Original Article
Mental imagery can improve performance in a visuomotor task: a pilot study
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	Abstract: This experiment assessed the effectiveness of two interventions; mental imagery and physical training as compared to a control group, on their ability to improve visuomotor accuracy, measured by scores achieved on a visuomotor task. For mental imagery participants had to imagine throwing a dart and for physical training participants physically practised dart throwing. Measurements were recorded pre-intervention, after two weeks of training (Mid-intervention), after five weeks of training (Outcome Measure 1) and two weeks after training (Outcome Measure 2). Comparison of Mid-intervention, Outcome Measure 1 and Outcome Measure 2 with baseline showed both interventions to significantly increase performance on dart throwing compared to the Control group. Our findings show that, as well as traditional physical practise, mental imagery can effectively improve performance on a fine visuomotor task. This is an important finding highlighting possible applications of mental imagery in those with limited motor abilities to maintain or enhance motor movement.
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1. Introduction
Eye-hand coordination (visuomotor coordination) is a vital element of daily life. It allows us to respond with precise movement to visual objects at an extremely fast rate. Visuomotor coordination can be as simple as grabbing an object, to more complex tasks such as batting a ball. Accuracy and ability of visuomotor coordination changes throughout the lifespan, developing throughout childhood, from infancy to adolescence (Caetano, 1995) and decreasing in older age (Lee et al., 2013). Due to many adverse events (e.g., traumatic brain injuries) or diseases (e.g., multiple sclerosis) visuomotor coordination can be drastically impaired. Although there are many physiotherapeutic treatments, there are many cases that voluntary movement is not possible; for example, in acute stroke or in sports neuromuscular injures. Therefore, it is extremely important to develop methods that can be utilised to improve visuomotor coordination without physical movement. One such method is mental imagery, which has previously been shown to improve performance in sport (Martin et al., 1999; Slimani et al., 2016). In this experiment, we directly compared mental imagery and physical training on their ability to improve visuomotor accuracy for dart throwing. 
The use of mental imagery has been shown to improve performance in sport and procedural learning (Haghkhah, Sohrabi, Torbati, & Hajatmand, 2014; Kornspan, Overby, & Lerner, 2004). When used in conjunction with physical training (PT), MI has been shown to increase performance to a greater degree than PT alone (Brouziyne & Molinaro, 2005; Vaezmousavi & Rostami, 2009). Three types of goal-directed MI have been suggested in the literature, internal (imagining in 1st person), external (imagining in 3rd person) and kinaesthetic (feelings and sensations associated with movement; Cumming & Williams, 2012). Yu et al., (2016) showed when participants used internal imagery, performance was increased for a wide range of sports, whereas when external imagery was practised, increase in performance was only seen for open sports and team games. It has also been shown that whilst external imagery may allow for particular tasks to be completed faster, internal imagery can provide greater accuracy (White & Hardy, 1995).
In this study we aimed at comparing the effectiveness of these two methods on a single task. Using two interventions of MI and PT across 15 intervention sessions, and a Control group, the present study attempts to highlight the beneficial effects of these methods on a fine visuomotor task, in this instance, dart throwing. By investigating if these different approaches can influence performance enhancement to a similar degree, results can contribute towards the literature for clinical and practical benefits, supplying researchers and practitioners with an alternative training option. By also including a two-week retention interval, the two methods can be assessed on their ability to induce and facilitate long-term motor memory changes. It was hypothesised that in both experimental conditions (MI/PT), performance increases will be found following each respective training intervention. It is also hypothesised that each experimental condition will increase in performance compared to the Control group.
2. Materials and Methods
[bookmark: OLE_LINK23][bookmark: OLE_LINK24]2-1. Participants
Twenty-four female participants (age range 21-26, mean [SD] = 22.45[1.04]) took part in this study. They were randomly assigned to one of the three experimental conditions (n=8 per condition; Mental Imagery/Physical Training/Control). All participants were naïve to the purpose of the study and none of them were familiar with mental imagery or dart throwing. They were right-handed and without any history of neurological disorders, with normal or corrected to normal vision. They gave written informed consent. The study was approved by the local ethics committee in the School of Sports and Exercise Sciences, Urmia University.
