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Acquiring competence and subsequent progression toward 
expertise in the performance of any skill requires a com-

bination of innate biological capability, dedicated teachers, and 
many hours of training and practice. Skill acquisition has been 
described as a sequential process involving three major phases 
(1). The first phase, otherwise known as the novice phase, 
involves intense concentration to fully understand the activity 
and to avoid making mistakes. The second phase is more fluid 
and successful, while less mentally demanding. The final phase 

is increasingly automatic, smooth and precise, with little or no 
conscious mental involvement. This three-step process has also 
been described by others (2) in terms of cognitive, associative 
and autonomous phases. Consistent in both these and other 
models of skills acquisition (3) is that the initial novice phase is 
particularly demanding on many cognitive processes including 
attention. Designing an educational intervention at this cogni-
tively vulnerable stage of training requires strict adherence to 
the principles outlined in cognitive load theory (CLT). 
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bACKGRounD: Magnetic endoscopic imaging represents a recent 
advance in colonoscopy training. This technique provides adjunct 
information to the endoscopist, specifically with regard to colono-
scope loop formation. 
obJECtIvE: To examine the effect of a magnetic endoscopic imager 
on novice performance and workload in colonoscopy. 
MEtHoDS: Twenty complete novices received an introductory 
teaching session followed by the completion of two procedures on 
a colonoscopy model. One-half of the participants performed their 
first procedure with the imager, and the second procedure without, 
while the other one-half were trained with the inverse sequence. 
Two main outcome measures were recorded: distance achieved and 
total workload as measured by the National Aeronautics and Space 
Administration task load index tool.
RESuLtS: A significant improvement was noted between the first 
and second colonoscopies, with the best performance recorded for 
participants who performed their first procedure with the imager, and 
their second without. The imager did not significantly change the 
total workload. 
DISCuSSIon: The study participants paid attention to the magnetic 
endoscopic imager; however, this did not translate into a measurable 
increase in novice workload. A delayed learning benefit was conferred 
to the group exposed to the imager on their first colonoscopy, suggest-
ing that, even at an early training stage, the additional imager infor-
mation entered working memory and was processed in a useful fashion. 
The introductory teaching strategy used in the present study was suc-
cessful as judged by the overall distance achieved and performance 
improvement seen in all study participants. 
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L’utilisation rapide de l’imagerie par endoscopie 
magnétique par des coloscopistes novices : un 
meilleur rendement sans augmentation de la charge 
de travail

HIStoRIQuE : L’imagerie par endoscopie magnétique est une 
récente avancée de la formation en coloscopie. Cette technique four-
nit de l’information supplémentaire à l’endoscopiste, notamment à 
l’égard de la formation de boucles par le coloscope.
obJECtIF : Examiner l’effet de l’imagerie par endoscopie magnétique 
sur le rendement d’un novice et la charge de travail en coloscopie.
MÉtHoDoLoGIE : Vingt novices sans aucune expérience ont reçu 
une séance d’initiation suivie de l’exécution de deux interventions sur 
un modèle de coloscopie. La moitié des participants a effectué cette 
première intervention à l’aide d’une imagerie par endoscopie magné-
tique et la deuxième, sans imagerie, tandis que l’autre moitié à suivi la 
séquence inverse. Deux grandes mesures d’issue ont été prises en 
compte : la distance franchie et la charge de travail totale, mesurées 
d’après l’indice de charge totale de la National Aeronautics and Space 
Administration.
RÉSuLtAtS : Les chercheurs ont constaté une amélioration significa-
tive entre la première et la deuxième imagerie, le meilleur rendement 
étant enregistré chez les participants qui avaient effectué la première 
intervention avec l’imagerie et la deuxième sans l’imagerie. L’imagerie 
ne modifiait pas la charge de travail de manière significative.
EXPoSÉ : Les participants à l’étude ont porté attention à l’imagerie 
par endoscopie magnétique, ce qui ne s’est pas traduit par une augmen-
tation mesurable de la charge de travail des novices. Le groupe exposé 
à l’imagerie lors de la première coloscopie profitait d’un avantage 
d’apprentissage différé, ce qui laisse supposer que, même en début de 
formation, l’information supplémentaire fournie par l’imagerie 
s’imprimait dans la mémoire de travail et était traitée de manière utile. 
Cette stratégie d’initiation était réussie, telles que le démontraient la 
distance franchie et l’amélioration du rendement observée chez la 
totalité des participants à l’étude.
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CLT focuses on developing effective and efficient instruc-
tional strategies to support skill acquisition in educational set-
tings. First described by Sweller (4), CLT fundamentally 
suggests that “instructional design should explicitly consider 
the human cognitive architecture and its limitations in order 
to be effective” (5,6). This cognitive architecture is composed 
of unlimited long-term memory interacting with a limited 
working memory. Working memory is limited both in space 
(4±1 elements if processing information) and time (unre-
hearsed information lost within 30 s) (7). A third memory 
system – visual and auditory sensory memory – temporarily 
stores information before moving it to working memory (8). 
The process of storage in sensory memory and subsequent 
transfer to working memory relies on focused attention directed 
toward the stimulus (9). 

