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Abstract 

Cerebral Palsy (CP) is a non-progressive disorder of the motor function. It causes undesired motor impairments 

which take many forms and is sometimes accompanied with cognitive impairments. Although CP is not 

curable, it is amenable to therapy and training (Kolb & Whishaw, 2008). Because care costs are increasing 

(Centraal Bureau voor de Statistiek, 2013), (technical) solutions are needed to reduce costs, while maintaining 

a high quality of therapy and training. Recent technological developments allow for the development of new 

technologies that can motivate people (e.g. to do exercises). These kind of technologies are called persuasive 

technologies (Fogg, 2003; Bogost, 2010).  

One way to deploy persuasive technology (PT) is through the use of serious gaming (SG). Through the use of 

playful interactions, SG seems to increase the motivation to perform behavior (Biddiss & Irwin, 2010) and also 

influences the user’s performance on their behavior (Kim, Prestopnik, & Biocca, 2014). However, Bonnechère 

and colleagues (2014) stated in their systematic review that they could not draw conclusions about the 

influence of SG on task performance because each child has a unique form of CP, which needs a unique and 

personalized rehabilitation program. The current SG’s do not provide games, of which the difficulty of the 

game is personalized.  

The current research explored which PT strategy might be effective. Recent research suggested that the role 

of a social actor seems to be very effective in comparison to factual feedback (Vossen, Ham, & Midden, 2009; 

Midden & Ham, 2012a; Midden & Ham, 2012b), especially when participants receive negative (vs positive) 

evaluative feedback from a social actor (Ham & Midden, 2010). However, these studies were done in a lab 

setting, which makes it hard to generalize these conclusions for a field setting (real world). Moreover, these 

studies focused on using PT to influence energy saving behavior, which is a very different goal compared to 

influencing exercise therapy for children with CP. Therefore, this study investigated the effects of feedback 

type (social vs factual) and feedback valence (positive vs negative) on task performance in a field setting. 

Additionally, earlier research by Bonnechère and colleagues (2014) suggested that SG also influences 

motivation and that motivation might have a mediating effect between SG and task performance. Therefore, 

the effects of feedback type on motivation were also investigated.  

As in line with the hypothesis, results suggested that participants who received negative feedback scored 

higher on task performance than participants who received positive feedback. Furthermore, as in line with the 

hypothesis, results suggested that participants who received social feedback scored higher on task 

performance than participants who received factual feedback.  

Not presenting support for the third hypothesis, the analysis showed no overall interaction effects between 

feedback type and feedback valence on task performance. However, analysis of simple effects showed that 
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participants who received social negative feedback scored higher on task performance than participants who 

received social positive feedback. Furthermore, analysis of simple effects showed that participant who 

received negative social feedback scored higher on task performance than participants who received negative 

factual feedback. Analysis for the fourth hypothesis provided no evidence that participants who received social 

feedback had a higher motivation than participants who received factual feedback. Exploratory analysis 

suggested that the effect of feedback on task performance also depends on the task at hand. 

The findings of this study enhance the understanding of persuasive strategies for the use of SG. On the basis 

of these findings, I argue that the stronger persuasive effect of negative feedback is strongly related to its 

efficaciousness. That is, to improve the task performance of children with CP, they are affected most when 

they receive negative feedback to change their exercise behavior to fit the desired behavior. Furthermore, 

within this negative feedback, a social agent seems to affect exercise behavior even more to fit the desired 

behavior. Additionally, this study showed that the effect of feedback also depends on the task at hand. Thus, 

when doing therapy for children with CP, specific exercises per child need to be developed in order to train 

for a predetermined goal. 

By applying the findings of this study in the field of SG for exercise therapy of children with CP (and possible 

also of other target groups), the therapy will not only become more joyful because of its game environment, 

but also more effective into improving the children’s task performance by using the right persuasive feedback 

strategy. A feedback system like the one in this study can serve in support of existing therapies. Children might 

use the system on their own, in addition to the intensive one-on-one therapy sessions with the therapists. In 

this way, it will contribute to a better and easier life for children with CP. 
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Introduction 

In Europe, 2 to 3 per 1000 children are born with cerebral palsy (CP) (Surveillance of Cerebral Palsy in Europe, 

2000). CP is a non-progressive disorder of the motor function caused during the pre-, peri-, or postnatal period 

of life. It causes undesired motor impairments which take many forms and is sometimes accompanied with 

cognitive impairments. Rough estimations suggest that about 50% of the persons with CP are spastic (limbs 

resist being moved), 25% are athetoid (making slow involuntary movements), 10% are afflicted with rigidity 

(muscles around the joints are stiff) and 10% are ataxic (having difficulty to make voluntary movements) (Kolb 

& Whishaw, 2008). 

Because CP is very diverse, multiple methods to classify different types and levels of CP have been developed. 

One of these methods is the Gross Motor Function Classification System (GMFCS), which is revised and 

expanded since 1997. It distinguishes five different levels of CP (see Figure 1). In short, the most lenient level 

(level I) contains children with CP who can walk without limitations. Those in level II can walk with limitations. 

In level III, they need a walking aid. In level IV are those who are not able to walk. However, they are self-

propelling (sometimes by using electric transport tools). The most severe level is level V and contains the ones 

who have to be transported in a wheelchair (Palisano, Rosenbaum, Bartlett, & Livingston, 2007).  

Another method is the Manual Ability Classification System (MACS), which only describes the extent to which 

children with CP can use their hands (Eliasson, et al., 2006). Here again, the system is divided in five different 

levels in which level I is the mildest level and level V is the most severe. Figure 2 shows a decision tree to 

determine the differences between the MACS levels. As can be seen in Figure 2, only children with MACS level 

V are not able of handling even the simplest objects.  

Although CP is not curable, it is amenable to therapy and training (Kolb & Whishaw, 2008; Park & Kim, 2014). 

Mostly, these therapies start already at early ages. They include (mostly combinations of) passive stretching, 

strength training, fitness training, Neuro Developmental Treatment (NDT), wearing an orthoses, Selective 

Dorsal Rhizotomy (SDR), electro stimulation, botulin toxin treatment, exercise therapy and functional 

physiotherapy. Not all of these therapies are equally useful. For some of these therapies, it is debatable if they 

even work at all (Becher, Pangalila, Vermeulen, van Barneveld, & Raats, 2006). This is a very intensive process, 

in which the children have one-to-one or even one-to-two sessions with their coaches. During these sessions, 

the children have to do many repetitive exercises and tasks. The coaches provide feedback to the children, 

measure the time it takes to complete the tasks and monitor the quality of how the children carry out the task 

(E. Rameckers and M. Coenen, Personal communication, July 7, 2014; see Appendix A).  
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Because care costs are increasing (Centraal Bureau voor de Statistiek, 2013), (technical) solutions are needed 

to reduce costs, while maintaining a high quality of therapy and training. Recent technological developments 

allow for the development of new technologies that can motivate people (e.g. to do exercises). These kind of 

technologies are called persuasive technologies (Fogg, 2003; Bogost, 2010). 

GMFCS E&R Descriptors and illustrations for children between their 12th and 18th birthday 

  

GMFCS Level I 
Youth walk at home, school, outdoors and in the community. Youth are able to climb curbs and stairs 
without physical assistance or a railing. They perform gross motor skills such as running and jumping but 
speed, balance and coordination are limited. 

 

GMFCS Level II 
Youth walk in most settings but environmental factors and personal choice influence mobility chokes. At 
school or work they may require a hand held mobility device for safety and climb stairs holding onto a 
railing. Outdoors and in the community youth may use wheeled mobility when traveling long distances. 

 

GMFCS Level III 
Youth are capable of walking using a hand-held mobility device. Youth may climb stairs holding onto a 
railing with supervision or assistance. At school they may self-propel a manual wheelchair or use powered 
mobility. Outdoors and in the community youth are transported in a wheelchair or use powered mobility. 

 

GMFCS Level IV 
Youth use wheeled mobility in most settings. Physical assistance of 1-2 people is required for transfers. 
Indoors, youth may walk short distances with physical assistance, use wheeled mobility or a body support 
walker when positioned. They may operate a powered chair, otherwise are transported in a manual 
wheelchair. 

 

GMFCS Level V 
Youth are transported in a manual wheelchair in all settings. Youth are limited in their ability to maintain 
antigravity head and trunk postures and control leg and arm movements. Self-mobility is severely limited, 
even with the use of assistive technology. 

GMFCS descriptors copyright © Palisano et 
al. (1997) Dev Med Child Neurol 

39:214·23CanChild: www.canchild.ca 

Illustrations copyright © Kerr Graham, Bill Reid and Adrienne Harvey,  
The Royal Children's Hospital, Melbourne 

Figure 1 GMFCS E&R Descriptors and illustrations for children between their 6th and 12th birthday 

 
Figure 2 Flowchart to determine the MACS level 
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Persuasive strategies 

Persuasive technologies (PT) are “interactive computing systems designed to change attitudes or behaviors” 

(Fogg, 2003, p. 1). Fogg states that PT can take on three different roles to influence behavior. These are as a:  

1) tool (e.g. reduction technology to simplify complex behavior),  

2) medium (e.g. helping people to rehearse behavior) or,  

3) social actor (rewarding people with positive feedback).  

PT has been investigated in a wide range of different settings. For example, Blascovich and Beall (2010) used 

PT in a virtual class room. They suggested that when a virtual teacher gazes more at its students, the results 

of these students improved. Lee (2010) suggested that although speech did not make people more likely to 

respond socially to flattering computers, it did improve users’ evaluation of the computer’s performance and 

their conformity to the computer’s feedback. Furthermore, earlier research provided evidence that a virtual 

agent can stimulate a consumer to lower his or her energy conservation by providing evaluative feedback 

(Vossen, Ham, & Midden, 2009; Ham & Midden, 2010; Midden & Ham, 2012a; Midden & Ham, 2012b).  

