
 Eindhoven University of Technology

MASTER

Indirect monitoring and social feedback interventions to motivate people to exercise more in
online fitness communities

Zhang, J.

Award date:
2017

Link to publication

Disclaimer
This document contains a student thesis (bachelor's or master's), as authored by a student at Eindhoven University of Technology. Student
theses are made available in the TU/e repository upon obtaining the required degree. The grade received is not published on the document
as presented in the repository. The required complexity or quality of research of student theses may vary by program, and the required
minimum study period may vary in duration.

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

            • Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
            • You may not further distribute the material or use it for any profit-making activity or commercial gain

https://research.tue.nl/en/studentTheses/adcd267e-9cf7-45b2-b866-effdfca406e6


 

 Eindhoven, 25th of August 2017 
 
 
 
 
 
 
 

           
 

 
 
 
 

 
 
 
 
 
 
 
 
 

 
 

identity number 0981487 
 

 
in partial fulfilment of the requirements for the degree of 

 
Master of Science 

in Human-Technology Interaction 
 

 
 

 
 
 
 
 
 
 
Supervisors: 
Uwe Matzat 
Jaap Ham 
 

Indirect monitoring and social feedback interventions 

to motivate people to exercise more in online fitness 

communities 

 
by Jianfen (Ruixin) Zhang 

 



 

 

 

 

 

 

 

 

 

 

Subject Code: Master Project Human-Technology Interaction 0PP06 

Keywords: persuasive technology, negative peer feedback interventions, health-and-fitness re-
lated apps, social monitoring, social control.   



Executive Summary 

Persuasive technology that motivates healthy behavior is a growing area of research within 

Human-Technology Interaction. The current research investigated the effectiveness of negative 

peer feedback utilized in social fitness groups as a social monitoring tool to motivate people to 

exercise more. We conducted a study using a randomized pretest-posttest and invited 122 

participants for testing the effects of negative peer feedback provided within a small fitness 

group on exercise performance. Participants were randomly allocated in either the negative peer 

feedback treatment group or the control group with no negative peer feedback.  

At first, we expected that the number of steps of the participants who received negative peer 

feedback in the post-test would significantly increase. However, results showed that participants 

in the negative peer feedback treatment group didn’t have a significant step increase in the post-

test comparing to their performance in the pre-test. In addition, while controlling the number of 

steps in the pre-test, we expected that the number of steps in post-test for participants who 

received negative peer feedback would be higher than participants who didn’t. Although the 

results didn’t fully support our hypothesis, we concluded from the significant interaction effect 

between initial steps and the treatment that the effect of the negative peer feedback treatment 

maybe stronger in facilitating more steps in post-test for participants with a higher number of 

steps in pre-test, comparing to the participants with a lower number. However, this conclusion 

was partially supported, since the significant interaction effect was not stable across all analyses. 

Furthermore, we explored the underlying mechanism and proposed that negative peer feedback 

influenced the fitness performance through creating opportunities for gaining peer approval. The 

result didn’t support our hypothesis.  

In general, the findings didn’t provide empirical evidence for the effectiveness of negative peer 

feedback in facilitating fitness performance. However, we saw an opportunity of utilizing the 

negative peer feedback for people who exercise relatively more than normal people. It is possible 

that negative peer feedback can motivate them to achieve better fitness performance. More 

related research need to be conducted before extending the negative peer feedback interventions 

to health-and-fitness related applications to motivate users to exercise more. 
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1. Introduction 

Persuasive technology that motivates healthy behavior is a growing area of research within 

Human-Technology Interaction. Among others, it addresses the important issue of a lack of 

exercising in modern societies (Basta et al., 2008). Health and fitness have been two popular 

areas to apply technologies in people’s everyday life, such as wearable devices with sensing 

technology. Wearable devices that track health-and-fitness related activities rely on sensing 

technologies as a self-monitoring tool (Munson & Consolvo, 2012). In addition, they can profit 

from online fitness social networks that potentially can encourage people to achieve fitness goals 

(Stragier et al., 2016). Such fitness communities can make use of insights from social and 

behavioral theories to motivate people (Ling et al., 2005). For instance, earlier research utilized 

social comparison theory and found that collecting, sharing and comparing personal fitness 

performance data can motivate teenage girls to exercise (Toscos et al., 2006). However, earlier 

research found that sole self-monitoring cannot maintain long term motivation for people to 

exercise (Vickey, 2012). To encourage long term use, we see an opportunity to combine social 

monitoring with self-monitoring to motivate people to exercise more. However, simple social 

monitoring encountered great challenges that users may not be willing to share (Munson, & 

Consolvo, 2012). To utilize social monitoring, we should consider what, where and whom to 

share with in a social setting that are acceptable for people, and how to utilize social theories for 

those applications.  

