the impact they might have had on the
overarching objectives of surgical knot tying (i.e. generating tight, strong and stable knots while
maintaining adequate control of the suture material). Motivation to learn from errors may be
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especially potent for those errors with severe consequences (Zakay 2004). Unsystematic ‘trial
and error’, not guided by a clear hypothesis or associated with reflection, is not necessarily an
effective learning strategy (van der Linden 2001). The impact of EMT might have been more
robust if training made a more explicit effort to emphasize the relationship between errors and
impact, thus integrating metacognition to a greater extent.
In order for EMT to be effective, participants must be able to recognize errors shortly
after they occur. In question 8 participants were asked to reflect on their ability to detect errors,
with the majority indicating they were aware of their own mistakes. The ability to detect errors
has been associated with the complexity of a task, with detection lower in more complex tasks
(Zapf 1994). For the purposes of this experiment, our investigative team interpreted these tasks
to have a high degree of complexity (i.e. complex series of rope/suture manipulations, combined
with handling of a needle, suture memory and working within a confined space). Perhaps for
complex skills such as knot tying, participants might need an improved feedback mechanism for
detecting errors, and/or longer periods of EMT than that offered.
The survey instrument also examined personality traits capable of interacting with EMT.
Learning goal orientation describes those individuals focused on improving their ability and
mastering new tasks over time (Elliott 1988). ‘Performance-prove’ goal orientation defines those
who look for favorable judgment of competence; ‘performance-avoid’ orientation is those who
look to avoid negative judgement of competence (Mangels 2006). These students, who view
ability as ‘fixed’ might in theory respond more favorably to EAT (Van Dyck 2010). While the
survey instrument offers a relatively superficial assessment of goal orientation, overall
participants in this study reported themselves to have traits that identify as both learning goal
orientated (question 1) and performance-prove goal orientated (question 2). Responses to
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identify performance-avoid orientation (question 3) were more evenly mixed for EMT
participants with slightly more EAT participants disagreeing with a performance-avoid
orientation. Those students who identify with performance-prove and performance-avoid
orientation might respond more favorably to EAT (Heimbeck 2003).
Knot leaking pressure was considered to be the primary measure of performance in the
adaptive transfer test. However, important limitations relate to this. By intention, participants
received no directed training in how to tie knots tightly (hence adaptive transfer). Participants did
however receive broad statements outlining the purpose of surgical knots during the introductory
session (i.e. “knots are used to tightly secure ligatures around an artery”). The experimental
design aimed to determine whether different training circumstances would produce differences in
knot performance, not necessarily participants’ ability to tie knots sufficient to tightly secure a
ligature. These data clearly indicate that neither EAT or EMT, as presented in this exact format,
was sufficient to make trainees fully competent in this skill. Knots performed by a board certified
veterinary surgeon, tested during a pilot phase of this project, tested between 250-300psi (data
not shown). Both groups might have benefitted from additional training in this area. One
additional limitation with using knot leaking pressure as the primary measure of performance
might be that participants could have chosen to prioritize the technical elements of surgical knot
tying, as opposed to tying tightly applied, strong knots. A relatively small number of errors at
both the short and long-term adaptive transfer windows might support this idea.
Inherent limitations with some of the outcome measures also complicate interpretation of
these data. For example, the ‘number of attempts’ and ‘number of errors’ categories did not
always reflect performance, particularly for those students who elected to stop the test early,
recognizing that they would be unable to complete the task. In these instances, such tests might
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have been associated with only one attempt or measurable error. This might partially explain the
fewer errors at 7 weeks in the instrument tie. Such limitations with the outcome measures were
justification for analyzing multiple measures of performance.
EMT requires that participants are given ample opportunity for exploration during
training, often without clear instructions. The latter was difficult to create for tasks that required
a high degree of precision, such as surgical hand ties. Another confounding factor might be the
type of errors generated by students during training. While still deviating from an identified
standard, violations differ from errors by virtue of their conscious intention (Frese 2015). During
training instructors noted that many EMT participants would intentionally create errors.
Although students were encouraged to “experiment with the technique”, purposely generated
errors were not the intention of the scripted heuristics.
Performance trends identified in these data provide some support for incorporating EMT
into veterinary education. Rather than avoiding mistakes, as may be the tendency among some
veterinary students, instructors might utilize EMT to frame errors as part of a positive learning
experience. EMT instructions have been shown to improve learning goal orientation, even
among those students who do not readily identify with this mindset (Bell 2008). This strategy
might be particularly applicable to circumstances where a primary goal of training is the transfer
of skills to new or complex tasks.
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Ch. 3 Investigating the Effects of Error Management Training for Veterinary Students
Learning Blood Smear Analysis
3.1 Introduction
Creating and evaluating blood smears generates valuable clinical data that can be a
critical element of overall patient assessment (Shattil 2003). Findings generated from a blood
smear may provide clear evidence of a pathologic process (i.e. anemia, systemic inflammation,
neoplasia) or sometimes a specific diagnosis (Bain 2005). In order to generate meaningful
conclusions, elements of effective blood smear analysis are fourfold. Firstly, blood must be
appropriately smeared to create a diagnostic quality slide that includes a monolayer. The
monolayer is especially important for morphologic evaluation as cells in this area dry quickly,
are more evenly spread, and lack artifacts commonly identified in other areas of the smear.
Secondly, the dried slide must be appropriately stained to facilitate visualization of cell
morphology. The third element, slide evaluation, requires cell identification and assessment of
major cell types (red cells, leukocytes, platelets). The final interpretative element necessitates
that evaluative findings are assimilated with a knowledge of normal and select abnormal
processes. Such complexity associated with this procedure is likely to generate a broad spectrum
of errors, ultimately capable of manifesting as non-diagnosis or mis-diagnosis that could impact
patient management.
The aim of this study is to determine the efficacy of error management training (EMT) as
it relates to canine blood smear analysis. Building upon previous findings by this group, training
would be supplemented by a module designed to enhance metacognition. As compared to erroravoidance training, we hypothesized that students trained with this approach have improved
performance in tasks that are structurally different from those learned in training (here after
referred to as ‘adaptive transfer’). We also hypothesized that EMT students would demonstrate
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improved performance following a period of training quiescence. Data presented herein might
influence the way in which veterinary educators chose to leverage errors as learning
opportunities in both pre-clinical and clinical veterinary curricula.
3.2 Materials and Methods
3.2.1 Recruitment and ethical approval
First year students at the Oregon State University Carlson College of Veterinary
Medicine (OSU-CCVM) were eligible for inclusion. This study was conducted prior to a didactic
course on cytological analysis and clinical pathology. Students who self-identified as having
extensive experience or formal training in making and/or analyzing blood smears were deemed
ineligible. Recruitment entailed two e-mails sent to the 1st year class, as well as an in-person
address in the classroom. A complimentary catered meal and gift card raffle were offered as
incentives. To obtain unbiased results, the specific research objectives were not disclosed to
participants. Following completion of the study, all subjects were debriefed and given the chance
to have their data withdrawn. Participant data were anonymized using assigned numbers. All
recruitment, incentives and experimental methods were approved by the Institutional Review
Board (IRB) at Oregon State University (approval number 8193).
3.2.2 Introductory training and analogue pre-test
Upon successful enrollment, participants completed a self-assessment of blood smear
expertise (1=no prior experience creating/evaluating blood smears; 2=practice creating and
evaluating blood smears, but never in a real clinical setting; 3=practiced creating and evaluating
blood smears and performed in ≤5 real clinical settings; 4 =practiced creating and evaluating
blood smears and performed in >5 real clinical settings). Participants were subsequently assigned
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into either error-avoidance training (EAT) or error management training (EMT) groups using a
random number generator (https://www.google.com/search?q=random+number).
All participants received a 30-minute didactic PowerPoint presentation intended to
summarize the purpose of blood smear analysis. The presentation reviewed the method by which
smears of normal blood are created, stained and analyzed, according to standard procedures
(Weiss 2012). Content was guided by delivered by a board-certified veterinary clinical
pathologist (EG). The overview also covered identification of the monolayer at 10X
magnification, leukocyte identification (neutrophil, lymphocyte, monocyte, eosinophil, basophil)
at 40X magnification, and justification for performing a white blood cell (WBC) differential
count.
To obtain a baseline for individual participants, pre-tests directly analogous to the
training method were administered within 60 minutes of the completion of the introductory
session (hereafter referred to as analogue pre-test). Testing required that participants 1) create
one quality canine blood smear from up to three attempts, 2) effectively stain their slide with
Diff-Quik (Harleco), and 3) correctly identify 20 normal leukocytes on a premade normal canine
blood smear, with one co-investigators (EG or DM) navigating the microscope at 40X
magnification.
Analogue test outcomes fell into three categories. The first assessment of smear quality
was the monolayer area. This variable recognized the monolayer as an especially important area
of the smear where cell distribution and morphologic detail is optimally captured (Weiss 2012).
Monolayer area in mm2 was defined as a rectangle calculated as length (mm) x width (mm) using
an Olympus BX46 microscope (Olympus Corporation of the Americas, Waltham, MA, USA).
Width was defined as the lateral points at which the monolayer first appeared on the slide in a
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plane perpendicular to the axis of the smear; length measurements were taken from the start of
the monolayer to the start of the feathered edge in a plane parallel to the axis of the smear
(Figure 3.1). The second category was a qualitative assessment of smear quality and staining,
scored out of six. Scores were determined by the presence or absence of common technical
errors, examples of which are shown in Figure 3.2. Such errors were defined as stutter
(horizontal breaks in the smear resulting from uneven pressure during slide preparation), absence
of a feathered edge, insufficient blood placed on slide or drying of blood prior to smearing
(defined as a clear area above where the blood was spotted), absence of a monolayer (visibly
apparent upon microscopic exam), feather not captured on the slide, and smear not adequately
stained (inadequate red/purple definition and/or uneven color distribution due to inappropriately
short/long immersion in Diff Quik or swirling of slide when in solution). For leukocyte
identification, participants were required to identify 20 leukocytes in consecutive 40X fields.
Scores were out of a maximum of 20 points.