Earlier research by Fogg (2003) proposed that PT can take on the role of a social actor by providing positive 

feedback. In addition to that role, research by Ham and Midden (2010) suggested that evaluative feedback is 

most effective when the feedback is negative compared to positive. That is, in the study by Ham and Midden 

(2010), an agent guided users through a washing machine program. The agent provided positive or negative 

evaluative feedback while the user was programming a virtual washing machine. The agent did this in such a 

way that the user would program the washing machine environmental friendly (low energy), but also in such 

a way that a specific type of wash would be clean. The researchers concluded that when the social agent used 

negative evaluative feedback (e.g., a social robot that showed a sad facial expression, and said “You make me 

feel so sad by using so much water”) was most effective. This conclusion is an addition to Fogg’s proposed role 

of PT as a social actor, which states that positive reinforcement can be used to influence behavior.  

All provided examples of this section are based on the application of different persuasive strategies like 

implementing different social cues, artificial feedback or embodiment of the system. Another way to deploy 

PT is through the use of serious gaming (SG). 

Serious gaming 

In SG the user develops or maintains (cognitive and/or physical) skills while playing a game (Boyle, Connolly, 

& Hainey, 2011). SG’s that combine physical exercise with gameplay are also known as exergames or active 

video games (AVG) (Bogost, 2010). In general, literature suggests that different SG’s have been developed to 

help people to do their exercises, so they improve or maintain their health (Wattanasoontorn, Boada, García, 

& Sbert, 2013). SG seems to increase the motivation to perform behavior (Biddiss & Irwin, 2010). For example, 
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SG can make it more enjoyable for children with CP to do their exercises during therapy (Howcroft, et al., 

2012). Therefore, using PT in the form of SG seems a good candidate to motivate people to do their exercises.  

Additionally, SG can also influence behavior in a more direct way (e.g. showing how to perform the behavior, 

practice the behavior) (Boyle, Connolly, & Hainey, 2011) and thereby increasing the user’s performance on 

their behavior (Kim, Prestopnik, & Biocca, 2014). More insight in the mechanics and applications of SG can be 

found in a book by Ian Bogost (2010). In his book “Persuasive games: the expressive power of videogames”, 

Bogost explained how videogames influence players and argues that videogames have a unique persuasive 

power by using examples in the field of politics, advertising and education. This theory arises from the 

underlying concept of procedural rhetoric.  

 “Procedural rhetoric […] is a practice of using processes persuasively. More specifically, 

procedural rhetoric is the practice of persuading through processes in general and 

computational processes in particular.” (Bogost, 2010, p. 11) 

In the context of procedural rhetorics, processes are series of behaviors to reach a specific goal. The arguments 

of procedural rhetoric are made of the rules of behavior. In other words, they are created by interacting within 

an environment, in which only specific behaviors are allowed to reach a goal. For example, pouring water from 

a can into a glass (the goal) is only possible when lifting and tilting the can into the right angle (series of 

behaviors). If the angle is too small, there will be no water to pour. If the angle is too large, too much water 

will flow out of the can and the glass will overflow. For computational processes, like videogames, these rules 

are programmed in code.  

 

Bogost (2010) used arcade games as an example (see 

Figure 3) of how persuasive strategies could be 

applied for gaming. Players get intermediate 

rewards (positive reinforcement) like score doubling 

or weapon upgrades to increase their adherence to 

the game and continue to play. The goal is to keep 

people playing the game, so they will insert more 

coins into the machine. Therefore, these games need 

to find a balance in difficulty. That is, if the game is 

too hard, people will leave the game with aversion. 

If the game is too easy, people will be able to play 

the game for a long time without inserting more 

money. 
Figure 3 Arcade games 
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The persuasive strategies used in arcade games appeal on addiction and reinforcement. They are used to keep 

people playing and inserting money. However, these kind of basic persuasive strategies, like providing bonuses 

to keep gamers playing, are not the goal of a SG. To develop a SG, the game needs to be more than only 

entertainment.  

SG’s strive to influence the player’s attitude about a specific topic or the player’s behavior (Bogost, 2010). As 

Bogost (2010) argued, the goal of SG is to move the player from the game world into the material world. Most 

SG’s are created under the direct control and supervision of external institutional goals (e.g. health care 

institutions). That is, they serve as a tool to educate the player about processes in the real world, but in an 

isolated virtual environment. Bogost elaborated his concept of procedural rhetoric by three examples, of 

which one focused on SG for learning/education.  

Play to learn 

Bogost (2010) stated that videogames (also non-SG) always have procedurals that the player should follow. 

These procedurals can be simple (e.g. in Whack-a-mole you just need to hit the head of a mole) or complex 

(e.g. in Civilization V you are the ruler of an entire civilization over thousands of years, in which you can make 

multiple decisions, that will lead to different scenarios [different allies, voting systems, happiness in your 

empire etc.] now and in the future). Either way, the player should understand, learn and use those procedurals 

to advance in the game. In other words, videogames teach (often biased) perspectives about how things work. 

The perspectives are learned through procedural rhetorics by the player’s direct engagement and criticism.  

With the focus on exergames, Bogost (2010) explained how SG can motivate players to perform a physical 

activity. Furthermore, he stated that most games that use training rhetorics (e.g. Dance Aerobics, Dance Dance 

Revolution, Yourself! Fitness) make use of an external cultural referent: a virtual personal trainer. These games 

provide feedback of different sorts: verbal, written, graphical and combinations, but also by negative or 

positive reinforcement (losing or collecting bonuses) or by trading points to unlocking special features. 

Sometimes this feedback is visualized/embodied by a virtual person and sometimes the player only hears a 

voice which indicates that there is someone who is monitoring the actions of the player. Either way, the system 

provides feedback and tries to teach the player an exercise by procedural rhetorics. Bogost concluded:  

“The strength of games like Dance Dance Revolution lies precisely in their ability to engender 

physical activity through play without demanding the player to adopt a complex understanding 

of fitness. These more sophisticated procedural rhetorics of training operationalize the core 

properties of the trainer –an agent impelling a chain of continuous, high-quality physical 

movements –rather than the trainer’s physical form.” (Bogost, 2010, p. 314) 
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Bogost is not the only one who emphasized on the use of a social actor (e.g. a virtual personal trainer). 

Research suggested that the role of a social actor seems to be very effective to increase task performance in 

comparison to factual feedback (Vossen, Ham, & Midden, 2009; Midden & Ham, 2012a; Midden & Ham, 

2012b). As described earlier, this feedback is even more effective when the social actor provides negative (vs 

positive) evaluative feedback (Ham & Midden, 2010). For example, an agent that is embodied with social cues 

like a face (to show emotional expressions) and speech has more effect on the user’s behavior than only 

showing a graph, number or color. The effect on the user’s behavior is even stronger when the agent uses 

negative feedback (Ham & Midden, 2010).  

One of the reasons why negative feedback might increase task performance is provided by Herzfeld, Vaswani, 

Marko and Shadmehr (2014). In their study, Herzfled and colleagues (2014) suggested that people have a 

specific part in their brains that memorizes and recognizes errors about past motor tasks. This indicates that 

negative feedback is processed differently from neutral or positive feedback and thus has a different effect on 

behavior. Fogg (2003) only suggested that positive feedback could be used to influence behavior. However, 

the results of Herzfeld and colleagues (2014) suggested that people are especially susceptible for negative 

reinforcement. In other words, people are more sensitive to negative feedback. This indicates that an artificial 

agent that is integrated in a SG also should provide negative feedback to improve task performance. 

Furthermore, because SG can be used to make dull exercises (e.g. repetitive moving a mug) enjoyable to do, 

it might also increase the motivation to perform the exercises. By increasing motivation (especially intrinsic 

motivation), the task performance will increase (Granero-Gallegos, Baena-Extremera, Gómez-López, & 

Abraldes, 2014) . A systematic review by Biddiss and Irwin (2010) suggested that SG’s contribute to the physical 

activity in children and youth. An increase of everyday physical activity (e.g. by playing SG’s) increases the 

motor skills of children with CP (Keawutan, Bell, Davies, & Boyd, 2014). 

Serious gaming for children with CP 

Recent research suggested that PT in the form of SG might help children with CP (Howcroft, et al., 2012; 

Keawutan, Bell, Davies, & Boyd, 2014), especially when the therapy fits the needs of the child (Bonnechère, et 

al., 2014). That is, the effect of SG will be stronger when the SG focusses especially on the personal level to 

deal with a specific task. This personal level could be influenced by the severity of CP (e.g. classified by MACS 

or GMFCS level) or the affected body parts (e.g. regional body parts or total body; hemiplegia, diplegia or 

tetraplegia). Most SG’s are commercially available at low-cost. They encourage motor learning to some extent, 

so they can offer an opportunity to moderate physical activity in children with CP. If SG’s are strategically 

selected, they can support specific therapeutic goals (e.g. targeted joints, bilateral limb use) within therapy 

for children with CP (Howcroft, et al., 2012) and increase the motivation of the children to do their exercises 

(Biddiss & Irwin, 2010). 
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However, the amount of evidence that SG increases motivation and task performance is very limited in the 

specific field of SG for children with CP (Bonnechère, et al., 2014). Bonnechère and colleagues (2014) 

conducted a systematic review to investigate if SG can be incorporated with the conventional treatment of 

children with CP. They stated that they could not draw conclusions on the influence of SG on task performance. 

That is, each child has a unique form of CP, which needs a unique and personalized rehabilitation program. 

This resulted in a very large variance on task performance and improvement on task performance. Therefore, 

it is very difficult to select therapies that can be generally applied.  

Furthermore, Bonnechère and colleagues (2014) suggested that SG has a positive effect on motivation, which 

increases the amount of physical activity. Additionally, they made a cautious prediction, that an increase of 

motivation might increase task performance.  