The current research explores the value of another social theory that can be used to motivate 

fitness community members to exercise more. According to relational signaling theory (Matzat, 

2009), indirect monitoring tools can facilitate contribution to and involvement in online 

communities. Indirect monitoring relies on formal or informal rules that exist in a group. It 

works through relational signals which indicate individual’s conformity with the rules of the 

community. The tools allow community members to send relational signals to each other. Since 

community members may take into account the relational signal of their online behavior, they 

are inclined to send relational signals that are in accordance with the group frame. We applied 

this idea to users of a fitness tracker watch. The basic idea of this study is as follows. Feedback 

interventions, such as comments or messages of peers, provide opportunities to transfer relational 

signals. Negative feedback of peers on ‘underperformance’ can increase the likelihood of 
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developing alternative strategies that can improve performance to avoid the disapproval of peers 

(Matzat, 2009). Thus, negative feedback intervention can facilitate exercising more by allowing 

community members to share their fitness performance, review peers’ performance, and get 

feedback from peers. From earlier research, we also found that positive feedback interventions 

can be motivating (Kahn & Isen, 1993). However, for practical reason that it’s hard to get 

enough participants during the short experiment time, we only focused on negative feedback 

interventions in the current research. 

To conclude, the incorporation of social aspects into health-and-fitness related technology could 

be an efficient way to motivate people to exercise more (Stragier et al., 2016). However, earlier 

research neglected peer feedback and its impact on improving fitness activities in online fitness 

communities. The proposed research analyses whether and how the negative feedback from 

peers within a small fitness group could motivate members to exercise more. The research 

question is: Do negative peer feedback interventions motivate fitness community members to 

exercise more often? If yes, what is the underlying mechanism? 

Provision of feedback in a small group is especially promising to facilitate fitness activities. 

Sharing within a small group avoids the feeling of oversharing and people are more willing to 

contribute in an online group when the group is small rather than large (Kraut and Resnick, 

2012). Furthermore, emojis, such as cartoon images of a smiley face or a sad face, make a good 

type of feedback interventions. Emojis are appropriate for pursuing relational meaningful 

behaviors and create shared and secret uniqueness between people in personal relationships 

(Kelly and Watts, 2015). In addition, emoji feedback interventions can be easily distinguished as 

negative. Hence, in our study, we used negative emoji feedback interventions among peers 

within a small group consisting of four.  

To investigate the effectiveness of the negative peer feedback on facilitating the physical 

activities, we performed a study in which we randomly allocated the small groups of participants 

to one of two conditions — control condition versus negative feedback treatment. The study was 

divided into two phases including a pre-test and a post-test phase. The treatment was given at the 

end of the pre-test. At first, we expected that there was a significant step increase for the 

treatment group. Besides, as strong over-performance in the case of negative feedback may 

counteract the presumed effect, we tested the treatment effect while controlling for the initial 
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steps in the pre-test. We expected that negative feedback treatment would lead higher number of 

steps after the negative feedback interventions, comparing to only factual feedback (we define 

the factual performance feedback as individual fitness data from their fitness devices). More 

importantly, we intended to examine the underlying mechanism which lead to the increase in 

number of steps in the post-test when controlling the number of steps of the pre-test. Hence, we 

added the behavior alignment for gaining peer approval variable as the mediator variable. And 

based on the related theory, we expected the treatment effect on the number of steps in the post-

test to be mediated by behavior alignment for gaining peer approval.  
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2. Literature Research 

2.1 Earlier Research 

In order to investigate whether negative peer feedback can motivate fitness community members 

to exercise more and why, we reviewed earlier research on health-and-fitness related 

applications, and focused on social motivations in fitness communities. In addition, we looked at 

related social/persuasive theories, feedback interventions theories that can be potentially used in 

fitness communities to motivate community members to exercise more. 

Health-and-fitness Related Applications 

Physical activities have been helping people to stay healthy (Warburton, Nicol, & Bredin, 2006). 

However, only 20% of adults have reached the recommended exercise level according to the 

Center for Disease Control (CDC, 2014). Even worse, many people in industrialized countries 

are susceptible to inactivity due to a busy lifestyle, which causes serious health problems such as 

premature mortality, coronary heart disease, depression, diabetic type II or even cancer (Chen, & 

Wilkosz, 2014). Thus, nowadays many mobile interventions have been used to influence 

important lifestyle behaviors for people (Afshin et al., 2016).  

Thousands of commercial apps have been developed to help people manage stress, follow health 

diet, and increase fitness activities. For instance, some applications allow users to use their 

personal computer or mobile phones to track symptoms, such as MAHI (Mamykina, Mynatt, 

Davidson, & Greenblatt, 2008) and Mobile Heart Health (Morris, & Guilak, 2009). Other 

applications help users to record food consumption and fitness activity, such as UbiFit (Consolvo 

et al., 2008) and Fish’n’Steps (Lin, Mamykina, Lindtner, Delajoux, & Strub, 2006). In addition, 

online social communities also play an important role in helping people gain encouragement and 

motivation (Hwang et al, 2010; Newman, Lauterbach, Munson, & Resnick, 2011).  