Figure 3.1. Appropriately created and stained canine blood smear. The smear contains an
appropriate volume of blood, creating a width that is approximately 75% slide width. There is a
feather present (*) and the slide is appropriately stained. Length boundaries of the monolayer
were identified with microscopic assistance and marked with pen; the length measurement was
taken parallel axis of the smear (space in box between black dots). Width boundaries were
defined by the widest aspect of the monolayer perpendicular to the axis of the smear (long
borders of rectangle). The area measured in mm2 is represented by the rectangle.
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Figure 3.2. Rubric for semi-quantitative evaluation of errors commonly encountered on
student-generated blood smears. Blood smears were assigned scores out of six according to
commonly identified errors. A. Smear has horizontal breaks in the smear (‘stutter’) resulting
from uneven pressure during smear preparation. The smear also lacks a feathered edge and a
monolayer. B. Smear lacks a feathered edge and a monolayer. C. Insufficient blood placed on
slide or drying of blood prior to smearing, resulting in a large clear area immediately beneath
where the blood was spotted. D. Absence of a monolayer. E. Feathered edge not captured on the
slide and the smear lacks a monolayer. F. Smear is inappropriately stained as identified by
unevenly distributed red and purple staining.
3.2.3 Training and experimental interventions
The EAT and EMT groups met separately 24 or 48 hours after the introduction session,
respectively. Participants individually completed four training modules totaling to 1.5hrs time.
Modules were video review, create/stain normal canine blood smear, evaluation of a preprepared normal canine blood smear, and open time for any of the prior three modules. All
participants received written and illustrated instructions that demonstrated how to create, stain
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and evaluate a blood smear, according to standard procedures (Weiser 2012). Instructions also
included images of diagnostic quality smears, before and after staining. Static images of blood
smear components were also illustrated. These included normal red blood cell distribution in the
monolayer at 10X magnification, 8 mature neutrophils, 1 small mature lymphocyte, 2
monocytes, 4 eosinophils, and 2 basophils (all leukocytes at 40X magnification). Abnormal
features presented in the training document included anemia (defined by reduced RBC density in
the monolayer, visible from 10X magnification), erythrocyte regeneration (defined by
polychromasia and nucleated RBCs), abnormal RBC distribution (rouleaux and agglutination),
and inflammation (defined by band neutrophils and/or toxicity). Toxic changes were defined as
neutrophils having hyposegmented nuclei, Dӧhle bodies, cytoplasmic vacuolization, primary
granulation and/or cytoplasmic basophilia.
A list of scripted heuristics was provided in the distributed documents and repeated by
co-investigators at approximately 15 minute intervals. These heuristics were devised based on
previous publications and are listed in Table 3.1 (Frese 1991). During training, participants
could ask for verbal feedback from instructors as many times as they wished. For the EAT group,
feedback was limited to a verbal correct/incorrect response. For the EMT group, feedback also
consisted of correct/incorrect replies but with additional encouragement to experiment and not be
averse to making mistakes.

