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Abstract 

We studied the effect of peer- and self-observational feedback versus coaching feedback 

during technique training on performance in competitive adolescent cross-country skiers. 

Fifty-four skiers (14.3±0.6 years) were divided into a control group and three intervention 

groups (dyad practice, video or coaching feedback), which practiced in the asymmetrical 

uphill sub-technique G2 on one side (non-dominant side), but not the other (dominant side) 

for 6x30 min over a 5-week period, on rollerskis outdoors. High-speed performance and 

skiing economy were assessed on a rollerski treadmill before and after the intervention, and a 

questionnaire was answered post-intervention. The video feedback (P=.025, d=.65) and 

coaching feedback (P=.007, d=.89) groups improved high-speed performance during the 

intervention and an ANCOVA showed a tendency for different change scores between 

interventions (F3,49 = 2.5, P = .068, 𝜂𝑝
2 = .134), with a difference between the coaching 

feedback and dyad practice (P=.05). No change was seen in skiing economy in any group. 

Coaching feedback ranked higher on enjoyment compared to dyad practice (P<.001) and led 

to higher self-perception of improved technique compared to the control group (P=.038). 

Overall, feedback from a competent coach seems better than observation for improving 

performance in young athletes, although self-observation through video with attentional cues 

seems a promising tool for increasing individual feedback when coaching large groups. 

Key Words: motor learning, video feedback, dyad practice, talent development, motor 

performance, practice efficiency 
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1 Introduction 

Athletic development is multifaceted and is based on a complementary mix of athletic 

attributes and skills to be acquired and improved 1. One of the pillars of endurance 

performance is the ability to transform metabolic energy efficiently into speed 2,3. This is 

coupled with an “efficient technique”, which can be defined as “the relative position and 

orientation of body segments as they change during the performance of a sport task to 

perform that task effectively” 4. Although key identifiers of such efficient sport-specific 

techniques have been widely studied 4, less is known about how these are acquired in an 

applied practice setting.  

Technique training in applied settings aims to implement deliberate practice, which facilitates 

beneficial technique modifications and results in a more efficient technique and improved 

performance. In applied youth sport practice settings, this most often occurs in groups with a 

high athlete-to-coach ratio, which restricts coaches’ opportunities to provide individual 

feedback 5. Thus, organizing practice sessions to facilitate more individual feedback is an 

important aspect of technique training. However, previous research has been based on 

interaction with a single participant at a time 5 and few ecologically valid feedback studies 

from applied sport practice settings exist 6.  

Augmented feedback is one of the most important features for acquiring and improving sport-

specific technique 7. In applied sport practice settings, the coach often provides augmented 

feedback to facilitate the process of acquiring a more efficient technique. However, a coach 

does not necessarily provide feedback that facilitates this process optimally 8. Furthermore, in 

youth sports, the coach is often a non-professional, such as a parent or other volunteer with 

limited content knowledge both of efficient sport-specific technique and of how to effectively 

promote this technique.  

Observation of others, or oneself, is frequently used to assist athletes’ learning processes in 

applied sport practice settings 9 and may enhance learning 6,10 as well as increasing learners’ 

motivation 11. Two observational methods promoting more individual feedback are peer-

model observation through dyad practice, where two athletes interactively observe and 

instruct each other, and conducting self-observation through video 6,11. Dyad practice may 

increase cognitive involvement 11, as well as ownership of and responsibility for the learning 

process, and consequently improve motor learning 12. Today’s smartphones, with large high-

resolution screens, may provide practice settings where multiple individuals receive 
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immediate viewable feedback simultaneously 5 with positive performance outcomes 13. 

However, the results from using video feedback for performance outcomes have been 

equivocal 6, implying the need to reduce the information given to young athletes. Therefore, 

video feedback with attentional cues, where the athlete’s attention is directed to the most 

appropriate aspects of the technique, can accelerate the process of beneficial technique 

modification 14,15, and has been shown to be superior to video feedback only 16. Both verbal 

and visual cuing have been shown to facilitate the acquisition of efficient technique 17. 

However, in applied sport practice settings with a high athlete-to-coach ratio, feedback 

methods with cueing promoting more individual feedback should be explored. As such, 

written cue cards may give attentional cues to multiple athletes simultaneously in applied 

sport settings. 