However, earlier research concluded that those apps in general lack persuasive attributes for 

people to maintain their exercise motivation solely by using the fitness apps continuingly 

(Vickey, 2012). We looked at these applications related to fitness and summarized two main 

directions for motivation, which are self-monitoring and social monitoring. 
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Self-monitoring in Health-and-fitness Related Apps 

Especially, with recent advances in small inexpensive sensors, and lower-power processing, 

those mobile apps with related wearable devices, such as Fitbit, Jawbone, and apple watch, help 

users to measure, visualize, and reflect their physical activities (Epstein et al., 2016). Those apps 

and devices, which work as self-monitoring tools, allow users to track their daily steps, monitor 

their heart rate and calculate their calorie burn (Stables, 2015). Previous research showed that 

many people found those apps and devices really helpful to them for boosting their physical 

activities (Munson, & Consolvo, 2012). These fitness apps have been considered to be 

persuasive technologies (Fogg, 2002) that include both relatively explicit features such as badges 

which reflecting goals and achievements, and relatively implicit features such as fitness 

challenges or competitions (Fritz, Huang, Murphy, and Zimmermann, 2014). In general, these 

self-monitoring tools work efficiently to motivate users to do more exercise with a combination 

of goal setting (Consolvo et al., 2008; Consolvo, Klasnja, McDonald, & Landay, 2009; Hurling 

et al., 2007; Michie et al., 2009).  

Munson and Consolvo (2012) developed a mobile application called GoalLine, which consisted 

of three main strategies in facilitating physical activity. One of the strategies was goal-setting 

which used to encourage users to set up primary and secondary goals each week. Another 

strategy was rewards that were applied when users achieved their goals. The third one was self-

monitoring, in which the users receive a reminder which was sent to help them to set goals and 

journal activities. They conducted a four-week field study with 23 participants. The result 

showed that it was beneficial to have secondary and primary weekly goals and to receive non-

judgmental feedback and reminders, which meant the first and the third strategy were quite 

successful. In addition, the reminder notification strategy was one of the most favorite features 

for those participants. However, the second strategy, which was the rewards applied when users 

achieved their goals, was not motivating as expected.  

Many other applications have utilized the goal-setting feature as well. For instance, Houston 

(Consolvo, Klasnja, McDonald, & Landay, 2009) was a mobile application that designed to 

motivate users to do more walking exercise. The application gave users a daily step count goal 

based on their walking history. Unfortunately, the goal setting strategies used in those 

applications can also make users give up their exercising during a long-term use because those 
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goals can become unachievable for some users (Locke, & Latham, 2002). Another good example 

is a mobile application called UbiFit (Consolvo et al., 2008), in which the application helped 

participants set weekly physical activity goal of their own choice, and gave users a gentle 

reminder of their activity level to motivate users to exercise more. Participants reported that 

during the 3-week field trial of this application, they found the application quite motivating. This 

study also showed that some types of reminders can help people monitor and facilitate their 

fitness activities. 

Social Monitoring in Health-and-fitness Related Apps 

Social aspects have also been taken into account and applied in health-and-fitness related 

applications to encourage people to exercise more and achieve their health and fitness goals. 

Those applications have been worked through allowing users to share their physical activity 

related data and show enhancements of health-and-fitness related activities comparing to those 

health-and-fitness related applications that allowing only individual use (Buis et al., 2009; 

Consolvo et al., 2009). Some of those applications have connected users directly with each other 

to offer them a sense of social comparison or competition to encourage them to exercise more 

(Buis et al., 2009; Consolvo et al., 2009). Other applications, such as FitBit, RunKeeper, Daily 

Mile and Nike Fit, have connected users to their exercising social network and showed their 

running path outside, calorie burn and distance reached (Munson, & Consolvo, 2012). Those 

sharing have involved friends and families as social support to encourage users to exercise more, 

at the same time, those social sharing brings social pressure to users and push them to exercise 

more (Khaled, Barr, Noble, & Biddle, 2006; Munson, Lauterbach, Newman, & Resnick, 2010). 

In the current research, we call those social aspects in general social monitoring. 

Earlier fitness research showed that social monitoring can be used to facilitate fitness activities 

(Fritz, Huang, Murphy, and Zimmermann, 2014). For instance, Foster et al. (2010) created an 

application called StepMatron, which was a Facebook application providing social and 

competitive context for daily pedometer readings. The application allowed user to view each 

other’s step count data, make comparisons and comments. A study was conducted in order to test 

whether those interactions between users could successfully motivate users to exercise more. Ten 

participants, who already knew each other on Facebook, used the application across two 

conditions. Participants were allowed to view each other’s step data, offered users the ability to 
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compare their step data with other users and also to post comments on their peers’ activity in the 

social condition, while users were only allowed to view their step count data in the non-social 

condition. Participants’ step data were shared through Facebook posts, and the comments were 

texts mainly on the Facebook platform. Results showed the total number of steps taken was 

significantly higher for the participants in the social condition. The significant step increases in 

the social condition suggested that social interaction in an online social network, such as viewing 

and comparing with others’ step data, comments from peers, can be helpful in facilitating fitness 

behaviors.  

In addition, another related research looked into how collecting, sharing and comparing fitness 

data could influence physical activity level for teenage girls (Toscos, Faber, An, & Gandhi, 

2006). Toscos et al. (2006) built a mobile preventive health application called Chick Clique for 

motivating young women to be physically active. The application was designed for a group of 

about four members to join a friendly group exercise, in which users were allowed to share their 

fitness goals or step count and give each other encouraging feedback. That meant if one group 

member decided to increase her steps, other members could be inspired to do the same. Two 

groups of participants, one from high school, the other form middle school, participated in the 

study. The results showed a significant step increase for the high school group, but not for the 

middle school group. This might be caused by the small sample size of their study. However, the 

post-study questionnaire did show that Chick Clique was effective for raising awareness of 

exercising and the group competition was rated as the most powerful way to change their fitness 

behavior. 