In general, three types of cognitive load have been pre-
sented in CLT. The first, intrinsic load, is caused by the com-
plexity of the task itself (7). Intrinsic load is modifiable and 
reducible (10). The second, extraneous cognitive load, is 
harmful to learning and can be altered by instructional inter-
ventions (11). The third is germane cognitive load, a desirable 
load that is beneficial for learning. An ideal educational inter-
vention reduces task complexity (intrinsic load) and eliminates 
extraneous cognitive load, thus freeing all cognitive resources 
to generate germane load and promote genuine learning (12).

Endoscopy of the entire colon, known as colonoscopy, was 
first described in 1971. Today, colonoscopy is a common diag-
nostic and therapeutic procedure performed worldwide (13). A 
standard colonoscopy requires attention to and processing of 
several sensory stimuli: visual stimuli from the endoscopic image 
of the colon on the video monitor, verbal stimuli from patient, 
nurses and, potentially, a trainer, as well as proprioceptive/tactile 
stimulus from the colonoscope itself. During a colonoscopy 
training session, a novice must attend to and process all of 
these stimuli to proceed successfully and safely.

The majority of difficulties encountered during a colonos-
copy result from lack of progression of the instrument after 
insertion – commonly as a consequence of colonoscope looping 
within the colon. To progress safely, effectively and with min-
imal patient discomfort normally requires straightening of the 
instrument and resolution of the loop (14). Traditionally, infor-
mation about colonoscope looping was received by way of verbal 
and/or visual evidence of patient discomfort, and/or propriocep-
tive stimulus to the endoscopist such as lack of one-to-one 
advance and paradoxical scope movement (15). Fluoroscopy 
had been used to aid in scope positioning and advancement. 
However, a more recent innovation, magnetic endoscopic 
imaging (ScopeGuide, Olympus, Japan), accomplishes these 
tasks without use of ionizing radiation. Magnetic endoscopic 
imaging uses a magnetic field to induce coils in the instrument, 
which are detected and processed to produce a three-dimensional 
image of the colonoscope. It has been described as providing 
accurate and useful adjunct information to the endoscopist, spe-
cifically with regard to loop formation (16,17). Studies using the 
imager in clinical practice have generally yielded favourable 
results regarding its usefulness in easing colonoscopy completion 
(16,18,19-21), endoscope and lesion location (17,22,23), patient 
comfort (16,17,19,24) and rating colonoscopy competence (25). 
In one study (22), no difference was found in colonoscopy per-
formance when using the imager. 

The ScopeGuide imager, which is not universally available 
or used for colonoscopy, is believed to be a useful adjunct to 
teaching colonoscopy (26). The benefit of the imager in endo-
scopic training has been shown in more experienced trainees 
(16) and in the longitudinal follow-up of a single, less experi-
enced trainee (27). The usefulness of the additional visual 
information provided by the ScopeGuide imager in subjects 
beginning endoscopic training has not been studied directly. 
An additional piece of information regarding colonoscope pos-
ition and looping in the colon should be a positive adjunct to 
endoscopy training; however, the potential remains for this 
additional visual stimulus to increase extraneous cognitive load 
and, thus, overwhelm mental resources. This is particularly 
true in light of evidence in the sports medicine literature (28) 
suggesting that visual information can dominate resources 
when competing with verbal and tactile inputs. 