41

Table 3.1: Scripted heuristics for Error Avoidant Training (EAT) and Error Management
Training (EMT)
EAT
We want you to know these tasks are really
challenging! Follow the instructions exactly
as demonstrated.

EMT
We want you to know these tasks are really
challenging! You should expect to make
lots of mistakes when learning these skills.

If you closely follow the instructions you
should be able to complete them easily

Although the instructions are very specific,
you do not need to stick to them exactly as
demonstrated! Experiment with the
technique as much as you like.

Try to make as few mistakes as possible.
Do everything you can to get the correct
knot as efficiently as possible!

Mistakes you make are great! The more
mistakes you make, the more you will learn

You got it right – well done! Keep
practicing the same way

That’s incorrect. Go back and review the
instructions/video closely!

Use your mistakes to help you learn better!
Call over an instructor to check your
technique when you like.
You got it right. But remember you can
learn from getting it wrong too! You can
call me over as many times as you like

Make sure you read the instructions really
closely!

That’s incorrect. Remember, don’t worry
about getting the tie wrong– these are a
natural part of your learning experience

Aim to do the best you possibly can

That’s incorrect. Try exploring variations in
technique! These instructions are just a
broad guide
You made a mistake - now try to figure out
where you might have gone wrong and how
you can approach it differently.
You have made a mistake? Great! Now you
can learn something new.
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Video modules were included with the intention of encouraging reflection upon blood
smear technique. Specifically, the video module given to EMT participants was designed to
encourage metacognition, previously shown to be a mediating factor in the efficacy of EMT
(Keith 2005). Video shown to the EMT group displayed common errors in creating blood smears
and staining techniques. Questions posed as part of this module were designed and modified
based upon prior studies using metacognitive instructions (King 1991). EMT participants were
asked to 1) identify elements performed incorrectly, 2) reflect upon the goals of blood smear
analysis, writing down ways in which mistakes might have influenced the final result, and 3)
write down ways in which the procedure might have been performed better. Video shown to the
EAT group illustrated proper technique for creating the blood smear and staining the slide.
Participants were asked to write down elements performed correctly. For both groups, videos
were looped on projectors throughout the entire training session.
3.2.4 Testing and Surveys
Short term assessments were performed 24-72 hours after training. Investigators were
blinded as to the training method received. Students were given up to 45 minutes to complete an
analogical post-test (identical to the pre-test described above) and one adaptive transfer test
(unfamiliar task). The adaptive transfer test used a sample unknown to the participants. To create
additional unfamiliarity, the test used normal canine blood, diluted with 0.9% sterile NaCl
solution, with the intention of mimicking a non-regenerative anemia. Anemic blood has different
smearing properties, thus creating a scenario different from training. Participants were asked to
create and stain a smear as previously. To ensure that the test adequately tested adaptive transfer,
participants were required to evaluate their own prepared slide (in contrast to the pre-prepared
slide used for the training and analogue tests), and also calculate absolute leukocyte (neutrophil,
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lymphocyte, monocyte, eosinophil, basophil) numbers from a provided total leukocyte count
with reference ranges. This latter skill requires that sufficient cells are counted, white blood cells
are accurately identified, and that percentages are used to calculate the absolute cell count for
each leukocyte (Weiser 2012). This particular skill was designed to be entirely unfamiliar to
participants. While participants were provided with a cell counter and calculator, they received
no prior instructions as to how an absolute leukocyte count might be generated. In addition,
participants were asked the following yes/no interpretive questions for a total of five marks:
anemic, abnormal RBC distribution, RBC regeneration, inflammatory, and neoplastic. Further
outcomes were assigned for leukocyte percentages equaling 100% (score 0 or 1), and sum of
leukocyte absolute counts equaling the total WBC count (score 0 or 1). These ordinal data
received a total score out of seven marks. Performance in leukocyte differential counts was
defined as the difference between the participant’s leukocyte count (neutrophil, monocyte,
lymphocyte, eosinophil, basophil) and that of a single expert reference point. This reference
point was generated from a manual count of 200 cells, performed and calculated by a board
certified veterinary clinical pathologist (EG). All negative differences were converted to positive
values.
Upon immediate completion of the short-term assessments, participants took a survey
aimed to evaluate their perception of errors, attitudes towards unfamiliar scenarios, their ability
to reflect upon their own learning (metacognition), and tendency towards performance goal or
learning goal orientation (Meritet 2019). Answers were scored on a five point Likert scale
(1=strongly disagree to 5= strongly agree). Space for open comments was provided at the end of
the survey.
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For the long-term assessment (7 weeks after the short-term assessment), participants
completed an adaptive task similar to that described for the short-term adaptive task with a
different unknown canine blood sample. In this instance the unknown sample had an elevated
white blood count representing an inflammatory leukogram. Outcome measures were the same
as noted previously. Investigators were blinded to participant training method.
3.2.5 Statistical analysis
All data sets were tested for normality using the D’Agnostino and Pearson’s normality
test. Data were presented as mean (standard deviation, SD) if normally distributed and median
(interquartile range, IQR) if non-normally distributed. To compare performance differences
between normally distributed groups, Welch’s t-tests were used for monolayer area and cell
differential counts (Delacre 2017). Mann Whitney tests were used for ordinal data (smear
quality, cell identification, application and interpretation) and other non-normally distributed
data. To evaluate performance differences within individuals between two different time points
(i.e. analogue pre-test to post-training tests; short term adaptive transfer and long term adaptive
transfer tests), paired Student’s t-tests (normally distributed data) and Wilcoxon matched-pairs
signed rank tests (non-normally distributed data and ordinal data) were used. For all test
outcomes, pre-analyses were performed to determine if data could be combined or stratified for
subsequent hypothesis testing. Statistical significance was set at two-tailed P ≤ 0.05. In an effort
to avoid type I errors, false discovery rate (FDR) analysis was performed using a two-stage stepup Benjamini-Krieger-Yekutieli method and a desired FDR of 5% (Benjamini 1995; Chen 2010).
Sample size and distribution precluded statistical analysis of the survey data.
3.3 Results
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Twenty-six first year OSU-CCVM students enrolled in the study, with 13 students
assigned to each group. Results of the first questionnaire handed out during the introductory
session found both the median and 75th percentile at 2 (practiced creating and evaluating blood
smears, but never in a clinical setting).
3.3.1 Performance in analogue pre-test and post-training test
Performance in the analogue tests are shown in Table 3.2. Following training,
participants created slides with a significantly greater monolayer area (P = 0.0014). Smear
quality scores also significantly improved (P < 0.0001), and participants correctly identified a
greater number of cells (P = 0.0002).
Table 3.2. Performance in analogue tests, before (pre-test) and shortly after training (posttraining). Results are shown as the mean (SD) if normally distributed and median (IQR) if nonnormally distributed. Two tailed P-values marked with * are Wilcoxon matched-pairs signed
rank test for all except monolayer area where a paired t-test was used. Two tailed P-values
marked with ** are Mann Whitney tests (smear quality and cell identification) or Welch’s t-test
(monolayer area). Bolded P-values are those that are statistically significant after performing a
false discovery rate (FDR) controlling procedure.
Pre-test