The movement pattern in cross-country (XC) skiing consists of a complex interaction between 

upper and lower body where movement patterns are categorized into different sub-techniques. 

In the asymmetrical uphill sub-technique G2, skiers have a dominant and a non-dominant 

side. This technique is therefore well suited to assess the effect of different feedback methods 

and assessing improvement in technical execution for complex movement patterns since 

within-individual comparisons can be made, as skiers can practice the non-dominant side 

while the dominant side acts as a control for physiological responses. In this way we 

can distinguish between technical and physiological changes during an intervention. In sports, 

deliberate technique practice needs to facilitate increased performance (or fewer injuries) to 

have relevance for the athlete. We therefore compared two observational feedback methods 

with feedback from a competent coach on performance changes on the non-dominant side in 

the XC-skiing G2 skating technique, where all groups used cue cards to control the content of 

feedback information.  

2 Material and methods 

2.1 Participants 

Fifty-four adolescent competitive XC-skiers participated in the study (Table 1). The athletes 

were recruited from four local XC-ski clubs. Inclusion criteria were 1) attending local club 

training regularly; 2) participating in regional and/or national XC-skiing competitions; 3) 

experience with rollerskiing; and 4) for intervention groups, attending five of six practice 

sessions (6/6: 24 participants, 5/6: 17 participants). Participants and their parents were 

informed of the nature of the study and the possible risks involved before giving their written 
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consent. The study was approved by the Human Research Ethics Committee of The 

Norwegian School of Sport Sciences and registered with the Norwegian Centre for Research 

Data. 

<<Table 1 near here>> 

2.2 The G2 skating sub-technique. 

Competitive XC-skiing consists of two main techniques (classic and skating) each with 

several sub-techniques. The choice of sub-technique depends mainly on speed and therefore 

act as a “gearing system” 18. The uphill skating sub-technique Gear 2 (G2, also called V1 or 

“paddling”) is characterized by asymmetrical double poling action during leg push-off on 

the “strong side”, but not on the “weak side” (Fig. 1). Most skiers have a preferred “strong 

side” either to the left or right side of the body (dominant side) and changing the “strong side” 

to the other side of the body (non-dominant side) is used less and usually with less efficient 

technique 19,20. In the present study, all participants had a clear-cut opinion of which side was 

dominant and which was non-dominant (30 and 24 athletes with the dominant side to the right 

and left respectively).  

<<Figure 1 near here>> 

2.3 Apparatus 

A detailed description of the apparatus used in the present study can be found in Losnegard et 

al. (2012) 21. Testing procedures and apparatus used were identical pre- and post-intervention 

tests. All testing was performed on a rollerski treadmill and identical roller skis and poles 

were used pre- and post-intervention. The athletes used their own equipment during the 

intervention training sessions. No technique instruction was given during laboratory testing. 

All tests were performed using the G2 technique. 

2.4 Experimental overview 

The athletes performed two familiarization sessions before the main test session pre- 

intervention (Fig 2, upper panel). During the five-week intervention period the athletes 

performed 6x ~30 min practice sessions on rollerskis using the G2 technique on the non-

dominant side, before a new main test session post-intervention. The performance testing pre- 

and post-intervention was performed on a rollerski treadmill and performance outcomes were 

the change scores from the pre- to post-intervention in maximal relative power output from an 

incremental speed test and skiing economy during sub-maximal rollerskiing. The athletes 

were divided into a control group and three intervention groups. The feedback methods during 
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the intervention were Dyad practice (DYAD), Video feedback (VIDEO), and Feedback from 

an expert coach (COACH). The control group (CON) performed only the main test sessions 

pre- and post-intervention, with no intervention practice sessions in between. The intervention 

groups used identical attentional cue cards to control the content of feedback information. The 

timing, frequency and amount of feedback were identical between groups (Table 2).  

<<Figure 2 near here>> 

2.5 Testing 

Familiarization: The skiers completed two familiarization sessions in which they became 

thoroughly accustomed to the treadmill and the different tests using the same apparatus that 

would be used during the main test sessions. All participants followed the same 

familiarization protocol. The first familiarization consisted of 30 min of submaximal roller-ski 

skating before completing two incremental speed tests (see later). The second familiarization 

session consisted of a 10-min easy self-paced warm-up and two 5-min sub-

maximal G2 efforts with cardiorespiratory measurements for familiarization with the 

equipment.  