The main research question in the present investigation 
concerned the presentation of the additional visual stimulus 
provided by the ScopeGuide imager to novice endoscopists. 
The additional information provided by the imager regarding 
endoscope tip position could provide a source of germane cog-
nitive load by generating a genuine understanding of this fun-
damental endoscopic concept, thus resulting in improved 
performance. However, we hypothesized that this potentially 
useful adjunct presented at the onset of training would increase 
extraneous cognitive load. An increase in this harmful cogni-
tive load at such a vulnerable stage of training, in which cogni-
tive resources are already heavily taxed by other stimuli, would 
ultimately result in poorer performance. 

MEtHoDS 
Ethics approval for the present study was granted by the 
National Research Ethics Service in the United Kingdom. A 
total of 20 volunteer participants with a variety of backgrounds 
were recruited from the law and business sectors, and also 
included medical secretaries and university students. Only one 
participant had previous formal training in a medicine-related 
field (retired physiotherapist in the ‘ImagerFirst’ group). The 
participants were recruited on a voluntary basis, with no prom-
ise of remuneration for participation.

Informed consent was obtained from the participants on 
their arrival. The study was performed using two participants 
per session. For each pairing, the participants were randomly 
assigned to one of two groups by draw from a hat. 

The total study time for each participant was 1 h. In the first 
30 min, an experienced endoscopist and trainer demonstrated 
a hands-on introduction to colonoscopy. This session included 
a general introduction to the colonoscope and its handling, a 
description and interpretation of the video image on the mon-
itor as well as allowing the participants to handle the instru-
ment to instruct on basic manoeuvres used in steering (wheels 
and torque). Following the introduction, the study participants 
were given 4 min to perform a relatively straightforward tech-
nical skill, both from a cognitive and motor perspective. The 
participants were asked to navigate the colonoscope into a 
standard shoe box and subsequently asked to deflect the tip 
of the colonoscope to the right through a hole cut out from 
the right side of the box, followed by a similar manoeuvre 
using a hole on the left side of the box. They were then asked 
to deflect the tip of the colonoscope up to identify various 
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drawings made on the internal and superior aspect of the box. 
This exercise was selected because it was relevant to the pend-
ing task and offered some cognitive and physical demand, yet 
not at the level of a diagnostic colonoscopy. After performing 
the exercise, the participants were asked to complete the work-
load assessment presented below to eliminate any confusion 
regarding the actual workload instrument. The overall aim 
of this 30 min session was to construct a whole-task teaching 
methodology beginning with a very simple task class (11). 

The following 30 min were supervised by a certified gastro-
enterologist and experienced colonoscopy trainer. The basic 
concept of colonoscope looping was explained to the partici-
pants, who were also shown the additional visual information 
on scope position provided by the Olympus ScopeGuide. 
Following this 5 min presentation, the participants performed 
two time-limited (10 min) colonoscopies on identical colonos-
copy models. One of the groups performed their first colonos-
copy with use of the Olympus ScopeGuide, and their second 
without the visual guide. This group was referred to as the 
‘ImagerFirst’ group. The second group performed their first 
colonoscopy without use of the Olympus ScopeGuide, and 
their second with the visual guide. This group was referred to as 
the ‘ImagerSecond’ group. The trainer provided unprompted, 
brief, direct verbal advice to the participants in both groups, 
beginning 90 s into the endoscopy and then at regular 90 s 
intervals throughout the procedure unless specifically asked for 
help by the participant. 

Three outcome measures were recorded. The first was the 
distance (in cm) reached by the study participant during each 
colonoscopy. The colonoscopy models that were used allowed 
for accurate distance assessment because they could be opened 
at the end of the procedure and an exact measurement of scope 
position could be made. The second outcome measure was an 
assessment of workload. After each colonoscopy, the partici-
pants were asked to complete a brief questionnaire subjectively 
rating various aspects of workload (no more than 2 min to 
complete). Measuring mental effort during deliberate practice 
and relating these measures to the level of performance pro-
vides a good estimate of the efficiency of the ongoing processes 
(29). Subjective ratings are generally valid, sensitive and prac-
tical indicators of mental workload (30). The workload assess-
ment is an adaptation of the National Aeronautics and Space 
Administration task load index. This tool has been extensively 
validated, with its use reported in more than 500 publications 
since its development (31). It has also has been used in the 
field of medicine (32). 