2-2. Procedure
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Participants took part in four testing and 15 training sessions over seven weeks. See Figure 1 for the procedure. In the first session, participants were familiarised with principles of dart throwing such as holding, aiming, throwing the dart and scoring. Next, participants were asked to throw darts for three practice trials. Performance in the testing sessions was measured via 10 attempts of throwing darts and scores were recorded based on the area of the board the dart struck. Hitting the “bullseye” yielded a score of 3. The next ring out from the centre yielded a score of 2 and finally the remainder of the board gave a score of 1. If they missed the board, a score of zero was given. Following the pre-intervention testing session, participants took part in five weeks of training based on their allocated group, please see below for condition. Each week consisted of three training sessions. Two weeks into the training, participants took part in a testing session to assess their mid-intervention performance. Finally, participants took part in two more testing sessions to measure their performance immediately (Outcome Measure 1) and two weeks (Outcome Measure 2) following training. Sessions Pre- and Mid-intervention and Outcome Measure 1 followed the same procedure and took part on a separate day than the training sessions.	  
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[bookmark: _Ref521454230][bookmark: _Ref45835864]Figure 1. Procedure of the study. Training sessions were split over two and three weeks with six and nine sessions, respectively.  Training sessions.  Testing sessions; 10 throws were performed and the average score is used for analysis;  Training sessions where particpants’ ability to carry out the mental imagery was assessed. OC Measure: Outcome Measure
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2-3. Dartboard
In this study, a typical circular dart board compressed with paper was used with a diameter of 453mm and thickness of 12mm. The dartboard was hung on a wall in the laboratory so that the centre of the dartboard was at a height of 1.72m from the ground. A line was traced on the ground at a distance of 2.20m from the dart board and the subjects would be behind the line when throwing the darts. Five metal-arrow darts weighing 25 grams and 15 cm long were used.
2-4. Intervention Methods
Mental Imagery (MI) – Three types of goal-directed MI have been suggested in the literature, internal (1st person), external (3rd person) and kinaesthetic (feelings and sensations associated with movement). We used an internal imagery method as previous literature suggests it to be most effective for this particular task (Hinshaw, 1991; White & Hardy, 1995; Yu et al., 2016). Each mental imagery session lasted 30 minutes. Participants performed two blocks of 15 throwing attempts. Following each session, participants were asked to rate the quality of their imagination (Louis et al., 2008) on the scale of 1 (no mental imagery at all) to 6 (apparent mental imagery).
Physical Training (PT) – Each training session contained 15-minute of exercising in which participants performed 30 throws. 
Control – Each session of the Control group consisted of 30 minutes of reading books. 
2-5. Data Analysis
Average of the 10 throws in each testing session was considered for analysis of performance in dart throwing. To account for inter-subject variability, performance in the Mid-intervention, Post-Intervention, Outcome Measure 1 and Outcome Measure 2 were normalised to the individual's performance in the Pre-intervention session. Due to a low number of participants and non-normal distribution of the data, Kruskal-Wallis test was used to investigate the Group effect for the three testing phases of (mid-intervention/outcome measure 1/outcome measure 2). Subsequently, Mann-Whitney U test was used to compare the normalised-performance of the participants in the different group of training (Mental Imagery/Physical Training) with the Control group. Cliff's Delta effect size is reported. 
Additionally, to investigate the effect of the MI intervention on performance, a Friedman non-parametric tests on MI self-reported ratings was run. Subsequently a Wilcoxon Signed Ranks test was run to compare values in different training sessions. Finally, to investigate the relation between these scores and performance, a Spearman's rank-order correlation was run between the scores in Training 15 and normalised performance in Outcome Measure 2. 
3. Results
[bookmark: OLE_LINK78][bookmark: OLE_LINK70]All participants followed the procedure of the study and took part in all of the sessions. Table 1 shows the summary of the performance of the participants in different groups and different testing sessions.