Time-trial: At the end of the second familiarization day, a 3-min time-trial (TT3min) was 

performed to assess cardiorespiratory variables and performance (V̇O2peak and distance). 

TT3min started on an 8° incline and 2.25 m·s-1 for the boys and 2.0 m·s-1 for the girls. This 

speed was fixed during the first 30 s to prevent the participants from starting too fast. 

Thereafter, the test was performed paralleling procedures as the sprint test reported in 

Losnegard et al. (2012) 21. The test was performed twice, once on the dominant side and once 

on the non-dominant side, in a randomized order, separated by a 10 min break.  

2.5.1 Main test session  

An overview of the testing session is illustrated in Fig. 2, bottom panel. Before the pre-

intervention test session, the order of dominant vs. non-dominant side was randomized and 

the participants used the two different sides every other time for the different work bouts 

throughout the test session. The participants followed the same order during the post-

intervention test session. 

Submaximal workloads: An easy self-paced 6-min warm up, 3 min on the dominant and 3 min 

on the non-dominant side, was completed using the G2 technique before four 5-min sub-

maximal work bouts. The results from the first two 5-min steady-state stages are not 

discussed in this paper. Thereafter, the subjects completed two further 5-min efforts at a pace 
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corresponding to the same estimated relative intensity (~83% of V̇O2peak, 6° incline). 

Cardiorespiratory variables and heart rate were monitored from 2-5 min and the averages for 

2.5-5 min provided the steady state values used for further analysis. Each 5-min bout was 

separated by a 2-min break.  

Incremental speed test: The speed test was performed 10 min after the last sub-maximal work 

bout on both dominant and non-dominant sides, separated by a 10-min break. The incline was 

set to 8°, with a starting speed of 2.5 m/s (estimated O2-cost of ~66 ml·kg-1·min-1). The speed 

then increased automatically by 0.25 m/s every 15 s (estimated increase of ~7 ml·kg-1·min-1). 

Thereafter, the athletes adjusted their position on the treadmill as in TT3min. The test was 

terminated manually by the test leader when the skiers could not keep the front wheels of 

their rollerskis in front of a laser beam projected on to the treadmill behind the skiers for two 

consecutive cycles. HR was measured throughout the test. Wmax from the speed test was 

determined as:  

Wmax = Workload for the last step completed + [(Increase in workload for each step/duration 

of each step) x duration of final step]. 

2.6 Feedback intervention 

All groups performed the intervention at the same time of the season (September-October). 

The four XC-skiing clubs were randomly assigned to an intervention group or to the control 

group, and no club had skiers in more than one group. The number of boys and girls in each 

group was given by the skiers volunteering for the study from each XC-skiing club. 

2.6.1 Practice sessions 

Each intervention practice session lasted ~30 min and was designed so the groups had the 

same timing, frequency and amount of practice time (3x5 min) and feedback time (2x5 min) 

during each session. The practice was only performed on the participants’ non-dominant side. 

All groups used the same written cue cards to control the feedback information given and to 

guide the attention of the athletes to the session focus and corresponding appropriate 

movements (Table 2). The athletes were observed/filmed from the front in all intervention 

groups. In four of the training sessions, the athletes worked on specific tasks/questions, while 

in two of the training sessions (sessions 3 and 6) the questions were more open (Table 2). The 

list was designed combining findings from previous research on the G2 technique 22 with the 

experience of professional XC-skiing coaches. All groups practiced at low intensity, 

competition speed and sprints for each of the three types of sessions.  
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<<Table 2 near here>> 

2.6.2 Groups 

Dyad practice (DYAD): The skiers (10 boys, 3 girls) formed pairs and observed each other 

and gave feedback on two runs for each of the two feedback periods. In training sessions with 

uneven number of skiers, one group of three skiers worked together with two observers to 

each practicing skiers. The observer gave feedback to the practicing athlete immediately after 

each run based on the cue cards. The skiers receiving the feedback were encouraged to ask 

questions and discuss the feedback. The partners were the same throughout each session but 

changed between sessions. 

Video feedback (VIDEO): The skiers (5 boys, 10 girls) formed pairs and filmed each other 

with their own smartphones for two runs each of the two feedback periods. In training 

sessions with uneven number of skiers, a group of three skiers worked together. The rest of 

the feedback period was used to evaluate the videos of themselves using the cue cards before 

they practiced based on the cues they got from studying the video. No other instruction was 

given to the participants. 