Furthermore, social aspects of those fitness applications have been found to positively correlate 

with the long-term engagement with fitness related mobile Apps (Park, Weber, Cha, & Lee, 

2016). Current fitness applications have been encountering a user retention problem, which is 

that many users of fitness apps stop using them after a few weeks (Park et al., 2016). Thus, Park 

et al. (2016) explored what were the characteristics of persistent users by analyzing fitness status 

update that MyFitnesPal users shared on Twitter. They found that sharing fitness data via 

Twitter, and owning a network of friends who were interested in fitness related topics was 

positively correlated with their long-term engagement. The research plays an important role in 

deciding with whom and what to share while designing online fitness communities. The results 
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suggest that fitness applications should connect peers over fitness applications instead of simply 

connecting to any social network contacts. However, strong evidence in favor of these 

recommendations is missing.  

Despite those encouraging results of social aspects used in health-and-fitness related 

applications, a challenge of those social media used in those fitness applications is how to make 

proper interventions that the users are willing to engage with (Dennison, Morrison, Conway, & 

Yardley, 2013). Earlier research found that there was a disinclination for people to use health 

apps that linked them to their online social network (Dennison, Morrison, Conway, & Yardley, 

2013). In addition, Munson (2011) found that their Facebook network became too broad for 

users to share their fitness data. Those users reported that they felt it was inappropriate to share 

health-and-fitness related data with their entire social network. Other users had general concern 

of privacy issue that they were not willing to share health-and-fitness related data (Munson, & 

Consolvo, 2012). Further design should consider what social aspects are acceptable and useful to 

inject into those mobile apps to facilitate people to exercise more. 

To conclude, nowadays there are many apps and devices tracking users’ fitness related data. 

Those apps and devices work as self-monitoring tools to help users for boosting their physical 

activities. Social monitoring, which means those related social sharing, comparing, and support, 

have been found useful in motivating users to exercise more. However, sole self-monitoring 

cannot maintain long term motivation for people to exercise, and simple social monitoring 

encounters great challenges that users may not be willing to share. To encourage long term use, 

we see an opportunity to combine social monitoring with self-monitoring to motivate people to 

exercise more. To utilize social monitoring, we should consider what, where and whom to share 

with in a social setting that are acceptable for people. 

Persuasive Negative Feedback Interventions 

Both positive and negative feedback can also be motivating. According to affective experience 

related research, positive feedback interventions can strongly influence the perceived 

pleasantness of an activity (Isen, 1987), which is a dominant dimension in affective experience 

(Mano, 1991). That is, positive feedback can elicit positive moods, such as pleasure and fun. 

This state of affects has substantial effects on cognitive processing (Kluger & DeNisi, 1996) and 
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has both inhibitory and facilitating effects on performance (Forgas, Bower, & Moylan, 1990; 

Isen, 1987; Mano, 1992). According to research so far, positive feedback doesn’t influence the 

cognitive processing in the same way for all types of activities (Isen & Reeve, 2006). For 

instance, for complicated tasks that are unpleasant, unappealing, boring or risky, positive affect 

does not change people’s feeling of perceived enjoyment and thus does not influence their 

behavior (Isen, Johnson, Mertz, & Robinson, 1985; Kahn & Isen, 1993). However, for simple 

tasks, positive affect can enhance people’s feeling of perceived interest, enjoyment, and 

satisfaction with the tasks, hence leading to enhancements of performance (Kahn & Isen, 1993). 

There isn’t any research explore the positive feedback interventions in fitness apps so far. The 

current research only focused on negative peer feedback interventions for practical reasons that 

it’s hard to get enough participants during the short experiment time. 

Results of earlier research on negative feedback interventions directly leading to behavior change 

is quite confusing. There are contradictory results for the negative performance feedback on 

performance enhancements (Kluger, & DeNisi, 1996). The original theory related to 

performance feedback was the law of effect theory proposed by Thorndike (1913), in which he 

suggested that negative feedback interventions were equated with punishments. The punishments 

could motivate people to improve their performance after the feedback interventions, since 

negative feedback punished the incorrect behavior. However, the theory had both logical and 

empirical shortcomings. The deductions from the theory lacked sufficient explanation about why 

performance feedback interventions could facilitate better performance (Powers, 1973). In 

addition, there were empirical inconsistencies within this research area (Adams, 1978; Annett, 

1969). We thus can conclude form those research that, despite its great impact in feedback 

related research, the theory has flaws in its logics and was too broad when considering 

experimental complexities.  