[bookmark: _Ref57396656]Table 1. Summary of the mean (SD) value of performance of participants in different groups.
	Group
	Pre-Intervention
	Mid-Intervention
	Outcome Measure 1
	Outcome Measure 2

	Mental Imagery
	18.70(5.45)
	22.02(6.69)
	25.52(8.10)
	25.30(4.24)

	Physical Training
	18.20(4.98)
	18.98(5.23)
	24.02(5.24)
	22.35(4.90)

	Control
	19.48(1.34)
	17.15(3.32)
	19.18(5.12)
	16.73(5.57)
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[bookmark: _Ref529728681][bookmark: _Ref17124242][bookmark: _Ref17126686]Normalised data was calculated for each participant, see Figure 2. Multi-variate Kruskal-Wallis over the three testing sessions and groups showed significant effect for only the Outcome Measure 2. See Table 2 for the summary of these tests. Subsequently we ran Mann-Whitney U tests on the Outcome Measure 2 values to investigate difference between the training groups with the Control group.  

Table 3 shows the summary of the Mann-Whitney U tests conducted on the data. Results show that participants in all the training groups performed better in the Outcome Measure 2 compared to the Control condition.


[bookmark: _Ref57396711]Table 2. Summary of the Kruskal-Wallis tests ran on the normalised performance values.
	
	
	
	Mean Rank
	

	Test
	χ2(2)
	p
	MI
	PT
	Control

	Mid-Intervention
	4.163
	0.125
	15.00
	14.13
	8.38

	Outcome Measure 1
	1.970
	0.374
	13.44
	14.38
	9.69

	Outcome Measure 2
	7.505
	0.023*
	16.13
	14.38
	7.00


Note: MI: Mental Imagery; PT: Physical Training; * p < 0.05



To investigate how well the participants were able to carry out the interventions, i.e. perceived mental imagery rating, we ran a Friedman non-parametric test on scores recorded in three of the training sessions (Training 1/Training 6/Training 15). This test showed a significant effect (χ2(2) = 9.333, p = 0.009; Mean Rank Training 1: 1.38, Training 6: 2.13, and Training 15: 2.50; mean[SD] Training 1: 4.37[0.69], Training 2: 5.00[0.01], Training 3: 5.25[0.43]). This shows that participants achieved a better mental imagery rating in later sessions. Spearman's rank-order correlation between Mental Imagery ratings in Training 15 and normalised performance in Outcome Measure 1, which is the following day after Training 15 (see Figure 1), and Outcome Measure 2, which showed significant difference between groups (see Table 2), showed no-significant correlation for either of the parameters (p’s > 0.192).
[bookmark: _Ref17208743][bookmark: OLE_LINK10][bookmark: OLE_LINK14]

Table 3. Summary of the Mann-Whitney U test; comparing the normalised performance of the participants in the training groups with the Control group
	