Coaching feedback (COACH): The skiers (7 boys, 6 girls) were separated in to three smaller 

groups, each trained by an experienced XC-skiing coach (all with 10+ years of experience). 

The three coaches were the same throughout the intervention. The coaches used the same 

attentional cue cards for feedback as the other groups. Further, the coaches gave coaching 

cues that were evidence-based, with an external focus of attention and an autonomy-

supportive instructional language to facilitate learning 23,24. The athletes followed a rotational 

system such that none of the groups were the same for more than one training session and the 

athletes were coached by the same coach twice during the intervention. Further, before each 

practice session the coaches agreed on the feedback information given for each of the 

attentional cues and for the different variations of technical execution that could occur. The 

participants received feedback after two runs in each of the two feedback periods. The 

participants knew the focus of the session cue cards, and they were always asked their own 

opinion regarding their technical execution in relation to the attentional cues/questions before 

receiving feedback from the coach. 

Control group (CON): The skiers (5 boys, 8 girls) did not attend any intervention practice 

session but continued with their normal training regime. They were not instructed or given 

any information with respect to whether they should practice the non-dominant side or not. 
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They followed the same test procedures with the same time period between tests as the 

intervention groups. 

2.7 Questionnaire 

After the post-intervention tests, the intervention groups self-reported on three items, while 

the control group answered only the last two of these items. Items one and two were reported 

on a 5-point Likert scale. The third question was a self-report on how many times they had 

practiced on their non-dominant side on their own during the intervention period (Table 3). 

<<Table 3 near here>> 

2.8 Statistics 

Raw data are presented as mean ± standard deviation (SD) unless otherwise stated. Normality 

of the data was assessed using the Shapiro-Wilks test of normality (=0.05). Outliers were 

assessed by inspection of boxplots and by examination of studentized residuals for values 

greater than ±3 (one athlete was removed from the speed test on the dominant side in VIDEO 

with a value of -3.27). For statistical tests, the level of confidence was set to 95% and a level 

of P ≤ 0.05 was considered significant, while P ≤ 0.1 was considered as a tendency. Relative 

differences between pre- and post-intervention tests and relative differences between the non-

dominant and dominant side are presented as mean ± 95% confidence interval (CI). Changes 

in Wmax and V̇O2 from the sub-maximal workload from pre- to post-intervention were 

determined using a two-tailed paired Student’s t-test. To detect differences between groups 

during the intervention, one-way ANCOVA was run on the change scores (Post-Pre) on 

relative Wmax from the speed test and V̇O2 and heart rate during the sub-maximal workloads, 

to control for pre-intervention scores. The typical error (expressed as CV%) for the speed test 

was 2.7% (calculated from the familiarization test and the pre-intervention test). We were not 

able to calculate the typical error for V̇O2 during the submaximal workload for these athletes, 

but the typical error for elite athletes is 1.2% 25. Partial eta squared effect sizes (𝜂𝑝
2) were 

reported for ANCOVA tests where 0.14 or more, 0.06 or more and 0.01 or more were 

considered large, medium and small effects, respectively 26. Bonferroni corrections for 

multiple comparison were applied for all ANCOVA and ANOVA tests. The magnitudes of 

differences between groups and the relative difference between dominant and non-dominant 

sides were expressed as standardized mean differences (Cohen’s d effect size - d < 0.2 

considered to be a very small, 0.2-0.5 a small, 0.5-0.8 a medium and d > 0.8 a large effect) 26. 

A Kruskal-Wallis H test was run to determine whether differences were present between 
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groups for items one and two in the questionnaire. Distributions of each item were assessed 

by visual inspection of a boxplot. Distributions for the items were not similar between groups. 

Therefore, we compared mean ranks. Pairwise comparisons were performed using Dunn’s 

(1964) procedures with a Bonferroni correction for multiple comparisons 27. Adjusted P – 

values are presented and values in parentheses are mean ranks. A one-way ANOVA was 

performed on item 3. 

3 Results 

Differences between dominant and non-dominant sides for the athletes’ pre-intervention test 

scores are shown in Table 4.   