Purpose of the research 

The current research provided an essential step into identifying the influence of SG during exercise therapy of 

children with CP. Up till now, research has not come up with a clear conclusion on the effect of serious gaming 

for rehabilitation of children with CP. Additionally, recent studies in the field of PT (in controlled lab 

environments, and aimed at influencing energy conservation behavior) showed that especially PT that takes 

on the role of an artificial social actor is very effective (Midden & Ham, 2012a; Midden & Ham, 2012b; Vossen, 

Ham, & Midden, 2009). Especially PT that employs the social influencing strategy of providing negative social 

feedback showed to be effective (Ham & Midden, 2010).  

However, the studies by Vossen, Ham and Midden (2009), Ham and Midden (2010) and Midden and Ham 

(2012a; 2012b) were done in a lab setting. Therefore, in the current research I studied the effectiveness of 

factual vs social feedback and the effectiveness of negative vs positive feedback in a field setting. Also, in the 

current research I investigated if the findings on the effectiveness of negative social feedback for influencing 

energy conservation behavior may also be used to effectively influence exercise behavior of children doing CP 

therapy exercises.  

It remains unclear how these effects of feedback type (factual vs social feedback) and feedback valence 

(negative vs positive feedback) on behavior evolve in a field setting, especially for exercise behavior of children 

doing CP therapy exercises. Therefore, I studied the following research question: 

Research question 1 

What is the effect of feedback type (social vs. factual) and feedback valence (positive vs. negative) on task 

performance for children doing cerebral palsy therapy exercises? 
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Additionally, earlier research by Bonnechère and colleagues (2014) suggested that SG also influences 

motivation and that motivation might have a mediating effect between SG and task performance. However, 

their results indicated only very little (no robust) evidence for this prediction. Therefore, I also studied a second 

research question:  

Research question 2 

What is the effect of feedback type (social vs. factual) on motivation for children doing Cerebral Palsy (CP) 

therapy exercises? 

I separated these research questions into the following hypothesis. Based on the results by Ham and Midden 

(2010) and Herzfeld and colleagues (2014), I expected that when participants (children with CP) received 

negative feedback, their score on task performance was higher than when they received positive feedback 

(H1). Furthermore, based on results by Vossen, Ham and Midden (2009) and Midden and Ham (2012a; 2012b), 

I expected that when participants received social feedback, their score on task performance was higher than 

when they receive factual feedback (H2). When combining H1 and H2, I also expected an interaction effect 

between feedback type and feedback valence (H3). That is, participants performed best when they received 

social, negative feedback and participants performed worst when they received factual, positive feedback. 

Lastly, based on research by Bonnechère and colleagues (2014), I expected that participants who received 

social feedback scored higher on motivation than participants who received factual feedback (H4).  

In order to test these hypotheses, I will provide some background knowledge about the research setting in 

which the current study was established. Furthermore, I will briefly elaborate on two studies that came in 

handy during the set-up of the current study to answer the research question.  

Research setting 

In the Netherlands, Adelante is one of the care groups which provides therapies for children with CP. One of 

the core objectives of Adelante is pediatric rehabilitation (Adelante Zorggroep, 2015). During the therapy 

sessions at Adelante, the physiotherapists incorporate modern-day technology into the rehabilitation. That is, 

they make use of already existing game platforms like the Microsoft Xbox Kinect and the Nintendo Wii Fit. 

However, these game platforms do not control how the user completes a level of the game. For example, the 

games do not measure if the children control their spasm during the game. A coach is still needed to monitor 

the task performance and provide feedback on the task performance during the exergaming (E. Rameckers 

and M. Coenen, Personal communication, July 7, 2014; see Appendix A). 

To help these children, new technologies are being developed. Dr. Rameckers 1 tries to pursuit new and 

improved techniques for rehabilitation. During the past years, he developed a device that can objectively 

                                                           
1 Associated with: Adelante, Zandbergsweg 111,6432 CC HOENSBROEK, The Netherlands; 
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measure the children’s muscle strength. Adelante uses the device during the rehabilitation of children with 

CP. In collaboration with NOOS Design2, Dr. Rameckers wants to create a new device that can provide feedback 

on the children’s task performance. It is his intention to add feedback loops, which are automatically 

generated with no interference of the coaches. This way, the children depend less on their coaches. These 

feedback loops need to ensure, that the task is always challenging. The device should improve fine motor skill 

activities, e.g. opening locks with a key or pouring liquid into a glass. Lastly, what the device really should 

distinguish from the coaches is that it should objectively measure the performance of the children. Therewith, 

the new device should establish an objective view on the progress of different tasks. To monitor the progress 

objectively, the variables of Fitts’s Law might be useful, because it is already proven that Fitts’s Law can be 

used to measure task performance of children with CP (Smits-Engelsman, Rameckers, & Duysens, 2007). 

Fitts’s law for CP 

The parameters of Fitts’s Law quantify the performance of children with CP. That is, Fitts’s Law predicts the 

time that is required to rapidly move to a target area as a function of the ratio between the distance and the 

width of the target (Fitts, 1954). It was extended by Scott MacKinzie to apply in Human Computer Interaction 

(MacKinzie, 1992). The function is as follows: 

𝑇𝑇 = 𝛼𝛼 + 𝛽𝛽 log2 �
𝐷𝐷
𝑊𝑊

 + 1� 

Equation 1 Extended version of Fitts's Law 

In which T is the time it takes to move to the target area. α and β are constants which depend on the user and 

the used input device. D is the distance from the start position to the middle of the target. W is the width of 

the target, measured in the direction of the movement. That is, when the start position is straight under the 

target, then W is the height of the target, but when the start position is on the same height, then W is the 

width of the target.  

Research by Smits-Engelsman, Rameckers and Duysens (2007) suggested that children with congenital spastic 

hemiplegia (CSH), which is a form of CP, obey Fitts’s law. That is, they let children with CSH and typically 

developing children (control group) perform a tapping task. They found that the movement time was related 

to the indices of difficulty. The only difference was that the interceptor α (reaction time) for the affected hand 

in the CSH group was higher compared to non-affected hand in the CSH group and the preferred and non-

preferred hand in the control group.  

                                                           
Avans+ University of Professionals, Department of Physiotherapy, Heerbaan 14-40, Postbox 2087, 4800 CB Breda, The Netherlands;  
Maastricht University Medical Centre, Department of Rehabilitation Medicine & Adelante Center of Expertise in Rehabilitation & 
Audiology, P.O. Box 616, 6200 MD Maastricht, The Netherlands 
2 NOOS Design is a company by Tom Frissen MSc, Chris Rameckers MSc and Paul Voncken MSc/MA and focusses on healthcare 
innovation, concept development, production design and communication. Website: http://noosdesign.com/ 

http://noosdesign.com/
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Criteria of the interaction device 

As indicated before, task performance should be monitored during the exercise. Therefore, the right 

interaction device should be developed.  

Wattanasoontorn and colleagues (2013) provided a literature overview of different available SG’s which are 

used within healthcare. They classified these games according to the main purpose of the game (focus on 

health vs focus on health acquisition and medical skills), stages of the disease being treated, and the type of 

users of the system. Additionally, they used 15 criteria to deal with the game technology (e.g. platform, game 

engine, and interface). They found no correlation between the different characteristics (classifications and 

criteria). The only conclusion they could draw was that the average game was a portable3 PC game4, with a 

mouse as interaction tool5, which included progress monitoring6, performance feedback7 and adaptability8. 

Wattanasoontorn and colleagues (2013) predicted that the handheld devices with PC-like functionality and a 

3D interface will dominate the serious games for health market. However, Wattanasoontorn and colleagues 

(2013) had only one article that focused purely on rehabilitation.  

Nevertheless, one can state that the device should be portable and should be compatible with a PC/laptop. 

Furthermore, the device should be able to monitor the user’s progress. However, the interaction tool should 

not be a mouse, because the goal is to improve motor skills to handle everyday tasks with real (not virtual) 

objects (e.g. pouring water in a mug or moving a mug). Therefore, the interaction tool should match the real 

object for which the therapy is intended as close as possible.  

The supporting software should run on a PC/laptop. It should generate feedback based on the user’s progress 

monitored by the interaction tool. Furthermore, it should be able to adapt the feedback if necessary (e.g. make 

the rules of allowed behavior stricter when the user improves his/her motor skills). 

  

                                                           
3 91,67% of the games was portable 
4 70,35% of the games was played on a PC 
5 59,93% of the games uses a mouse as interaction tool 
6 82,415 of the games monitored the progress 
7 72,22% of the games provided feedback 
8 80,56% of the games was adaptable 
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Method 

This study investigated the research questions by assessing the influence of feedback valence (positive vs 

negative) and feedback type (factual vs social) on the exercise behavior of children under therapy for CP. That 

is, in very close collaboration with Adelante Zorggroep and NOOS Design, I added a short sequence of exercises 

to the therapy sessions these children have. Supervision over the therapy session, and the added exercises 

was by the regular therapist. I developed these exercises in collaboration with the therapist. Comparable to 

many of the other exercises that these children do in such a therapy session, the goal of the exercises I 

developed was to move an object (an empty coffee mug) from one position to another, on the table at which 

a child was seated.  

Because I would use different levels of intensity to provide feedback, I had to test the order of the intensity 

levels first. That is, I had to test the extent to which the stimuli were perceived as positive or negative. 

Therefore, I conducted a pilot study before the experiment could start. 

Pilot study 

For the pilot study, seven small videos were made. Each video contained a light bulb with a different color and 

different sound bleeps (see Table 2 for more details). These videos were shown to 6 female participants 

between the age of 12 and 14 (M = 13, SD = 0.63). The participants were told that they should imagine that 

the video indicated the mood of their English teacher. Then, the participants were asked to rate the mood of 

their English teacher according to the light of the light bulb and the sound they heard. They could score the 

video on a scale from 1 to 7, where 1 indicated a very bad mood (very negative) and 7 a very good mood (very 

positive). The mean score and standard deviation per video is shown in Table 1. The results provide the base 

for the order of the feedback intensity.  