Post-training

P-value*

2

Monolayer area (mm )
All
EAT
EMT
P-value**
Smear Quality (/6)
All
EAT
EMT
P-value**
Cell Identification (/20)
All
EAT
EMT

0 (0-52.5)
22.2 (32.8)
36.0 (44.8)
-

69.9 (37.9)
73.8 (39.5)
66.0 (37.4)
0.61

0.0014
0.0079
0.053

3.7 (1.4)
4.1 (1.0)
3.3 (1.8)
-

5.3 (0.8)
5.3 (1.8)
5.2 (0.9)
1

<0.0001
0.0078
0.001

14.1 (2.6)
13.2 (2.7)
15 (14-16)

16.7 (1.8)
16.3 (1.5)
17.1 (2.0)

0.0002
0.0098
0.02
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P-value**

-

0.26

3.3.2 Performance in short- and long-term adaptive transfer tests
Results of the adaptive transfer tests are shown in Table 3.3. After sustained training
quiescence, cell differential counts had greater deviation from the expert reference point (median
of 4418 as compared to a mean of 3972). This change was statistically significant (P = 0.0009).
Over the same time period, neutrophil and eosinophil counts were more similar to the expert
reference point. Monocyte and lymphocyte counts showed greater deviation from the expert
reference points. Application and interpretation scores increased over this time period; this
difference was statistically significant (P = 0.0026).
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Table 3.3. Performance in adaptive transfer tests, shortly after training (short term) and 7
weeks after training (long term). Results are shown as the mean (SD) if normally distributed
and median (IQR) if non-normally distributed. Two tailed P-values marked with * are Wilcoxon
matched-pairs signed rank test for all except cell differential counts (EAT only), where a paired
t-test was used. Two tailed P-values marked with ** are Mann Whitney tests with the exception
of short-term differential counts, where Welch’s t-test was used. Bolded P-values are those that
are statistically significant after performing a false discovery rate (FDR) controlling procedure.
Short Term
Long Term
P-value*
Cell differential counts (difference from expert reference; calculated # of cells)
All (total difference)

3972 (2418)

Neutrophil
Eosinophil
Monocyte
Lymphocyte
EAT (total difference)
Neutrophil
Eosinophil
Monocyte
Lymphocyte
EMT (total difference)

2593 (2263)
232 (134-235)
314 (184-730)
654 (523)
3992 (2316)
2558 (2241)
235 (157-235)
614 (561)
594 (530)
3952 (2610)

Neutrophil
Eosinophil
Monocyte
Lymphocyte
P-value**
Application and interpretation (/7)
All
EAT
EMT
P-value**

2628 (2376)
196 (85-235)
310 (140-586)
712 (529)
0.97

6122 (44189208)
1486 (685-3667)
100 (0-525)
1289 (583-2130)
1949 (1243)
7866 (5412)
1942 (567-6508)
100 (0-577)
1473 (692-2248)
1576 (1147)
5084 (44208498)
1107 (677-3145)
394 (0-550)
1355 (921)
2322 (1267)
0.77

3.9 (1.4)
3.6 (1.3)
4 (4-5)
0.22

5.0 (1.2)
4.8 (1.5)
5.2 (0.9)
0.57

0.0009

0.0026
0.032
0.049

0.015

0.033
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3.3.3 Performance comparisons between EAT and EMT
Paired data for the analogue and adaptive transfer tests is shown in Figures 3.3 and 3.4,
respectively. There were no significant differences between EAT and EMT for the analogue
post-training test, short term adaptive transfer tests, and long term adaptive transfer tests (P all ≥
0.22).