Later theories, such as goal setting theory (Locke & Latham, 1990) and control theory (Annett, 

1969; Podsakoff & Farh, 1989), also tested the feedback interventions on motivation in specific 

experimental situations and reached many cheerful results. The goal setting theory focused on a 

development strategy, while the control theory emphasized the problem solving. Both theories 

proposed that people use feedback regulating their behaviors to align with their goals. According 

to the control theory (Annett, 1969; Podsakoff & Farh, 1989), people encounter a discrepancy 
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when they receive negative feedback. Therefore, they are motivated to change the behavior to the 

expected one to reduce this discrepancy. Goal setting theory (Locke & Latham, 1990) also points 

out that, people are motivated to adjust their behavior to achieve their goals when they received 

negative feedback. However, no empirical evidence was found in the health-and-fitness related 

applications using those theories. Kluger and DeNisi (1996) also proposed the FIT theory which 

argues that behavior is regulated by comparisons of feedback with goals or standards. The theory 

suggests that people use feedback that they received to evaluate their performance and to 

compare their performance with their goals. Therefore, in order to reach their goals, people are 

motivated to adjust their behavior. However, there wasn’t any empirical evidence of applying the 

feedback interventions in health-and-fitness related apps. 

In addition, Matzat (2009) focuses on negative feedback and its effects in a group setting. He 

argues that group members are motivated to change their behavior when they receive negative 

feedback, since they try their best to align with others and to follow the group frame in order to 

avoid disapproval. Furthermore, negative feedback interventions can elicit negative moods with 

high arousal effect (Kluger et al., 1994), which may have a serious by-effect on performance. 

Earlier research showed the negative moods inhibit cognitive flexibility and can decrease 

performance quality on creative tasks (Murray, Sujan, Hirt, & Sujan, 1990). According to the 

cue-utilization hypothesis (Easterbrook, 1959; Christianson, 1992), arousal increases attention to 

focal cues, but reduces attention to peripheral cures. This indicates that high level of arousal 

decreases the ability to shift between focal and peripheral cues, which is required for 

complicated tasks that require creativity. But for simple vigilance tasks, high arousal can help to 

enhance the performance (Easterbrook, 1959; Christianson, 1992). Hence, we can conclude from 

earlier research that negative feedback interventions can be persuasive for improving simple 

vigilance tasks. 

Based on earlier research and theories, we can conclude from those previous theories and 

research that negative feedback can be persuasive for tasks which are simple and interesting. 

However, most of those theories lack empirical evidence applied in health-and-fitness related 

applications.  
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Relational Signaling Theory 

Those encouraging results from the earlier research of social monitoring used to motivate people 

for more exercise in health-and-fitness related applications are not surprising. The motivation 

power of those social media used in those health-and-fitness related applications can be 

explained by many related social theories. A fundamental motivator can be the desire to belong 

and willingness to adjust behaviors to comply with others (Baumeister, & Leary, 1995). Besides, 

social norms such as peer pressure can be a motivator as people tend to align with the ideals or 

beliefs of groups (Schultz, Nolan, Cialdini, Goldsteing, & Griskevicius, 2007). For instance, 

since participants are sharing their fitness activities and their progress to reach their goals with 

their peers, they may feel pressure to achieve their goals, beat their peers, or simply avoid having 

a lower step count (Consolvo et al., 2006).  

Matzat (2009) proposed a theory of relational signals in online groups suggesting that 

community administrators can influence members’ behavior by using proper social control. The 

theory proposed that a member’s behavior indicates his/her decision frame. Thus, the member’s 

participation or lack of participation in online groups sends signals indicating how he/she regards 

the relationship with others in the group. In addition, whether members take into account their 

relational signals strongly depends on the member’s relational interests.  

Based on the degree of relational interests, community administrators can make use of different 

social control methods: direct control, indirect monitoring tools, and frame stabilizing tools. 

Frame stabilizing tools can motivate community’s members to be more active by increasing the 

salience of the common group goal, such as the use of symbols, periodic meetings stressing 

group identity, or the appeal to norms and the definition of the group. Indirect monitoring tools 

work via using of the formal or informal rules that exist in a group. Direct control tools work 

through enhancing the real direct benefits of a group member, such as introduction of direct 

rewards for active participation. The effectiveness of the three kinds of tools depends on the level 

of the relational signals. Application of direct control strategies signals a lack of relational 

interests, while the indirect monitoring strategies signal a stronger relational interest. Among the 

three social control tools the author proposed, indirect monitoring tools work through the 

relational signals which indicate members’ interest to align with formal and informal rules in the 

group.  
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This, therefore, signals their conformity to the group frame, which can be understood as the 

group goal that dominates the decision situation of the whole group. Indirect monitoring provides 

community members opportunities to send relational signals to each other by their exemplary 

behavior. Since community members take into account the relational signal of their online 

behavior, they are inclined to send relational signal that are in accordance with the group frame.  

Thus, online community administrators can make use of those insights to adjust the group frames 

and give members opportunities for relational signaling in order to influence the community 

members’ behaviors. Furthermore, according to Matzat (2009) in online communities with a high 

degree of social embeddedness (e.g., offline relationships) members develop relational interests. 

For those groups, members’ offline interaction generates an interest in building up and 

maintaining a satisfying relationship with each other, which indicates that they may be more 

willing to send relational signals to each other and to align with the group frame. Since people 

try their best to align with others and are afraid of getting negative feedback, they will be 

motivated to change their behavior after receiving negative feedback, which suggests that 

negative feedback from peers can be motivating. 