An adaptation of the tool is presented in Figure 1. For each of 
the six items, participants place an ‘x’ on a line 12 cm in length, 
which is subsequently converted to a numerical value for each of 
the items. In addition, assessment of total workload can be com-
pleted by simply summing the scores of the six subscales. 

Although a 10 min time limit was placed on participants to 
complete the task, a measure of progression rate was believed to 
be important. Considering this aim, a third outcome measure, 
time required to reach maximal distance, was recorded. 

Paired t tests were used to compare the use of the imager (or 
not) and the order in which the colonoscopies with the imager 
were performed (first or second) for the three outcome meas-
ures, while independent t tests were used to compare the four 
study conditions (two groups in their two colonoscopies) for 
the three outcome measures. 

Given the small sample size, an a priori decision was made 
to eliminate extreme performance outliers from the analysis. 
One participant in the ImagerSecond group was eliminated 
from the analysis due to their distance matching that of an 
experienced colonoscopist on the same model. A sensitivity 
analysis was performed and confirmed the appropriateness of 
this decision. 

RESuLtS
The man to woman ratio and age distribution of both groups 
were similar. 

Table 1 summarizes the comparison of procedures performed 
by both groups with and without the imager. There were no 
significant differences associated with mean distance and total 
workload between the groups. This analysis intentionally 
removed the importance of the order in which the colonoscop-
ies were performed. In both groups with/without imager, one-
half of the procedures were the participants’ first scope, and 
one-half their second. 

Table 2 compares the first and second procedures performed by 
both groups. A significant improvement occurred in the mean 
distance achieved between the first and second colonoscopies. 
This analysis intentionally removed the confounding potential of 
the imager because, in both groups, one-half of the procedures 
were performed with the imager and one-half without. 

Table 3 compares the distance achieved by the ImagerFirst 
group on their second procedure and that of the ImagerSecond 
group on their second procedure. The results represent an 
independent t test investigating differences between the two 
groups regarding distance achieved and total workload. 

Workload assessment: Questions 1-3 relate to the demands placed on you by the 
procedure that you have just performed. Questions 4-6 relate to your behaviour and 
feelings during the procedure that you have just performed. Place an ‘x’ on the line, 
between 0 (low) and 100 (high).

1. Mental Demand:  
How much mental and perceptual activity was required to perform the procedure (e.g. thinking, decision-
making, looking, listening, remembering, reasoning, etc.)? Was the procedure easy or demanding, simple 
or complex, exacting or forgiving?  

0_____________________________________________________100
Low          High 

2. Physical Demand:  
How much physical activity was required to perform the procedure (e.g. pushing, pulling, turning, 
controlling, etc.)? Was the procedure trivial or demanding, easy or strenuous, restful or laborious?  

0_____________________________________________________100
Low          High 

3. Time Demand:  
How much time pressure did you feel due to the rate or pace of the procedure? Was the pace slow and 
leisurely, or rapid and frantic?  

0_____________________________________________________100
Low          High 

4. Effort:  
How hard did you have to work mentally and physically to perform and learn during this procedure? 

0_____________________________________________________100
Low          High 

5. Performance:  
During this procedure, how successful do you think you were in accomplishing the goals set out by the 
trainer or yourself? How satisfied were you with your performance in accomplishing these goals? (NOTE: 
Good is on left hand side of scale, poor is on right) 

0_____________________________________________________100
Good           Poor 

6. Frustration/anxiety:  
How discouraged, irritated, stressed and anxious (versus gratified, content, relaxed and secure) did you 
feel during the procedure?  

0_____________________________________________________100
Low           High 

Figure 1) Workload questionnaire. Adapted from the National 
Aeronautics and Space Administration task load index (32)
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These results suggest a trend for superior performance for 
the ImagerFirst group over the ImagerSecond group during 
their second procedure.