Figure 3.3. Performance changes in an analogous test, before and after training.
EAT participants are shown in black and EMT participants are shown in gray. There
were no significant differences between EMT and EAT at the post-training test (P ≥
0.26).
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Figure 3.4. Performance changes in an adaptive transfer test at two different time points.
The short-term test was performed 24-72 hours after training (short term) and the long term test
was performed 7 weeks after training. EAT participants are shown in black and EMT
participants are shown in gray. There were no significant differences between EMT and EAT at
either the short term or long-term tests (P ≥ 0.22).
3.3.4 Survey
Survey results are shown in Figure 3.5; the rationale for asking these questions has been
discussed in another publication (Meritet 2019). Both groups indicated a strong preference for
learning goal orientation (Question 1), with 83-85% of participants agreeing or strongly
agreeing. Many students also indicated a preference towards performance goal orientation
(Question 2), although responses were more balanced. Responses to a question evaluating
performance-avoid orientation (Question 3; tendency to evade negative judgement) were mixed.
In Question 5, many participants (50-61%) indicated feeling unprepared for adaptive transfer,
even though many indicated feeling prepared to recognize or avoid problems related to blood
smear analysis (Question 4). Participants generally felt that mistakes were an important part of
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their training (Question 6). Many participants positively reflected on their ability to self-evaluate
(Questions 7-10), with EMT scores slightly trending beneath that of EAT.