<<Table 4 near here>> 

3.1 Speed test (Wmax) 

Within-group effects: There was an improvement in high-speed performance (increased time 

to task failure) (mean ± 95% CI) between pre- and post-intervention tests on the non-

dominant side for VIDEO (2.1 ± 1.8 %) and COACH (3.8 ± 2.4 %) and a tendency for CON 

(1.7 ± 1.9 %), with no effect for DYAD (-0.2 ±1.6 %). There was no change in performance 

for the dominant side in any group (Table 5). 

<<Table 5 near here>> 

Between-groups effect: There was a tendency to a difference in change scores for the non-

dominant side between interventions (F3,49 = 2.5, P = .068, 𝜂𝑝
2 = .134), with a significant 

difference between COACH and DYAD (P = 0.05, diff. of 4.0 % , 1.2 to 6.7 %, d = 1.18, 

large effect) (Fig. 3, upper right panel). No difference was found between any of the groups 

for the dominant side (F3,49 = 0.6, P = .608, 𝜂𝑝
2 = .036).  

<<Figure 3 near here>> 

3.2 Submaximal Workloads  

Within-group effects: There was no difference between pre- and post-intervention tests for 

skiing economy (V̇O2) or HR (P = .11 to .97 and Cohens d = .48 to .01) on the non-dominant 

or the dominant side. 

Between-groups effect: No difference in change scores between groups was found for skiing 

economy (V̇O2) (F3,49 = .67, P = .58, 𝜂𝑝
2 = .039) (Fig. 3, bottom panels) or HR (F3,49 = .76, P = 

.52, 𝜂𝑝
2 = .045) on the non-dominant side or the dominant side. 
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3.3 Practice 

After the post-intervention tests, the athletes answered a questionnaire that used three items 

(Table 3). 

Item 1 (Enjoyment): The mean ranks of scores were different between the three intervention 

groups, χ2(2) = 16.859, P < .001) showing that COACH (29.96) scored better compared to 

DYAD (12.35) (P < .001) and there was a tendency toward better scores for COACH 

compared to VIDEO (20.73) (P = .078).  

Item 2 (Self-perception of improved technique): The mean ranks of scores were different 

between the groups (χ2(3) = 8.857, P = .031) showing that COACH (32.73) scored better 

compared to CON (17.58) (P = .038). 

Item 3 (Number of self-practice): A difference between groups was found for number of self-

practices during the intervention for the G2 non-dominant side technique (F3.53 = 8.2, P < 

.001) where COACH practiced more compared to CON (P < .001 mean diff. of 5.4% (95% CI 

2.4 to 8.5%) and VIDEO (P = .03, mean diff. of 3.1% (95% CI 0.2 to 6.0%) and there was a 

tendency that DYAD practiced more compared to CON (P = .054, mean diff. of 3.0% (95% 

CI 0.0 to 6.0%). The number of self-practices did not correlate with changes in performance (r 

< 0.1). 

4 Discussion 

The aim of the present study was to investigate the effect of observational feedback, 

providing more individual feedback in groups with a high athlete-to-coach ratio, compared to 

coaching feedback on performance. We used a novel approach with a long-duration 

intervention in an applied setting, providing the possibility to investigate intra-individual 

changes in performance between dominant and-non-dominant sides. Our main finding was 

that high-speed performance improved in COACH and VIDEO from pre- to post-intervention, 

and that performance improved more in COACH compared to DYAD. Moreover, COACH 

ranked higher on enjoyment compared to DYAD and led to higher self-perception of 

improved technique compared to CON.   

To prevent the amount of feedback being different between groups and potentially affecting 

the results, COACH had three coaches for each session to maintain similar timing, frequency 

and cueing between groups. COACH was the only group to reach a large effect size (d = .89) 

for high-speed performance from pre- to post-intervention and the athletes ranked COACH 
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high on enjoyment. This may imply that coaches can satisfy fundamental psychological needs 

found to be important, such as enhanced expectancies and positive affect, which may 

influence learning and performance outcomes in athletes 24. In addition, COACH showed 

more self-practice during the intervention compared to CON and VIDEO. More self-practice 

on the non-dominant G2 technique did not correlate with performance improvement during 

the intervention, so the improvement in COACH was due to the feedback method and not the 

amount of self-practice. However, more self-practice over a longer training period might 

reflect intrinsically regulated motivation for practice 24,  which has been found to positively 

influence performance in the long run 28. Therefore, having a low athlete-to-coach ratio in 

applied group practice settings seems like a good approach for technique training if 

practically possible. However, applied youth sport practice settings usually do not have this 

luxury and furthermore, the coaches may be non-professionals. Therefore, organizing practice 

sessions where more athletes receive feedback that facilitates beneficial technique 

modifications can be considered a critical element in the development of efficient technique 

for youth athletes. 