2.2 Current Research 

Earlier research showed that both self-monitoring using sensing devices (Munson, & Consolvo, 

2012) and social monitoring with fitness data sharing (Buis et al., 2009; Consolvo et al., 2009) 

can motivate people to exercise more and achieve their fitness goals in health-and-fitness related 

applications. The current research emphasizes the social monitoring perspective and utilizes 

related social theories to persuade people to exercise more. 

According to the relational signal theory (Matzat, 2009), we see an opportunity to make use of 

indirect monitoring to motivate group members to exercise more. That is, we can build up a 

fitness community among people who already know each other offline, in which we can provide 

them with opportunities to send performance feedback to each other, which stimulates them, if 

needed, to adjust their behavior to send relational signals indicating their acceptance of the group 

frame. The theory suggests that negative feedback among group members can be especially 

motivating. For instance, if one of the group members receives negative performance feedback, 

in order to be aligned with the fitness group frame, which is to conduct regular fitness activities, 
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the member can be motivated to exercise more. Thus, the current research focused on the 

persuasive power of negative peer feedback on motivating group members to exercise more.  

According to earlier negative feedback research, we concluded that negative feedback can be 

motivating, but only for simple or appealing tasks (Easterbrook, 1959; Christianson, 1992). 

Therefore, for simple vigilance tasks like physical activities, high arousal can help to enhance the 

fitness performance, which indicated that negative feedback interventions can be persuasive for 

improving physical activities performance. 

To conclude, firstly, providing negative feedback on performance prompts self-monitoring of 

behavioral outcome, and self-monitoring of behavior. Secondly, social connectivity can utilize 

social influence, such as norms, to plan social support/competition, and exert social change. The 

combination of this two can potentially lead to a higher motivation for a planned behavior. Thus, 

the current research examines the negative feedback interventions and how negative feedback 

interventions could influence users’ fitness activities.  

According to those related research, we used those insights from previous theories and use 

negative peer feedback interventions in online fitness communities or health-and-fitness related 

applications to motivate users to exercise more. Thus, the related hypothesis is: users who 

received negative peer feedback intervention will have a higher physical activity performance 

after the negative peer feedback interventions, comparing to those who only receive factual 

performance feedback. In our experiment, we define the factual performance feedback as the 

fitness information purely from self-monitoring, meaning those individual fitness data. We tested 

the hypothesis using a randomized pretest-posttest. We treated the pretest as the phase1 and the 

posttest as the phase2. 

In addition, we explored the question whether the negative feedback effect depends on the user’s 

initial number of steps, as strong over-performance in the case of negative feedback may 

counteract the presumed effects. Furthermore, according to the relational signal theory (Matzat, 

2009), we tested whether the improved performance for users who received the negative peer 

feedback was mediated by the need to get approved by their peers to align with the group goal. 

Accordingly, we test the following three hypotheses: 
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H1: Users in negative feedback treatment condition will have a significant step increase between 

the two phases comparing to users in control condition that only receive factual feedback. 

H2: Users in negative feedback treatment condition will have higher number of steps after the 

negative feedback interventions, comparing to users in control condition who only received 

factual feedback, while controlling the initial number of steps. 

H3: Negative peer feedback treatment influences the number of steps after the negative peer 

feedback through the behavior alignment to the group norms for gaining approval from peers. 

We also have an open question: to what extent, if at all, does the number of steps in phase 1 

affect the effect of negative peer feedback. Thus, the current research also looks into possible 

interaction effect between the number of steps in phase 1 and the effect of negative peer 

feedback. 
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3. Design/Method 

3.1 Participants and Design 

We conducted a power analysis for a T test testing difference between two independent means 

with 0.9 beta, .05 alpha and medium effect size. We used the medium effect size since previous 

research showed that feedback interventions in general has a moderate positive effect on 

performance (Kluger & DeNisi, 1996). We thus tested whether there was a medium-sized effect 

of feedback interventions. As the power analysis indicated, 120 participants should be recruited 

to participate in the study. 125 participants were recruited to participate the study from the J.F. 

Schouten School database. Those participants were separated into small groups with 3 or 4 

members in each. A group size of 3 or 4 still created a group feeling. We intended to have 4 

members in each group. However, for practical reasons, sometimes participants didn’t show up 

or quitted in the beginning, some groups had a group size of 3 members. There were 34 groups in 

total, which included 11 groups with 3 members and 23 groups with 4 members. 3 participants 

quitted in the middle because of personal reasons, leading to 122 participants in total at the end. 

There were 88 male and 34 female with age ranging from 18 to 73 (M = 26.0, SD = 8.1). As far 

as possible, we tried to create homogenous groups with respect to members’ fitness. Members 

should not know each other before. The 34 groups were randomly allocated into one of the two 

conditions: the negative-feedback treatment group and the control group, leading to 64 

participants in control group and 58 participants in treatment group. 

3.2 Materials and Procedures 

The study lasted for six days and consisted of two phases, each phase lasted for three days. First, 

an introduction meeting was conducted for each group, informing them about the experimental 

procedure in the UseLab in innovation science building on campus of Eindhoven University of 

Technology. After all participants arrived, Firstly, each participant was given one piece of paper 

and a pen, during which an ID number was given to each participant. The ID number were used 

in all the online questionnaires. Secondly, the experimenter constructed a small ‘intro’ game to 

the participants to let them become acquainted with each other. The game worked like this: the 
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first participant introduced his/her first name and hobbies to the other 3 participants. The second 

participant would need to remember the first name of the first participant. Then the second 

participant introduced his/her first name and hobbies, and he/she need to say the first name of the 

first participant. The third participant need to remember the first names of the previous 

participants. And after the third participant introduced his/her first name and hobbies, he/she also 

need to say the first names of the previous participants. The fourth participant then need to 

remember all other three peers’ first names and say it after he/she introduced his first name. 