Figure 2.5. Results of 10 survey questions taken immediately after short-term testing. Data
are expressed on a five point Likert scale (strongly disagree, disagree, neutral, agree, strongly
agree). The Y-axis is centered on the median neutral responses, with agree/strongly agree
responses on the right half and disagree/strongly disagree responses on the left half. EAT
participants are shown above EMT participants.
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3.4 Conclusions
Graduating veterinarians are required to apply their expertise to unfamiliar scenarios and
respond to mistakes that inevitably occur as part of clinical practice. EMT has been proposed as
a way of improving adaptive transfer, in part by modifying attitudes towards errors encountered
during low-stakes training environments (Keith 2008). Our group has previously demonstrated
the utility of EMT as it relates to a dexterous veterinary medical skill (Meritet 2019). To our
knowledge, the efficacy of EMT in a veterinary task demanding a complex mixture of technique,
knowledge, microscopy and cognitive function is previously undetermined. These findings may
help educators seeking to encourage students to learn from and build upon their errors. Students
successful in this realm are likely to benefit from an enriched educational experience that might
help prepare them for adversity and life-long learning.
We hypothesized that students trained with EMT have improved performance in tasks
that are structurally different from those learned during training. Adaptive transfer performances
at both the short- and long-term testing windows were similar, leading us to reject our central
hypothesis (P all ≥ 0.22). Seven weeks after training, we noted a statistically significant decline
in the accuracy of cell differential counts among all participants (P = 0.0009) but an
improvement in application and interpretation (P = 0.0026). Both EMT and EAT were
responsible for these changes leading us to conclude that, in this training model, EMT trained
students perform no differently after a period of training quiescence. Greater errors in cell
differential counts were expected given the interruption in training and practice. However, the
contrasting trend for application/interpretation might reflect some degree of prior familiarity for
the long-term adaptive transfer test (i.e. calculating cell differentials and applying calculations to
interpretive possibilities), even though the blood sample was unknown at both testing intervals.
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Our findings differ from published studies where EMT has been associated with considerable
improvements as compared to proceduralized/error-avoidance training – particularly with
regards to adaptive transfer tasks (Frese 1991; Ivancic 2000; Frese 2015).
These data suggest that at a minimum, EMT performs comparably to error avoidance for
the purposes of analogue performance. For all participants, training produced a significant
improvement in all three analogue outcomes (P ≤ 0.0014). Statistically significant differences
were not noted between EMT and EAT at the post-training test. These data are similar to that of
another study which tested EMT by a surgical knot tying model (Meritet 2019). Other nonveterinary EMT studies have also found that students trained by proceduralized methods might
also perform comparably to EMT (Keith 2005; Heimbeck 2003). While the benefits of EMT
might be particularly applicable to adaptive transfer (Keith 2008), positive effects relating to
analogous transfer have been associated with enhanced awareness generated by errors. Such
awareness might make skills more accessible for similar problems at a later time point (Ivancic
2000).
While error-avoidance and error-management force students to interact with errors very
differently (Keith 2008), we noted possible differences between the testing/survey data and
training observations that were not directly quantified as part of this experiment. Survey question
#6 indicated that participants in both groups considered errors to be a useful part of training. Yet
during the training modules themselves, there was a noticeable contrast in the way students went
about training and interacted with instructors. The proceduralized group, while still engaged, was
intent on quickly creating the perfect slide and repeating their practice exactly as indicated in the
instructions. Many participants only sought out instructor feedback for “correct” performance. In
contrast, the EMT group were more relaxed and visibly open to experimentation. Examples of
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this included creating slides while kneeling instead of standing, using a “pull” instead of “push”
method during slide preparation, changing the order of slide staining, and varying the times
immersing the slide in each stain. Such procedural experimentation almost certainly led to a
greater number of errors within the EMT group. Often instructors were called over to determine
whether a variation in technique might be acceptable, or simply to verify “incorrect”
performance. A mechanism by which such errors might benefit learning is prediction error
theory, whereby discrepancies between expectation and the actual outcome serve to enhance
learning (Friston 2005). Despite encouraging errors, EMT is likely to generate a large number of
self-generated correct outcomes. This active (as opposed to passive) approach to incorrect and
correct strategies is likely to have a powerful effect on learning (Bertsch 2007).
Recognizing the importance of metacognition in EMT (Keith 2005, Bell 2008), training
was supplemented by a module intended to reinforce reflective thinking in students. Stimulating
students to reflect upon their errors is an effective strategy for ensuring sustained motivation to
improve, in part by offsetting overconfidence which can be an impediment to learning (Metcalfe
2017). The scripted heuristics themselves helped focus attention upon errors, encouraging
students to monitor their own performance and design corrective strategies (i.e. “try to figure out
where you might have gone wrong and how you can approach it differently”)(Cannon-Bowers
1998). Survey responses to questions 8-10 suggested that both groups engaged in metacognition,
with EAT participants perhaps agreeing to a slightly greater extent. During training, feedback
given to both groups was limited to “correct/incorrect”, maybe compelling EMT and EAT
participants to explore different approaches to the task on their own. In this way, metacognition
may have been inadvertently fostered for both training scenarios.
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One element of successful individual performance is the ability to apply “emotion
control” – specifically the ability to self-manage performance anxiety associated with errors
(Kanfer 1996). Such skill could be valuable, especially during early training, because it ensures
that attention is directed towards the task as opposed to the self (Kluger 1996). Responses to
question 7 indicate emotion control in both groups of participants, with modestly stronger
responses for EMT. Improved adaptive transfer performances seen with EMT are in part
mediated by helping participants to manage negative emotions associated with errors (Keith
2005). A reasonable proportion of participants (31-50%) reported feeling neutral or negatively
towards their ability to manage nervousness during assessments. EMT might be one particularly
useful strategy for helping this subset of students – particularly when encountered with tasks
requiring adaptive transfer. The relationship between individual learning styles and attitudes
towards errors has been discussed elsewhere (Meritet 2019)
Primary limitations of this study are the relatively small number of participants, the
limited length of training, and some degree of overlap between the analogous and two adaptive
transfer tasks. One difficulty with implementing EMT in this particular setting is that the impact
of some errors might not have been apparent to participants. For instance, training was designed
such that Diff-Quik immersion technique was not compared to microscopic staining patterns, or
that smear technique could not be directly compared to the microscopic appearance of the
monolayer. Corrective feedback after making errors is especially important; (Moreno 2004,
Anderson 1972) as there is also literature to suggest that feedback should provide the correct
answer (Pashler 2005). EMT instructions were intentionally designed such that feedback did not
specify an explicit error remediation strategy, in lieu of encouraging discovery (Keith 2008).
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Despite regularly repeating heuristics throughout the training, it is possible that feedback was not
adequately processed by participants.
Findings presented herein are preliminary justification for helping veterinary students to
manage errors generated during low-stakes training environments. These data contribute to a
growing argument for utilizing EMT, or other broadly similar training strategies, as a possible
framework for improving adaptive transfer and potentially navigating mistakes encountered
during clinical practice. Encouraging veterinary students to contemplate their interaction with
error, and leveraging this to create dynamic learning opportunities, could be one part of a multifaceted strategy to enhance student learning and professional success.
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Ch. 4 Discussion
The preceding studies describe the novel implementation of error management training
(EMT) for veterinary student learning and analyze its effects on task performance compared to
more traditional error-avoidance training (EAT) method outcomes. Overall, these data do not