	Outcome Measure 2

	Comparison
	U
	p
	Delta

	Mental Imagery vs. Control
	9.00
	0.016*
	0.718

	Physical Training vs. Control
	11.00
	0.027*
	0.656


Notes: normalised performance is calculated based on performance in each group divide by the performance in the pre-training phase. Cliff’s Delta values are reported for effect size. * P < 0.05
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[bookmark: _Ref529728762][bookmark: _Ref45835871]Figure 2. Normalised performance of the participants. Dots indicate individual normalised performance in each experimental group. Dots represent individual datapoints for each participant in each condition and session. Lines indicate the mean of the values in each group and session 
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4. Discussion
As hypothesised, the results above suggest that both conditions (Mental Imagery and Physical Training) increased performance from Pre-intervention in both Outcome Measure 1 and significantly so in Outcome Measure 2 compared to the Control group. For Mental Imagery, analysis of scores recorded during three of the training sessions (Training 1/Training 6/Training 15) showed an increase, from Training 1 to Training 15. This increase in scores, however, was not correlated with superior performance in the Outcome Measure 2. 
When looking at the increase in performance across both interventions, it is important to consider the mechanisms influenced by each in order to understand the results. It is likely that both improved performance on dart throwing through the process of reconsolidation. By either physically practising the task, or imagining it, with the desired consequence in mind, the brain is repeatedly exposed to similar mechanisms (Newell, 1991), thus, improving motor skills. Neuroimaging studies indicate that the primary motor cortex (M1) is engaged during both MI and PT of motor tasks (Karni et al., 1995) with M1 also shown to be a vital element in the consolidation process of newly learned motor skills (Muellbacher et al., 2002; Ziemann, 2004). From M1, the acquired skill follows a pathway where it will eventually reach the cerebellum (Imamizu et al., 2003). Following successful completion of a motor action, over time, long-term potentiation (LTP) occurs in both M1 and the cerebellum (Krakauer & Shadmehr, 2006; Ma et al., 2010; Packard & Knowlton, 2002). Failed attempted actions, however, encourage long-term depression (LTD), thus fine-tuning mechanisms which in time allows for greater accuracy and ease of execution (Hirano, 2013).
Interestingly, the results obtained from the current study contradict previous meta-analysis findings, in that the MI condition increased performance to the same degree as the PT condition compared to the control group. Although Feltz, Landers and Becker (1988) found MI to yield twice as great results on motor and accuracy tasks compared to control groups, they found physical practise to be 41-45% more effective than MI when compared alone. However, this meta-analysis failed to include differences between internal (1st person) and external (3rd person), something that Hinshaw (1991) showed in their meta-analysis to be vital for explaining performance increases due to MI. In the present study, as internal imagery was used, this may in part explain why in this instance MI displayed similar results to PT, compared to a control group. Similarly, previous experiments focussing on MI in sport, have included an additional session whereby MI and PT were combined (Kohl, Ellis, & Roenker, 1992; McBride & Rothstein, 1979; White, Ashton, & Lewis, 1979). Almost always, the combination of MI with PT yielded greater performance increases than either of the two conditions alone. This suggest that MI is most effectively used as an accompaniment to PT. Although an extra condition was included, each of the studies still found an improvement for MI alone compared to the control group. 
Whilst similar performance increases for visuomotor coordination were found in both experimental conditions, each condition has strengths and weaknesses for practical implementation. For example, if one wanted to increase skill in a sport, it would be appropriate to use either method. In a clinical setting, however, some of the methods may not be accessible to the entire population. By highlighting that both are as effective as one another, the appropriate method can be chosen to suit the need of the individual.  
Those suffering a brain lesion (region dependent, for example, visual object agnosia, see Behrmann, Winocur, & Moscovitch, 1992) may be able to partake in MI for rehabilitation, but not PT. In patients suffering from a stroke affecting motor deficits, when used alongside traditional rehabilitation methods, MI was shown to aid motor rehabilitation significantly more than those methods alone (Page et al., 2001). Moreover, MI can be used in most instances for rehabilitation of motor skills (Jackson et al., 2001) including physical injuries in sport (Green, 1992), unless damage is present in certain areas (e.g. in the parietal lobes; Sirigu et al., 1996). 
With these potential applications in mind, it is important to take in to account the sample size of this pilot study. Whilst a significant result was obtained, as well as a relatively large effect size, cautious interpretation is encouraged. This study should be used as an example of how mental imagery can be an effective method of improving performance on a fine visuomotor task, thus a precursor to a more robust study including an increased and wider sample population. 
5. Conclusions
This study has highlighted the usefulness of mental imagery and physical training in their ability to enhance visuomotor coordination based on scores achieved on a dart throwing task. Whilst we have shown the effectiveness of both protocols in a small sample of healthy students, future research should include a greater sample population, as well as patient and elite samples, to assess the effectiveness of individual methods in more specific populations. With other recent promising research, as well as the results achieved in this study, the effects of these non-pharmacological methods of cognitive enhancement can stretch into multiple domains. 
Author Contributions: The authors participated in Conception of the work, Acquisition of data, Analysis and interpretation of data for the work, Writing, and revising the work, Final approval of the version to be published and agreement to be accountable for all aspects of the work.
[bookmark: _Hlk60054323]Data Availability Statement: The measured data used to support the findings of this study are available from the corresponding author upon request.
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تصویرسازی ذهنی می تواند عملکرد را در تکلیف دیداری حرکتی بهبود بخشد: یک مطالعه آزمایشی


	
	چکیده: این مطالعه اثربخشی دو مداخله تصویرسازی ذهنی و تمرین بدنی در مقایسه با یک گروه کنترل را برای ارزیابی توانایی شرکت کنندگان در بهبود دقت دیداری حرکتی و با اندازه گیری نمرات به دست آمده در یک تکلیف دیداری حرکتی ارزیابی کرد. برای تصویرسازی ذهنی، شرکت‌کنندگان باید پرتاب دارت را تصور می‌کردند و برای تمرین بدنی، شرکت‌کنندگان به صورت فیزیکی پرتاب دارت را تمرین می‌کردند. اندازه‌گیری‌ها قبل از مداخله، پس از دو هفته تمرین (میان مداخله)، بعد از پنج هفته تمرین (پس آزمون) و دو هفته پس از تمرین (آزمون یادداری) ثبت شد. مقایسه میان مداخله، اندازه¬گیری پس آزمون و آزمون یادداری با پیش آزمون نشان داد که هر دو مداخله عملکرد پرتاب دارت را در مقایسه با گروه کنترل به طور قابل توجهی افزایش می‌دهند. یافته‌های ما نشان می‌دهد که مانند تمرین فیزیکی سنتی، تصویرسازی ذهنی می‌تواند به طور موثر عملکرد را در یک کار دیداری-حرکتی بهبود بخشد. این یک یافته مهم است که کاربردهای احتمالی تصویرسازی ذهنی را در افرادی که توانایی حرکتی محدودی دارند برای حفظ یا تقویت حرکت برجسته می‌کند.
واژه‌های کلیدی: تصویرسازی؛ دیداری حرکتی؛ عملکرد ورزشی؛
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