Using the athletes’ own smart phones and interactive dyad practice can increase individual 

feedback in groups with a high athlete-to-coach ratio, but feedback methods need to facilitate 

beneficial technique modification to have relevance for the athlete. Of the two observational 

feedback methods, only VIDEO improved high-speed performance during the intervention (P 

= .025, d = .65) and the change score adjusted for pre-intervention scores was not different 

from COACH. VIDEO received no coaching feedback, and obviously, more individual 

feedback was received per coach compared to COACH, with similar changes in performance. 

The effect of video feedback on technique improvements has been equivocal 6, but in the 

present study the attentional cue cards may have helped the athletes to direct their attention to 

relevant aspects of the technique 15. Although the change scores between VIDEO and DYAD 

were not different, only VIDEO improved the high-speed performance from pre- to post-

intervention. Athletes’ self-observation may be a more powerful tool than observation of 

others because the self-generated video action is more informative to the athlete due to 

heightened similarity 29. Video feedback using athletes’ own smart phones with attentional 

cue cards may therefore serve as a complementary tool for coaches providing technique 

feedback in large groups. 

We included a control group to investigate whether the intervention groups improved more 

than skiers who did not undertake deliberate practice on the non-dominant side. Although 
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only VIDEO and COACH increased high-speed performance from pre- to post-intervention, 

CON showed a tendency for increased high-speed performance (P = .077, d = .54) and there 

was no difference between COACH, VIDEO and CON for pre-intervention adjusted change 

scores. However, CON ranked low on self-perceived technique improvement and this group 

did not practice the non-dominant G2 technique during the intervention period. Further, 

control groups in motor learning studies might not be completely “neutral” 24. In this regard, 

some skiers in CON reported that they were very motivated to perform better on the post test, 

even though they did not know the results from the first test. The fact that they were part of an 

experimental study might therefore have affected the results. Furthermore, there were large 

inter-individual differences in the physiological responses in the different groups (Fig. 3). 

This may suggest that individual preferences for feedback exist and should be taken into 

consideration when coaching groups of athletes. Thus, as a coach, one might potentially 

degrade the level of technique in some athletes if one is not paying attention to individual 

needs. 

A somewhat surprising finding was that DYAD did not improve performance. Although 

dialogues in the present study were not recorded or formally analyzed, informal observations 

from DYAD indicated that the athletes often focused on non-relevant movements and gave 

feedback with an internal focus of attention. It has been repeatedly shown that an external 

focus of attention facilitates learning 23 and the athletes may have adopted a higher self-focus 

and thus became overly aware of their movements, which may have reduced motor learning 

24. Participants in collaborative or cooperative learning situations often anecdotally report 

more enjoyment than they have experienced when learning alone 30. However, this was not 

expressed in the present study, where DYAD ranked low on enjoyment. Many of the athletes 

commented that they thought it was difficult to coach other athletes even though they had the 

attentional cue cards. VIDEO did not express this view when “coaching” themselves. The 

athletes’ preexisting knowledge of the movement was perhaps too limited to understand how 

to best instruct another athlete 28 and dyad practice in this case may have been a method better 

suited for more experienced athletes with higher sport-specific technique content knowledge. 

Nevertheless, dyad practice has previously been shown to increase participants’ feeling of 

responsibility for and involvement in the learning process, meaning that they were prepared to 

invest more cognitive effort and to engage in processing activities that they would not have 

engaged in otherwise 11. Furthermore, previous research suggests that dyad practice may 

result in more flexible or generalisable capability 23, which may facilitate the development of 
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technique in sports consisting of complex movements like XC-skiing. However, in our case 

the intervention period may have been too short and the preexisting sport-specific technique 

knowledge of the athletes too limited to be able to verify the potential benefits of such dyadic 

practice.  