find a significant advantage of one training method over the other with regard to task
performance. Restated, these findings suggest that EMT is, at the minimum, a comparable
training strategy to EAT. The first study – integrating EMT into the initial instruction of surgical
knot tying – did find that the overall decline in task performance in the long-term setting after a
period of training acquiescence was more greatly attributed to EAT participant performance.
This finding was not repeatable in the blood smear study, though is still worth mentioning as
potential advocacy for the ability of EMT to improve skill/knowledge retention, particularly
regarding adaptive tasks.
Other studies have found similar outcomes for EMT trainees (Dyre 2017; Gardner 2015).
Possible explanations for the superior long-term performances in adaptive tasks after using EMT
include the use of self-regulatory skills of metacognition and emotion control as well as
dispositional attributes like goal orientation. By encouraging students to reframe their
perspective of error as a learning opportunity instead of a negative reflection of competency,
EMT helps reduce the anxieties and cascade of emotional thoughts that can arise around errors,
allowing for enhanced learning and enduring understanding (Bell 2008). Emotion control
strategies are especially useful when introduced early in training programs, the period in which
trainees are most likely to encounter errors (Bell 2008). Our studies attempted to follow this
suggestion by recruiting junior veterinary students who lacked formal training in the tasks
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introduced. While not statistically significant, the positive effect of emotion control via EMT on
more junior trainees may be inferred from the survey data (Figures 2.5 and 3.5). Comparing the
answers to question 7, a greater proportion of the 1st year students in the blood smear study felt
they could effectively manage their nervousness during assessments, with approximately 80%
agreement compared to 60% agreement amongst the 2nd year students in the knot tying study.
In spite of their perceived emotion control, the EMT participants of the blood smear study
did not perform better in adaptive tasks than EAT trainees. As previously mentioned, the lack of
significant performance differences between the two groups may be due to an unintended lapse
in training to portray clinical consequences of errors for the tasks being presented. Contextual
support has been found to improve individual’s performance by encouraging them to engage in
higher cognitive capacities (King 2004). The intention of creating low-stakes tasks was meant to
alleviate anxieties that surround errors. However, this was not intended to ignore the potential
clinical implications of errors. Placing instruction within context for students helps the learning
process by enabling them to make meaningful, relevant connections between their education and
their life and/or future career (Merriam 2013a).
This concept of meaning-making is prevalent in pedagogy and psychology in that both
intellectual and personal growth involves the interaction of an individual’s prior knowledge and
pre-existing assumptions with their current experiences (King 2004, Baviskar 2009). Hindrances
to growth or learning can occur when there is discrepancy between prior knowledge/assumptions
and current experience; some refer to this incongruent state as “cognitive dissonance.” (Baviskar
2009, Hartle 2012). Veterinary students are enrolled in higher education and constitute a
particular cohort of adult learners. As adult learners, veterinary students enter their veterinary
education with pre-established sets of beliefs, assumptions and knowledge. It follows that there
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may be an opportunity, if not multiple, for a veterinary student to experience cognitive
dissonance during their veterinary education. Errors can serve as a source of cognitive
dissonance. How the veterinary student – or any learner – reacts towards cognitive dissonance,
towards errors, may be linked to motivation which can be guided by contextual learning
(Baviskar 2009, Hartle 2012). Motivational theory links motivation with an individual’s values
and expectancies (Ambrose 2010b). Framing instructional assessments within a relevant context
for learners can help create both intrinsic and incremental value (Ambrose 2010b) While trainees
in the knot tying study were informed of the various purposes of surgical knots (e.g. closing
wounds, ligating vessels), the consequences of ineffective knots was not relayed (e.g. infection,
exsanguination). Similarly, participants of the blood smear study were told of the importance of a
monolayer, but the clinical impact of its absence – namely, non- or mis-diagnosis – was not
emphasized during training. It is possible this additional context could have led to increased
value, improved learning and task performance, and is worth consideration in future
investigations.
Relating back to motivational theory, the second factor affecting motivation is expectancy
which reflects an individual’s belief they will (or will not) succeed in a task (Ambrose 2010b).
As such, expectancies can be positive or negative, shaping an individual’s behavior and approach
towards a task. In addition, expectancies can be altered by an individual’s self-efficacy and by
the learning environment (Ambrose 2010b). Although not an explicit objective of EMT studies,
EMT inherently cultivates positive expectancies in learners by creating supportive environments
and increasing self-efficacy. The former is largely achieved by providing encouraging and
informative feedback while the latter is obtained through altered causal attribution of errors.
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Improved self-efficacy can be attained through EMT by modifying an individual’s causal
attribute towards errors. For any outcome, there are two variables that are considered when an
individual attributes cause: stability and locus of causality (Van Dyck 2010). The cause for an
outcome is stable or unstable and internal or external. The locus of causality is linked with selfefficacy in that internal factors are contained within oneself and, so, are manageable while
external factors are (at least perceived to be) outside an individual’s control. It is plausible to
consider that learners with a sense of high self-efficacy likely attribute outcomes to internal
influences. Van Dyck et al., found that learners who attributed errors as internal and unstable
often adapt an error mastery approach compared to an error avoidant approach. While not
directly studied in this body of research, error-management may help encourage learners towards
an error mastery approach by shifting their causal attributions of errors towards being internal
and unstable (i.e. errors are within their power and are able to be changed), thereby increasing
self-efficacy. Self-efficacy may also be increased by utilizing low-stakes assessments (Ambrose
2010b). With that in mind, low-stakes assessments can help stir motivation through positive
expectancies. Moreover, by promoting nontechnical skills like emotion control and
metacognition, EMT helps students cope and handle errors more effectively, thus increasing their
self-efficacy by enabling them to overcome obstacles in a productive manner.
While both studies contained survey questions relating to metacognition, only the blood
smear study implemented a learning tool meant to enhance metacognition. Participants were
asked to watch videos of task completion done either correctly (EAT training session) or
incorrectly (EMT training session). EAT trainees were asked to identify correct technique while
EMT trainees were asked to identify incorrect technique as well as comment on how they would
have addressed the errors shown. In spite of this additional training module, trainee engagement
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in metacognition did not greatly differ between the groups according to survey data (Figure 3.5,
questions 8-10). In fact, a greater proportion of EAT participants agreed they engaged in
metacognition than did EMT trainees, albeit not to significance. Possible reasons for this
unanticipated finding have been previously addressed in this document. When comparing the
survey data between studies (Figures 2.5 and 3.5), there is a general right-skewed (i.e. greater
agreement) trend for questions 8-10 relating to metacognition in the knot tying study compared
to the blood smear study, in spite of the former not having the benefit of a metacognition
module. This may in part be a result of the different training levels of participants. Having an
additional year of veterinary medical education, the knot tying participants likely have more
experience in higher-order thinking than their junior colleagues. Studies have shown that more
experienced individuals exhibit a greater ability to think abstractly and engage in metacognition
(Etelapelto 1993; Hinds 2001; McKeithen 1981). Evaluating the effects of EMT on veterinary
students at varying training levels was beyond the scope of these studies but may be worth future
investigation.
An alternative interpretation of the survey data relating to metacognition is that junior
veterinary students perceive themselves to have high-efficacy. Yet, their performances in
adaptive tasks do not necessarily demonstrate that fact. In regard to the surgical knot study, the
median knot bursting pressure ranged from 10-15psi while an expertly-tied knot held at 300psi
(see page 33). Again, this may be a consequence of not providing sufficient context. It is
possible that long-term performances may have improved if participants had received the results
of their short-term performance. Feedback was only provided in the training sessions and not