Color of the Light Bulb  
(most negative at the top, most positive at the bottom) 

Mean Score SD Score 

Red 1.3 0.5 

Red orange 2.5 1.41 

Yellow orange 3 1.15 

Yellow 4.8 0.96 

Yellow green 5.2 0.96 

Light green 6.7 1 

Dark green 6.8 0.5 

Table 1 Pilot Study: The participants’ Evaluation Scores (Mean and SD) on a scale from 1 to 7  
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Participants and design 

10 children with CP between the age of 14 and 16 (M = 14.69, SD = 0.664) participated in this study. All 

participants had participated in an activity week at Adelante in which several small tests were conducted. 

Children with MACS level IV and V were excluded from the study. 

Independent variables 

This research compared two types of artificial feedback (factual vs social feedback) strategies by PT. 

Furthermore, this research compared feedback valence (positive and negative feedback). This led to a 2 

(factual vs social feedback) x 2 (positive vs negative feedback) within subjects design. 

The feedback type, the setting in which the artificial feedback was provided, was determined before each 

session. That is, one session consisted out of repetitive performing one task. If the feedback condition was 

factual, the feedback during this session was provided by a colored light bulb and two sequential sound bleeps 

(see Table 2). If the feedback condition was social, the feedback during this session was provided by a talking 

female avatar with facial expressions (see Table 3).  

The feedback valence was determined before each trial of the session. That is, the series of trials was devised 

such that within one session half the time positive feedback was provide and the other half negative feedback 

was provided by the system. 

Level of 

feedback 

NegMax NegMid NegMin Neutral PosMin PosMid PosMax 

Color of the 

light bulbs 

       

Bleeps that 

go along 

with the 

light bulb 

Pitch of the 1st 

bleep is ten 

steps lower as 

neutral bleep. 

Pitch of the 2nd 

bleep is 12 

steps lower 

than neutral. 

Pitch of the 1st 

bleep is five 

steps lower as 

neutral bleep. 

Pitch of the 2nd 

bleep is seven 

steps lower 

than neutral. 

Pitch of the 1st 

bleep is same 

pitch as 

neutral. Pitch 

of the 2nd bleep 

is two steps 

lower than 

neutral. 

Two bleeps 

with the same 

pitch. 

Pitch of the 1st 

bleep is same 

pitch as 

neutral. Pitch 

of the 2nd bleep 

is two steps 

higher than 

neutral. 

Pitch of the 1st 

bleep is five 

steps higher as 

neutral bleep. 

Pitch of the 2nd 

bleep is seven 

steps higher 

than neutral. 

Pitch of the 1st 

bleep is ten 

steps higher as 

neutral bleep. 

Pitch of the 2nd 

bleep is 12 

steps higher 

than neutral. 

 

Table 2 Evaluative States of the Light Bulb 
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Dependent variables 

Task performance 

According to Bonnechère and colleagues (2014), task performance with respect to children with CP is a difficult 

variable to measure. That is, there are no general guidelines on specific task performances because of the 

individual differences. As described earlier, research indicates that children with CP obey Fitts’s law (Smits-

Engelsman, Rameckers, & Duysens, 2007). This was a useful aid to set up tasks. Fitts’s law is based on the 

reaction time, the distance to cover and the precision with which this has to be done. These three variables 

could serve as DV’s to measure task performance. However, for technical and practical reasons, I only chose 

precision to determine task performance. Precision was measured by recording the tilt of the mug while it was 

moved.  

Motivation 

Motivation was measured by filling out three small evaluative surveys (see Appendix D for the full surveys in 

Dutch). The first survey had to be filled out at the start of the experiment and was meant to define the basic 

motivation of the participant. The second and third survey were the same and had to be filled out after 

performing the first and second round of 50 trials series.  

The surveys were based on the Intrinsic Motivation Inventory (IMI) (McAuley, Tammen, & Duncan, 1987) and 

Motives for Physical Activities Measure – Revised (MPAM-R) (Ryan, Frederick, Lepes, & Rubio, 1997). Only one 

participant did not answer all questions, which resulted in one missing value in the data set. For this analysis, 

only feedback type (factual vs social feedback) was used as dependent variable. Feedback valence (positive vs 

negative feedback) could not serve as a dependent variable, because both conditions were used within one 

session. Before doing any analysis, I had to reverse questions 5, 7, 8 and 10, because they were stated in 

reverse.  

Level of 

feedback 

NegMax NegMid NegMin Neutral PosMin PosMid PosMax 

Facial 

expressions 

of the avatar 

       

Speech of the 

avatar 

That could be 

much better! 

That could be 

better! 

That could be 

slightly better! 

Well done. 

Keep trying! 

That goes well! That goes very 

well! 

That is perfect! 

Table 3 Evaluative States of the Avatar 
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Then, I investigated whether the questions of the survey had common underlying factors by using a factor 

analysis. I tested the underlying factors for correlation with a 2-tailed Pearson Correlation test. There was a 

correlation between question 2 (“I want to get better at this exercise”) and question 6 (“I belief that this 

exercise is important to me”), r (8) = 0.857, p < 0.001, question 3 (“I liked this exercise”) and the reverse of 

question 7 (“I feel like this was a boring exercise”  , r (8) = 0.617, p = 0.004, the reverse of question 5 (“I did 

not do my best”) and the reverse of question 8 (“I am disappointed with my performance on this exercise”), r 

(7) = 0.525, p = 0.021, and the reverse of question 5 and the reverse of  question 10 (“I will not do this exercise 

ever again, because it is useless”), r (8) = 0.506, p = 0.023. Then, I performed a Principle Components Analysis 

(PCA) with oblique rotation to investigate if I could find any overarching factors. Unfortunately, the KMO was 

0.361, so the basic assumption to perform a factor analysis was violated. Hence, a factor analysis could not be 

used to extract more data from these results. 

Lastly, I controlled for reliability. However, no combination of questions reached Cronbach’s α > 0.7. 

Materials 

Mug and playfield 

 
Figure 4 Mug with build in chip 

The mug and associated software was developed by NOOS 

Design. The mug was made of PLA plastic with a 3D printer. 

It contained a 3-axis accelerometer, a 3-axis gyroscope and 

a 3-axis compass. Furthermore, it had Bluetooth 4.0 and a 

400mAh Li-Poly battery, so it could be used wireless.  

The software was programmed in C++. Every 0.5 second, 

the program stored the values of the pitch and the role of 

the mug. Furthermore, it determined if and how long the 

mug was moving. 

 
Figure 5 Playfield 

The playfield was also developed by NOOS 

Design. It consisted out of a wooden shelf with 

a platform made of perspex. Stickers with colors 

(blue vs purple) and characters (A vs B) were 

placed on the playfield to indicate the targets to 

which the participants should move the mug. 
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Exercises description 

The exercises that the children had to perform with the mug and the playfield were set up in collaboration 

with the therapists. The essence of each exercise was to move a mug from one place to another. For each 

feedback type (factual vs social), the children performed a different exercise. Therefore, two exercises were 

used, which were counterbalanced across these (within) conditions. For the first exercise, the children had to 

move the mug vertically over a distance of 50 cm (see Figure 6). For the second exercise, the children had to 

move the mug horizontally over a distance of 60 cm (see Figure 7). I chose these distances, because the 

children would be able to accomplish the task while they remained on one place, but still had to bridge a 

distance which was large enough to be a challenge. That is, if the distance would be too small, the system 

would not be able to do enough measurements and to calculate the mean tilt of the mug adequately during 

the movement. If the distance would be too large, the children would not be able to complete all repetitions. 

Feedback system 

According to Bonnechère and colleagues (2014), one of the reasons why they could not conclude that SG 

influenced the performance of children with CP was that the variance per child was very divergent. Therefore, 

it was very difficult to compare the performance of the children with each other. In order to obviate this 

problem, I built a feedback system that could deal with differences between its users. I determined the basic 

task performance of each child by using basic statistics. That is, before a child had to perform the exercise with 

feedback, the child had to perform 10 practice trials. The sensor in the mug detected when the mug was 

moving. As soon as the mug was moving, the system started measuring the pitch and role of the mug, 

calculating the tilt, storing the tilt of the mug with 0.5 second intervals and counting the number of 0.5 second 

intervals. The tilt of the mug was determined by calculating the Euclidian distance between the vectors pitch 

and role of the mug (see Equation 2).  

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =  �𝑝𝑝𝑡𝑡𝑡𝑡𝑝𝑝ℎ2 + 𝑟𝑟𝑟𝑟𝑡𝑡𝑟𝑟2 

Equation 2 Euclidian distance to calculate tilt of mug 

The first and the last three tilt-measurements of each trial were left out, because these would bias the 

measurements when the mug was in the air. That is, they did not represent the real tilt of the mug, because 

 

Figure 6 Set-up of exercise 1 (side view).   

 
Figure 7 Set-up of exercise 2 (top and front view). 
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the software started measuring as soon as the mug was moved. However, the mug was still standing at that 

moment. Thus, the first three and last three measured tilts were always very close to or equal to zero and 

therefore biased the measurement of the full movement. With measured tilts, the variance per child per task 

could be calculated with the following equation: 

𝜎𝜎 =  �
∑ (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑖𝑖 − 𝜇𝜇)2𝑡𝑡𝑡𝑡𝑡𝑡
𝑖𝑖=0

𝑡𝑡𝑡𝑡𝑡𝑡
 

Equation 3 Variance per Child 

With σ as the variance, tst as “total number of stored tilts”, µ as the offset of the mug before moving (thus 0 

when the table is leveled) and tilti as the measured tilt. After 10 practice trials, the system calculated the child’s 

variance. With this information, the system could calculate the Z-score for each child’s task performance on 

the tilt of the mug. 