As expected, skiing economy on the non-dominant side was less efficient than the dominant 

side during the pre-intervention test (n=54, Table 4). The ability to efficiently transform 

metabolic energy into speed is important for XC-skiing performance 3,31 and previous studies 

have shown that beneficial technique modifications in XC-skiing improve skiing economy 

and performance 25,32. An improved skiing economy in the present study is therefore expected 

to come from beneficial technique modification and thereby improve XC-skiing performance. 

However, no change was found in skiing economy during submaximal efforts during the 

intervention in any of the groups. Our intervention period might have been too short as 

changing skiing economy with technique modifications may take longer to develop in 

adolescent skiers 33,34. Further, exercise intensity is an important factor in terms of how skiers 

cope with the G2 non-dominant technique in cross-country skiing, which skiers find more 

challenging at higher intensities 20. This was also evident in the present study as the magnitude of 

the difference between sides increased as the speed increased (Table 4). 

4.1 Methodological considerations 

The most effective movement pattern is not identical between XC-skiers and therefore 

technique modifications need to facilitate increased performance (or fewer injuries) to have 

relevance for the athlete. Therefore, performance changes should be monitored in studies on 

motor learning for athletes. However, although the performance of young athletes improves, 

this does not necessary imply that learning or beneficial technique modification have 

occurred, because the physical capacity of young athletes develops rapidly.  

A strength of the present study is that we were able to control for this when simultaneously 

testing the dominant side of the G2 technique. As there was no improvement on the dominant 

side, we propose that changes on the non-dominant side were due to improved technique and 

not just a change in physical capacity. However, in the present study, we assessed only 

knowledge-of-result; i.e. the performance effects of the interventions. Future studies should 

assess the knowledge-of-performance; i.e. using kinematical measures to detect whether the 

athletes changed their technical execution in response to the cues given during the 

intervention period. 
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In an applied practice setting it was difficult to control the information the athletes gave each 

other in DYAD, or the thoughts of the athletes in VIDEO. There were three researchers 

involved in every training session in VIDEO and DYAD to control the practice setting, but 

the observations and dialogues were not recorded or formally analyzed in these groups. Even 

though all intervention groups used the same cue cards, the information received and the 

interpretation of this information by the athletes might therefore be different. Further, it could 

well be that the skiers were influenced by the coaching methods of their ordinary coaches in 

their skiing clubs.  

A limitation of the present study is that testing was conducted in the laboratory, while the 

athletes performed the practice sessions outside on asphalt. It was not practically possible to 

train all athletes indoor due to the high number of athletes involved. Besides, doing so would 

have reduced ecological validity. Moreover, the data collection for cardiorespiratory and 

kinematic data (data not shown) required indoor testing.  However, the athletes were 

familiarized with the treadmill, as seen in the absence of difference in performance from the 

last familiarization session to the pre-intervention main test session for the speed test 

(difference of 0.1 ± 1.1%). Further, rolling resistance has been found to be similar for 

treadmills and asphalt 35, and should not have affected the results in the present study.  

We did not have a retention test, due to the advanced time-consuming performance tests and 

the large number of athletes. However, most of the athletes performed the post-testing session 

several days after the last practice session and the time from the last practice session to post-

intervention test was balanced between groups. Further, a continuous motor skill task like the 

G2 technique is very well retained over long time intervals 36.  

We only asked the athletes one question relating to enjoyment and one question on self-

perception of improved technique. Our questions may therefore have reduced validity and 

should be interpreted with caution.  

5 Perspectives 

When timing, frequency and amount of feedback are similar, coaching feedback from a 

competent coach seems superior in terms of combined performance, perceived enjoyment, 

self-perception of improved technique, and amount of self-practice performed compared to 

video feedback and dyad practice. However, video feedback with cue cards, filmed on the 

athletes’ own smart phones, could be a valuable tool for coaches who want to increase 

individual feedback when coaching large groups or when the coach’s sport-specific technique 
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knowledge is limited. A combination of these feedback methods might be a good strategy. For 

dyad practice, the intervention period may have been too short and the preexisting sport-

specific technique knowledge of the athletes too limited to be able to verify the potential 

benefits of this method. There was a large inter-individual variation in each group, and some 

athletes in each group were negatively affected. It should therefore be acknowledged that 

there might be individual preferences that should be taken into consideration when giving 

feedback, and as a coach, one might potentially degrade the level of technique in some 

athletes if attention is not paid to individual needs. 
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Tables 

Table 1. 