during/after testing phases. This was also intentional as these tasks were meant to be low-stakes
and were not assigned a “grade” that would suggest competency or lack thereof. In retrospect, if
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students were aware of their short-term performance and were told that expert performance
equates to a leaking pressure of 300psi, they may have reflected more on their previous
performance prior to completing the long-term adaptive task. Productive self-reflection is
predicated on receiving informative feedback (Ambrose 2010a, Merriam 2013b). Feedback can
take many forms; it can be dictated or sensed (e.g. auditory prompts), human or instrumentgenerated. Interactive learning through “serious games” is gaining favor in the medical field and
is in experimental-stages in veterinary curricula (Graafland 2012, Franson 2010, Parkes 2009).
These computer-based simulations provide multiple advantages over traditional training
methods, including real-time feedback. As opposed to being evaluated at the end of the task,
trainees are evaluated during the task and receive feedback throughout task completion. We
attempted to provide real-time feedback during training sessions, though the low ratio of trainee:
co-investigator rendered that difficult. The addition of equipment that sensed errors in real-time
may have enhanced trainee learning and improved task performance in our studies. Inclusion of
such equipment may be beneficial in future error-management research.
A third factor influencing the effect of EMT – goal orientation – was not thoroughly
investigated in these studies. Several of the survey questions (1-3) were intended to gather
information regarding participant goal orientation. For both studies, there were no overt
differences in distribution of learning vs. performance goal oriented participants in the two
training groups (not tested statistically). This is ideal since other studies found EMT to impose
greater benefit on those of a learning goal orientation and placing more learning goal oriented
individuals in one of the groups could have confounded results.
Interestingly, across both studies and regardless of training group, participants often
identified as being both learning and performance-prove goal oriented with mixed responses
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towards performance-avoid goal orientation. The influence of such “dual” goal orientation on
EMT efficacy is unknown and may further explain the lack of significant differences between
EAT and EMT performances in our studies. Research by Button et al. discovered that goal
orientation is not static; it is fluid with both demographic and situational factors affecting its
direction in a given learning task (Button 1996). This inquiry found that an individual can adopt
a learning goal orientation if there is intrinsic or incremental value in a learning task. While goal
orientation is dynamic, individuals typically approach a task with one orientation or another, not
both simultaneously. In general, veterinarians are perceived as high-achievers and have been
found to most closely align with a performance goal orientation, slightly favoring a performanceavoid goal orientation (Arnold 2012). However, the intrinsic and incremental value veterinarians
and veterinary students are likely to find in learning new clinically applicable tasks could shift
them towards a learning goal orientation, helping to explain the survey information on goal
orientation for these present studies (Button 1996). Regardless of how errors are broached during
training, individuals with a learning goal orientation tend to adopt an error mastery approach
(Van Dyck 2010). This reasoning may account for the comparable performances between the
EAT and EMT participants noted in these investigations. Participants possibly adopted a learning
goal orientation and, so, an error mastery approach, regardless of the training they received.
Future studies may wish to include a cohort with less intrinsic value towards the skills being
taught (e.g. graduate students in unrelated fields). The effect of EMT on the performance of this
third cohort may help further define the role of goal orientation and motivation in errormanagement training as it pertains to veterinary students.
There is a proposed theory that connects motivation with goal orientation called motivation
action theory (DeShon 2005. This theory postulates that actions are goal-driven; they are directed
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towards the attainment of a desired state, expanding goals to include needs, values and
principles. The motivation to engage in a certain action depends on the goal as defined above.
With that in mind, it reasons that goal orientation would be situationally specific and dynamic,
further lending support to Button et al findings (1996). When designing studies to investigate
goal orientation, the investigator should determine if they wish to either manipulate or measure
goal orientation. Our survey questions 1-3 were intended to measure goal orientation, but we
failed to realize that error-management could be a means to manipulate goal orientation. This
discrepancy in our intention and understanding may have, in hindsight, failed to capture an
important additional benefit of error-management: a method to push learners towards a learning
goal orientation.
Lastly, this publication on motivation action theory as an explanation of goal orientation
touches upon employee well-being. Most studies regarding goal orientation heretofore have
focused their investigation on the relationship of goal orientation with trainee/employee
performance and not on trainee/employee development. Similarly, our study focused on the
effect of EMT on trainee performance, though its effect on trainee well-being is a noteworthy
factor to consider. As previously mentioned, some studies measuring goal orientation found that
veterinarians more often align with a performance-avoid goal orientation (Arnold 2012). This
type of orientation originates when a certain task threatens personal goals such as self-esteem
and self-efficacy, leading to debilitating emotions (e.g. anxiety and stress). In an effort to evade
such emotions, while also preserving self-esteem and self-efficacy, a performance-avoid goal
orientation is adopted (DeShon 2005). At the organizational level, performance-avoid goal
orientation is less desirable in that it could potentially decrease employee productivity. DeShon
et al. proposes organizations adopt strategies that help both the organization and individual
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achieve their respective goals. By helping students learn both technical and nontechnical skills
while attempting to reduce and manage errors, error-management training provides an ideal
training strategy that helps reach both institutional and individual goals.
In summary, what advantage could EMT offer in the veterinary educational setting? From a
purely pedagogical standpoint, EMT encourages active learning, placing the student at the center
of the learning process, through exploratory learning (Bell 2008). We are currently experiencing
an evolution in higher education, one in which the learner becomes an active participant,
trending away from traditional training strategies that embrace highly structured environments
and limit the learner’s control and creativity (Ivancic 1995). The latter approach may be effective
for routine expertise and helps performance in analogous tasks, but it does not facilitate the
transfer of knowledge to novel tasks or promote discovery and innovation (Frese 1994).
The role of veterinary institutions is to prepare future generations of veterinarians for a
challenging, ever-changing profession. To succeed in this role, educators need to encourage their
students to become self-directed, lifelong learners. Active learning employs self-regulatory
processes considered vital to developing complex skillsets and effecting adaptive transfer of
knowledge (Ivancic 2000). Current educational research seeks out interventions that support
active learning and self-regulatory practices to promote enduring understanding, enhance
performance and facilitate adaptive knowledge/skill transfer (Kozlowski 2001; Frese 1991;
Heimbeck 2003; Keith 2005). In veterinary medicine, problem-based learning and simulation
learning are becoming more prevalent though require curricular reform and/or substantial costs
(Lane 2008, Graafland 2012). EMT could provide an alternate, inexpensive and feasible
intervention in veterinary medicine. The implementation of EMT would require instructor
training. Such training is expected to have minimal expense with regard to time and finances, as
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well as minor curricular change, namely by the addition of modules that encourage selfreflection. Through such modules, EMT can provide trainees with self-regulatory skills sorely
needed in the veterinary profession. Both metacognition and emotion control, as fostered through
EMT, enable learners to adapt to unfamiliar situations and regulate their emotions so their
cognitive resources are centered on the task and not the self. Such skills can have enduring
positive effects, reducing performance-induced anxieties and improving productivity as well as
overall wellbeing.
This body of work outlines two introductory investigations on the effect of EMT for
veterinary students learning relevant clinical skills. Our findings suggest that EMT is, at
minimum, comparable to traditional error-avoidance approaches with regard to task
performance, warranting further investigation. We argue that the nontechnical skills fostered
through EMT merit consideration of its integration into veterinary educational systems.
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