When the variance was known, the real trials could start. At the beginning of each real trial, the system 

determined at random which feedback valence (positive or negative) should be provided. Again, the system 

calculated the tilt of the mug with a 0.5 second interval, but now the system also calculated the Z-score with 

each interval and counted the total number of Z-scores per trial. After each trial, the mean Z-score was 

calculated.  

Depending on the Z-score and the feedback valence, the system determined the intensity of the feedback. 

That is, there were four levels of negative feedback (from lowest to highest: NegMax, NegMid, NegMin, 

Neutral) and four levels of positive feedback (from lowest to highest: Neutral, PosMin, PosMid, PosMax). In 

both valence conditions, there was a neutral valence level of feedback. This was in both valence conditions 

the same stimulus. In the negative feedback condition, NegMax was the worst possible type of feedback to 

receive from the feedback system and Neutral is the best possible type of feedback to receive from the 

feedback system. In the positive feedback condition, Neutral was the worst possible type of feedback to 

receive from the feedback system and PosMax was the best possible type of feedback to receive from the 

feedback system.  

The system kept also track of a total score. If the total score divided by number of past real trials was greater 

than 0.8 and the number of past trials was greater than 5, the system decreases the standard deviation with 

10%, so the child had to be more precise to obtain the same score. This was done to reduce learning effects. 

Table 4 contains an overview about the relation between the Z-score, the intensity of feedback which the 

system provided and the points added to the total score to determine if the variance should be adjusted.  

The feedback system was programmed in JAVA. 
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Z-score |Z|≤0.5 0.5<|Z|≤1 1<|Z|≤2 2<|Z| 

Condition: Positive feedback PosMax PosMid PosMin Neutral 

Condition: Negative feedback Neutral NegMin NegMid NegMax 

Points added to total score 1 0.5 0.25 0 

Table 4 Levels of Intensity and associated Scoring Point to determine the adjusted SD 

Coding additional variables 

The data needed some adjustments and control analyses before the effects of feedback type and feedback 

valence on task performance could be analyzed. First, every first move of the participants needed to be filtered 

out of the data set, because there was no previous feedback valence available. Then, three new variables were 

created: ‘Condition’, ‘real mean Z-value’ (Zreal) and ‘Intensity’ (see Appendix C). The variable condition was 

simply the combination of the variables feedback type and feedback valence. The Z-values (ZadjSD), which 

determined the feedback intensity, depended on an adjusted SD (SDadj). That is, if the participant was 

performing the task well, the SD would decrease with 10%. A participant was performing well when [total 

scored points / N of completed moves] was greater than 0.8 and number of completed moves was greater 

than 5. ZadjSD was used to determine the intensity and therefore ZadjSD could not be used as a predictor of task 

performance. Hence, I calculated Zreal by multiplying the ZadjSD with the adjusted SD and then dividing it by the 

original SD as determined by the practice trials. This led to the following equation: 

 

 

Intensity was calculated according to the mean Z-score of the previous move and feedback valence of the 

previous move (see Table 4) on a scale from 0 to 3, in which 0 was the lowest level of intensity (Neutral 

feedback) and 3 the highest level of intensity (PosMax and NegMax). 

Other materials 

During the experiment, the feedback was displayed on a small screen. The software ran on a HP 8510 laptop 

with Microsoft Windows 7.  

Procedure 

The experiment was part of a small set of tests and experiments as part of an activity week at Adelante. For 

this activity week, the children and one of their parents/guardians had signed a form, in which they declared 

that they understood and agreed with the conditions under which the tests and experiments of the activity 

week were carried out. 

𝑍𝑍𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 =  
𝑍𝑍𝑟𝑟𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 × 𝑆𝑆𝐷𝐷𝑜𝑜𝑟𝑟𝑖𝑖𝑜𝑜𝑖𝑖𝑜𝑜𝑟𝑟𝑟𝑟

𝑆𝑆𝐷𝐷𝑟𝑟𝑎𝑎𝑎𝑎
  

Equation 4 Participants Real Mean Z-score on Task Performance used for analysis 
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When the participants came in, they were welcomed by one of the therapist at Adelante. First, the therapist 

introduced everyone (participants, parents/guardians, experiment leaders and other therapists) to each other 

and gave a very brief summary of the different test and experiments of which the children would take part of. 

Then, the children were asked to go to the experiment leaders, who would explain the experiment in more 

detail.  

At the start of the experiment, the experiment leader explained the procedure of the experiment. That is, the 

experiment would take 30 minutes. Furthermore, the experiment was divided into two rounds, in which the 

participants had to perform the two different exercises. That is, each round contained one exercise and one 

feedback type condition. The order in which the participants had to perform the exercises and the feedback 

type to which the participants were assigned were randomly selected and counterbalanced per round. One 

round followed the same procedure. First, the experiment leader explained which exercises the participant 

had to perform, what the participant could expect to see on the screen (a light bulb or a female face) and that 

the experiment consisted out of 2 identical rounds. That is, one round consisted out of one series of 10 practice 

trials, one series of 50 real trials and a survey at the end of the real series. The experimenter emphasized that 

the tilt of the mug should be as small as possible while performing the exercise. Furthermore, the 

experimenter explained that the exercises should be performed with the participant’s affected hand.  

Then, the participants had to answer three questions about their motivation to learn new skills, after which 

the first series of 10 practice trial could start. During these first ten trials, the variance of the tilt of the mug 

was determined and the participants could try how they should hold the mug. Thereafter, the participants 

performed the exercise 50 times. Furthermore, the experiment leader was observing the exercises and 

reserved the right to stop the exercise if he/she considered continuing the exercise would have negative 

consequences for the participant or the used materials. After the participants had performed the exercise 50 

times, they had to fill out a survey about their motivation. Then, the second round started. At the end of the 

experiment, the participant were thanked and debriefed. Lastly, the children would shift to the next 

experiment. 
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Results 

The results were divided in three parts. First, I reported the results of the hypothesis testing. Second, I provided 

(subjective) observations which I gained during the experiment. Although these observations were not 

intended to be part of the experiment, they could be of added value for the purpose of the further 

development of a SG with a build-in feedback system as support of the therapy for children with CP. The 

subjective observations provide arguments to perform further exploratory analyses on task performance. The 

results of these exploratory analyses are shown in the third part.  

Task performance 

To investigate the effects of feedback type and feedback valence on task performance, the participants task 

performance score was submitted to a 2 (type of feedback: light bulb vs avatar) x 2 (feedback valence: positive 

vs negative) MIXED analysis with repeated measurements trial number and task within subjects.  

Before I could test my hypotheses, the data was checked for outliers and abnormal values. If the participants 

average score on task performance was less than 0,0001 and the time to complete the move was less than 1 

second, the values were filtered out of the data set. These values were probably caused by participant who 

gave a little twist to the mug after completing their move. They did this to place the mug properly, so they 

could grab it with more ease at the start of the next move. These data had to be removed, because the system 

registered these corrections as separate, extra movements, while these where not real movements from one 

target to another. To determine outliers, the data was grouped in four by condition. Finally, 108 lines had to 

be removed from the data.  

 

 
Figure 8 The participant’s task performance based on feedback 
valence (positive vs negative). 

Confirming the first hypothesis (H1, when participants 

(children with CP) receive negative feedback, their task 

performance is higher than when they receive positive 

feedback), participants who received negative feedback 

after the previous trial had a higher task performance (M 

= 0.394, SD = 0.382) than participants who received 

positive feedback after the previous trial (M = 0.466, SD = 

0.391), F (1, 469.471) = 13.624, p < 0.001. That is, the tilt 

of the mug was smaller when participants moved the mug 

when they received negative feedback, compared to 

when they received positive feedback. 

0.35

0.4

0.45

0.5

Negative PositiveTa
sk

 P
er

fo
rm

an
ce

 (t
ilt

 o
f t

he
 m

ug
) 

Feedback Valence

Task Perfomance 
(Feedback Valence)



27 

Not presenting support for the third hypothesis (H3, there is an interaction effect between feedback type and 

feedback valence), the analysis showed no overall interaction effects between feedback type and feedback 

valence on task performance. That is, there was no evidence found that positive (M = 0.471, SD = 0.435) and 

negative (M = 0.379, SD = 0.419) feedback was larger within the social condition, compared to the positive (M 

= 0.462, SD = 0.340) and negative (M = 0.410, SD = 0.339) feedback within the factual condition, F (1, 482.921) 

= 2.688, p = 0.102.  

 
Figure 10 The participant’s task performance based on interaction between feedback type (factual vs social) and feedback valence 

(positive vs negative). 
However, further analysis of simple effects showed that within social feedback there was a difference between 

social negative feedback and social positive feedback. That is, results suggested that participants who received 

social negative feedback had a higher task performance than participants who received social positive 

feedback, F (1, 416.456) = 14.620, p < 0.001. In other words, the tilt of the mug was smaller when participants 

moved the mug when they received social negative feedback, compared to when they received social positive 

feedback.  
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Figure 9 The participant’s task performance based on 
feedback type (factual vs social) of the previous trial. 

Furthermore, results suggested a trend in support of the 

second hypothesis (H2, when participants receive social 

feedback, their task performance is higher than when they 

receive factual feedback). That is, results provide small 

evidence that participants who received social feedback 

from an avatar had a higher score on the task performance 

(M = 0.425, SD = 0.429) than participants who received 

factual feedback (M = 0.436, SD = 0.340), F (1, 431.772) = 

3.562, p = 0.060. In other words, the tilt of the mug was 

smaller when participants moved the mug when they 

received social feedback, compared to when they received 

factual feedback. 
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Furthermore, analysis of simple effects showed that within negative feedback there was a difference between 

social negative feedback and factual negative feedback. That is, results suggested that participants who 

received social negative feedback had a higher task performance than participants who received factual 

negative feedback, F (1, 493.377) = 6.117, p = 0.014. In other words, the tilt of the mug was smaller when 

participants moved the mug when they received social negative feedback, compared to when they received 

factual negative feedback.  