The mean distance achieved by the ImagerFirst group during 
their second colonoscopy (41.00 cm) was statistically longer 
than the distance this same group achieved in their first attempt 
(31.50 cm), and also significantly longer than the ImagerSecond 
group’s first mean colonoscopy distance (26.11 cm) (P<0.001). 
No difference was found in the distance achieved by both groups 
during their first attempt at colonoscopy. 

No differences with respect to ‘time to maximal distance’ 
were found in any of the analyses; therefore, this outcome 
measure was omitted from the tables. 

DISCuSSIon
The present study yielded three major findings. First, contrary 
to the original hypothesis, there were no detrimental effects to 
novice endoscopists in performance, workload or mental 
demand in the early presentation of the magnetic endoscopic 
imager (ScopeGuide) (Table 1). Second, the significant increase 
in distance achieved from the first to the second colonoscopy 
(Table 2) supports the theory that a well-constructed educa-
tional intervention, even of limited duration such as in the 
current study (1 h), can lead to an early gain in novice per-
formance. Finally, the results reported in Table 3 raise the pos-
sibility of a ‘delayed positive’ response to the use of the imager 
because the overall best performing experimental condition 
was seen in the group that performed their first colonoscopy 
with the imager and their second without. 

We hypothesized that the early presentation of the mag-
netic endoscopic imager to such novice endoscopists would 
lead to an increase in cognitive load. This would exceed 
mental resources and, thus, potentially lead to a measurable 
decrease in performance associated with an increase in mental 
demand and total workload. The results reported in Table 1 do 
not support this hypothesis. One possible explanation for this 
apparent neutral effect of the imager is that the participants did 
not use the information provided by the imager. Without atten-
tion, stimuli cannot enter sensory memory or be transferred to 

working memory and, thus, would not factor into the measure-
ment of mental demand and total workload. Even in the face 
of high cognitive load situations, a recent study (33) reported 
that central mechanisms can still be engaged to suppress task-
relevant stimuli such as the imager used in our study. However, 
we believe information provided by the imager was used for 
several reasons. First, the results reported in Table 3 suggest 
that the effect of the imager was not completely neutral and, in 
fact, exerted a positive, albeit delayed, influence. Second, the 
participants were all formally introduced to the imager before 
starting their two colonoscopies, and the verbal instruction 
from the preceptor included references to the colonoscope tip 
and looping information provided by the imager. Third, the 
imager monitor was placed in close visual proximity to the 
traditional monitor image of the model colonic lumen. Finally, 
feedback obtained from the participants suggested that they 
paid attention to the additional visual stimulus. 

It is probable that the degree of sensory input from the 
imager was less than that from more critical stimuli such as the 
view of the colonic lumen, the proprioceptive feedback from 
the endoscope and the verbal instructions from the consultant 
gastroenterologist present in the room. Recent evidence from 
several studies including functional magnetic resonance 
imaging data (34-37) suggest that attention to visual, spatial 
and, possibly, verbal sensory stimuli, share a common pathway 
that ‘bottlenecks’ at the central level. In the face of competing 
sensory stimuli more critical to task completion than the mag-
netic endoscopic imager, the amount of stimulus from the 
imager ‘breaking through’ this bottleneck is likely to be small. 
This would explain the absence of imager impact on measures 
of mental demand and total workload. 

The second study finding was, perhaps, an expected one. 
There was a performance gain noted between the first and 
second colonoscopies (Table 2). The overall performance 
results of the second colonoscopy (mean distance of 37.4 cm) 
would place the tip of the colonocope somewhere in the sig-
moid colon. Given that these participants had no previous 
training whatsoever, we might consider this a successful train-
ing session if distance achieved was the primary objective. 
Feedback regarding the teaching component of the study was 
rated favourably by the participants. The study design could be 
reproduced for novice endoscopic trainees in any gastroenter-
ology subspecialty program. The introduction included all of 
the essential components of basic colonoscope handling and 
steering, followed by a very simple endoscopic task. This 
approach used a whole-task rather than a partial-task instruc-
tional design, beginning with a simple task (box model) before 
progressing to a more complex class of task (two colonoscop-
ies). This approach is supported by the literature, particularly 

TABLE 1
Distance and total workload with and without imager

ImagerFirst and ImagerSecond  
groups’ scopes

P* 
With imager  

(n=19)
Without imager 

(n=19)
Mean distance, cm 32.4 34.0 0.639 (NS)
Total workload† 398.4 377.5 0.332 (NS)