Characteristics of the skiers at pre-intervention test 

 Boys (n=27) Girls (n=27) 

Age (years) 14.2±0.6 14.3±0.6 

Body mass (kg) 57.2±7.7 55.9±8.1 

Body height (cm) 172.1±7.4 166.8±4.9 

Rollerski G2 VO2peak  

(ml·kg-1·min-1) 

61.9±5.6 53.5±5.8 

Weekly training (h)* 9.3±3.6 8.6±3.2 

Data is reported as mean ±  standard deviation. *Weekly training was self-reported, VO2peak was measured on 

the dominant side in the G2 skating technique 

Table 2 

An overview of the attentional cues/questions from each session. The questions are translated 

from Norwegian. 

Session focus Session 

number 

Attentional cues/questions 

Rhythm 1 and 4 

Main question What do you think about the rhythm? 

Secondary 

questions 

• Do two poles and one ski hit the ground at the same time?  

• Are the movements “smooth and flowing” or are they “jagged”?  

Sideways 

weight transfer 
2 and 5 

Main question What do you think about the weight transfer from ski to ski? 

Secondary 

questions 

• Does the upper body follow the same direction as the skis? 

• Do you push with both poles and skis actively?  

Overall 

technique 
3 and 6 Questions 

• What is good about your technique? 

• What can be improved about your technique? 

 

Table 3 

Questionnaire the athletes answered after post testing. The questions are translated from 

Norwegian.  

Item 1  How much did you like the intervention feedback method?  

  Very unsatisfied  Unsatisfied  Neutral  Satisfied  Very satisfied  

Item 2  Have you improved your technique on your non-dominant side?  

  Very unlikely  Unlikely  Neutral  Likely  Very Likely  

Item 3  How many times have you trained on the non-dominant side on your own 
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during the intervention?  

 

Table 4 

Pre-intervention difference between the dominant and non-dominant side for different 

performance scores. Data are mean and 95% CI 

 % dif. between sides ± 95 % CI P Cohens d 

Sub-maximal skiing economy  1.4 ± 0.8 .001 .10, very small effect 

VO2peak  1.7 ± 1.3 .01 .16, very small effect 

TT3min performance 5.8 ± 1.6  <.001 .49, small effect 

Incremental speed test  6.2 ± 0.9  <.001  .86, large effect 

 

Table 5 

Relative differences for the speed test from pre- to post-intervention testing. 

 Dominant side Non-dominant side 

P Cohens d P Cohens d 

Dyad .365 .26, small effect .744 .09, very small effect 

Video .972 .01, very small effect .025 .65, medium effect 

Coach .312 .29, small effect .007 .89, large effect 

Control .790 .08, very small effect .077 .54, medium effect 

 

Legends 

Figure 1.  

One cycle for G2 skating technique starting with pole plant on the strong side. Upper panel 

shows a side view (left) and top view (right) of the strong side to the right. Bottom panel 

shows a side view (left) and top view (right) of the strong side to the left. For most skiers one 

side is the dominant side, with the other being the non-dominant side. 

Figure 2. 

Upper panel: Overview of the experimental design. Bottom panel: Overview of the treadmill 

test session pre- and post-intervention. Submax. workloads 1a and 1b were performed at the 

same speed for all participants. Whether 1a or 1b was on the dominant side was randomized 

for each participant. Submax. workloads 2a and 2b were performed at ~88% of V̇O2peak in the 
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same order as 1a and 1b. All submaximal workloads were performed at 6° incline. 

Performance tests 1a and 1b were performed in the same order as the submaximal workloads 

at 8° incline. The order of dominant vs. non-dominant side followed the same order during the 

post-intervention tests. 

Figure 3. 

Upper panel: Percentage change score from pre- to post-intervention for the speed test. Grey 

area indicates the typical error of the test expressed as CV of 2.7%. Lower panel: Percentage 

change score from pre- to post-intervention for V̇O2 on dominant and non-dominant side 

during sub-maximal skiing. Grey area indicates the typical error of the test expressed as CV 

of 1.2% for adult athletes. Mean ± 95% CI. * significantly different from non-dominant side 

in DYAD controlled for pre-intervention scores. Circles represents individual percentage 

change scores. The green area indicates enhanced performance during intervention while the 

red area indicates decreased performance. 
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