No differences of effects between factual feedback and social feedback within positive feedback were found. 

No differences of effects between negative feedback and positive feedback within factual feedback were 

found. 

Motivation 

To investigate the effects of feedback type on motivation, I used the Non Parametric Wilcoxon test to compare 

the answers of the questionnaires after the participants received (factual vs social) feedback from the system. 

Analysis for the fourth hypothesis (H4, social feedback has a larger effect on motivation than factual feedback) 

provided no evidence that participants who received social feedback had a higher motivation than participants 

who received factual feedback. 

Figure 11 The participants’ motivation based on feedback type (factual vs social). 

Subjective observations 

The observations were divided in four different categories. The first category was the strategy which the 

participants had to use to move the mug per task. The second category was the degree of control they had to 

move the mug. The third category was the grip which the participants used to hold the mug. The fourth 

category was the movement of the mug between moves. 
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Task: moving strategy 

It appears that, although the feedback system was capable to handle different levels of skill, the participant 

was not always able to fulfill the task. In this case, participants used different strategies to move the mug 

vertically compared to moving the mug horizontally. Three participants had difficulties to complete exercise 1 

because the upper target was too high to reach within one position (sitting or standing). This was mainly 

because they could not stretch their arm far enough to reach the target. In two cases, the children could solve 

this problem by standing up and sitting down each time they had to move the mug. For the third case, I had 

to adjust the height of the target by stacking books. With this adjustment, the participant could complete the 

task. This adjustment was possible, because the performance was determined by the personalized standard 

deviation. 

Task: control  

For each task, the participants had to control their strength differently. This became particularly evident when 

the participants had to move the mug downwards during exercise 1, where they had to move the mug 

vertically. This happened in two cases with such a speed and power, that the bottom came loose from the 

mug and the experiment had to be put on hold until the mug was fixed.  

Grip 

The third group of observations consists out of the different grips, which the participants used for moving the 

mug. Most participants held the mug ordinary. That is, they held it from the side, opposite to the mug’s ear or 

at the same side as the ear. Sometimes, participants held the mug at the ear. However, it appeared that this 

grip was much more difficult, because the mug was able to slide through their fingers, which resulted in a 

greater angle. Some participants could not let go of the mug in a smooth motion. That is, they had to use the 

mug as a lever to detach their hands from the mug by pushing the mug down and twisted their hand with the 

fulcrum at the top of the mug. This was one 

way that the participants used to let go of the 

mug. However, some of the participants could 

not hold the mug by this ordinary way. For 

these participants, I had to remove the cover of 

the mug, so they could put their fingers in the 

mug (four fingers on the inside of the mug and 

the thumb on the outside).  

  
Figure 12 The participant moves the mug vertically. He uses a grip 

where his hand is on top of the mug. 
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Preparation for next move 

Some participants replaced the mug after they completed their move to set it in a more pleasant position, so 

they could grab it with move ease the next move. However, the system also registered and gave feedback on 

these moves.  

Exploratory analysis on task performance 

Some variables which also could have an effect on task performance were the task which the participants had 

to perform and the intensity of the given feedback. Therefore, the variables task (exercise 1 vs exercise 2) and 

intensity (level 0 to 3) were added as covariates. Task was added because the observations during the 

experiment indicated that participants might have more difficulty to complete exercise 1 compared to exercise 

2. Intensity was added because it was a direct indicator of the strength with which feedback valence was 

provided. Furthermore, task and intensity were added to the MIXED MODEL as fixed factor, because they were 

selected by the experiment design. This led to new main and interaction effects.  

Main effects 

Again confirming the first hypothesis (H1, when participants (children with CP) receive negative feedback, 

their task performance is higher than when they receive positive feedback), results suggested again an effect 

of feedback valence on task performance. That is, participants who received negative feedback had a higher 

task performance than participants who received positive feedback, F (1, 287.287) = 28.422, p < 0.001. 

Furthermore, results suggested again a trend in support of the second hypothesis (H2, when participants 

receive social feedback, their task performance is higher than when they receive factual feedback). That is, 

results provided evidence that the task performance was higher when participants received social feedback 

from an avatar than to participants who received factual feedback, F (1, 11.133) = 4.506, p = 0.057. In other 

words, the tilt of the mug was smaller of participants who moved the mug when they received social feedback, 

compared to participants who received factual feedback. 

 
Figure 13 The participants’ task performance based on the 

exercise (vertical vs horizontal movement) they had to perform. 

Additionally, confirming the observations during the 

experiment there was a difference in task 

performance between exercise 1 and exercise 2. That 

is, participants who performed exercise 2 had a 

higher task performance (M = 0.391, SD = 0.416) than 

participants who performed exercise 1 (M = 0.468, SD 

= 0.355), F (1, 233.761) = 6.253, p = 0.013. In other 

words, the tilt of the mug was larger when 

participants moved the mug vertically, compared to 

when they moved the mug horizontally.  
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Lastly, a trend could be spotted for the main effect of intensity on task performance, F (1, 276.845) = 3.140, p 

= 0.077. That is, the tilt of the mug was largest within intensity level 2 and smallest within intensity level 0. 

 
Figure 14 The participants’ task performance based on the intensity level (0-3) with which the system provided feedback. 

Interaction effects 

First, I investigated the 2 way interaction effects. Again, analysis for the third hypothesis (H3, there is an 

interaction effect between feedback type and feedback valence) provided no evidence for an interaction effect 

between feedback type and feedback valence, F < 1. Additionally, results suggested interaction effects 

between feedback valence and task, F (1, 241.032) = 31.684, p < 0.001, between feedback valence and 

intensity, F (1, 262.151) = 41.505, p < 0.001 and between task and intensity, F (1, 157.128) = 5.210, p = 0.024. 

Furthermore, results suggested a trend between feedback type and task, F (1, 10.591) = 3.882, p = 0.076. No 

interaction effect was found between feedback type and intensity, F (1, 258.761) = 1.478, p = 0.225. 

Second, I investigated the 3 way interaction effects. Results suggested a 3 way interaction effect between 

feedback valence, task and intensity, F (1, 159.732) = 39.073, p < 0.001. No significant differences were found 

for other 3 way interactions, F < 1. No significant effects were found for the 4 way interaction between 

feedback type, feedback valence, task and intensity, F (1, 217.649) = 0.942, p = 0.333.  

To get more insight, the found interaction effects was further disassembled. First, I looked at the effects of 

feedback type, feedback valence and intensity only within exercise 1 and then only within exercise 2. 
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Additional analysis within exercise 1 

Furthermore, results suggested a trend within 

feedback type. That is, within exercise 1 and 

opposite to the second hypothesis, the task 

performance was lower when participants received 

social feedback (M = 0.536, SD = 0.380), than when 

they received factual feedback (M = 0.403, SD = 

0.317), F (1, 15.815) = 4.300, p = 0.055. Thus, the tilt 

of the mug was smaller when participants moved 

the mug when they received social feedback, 

compared to when they received factual feedback.   

 
Figure 15  The participants’ task performance based on the feedback 

type (factual vs social) within exercise 1  

Results suggested that, within exercise 1 also 

conform the first hypothesis, the task performance 

was higher when the system provided negative 

feedback (M = 0.431, SD = 0.345), comparted to 

positive feedback (M = 0.505, SD = 0.363), F (1, 

247.866) = 15.954, p < 0.001. Thus, the tilt of the 

mug was smaller when participants moved the mug 

when they received negative feedback, compared 

to when they received positive feedback.   

 

Figure 16 The participants’ task performance based on the feedback 
valence (positive vs negative) within exercise 1 

Furthermore, an interaction effect was found again for feedback valence and intensity, F (1, 262.886) = 35.858, 

p < 0.001. Additionally, a trend was found for the interaction effect between feedback type and feedback 

valence, F (1, 247.866) = 2.830, p < 0.094. 

All other variables and interactions within exercise 1 had no significant differences. 
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Figure 17 The participants’ Mean Task Performance based on the Intensity (0-3) within exercise 1 
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Additional analysis within exercise 2 

 
Figure 18 The participants’ Task Performance based on the Feedback 

Valence (positive vs negative) within exercise 2 

Results suggested that, within exercise 2 also 

conforming the first hypothesis, the tilt of the 

mug was smaller when the system provided 

negative feedback (M = 0.356, SD = 0.414), 

compared to positive feedback (M = 0.426, SD = 

0.415), F (1,215.236) = 6.551, p = 0.011. 

 
Figure 19 The participants’ Task Performance based on the Feedback 
Type (factual vs social) within exercise 2 

Furthermore, results suggested no effect within 

feedback type. That is, within exercise 2, the tilt 

of the mug was not significantly different when 

participants received social feedback (M = 0.316, 

SD = 0.448), than when they received factual 

feedback (M = 0.472, SD = 0.361), F (1, 11.636) = 

1.601, p = 0.230. 

Additionally, intensity had an almost significant effect on task performance, F (1, 125.438) = 3.514, p = 0.063.  

Furthermore, results suggested that there was an interaction effect between feedback valence and feedback 

type, F (1, 215.236) = 4.919, p = 0.071. Lastly, results suggested a 3 way interaction effect between feedback 

valence, feedback type and intensity, F (1, 166.821) = 5.616, p = 0.019.  

No significant interactions were found between feedback valence and intensity and between feedback type 

and intensity.   
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 Figure 20 The participants’ Task Performance based on the Intensity Level (0-3) within exercise 2 
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Discussion 

The aim of this study was to compare the effectiveness of different PT strategies as part of SG in support of 

therapy for children with CP. Therefore, the current research investigated the effect of feedback valence 

(positive vs negative) and feedback type (factual vs social) on task performance and motivation of children 

with CP during therapy exercises. In an experimental field study, participants had to move a mug from one 

place to another, while keeping the mug as straight as possible. During this exercise, they received feedback 

on their task performance from a system. This feedback was expressed in a positive or a negative sense and 

was provided by a female avatar or a light bulb.  