*Paired t test; †Total workload measured using the National Aeronautics and 
Space Administration task load index. NS Not significant

TABLE 2
Distance and total workload: First and second 
colonoscopies

ImagerFirst and ImagerSecond  
groups’ scopes

P* First (n=19) Second (n=19)
Mean distance, cm 29.0 37.4 0.006
Total workload† 404.5 371.4 0.116

*Paired t test; †Total workload measured using the National Aeronautics and 
Space Administration task load index

TABLE 3
Distance and total workload: ImagerFirst versus 
ImagerSecond groups for second colonoscopy 

ImagerFirst group,  
second colonoscopy 

(n=10)

ImagerSecond group,  
second colonoscopy 

(n=9) P* 
Mean distance, cm 41.0 33.3 0.072
Total workload† 356.7 387.8 0.412

*Paired t test; †Total workload measured using the National Aeronautics and 
Space Administration task load index



Magnetic endoscopic imaging by novices

Can J Gastroenterol Vol 24 No 12 December 2010 731

for complex procedures integrating knowledge, skills and atti-
tude (38). Another important training component of the study 
was the support and feedback provided to the participants. 
This was immediate and  fully embedded in the learning task 
and, thus, more likely to be effective (39). 

The study found that the ImagerFirst group achieved their 
best performance in terms of distance achieved with their 
second colonoscopy (Table 3). This was the most successful 
experimental condition, significantly outperforming both 
groups’ first colonoscopy, and trending to outperform the 
ImagerSecond group’s second colonoscopy distance. We 
hypothesize a delayed benefit from the imager as an explana-
tion for these results. As discussed above, we believe that the 
participant paid some attention to the imager, an amount 
likely dwarfed by more directly required information such as 
the image of the colonic lumen and teacher feedback. Not only 
was the amount of imager information reaching working mem-
ory likely to be small, the high cognitive load state associated 
with the initial colonoscopy made it difficult to process and 
apply this information. Consistent with the isolated elements 
hypothesis (10), material presented in isolation (in our case, 
the imager) can form an early schema, even if it is initially not 
fully understood. Therefore, the ImagerFirst group could have 
used the short time interval between the two colonoscopies to 
access the primitive schema formed during their first case and 
used the fundamental principles taught by the imager in their 
second procedure, thus, resulting in improved performance. 
We hypothesize that, although not physically present during 
the second colonoscopy, the mental representation and prin-
ciples taught by the imager were still present. 

Implications for medical education 
The results of the present study support a role for the Olympus 
ScopeGuide in endoscopy training, in addition to its previously 
demonstrated benefit in performing routine colonoscopy. The 
guide is a development in technology not currently universally 

used in colonoscopy training. It appeared that the additional 
information provided by the imager during training was not 
detrimental and was likely beneficial even very early in colonos-
copy training. The delayed benefit of the imager demonstrated 
in the current study suggests that the principles of colonoscope 
looping taught by the imager can be incorporated early in train-
ing. Therefore, even if a training unit does not have access to the 
imager, presentation of its images and basic principles may still 
be beneficial. Finally, we demonstrated a whole-task training ses-
sion, starting from a simple task and progressing to a more com-
plex task, which seemed effective in early endoscopic teaching 
and training. 

Limitations and future direction
The number of participants was small and the study needs to be 
repeated, not only with more participants, but also allowing 
the participants a chance at a third endoscopy without the 
imager. If the hypothesis raised to explain the results reported 
in Table 3 is correct, then the ImagerSecond group should 
catch up to the performance of the ImagerFirst group with a 
third procedure. In addition, a third group performing two pro-
cedures without the imager would have helped to more clearly 
separate the cumulative learning effect from the imager. The 
present study did not directly measure participant attention to 
the imager, which, of course, would provide an immediate 
answer as to whether information from the imager even had a 
opportunity to enter working memory and alter cognitive load. 
Due to technical constraints imposed by the room used for the 
present study, there was no use of the air/water and suction 
functions normally used in colonoscopy. The latter add another 
level of proprioceptive stimuli, which may have influenced the 
results. 
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