Finally, the first participant had to make a summary of the group. Then all participants were 

required to write down all three other members’ first names on the paper. This took place during 

the introduction session. Thirdly, the experimenter briefly introduced the experiment. They were 

required to download a smart phone application which could track each user’s daily steps 

automatically. They were instructed to do some jogging exercises individually on their own 

within the next three days (phase 1). The experimenter clarified to the members that they were 

expected to exercise with a reasonable effort. At the end of the meeting, each user filled in a first 

survey (Survey1) about demographic, health information and physical activity levels. Care was 

taken that only healthy individuals participate in the study.  

 

Figure 1. At the end of the first phase, participants in treatment group received emails with peer 
steps information. 
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Figure 2. Peer evaluation questionnaire with three types of evaluation emojis. 

At the end of first phase, each participant in the treatment group provided information about 

his/her (tracked) exercising in a 1-minute survey (Survey2). Thereafter, the participant received 

information about the other 2 or 3 group members’ exercising performance and a link to a third 

survey (Survey3), as shown in Figure 1. Each member filled in a third survey (as shown in 

Figure 2) to evaluate the performance of all other members during the last three days using 

emojis. There were three emojis used for evaluation. Positive emoji feedback was represented by 

a smiley cartoon face. Negative emoji feedback was represented by an unhappy cartoon face. 

There was one neutral feedback which represented by a cartoon face with no emotions. Those 

emojis were pre-tested with 4 participants. We pretended to use this information for providing 

peer feedback at the beginning of phase 2. However, we faked the feedback process to let the 

participants feel that the feedback given actually came from their peers while in reality it was 

always made up as negative feedback by the experimenter.  

At the beginning of the second phase, each participant in the treatment group received faked 

negative peer feedback from its three peers about his/her exercising performance, as shown in 
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Figure 3. The negative peer feedback for the treatment groups with 4 members included one 

neutral feedback to increase the realism of the peer feedback, while for the treatment groups with 

3 members, there was no neutral feedback in order to keep a negative feeling. 

 

Figure 3. At the end of the first phase, participants in treatment group received emails with faked 
negative peer feedback. 

Participants in the control group only received surveys with questions related to health-related 

information, but no negative peer feedback. However, through the use of their app participants in 

the control and the treatment group received step data from their tracking devices. Accordingly, 

all participants received factual feedback. Furthermore, participants in both conditions again 

were instructed to continue with their exercise. Thereafter, the daily steps of all participants once 

more were tracked within the next three days. At the end of the second phase participants filled 

in a fourth survey (Survey4), which included one question to provide their exercising tracked 
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from the past three days, and several questions about their behavior alignment with the group 

norms to get peers’ approval during the two phases. Finally, they were debriefed while being 

paid. At this moment, we also asked them whether they received the feedback from peers, and 

whether they considered the feedback was faked (or not) and whether they perceived it as 

negative feedback. Then we informed them about the faked feedback to make sure that they do 

not experience any emotional impairment. 

3.3 Measures 

3.3.1 Health Status and Physical Activity Levels 

In Survey 1, three questions for the health information scale were selected based on the General 

Health Questionnaire (Goldberg & Williams, 1991). Reliability test of those 3 items showed 

those items had M = 5.49, SD = 1.67, α = 0.61. Another three questions for physical activity level 

questionnaire were selected from the International Physical Activity Questionnaire (open 

questions with integral response only) developed by the World Health Organization (Craig et al., 

2003). 

3.3.2 Dependent Variable and Independent Variables 

The most important independent variable (TREATMENT) indicates whether the participant was 

in the treatment condition and thus received negative peer feedback. As explained earlier, the 

groups in the control condition only received factual feedback including only individual steps 

data. While the treatment groups received individual steps data, peers’ steps data, and the 

negative peer feedback. The dependent variable analyzed was the difference of number of steps 

(STEPGAIN) between the two phases. Since the effect of treatment on steps in the second phase 

(STEP2) might be different for participants with different initial steps in the first phase (STEP1), 

and strong over-performance in the case of negative feedback may counteract the presumed 

effects, the initial steps (STEP1) was considered as a control variable. Hence in another analysis 

model, the dependent variable analyzed was the steps in the second phase (STEP2). Besides, we 

had two group types (3 members per group and 4 members per group), types of group (GTYPE) 

was another controlled independent variable.  
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3.3.3 Mediator Variable 

Furthermore, in Survey4 we measured constructs that taped into the presumed underlying 

mechanism that related negative feedback to increased exercising, which was the behavior 

alignment with the group norms for gaining peer approval during the two phases. Peer approval 

scales (APPROVAL) in Survey4 was a scale-based variable that derived from the revised 

Martin-Larsen Approval Motivation Scale (Martin, 1984), which were measured using a Likert-

type response scale ranging from 1 = Disagree Strongly to 5 = Agree Strongly. Higher scores 

indicate stronger need for social approval. The questionnaire was used to ask specifically about 

participant’s behavior alignment to group norms for getting peer approval while exercising. 5 of 

those questions were related to experience during the last three days (see Appendix I-4, question 

1-5). Reliability test of those 5 items showed those items had M = 1.84, SD = .82, α = .86. The 

measures were related to experience during the last three days and were used to run mediation 

analysis for tapping into the presumed underlying mechanism. Another 4 of those were related to 

personality, which measures related to personality were used to investigate possible interaction 

effects. However, due to low alpha in the reliability test (M = 2.64, SD = .62, α = 0.34.), the 

variable was abandoned.  