In line with the hypothesis, results presented evidence that participants who received negative feedback 

performed the task better than participants who received positive feedback. Furthermore, results suggested 

that participants who received social feedback had a better task performance than participants who received 

factual feedback. This finding on factual vs social feedback is also in line with my hypothesis, as a one-way 

ANOVA test would lead to more robust results of significance. Also, as in line with the hypothesis, participants 

who received social negative feedback had the highest task performance. 

Overall, the findings on the main effects of this research are consistent with earlier research by Ham and 

Midden (2010). That is, the study by Ham and Midden (2010) likewise suggested that negative feedback has a 

larger effect on task performance than positive feedback. Additionally, Ham and Midden (2010) suggest that 

social feedback has a larger effect on behavior than factual feedback. However, for the study of Ham and 

Midden (2010) the goal was to influence environmental friendly behavior by providing feedback on how 

participants programmed a washing machine. As indicated, programming a washing machine is a different 

kind of behavior compared to physical exercises. That is, programming a washing machine is energy 

conservation behavior, while moving a mug in the context of therapy for children with CP is physical exercise 

behavior. Therefore, the effects of feedback type on task performance might depend on the behavior to 

influence. That is, the effects of social (vs factual) feedback on exercise behavior might be less in contrast to 

the effects of social (vs factual) feedback on energy conservation behavior. Still, they influence exercise 

behavior. Therefore, I argue that the effects of feedback valence and feedback type on environmental friendly 

behavior as investigated by Ham and Midden (2010) also apply on task performance for exercise behavior for 

children with CP.  

Furthermore, as in line with Ham and Midden (2010), the results of this study suggested that the effect of 

feedback valence on task performance was larger than the effect of feedback type on task performance. This 

suggests that children with CP are more influenced by information that tells them if they are performing well 

or not, than how this information is provided (with a light bulb or a female avatar). In other words, children 
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with CP benefit more from instructional feedback when doing physical exercise. In general, this was also 

suggested for systems which provide feedback on physical exercises by Boyle, Connolly and Hainey (2011). 

Although the results suggested effects of feedback valence and feedback type on task performance, results 

did not provide evidence in support of the third hypothesis. That is, no interaction effects between feedback 

type and feedback valence were found. Nevertheless, analysis of simple effects showed that, within the 

condition social feedback, negative feedback had also a stronger effect on task performance, compared to 

positive feedback. Furthermore, within the condition negative feedback, social feedback had a stronger effect 

on task performance than factual feedback. Thus, children had the best task performance when they received 

social negative feedback. 

The results on the surveys about the children’s motivation did not suggest any difference between the 

motivation for doing exercises while factual feedback was provided or doing exercises while social feedback 

was provided. Therefore, not supporting the suggestion of Bonnechère and colleagues (2014), no mediation 

of motivation between feedback type and task performance could be found. The questions in the surveys were 

based on the Intrinsic Motivation Inventory (IMI) (McAuley, Tammen, & Duncan, 1987) and Motives for 

Physical Activities Measure – Revised (MPAM-R) (Ryan, Frederick, Lepes, & Rubio, 1997). These questionnaires 

are often regarded as a standard to measure motivation. Therefore, the design of the surveys could not be 

the reason why no differences of motivation within feedback type were found. 

One reason why feedback type had no influence on motivation might be the many iterations (50 trials) per 

round. This number of iterations might have required a lot of the children’s effort and attention to perform. 

Therefore, it might have flattened the children’s motivation, regardless the feedback type.  

Limitations 

This research was performed to provide more insight into the principles of SG as part of the therapy for 

children with CP. However, the research had some limitations of which some should be further investigated 

in future studies. 

The first limitation was the setting in which the participants had to perform their exercise. The setting was not 

a real game setting. Nevertheless, it was a setting comparable to how children with CP currently practice their 

exercises with the addition of a game. That is, there was a playfield which the participants used to perform 

their exercise and a system that accompanied them by providing objective feedback while they performed 

their exercises. However, real fun factors (e.g. completing a level or collecting bonus items) were missing. 

Stepwise expending the exercise to a full (serious) game might be considered to explore the full potential of 

SG.  
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Another limitation of the study might be that some of the participants did not severely suffer from there 

disability caused by CP. That is, they performed almost like a non-disabled person. However, they were 

diagnosed with CP and therefore fit into the target group of this research. One possible solution to overcome 

this problem is to make the difficulty of the task depend on the individual level of the participant. Overall, 

most participants declared that it was a challenging exercise due to the number of iterations they had to 

perform. That is, participants declared that performing two times 50 iterations was a lot. From this, I conclude 

that both exercises had a good level of difficulty. Moreover, one of the participants was not able to complete 

exercise 2. In consultation with the therapist, I adjusted the height of the platform by piling a couple of books 

until the participant could just accomplish the exercise. The feedback system took individual differences into 

account and was not depending on a specific distance that the player should cover with the mug. Therefore, 

adjusting the height had no consequences for the score on task performance. 

Future research 

During this research, some interesting new developments showed up that should be investigated in future 

research.  

First, the provided least intensive negative feedback (very high task performance) was the same feedback as 

in the least intensive positive feedback (very low task performance), and was labeled as neutral. This neutral 

feedback could be included as a third value of feedback valence in future studies concerning feedback valence 

with different levels of intensity.  

Furthermore, the system provided only feedback on the tilt of the mug. However, for the purposes of exercise 

therapy, the system should also be able to provide feedback on other variables, like speed, weight or distance, 

that are of importance for exercise therapy. However, not all of these variables could be measured with the 

current system. Although the tilt of the mug could be measured with sufficient precision, other variables like 

acceleration could not be measured with sufficient precision. As Wattanasoontorn and colleagues (2013) 

already showed, other interaction devices like the Microsoft Kinect might be added as an additional interaction 

tool to increase precision. Additionally, a device like the Microsoft Kinect can also serve as a tool to monitor 

not only the movement of the mug, but also to monitor the position and body movement of the player, so the 

system could also provide feedback on these measurements. It should be investigated, which enhancements 

of the system would be of added value, not only to optimize the system, but also to broaden the support of 

the therapy for children with CP. 

Furthermore, the effects of feedback valence on motivation were not investigated in this research. However, 

feedback valence had an effect on task performance. Bonnechère and colleagues (2014) suggested that task 

performance might be increased by an increase in motivation. This suggestion could not be investigated by 
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this research and still leaves the question: is there a mediating effect of motivation on the effect of feedback 

valence on task performance? A follow-up study might provide an answer to this question.  

Although unrelated to the research questions, it became clear that there was a difference in difficulty between 

the two exercises. Observations on both exercises suggested that the first exercise (vertical movement) was 

the most difficult to perform compared to the second exercise (horizontal movement). Exploratory analysis 

on the effect of the exercise on task performance confirmed this observation. One explanation could be, that 

during the practice trials where the SD was determined, the children still had to find the best strategy to move 

the mug. It is possible that the best strategy was easier to find for exercise 2 compared to exercise 1. As a 

consequence, participants still had to find the best fitting strategy to move the mug after the practice trials 

were already done for exercise 1. Therefore, their score on task performance on exercise 2 was better than 

on exercise 1. Another explanation for the difference in task performance between exercise 1 and exercise 2 

could be that not every participant could complete the exercises with the same movement. That is, 

participants who had to stand up from their chair to lift the mug to the upper target to perform exercise 1, 

had to move their body more. That is, they had to move their full upper body, which affected the tilt of the 

mug. This could have influenced the results and should be accounted for in future research (e.g. by making 

the height adjustable). In other words, it was not the case that some participants could not find the best 

strategy. They were simply not able to use a better strategy. Some participants had to use different strategies 

to move the mug vertically compared to moving the mug horizontally, because the target of exercise 1 was 

too high. One solution to this problem is to make the height of the target adjustable and take a height that is 

related to the height and arm length of the participant. The effects of the different tasks cannot be explained 

by the results of this experiment. Therefore, this is an issue for future research, in which effect of different 

trajectories could be used as a predictor for task performance.  

Lastly, this study provides insight into the effects of artificial feedback. The results of this study provide 

evidence that PT can be used in support of the therapy for children with CP, especially when the SG makes use 

of social negative feedback. Currently, most feedback during conventional therapy is provided by the 

therapist. However, a therapist provides feedback in many more forms than only feedback valence and will 

probably provide social feedback in a much stronger way than an artificial system can. Moreover, the current 

trend in the field of therapy for children with CP is that feedback should always be positively constructed (E. 

Rameckers and M. Coenen, Personal communication, July 7, 2014; see Appendix A). The results of this study 

are at right angles to this trend. This might indicate that the basics of both systems (conventional vs artificial) 

are of a different nature. Overall, no conclusions can be drawn if artificial therapy can compete with 

conventional therapy. However, the conclusions should be tested if they also apply for conventional therapy. 

Therefore, the comparison between conventional and artificial feedback is an issue for future research.  
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Implications and requirements for the applicability to therapy for children with CP 

In sum, the results of this study about the effects of feedback valence and feedback type on task performance 

provide evidence that by incorporating these persuasive strategies into SG, players might be able to increase 

their task performance. This means that the SG for therapy for children with CP should incorporate a social 

actor like a female avatar to provide feedback on task performance. Furthermore, this feedback should be 

stated negatively. Thus, the focus of the feedback should be on what can be improved on the exercise.  

Research by Herzfeld and colleagues (2014) suggested that people are better able to learn from exercises in 

which they make small mistakes and that they know that they are making those mistakes, than from exercises 

they perform well. A system that provides negative feedback can do this by pointing out what the user is 

performing not well enough. Therefore, people learn more from negative feedback that also points out what 

they are doing wrong (Boyle, Connolly, & Hainey, 2011). This is especially useful, when multiple variables 

besides tilt of the mug (e.g. weight of the mug or distance to target) are added to the SG to determine task 

performance. It is important that the player learns what part of the exercise should be improved and how it 

should be improved.  

This research provides evidence that, besides the effects of different persuasive strategies, also the exercise 

which the participants had to do influenced task performance. This is in line with the suggestions of 

Bonnechère and colleagues (2014), who stated that every task should be adaptable to the individual level, 

because it will otherwise be difficult to generalize the results. Therefore, the scores on task performance were 

standardized. However, the two exercises had a different influence on task performance, probably because 

the participants had to use a different strategy per exercise to move the mug. Thus, when doing therapy for 

children with CP, a specific exercise needs to be developed in order to train for a goal predetermined by the 

therapist and the child. 

Furthermore, the subjective observations reported that the children all used different strategies to hold and 

to move the mug. The current system could not measure these differences. Therefore, this study did not take 

these differences into account. It is possible that different strategies for grip and moving result in differences 

in task performances (Utley & Sugden, 1998). Therefore, if SG is used as part of the therapy for children with 

CP, it is desirable that the system can monitor these differences and provide feedback on how the players 

move the object. In addition, the system provided feedback on the full exercise. As the results indicated, there 

is a difference between horizontal and vertical movement. Therefore, I advise that the system should be able 

to provide feedback on different sub-trajectories (e.g. lifting the mug from the surface, horizontal movement 

in the air, vertical movement in the air, and putting down the mug) of the exercise. This way, the system will 

be able to influence the exercise behavior in a direct way by providing instructional feedback (Boyle, Connolly, 

& Hainey, 2011).  
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Conclusion 

The findings of this study enhance the understanding of persuasive strategies for the use of SG. On the basis 

of these findings, I argue that the stronger persuasive effect of negative feedback is strongly related to its 

efficaciousness. That is, the task performance of children with CP is improved most when these children 

receive negative feedback to change their exercise behavior to fit the desired behavior. Furthermore, within 

this negative feedback, a social agent seems to affect exercise behavior even more to fit the desired behavior. 

Additionally, this study showed that the effect of feedback also depends on the task at hand. Thus, when doing 

therapy for children with CP, specific exercises per child need to be developed in order to train for a 

predetermined goal. 

By applying the findings of this study in the field of SG for exercise therapy of children with CP (and possible 

also of other target groups), the therapy will not only become more joyful because of its game environment, 

but also more effective into improving the children’s task performance by using the right persuasive feedback 

strategy. A feedback system like the one in this study can serve in support of existing therapies. Children with 

CP might use the system on their own, in addition to the intensive one-on-one therapy sessions with the 

therapists. In this way, it will contribute to a better and easier life for children with CP. 
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Appendix A: Abstract of first visit at Adelante 

 

  
Samenvatting bezoek Adelante 
Datum:  21 juli 2014, 13:30u 
Locatie:  Onderstestraat 29, Valkenburg aan de Geul 

Aanwezig: Eugene Rameckers, Marcel Coenen, Thomas Martens 

Doel van het bezoek 

Het doel van het bezoek was om een indruk te krijgen van de doelgroep.  

Doelgroep 

Tijdens het bezoek was er een therapiekamp waar ongeveer 10 jongeren deelnamen. Deze jongeren 
kwamen uit heel Nederland, waren in de leeftijd van 12 t/m 16 jaar en hadden allemaal een bepaalde 
vorm van spasme.  

Observering 

Iedere jongere heeft individuele oefeningen met een eigen manier van aanpak (bijv. verschillende 
manier om veters te strikken). Deze oefeningen zijn gericht op het verbeteren van handelingen in hun 
dagelijkse leven.  

Een jongere heeft twee tot drie begeleiders. Tijdens de oefeningen krijgen de jongeren feedback van 
hun begeleiders.  

De tijd die het duurt voor het uitvoeren van de taken wordt met een stopwatch bijgehouden. De 
moeilijkheidsgraad van de oefeningen wordt iedere keer verhoogd. Dit wordt gedaan d.m.v. meer 
gewicht toevoegen of objecten met een andere vorm en/of textuur te kiezen.  

Het hoofddoel van de oefeningen is de kwaliteit verbeteren, dus de manier waarop ze de oefening 
uitvoeren. De kwantiteit komt later naarmate de oefening beter gaat vanzelf.  

Jongeren maken graag gebruik van de spelletjes die op de Wii en Xbox Kinect worden aangeboden. Ze 
spelen deze spelletjes in een “aangepaste” versie (bijv. Balance bord met een gewicht dat ze moeten 
vasthouden met beide handen).  

In de middag gingen de jongeren klimmen. Hier werd al snel duidelijk dat de individuele verschillen 
tussen de jongeren groot zijn. Sommige konden met gemak in het touw tot aan het plafond klimmen, 
terwijl anderen nog geen halve meter omhoog kwamen. Wat opviel was dat iedereen gewoon zijn 
eigen niveau/tempo aanhield en zich niet van de wijs liet brengen als een andere jongere de 
oefeningen veel sneller en/of konden uitvoeren.  

Gesprekjes Marcel en Eugene 

Deze info is verkregen tussen de activiteiten door tijdens het lopen naar een andere locatie.  

Er is weinig officieel onderzoek gedaan naar werkende methodes. Meestal wordt er een pilot studie 
gedaan, die dan moet gelden als referentie voor de methode. Dit komt deels omdat Adelante werkt 
met kleine klassen, maar ook omdat er voor ieder onderzoek toestemming aangevraagd moet worden, 
wat soms problemen met zich mee kan brengen. 
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Appendix B: Stored variables during experiment  

Variable Explanation 

ParNum Number of the participant 

Gender Male vs Female 

Age Age of the participant 

MACS MACS level of the participant 

Task The exercise the participant had to perform (exercise 1 vs exercise 2) 

VisualFb Feedback type (light bulb vs avatar) 

isPositive Current feedback valence (positive vs negative) 

Z-score Current mean Z-score of the mug’s tilt, Z-scores were calculated with 0,5 

second interval 

SD Current SD of the participant 

PreviousIsPositive Feedback valence of the previous move (positive vs negative) 

PreviousZ Mean Z-score of the mug’s tilt of the previous move 

#InterLoops Number of measurements with 0,5 second interval during one move 

Time Time that the participants took to complete the move 

MaxScore Total score (distribution of point: see Table 4 

FirstTask First exercise was exercise 1 or exercise 2 

FirstCondition First visual feedback was light bulb or avatar 

Table 5 Variables stored by Feedback System 

Appendix C: Calculated variables for data analysis 

Calculated Variable Explanation 

Condition Four different conditions: PreviousFeedbackValence (positive vs 

negative) x VisualFb (light bulb x avatar) 

Real_Zscore Mean Z-score based on the measured SD by the practice trials 

Intensity Intensity level of the previous feedback based on the previous Z-score 

and previous feedback valence on a scale from 0 to 3.  

Table 6 Variables Calculated for Data Analysis  
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Appendix D: Survey Motivation 

Vragen vooraf 
Zet een kruisje bij het antwoord dat het meest van toepassing is.  
 

Wat vind jij van oefeningen doen? 

  

 
Helemaal 

oneens 

 

Oneens 

 

 
Neutraal 

 

Eens 

 

 
Helemaal 

eens 

1. Ik wil nieuwe oefeningen leren 
 

     

2. Ik houd van een uitdaging. 
 

     

3. Het maakt mij niet uit als mijn 
vaardigheid met mijn aangedane hand 
verslechtert.  
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Vragen over de 1e oefening 
Zet een kruisje bij het antwoord dat het meest van toepassing is.  
 

Wat vond jij van deze oefeningen? 

  

 
Helemaal 

oneens 

 

Oneens 

 

Neutraal 

 

Eens 

 

 
Helemaal 

eens 

1. Deze oefening maakt me gelukkig. 
 

     

2. Ik wil beter worden in deze oefeningen. 
 

     

3. Ik vond deze oefening leuk om te doen 
 

     

4. Ik denk dat ik vrij goed ben in deze oefening, in 
vergelijking met medeleerlingen 

     

5. Ik heb helemaal niet mijn best gedaan. 
 

     

6. Ik geloof dat deze oefening belangrijk is voor 
mij. 

     

7. Ik vond dat het een saaie oefening was. 
 

     

8. Ik ben ontevreden met mijn prestatie van deze 
oefening. 

     

9. Ik heb heel erg geprobeerd om deze oefening 
goed te doen. 

     

10. Ik zou deze oefening nooit meer willen doen, 
want ik heb er niets aan. 
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Vragen over de 2e oefening 
Zet een kruisje bij het antwoord dat het meest van toepassing is.  
 

Wat vond jij van deze oefeningen? 

  

 
Helemaal 

oneens 

 

Oneens 

 

Neutraal 

 

Eens 

 

 
Helemaal 

eens 

1. Deze oefening maakt me gelukkig. 
 

     

2. Ik wil beter worden in deze oefeningen. 
 

     

3. Ik vond deze oefening leuk om te doen 
 

     

4. Ik denk dat ik vrij goed ben in deze oefening, in 
vergelijking met medeleerlingen 

     

5. Ik heb helemaal niet mijn best gedaan. 
 

     

6. Ik geloof dat deze oefening belangrijk is voor 
mij. 

     

7. Ik vond dat het een saaie oefening was. 
 

     

8. Ik ben ontevreden met mijn prestatie van deze 
oefening. 

     

9. Ik heb heel erg geprobeerd om deze oefening 
goed te doen. 

     

10. Ik zou deze oefening nooit meer willen doen, 
want ik heb er niets aan. 
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