3.3.4 Interaction Variables 

In order to look into the interaction effect between those independent variables for the regression 

analysis and the mediation analysis, several interaction variables were created by multiplication. 

In the multiple regression analysis, we intended to look into possible interaction effect between 

treatment and steps in phase 1, thus the interaction term TREATMENT by STEP1 was created. 

In addition, in the mediation analysis, one of the regression was to test the effect of behavior 

alignment on steps in phase 2, in which treatment was also added as an independent variable. We 

intended to check possible interaction effect between treatment and behavior alignment, hence 

the interaction term TREATMENT by APPROVAL was created. 

3.3.5 Drop-out Variables 

During the final debriefing session, the experimenter measured whether participants received any 

peer feedback, and whether they considered the negative peer feedback faked or positive. Those 
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participants who were in the control condition claimed that they would have received peer 

feedback, and those participants who were in the treatment condition claimed to not have 

received any peer feedback were dropped out from the analysis. Seven participants in the control 

condition claimed that they would have received peer feedback, and eleven participants in the 

treatment condition claimed to not have received any peer feedback. In addition, those 

participants who were in the treatment group regarded the feedback they received as faked were 

dropped out from the analysis. Seventeen participants in the treatment group regarded the 

feedback they received as faked. Those participants were dropped out before the further analysis, 

leading to 35 participants for whom the treatment did not work well as expected. Moreover, 

those participants who regarded the negative feedback they received as positive should also be 

dropped from the analysis. However, all participants regarded the negative feedback they 

received as negative. Furthermore, one outlier was dropped because it is more than 3/2 times of 

upper quartile of the number of steps in phase2 (the outlier has significant effect on the result, 

see Appendix II). Those 36 participants were excluded from the data set. There are 86 left over 

observations in total after the excluding. 

Since 36 participants were excluded (most in the treatment condition), this exclusion might 

endanger the randomness of the treatment and lead to a bias in the findings. Thus, we tested 

whether there were any systematic differences between the left overs and the excluded 

participants on gender, health status, and physical activity. Pearson’s chi-squared test showed 

there was no difference in gender between the excluded participants and the left overs, χ2(1) = 

0.209, p = 0.647. The Wilcoxon’s rank-sum test indicated that there was no difference in age 

between the excluded participants and the left overs (z = -0.009, p = .993). In addition, the 

Wilcoxon’s rank-sum test indicated that there was no difference in health status between the 

excluded participants and the left overs (z = 0.965, p = .334). We again ran Wilcoxon’s rank-sum 

tests for the three types of physical activities. The results showed there was no difference for 

vigorous activities (z = .139, p = .889; z = .340, p = .734), no difference for moderate activities (z 

= -.083, p = .934; z =- .239, p = .811), and no difference for walking activities (z = -1.313, p = 

0.189; z = -1.640, p = .101).  
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4. Results 

4.1 Descriptive Results 

There were 61 male participants and 25 female participants in the final dataset (age ranging from 

18 to 73, M = 25.6, SD =6.7), including 29 participants in treatment group, and 57 participants in 

control group. The Pearson’s chi-squared test showed there was no difference in gender between 

the participants in treatment group and the control group, χ2(1) = 0.047, p = 0.829. The 

Wilcoxon’s rank-sum test indicated that there was no difference in age between participants in 

the two conditions (z = -0.104, p = .917). Participants were basically healthy and within the same 

physical activity level (screened by health-related questionnaire and physical activity 

questionnaire), as shown in Table 1.  

Table 1. Health status and physical activity level for all participants. 

 Health 
Status 
(1 ~ 12) 

Vigorous Activities Moderate Activities Walking Activities 

d/w h/d d/w h/d d/w h/d 
All M = 5.59, 

SD = 1.70 
M = 2.23, 
SD = 1.98 

M = 1.14, 
SD = 1.14 

M = 3.39, 
SD = 2.39 

M = 1.09, 
SD = 0.82 

M = 5.43, 
SD = 2.55 

M = 0.83, 
SD = 0.50 

Control 
Group 

M = 5.26, 
SD = 1.53 

M = 2.25, 
SD = 1.92 

M = 1.26, 
SD = 1.28 

M = 3.45, 
SD = 2.45 

M = 1.06, 
SD = 0.79 

M = 5.54, 
SD = 2.81 

M = 0.85, 
SD = 0.54 

Treatment 
Group 

M = 5.75, 
SD = 1.76 

M = 2.19, 
SD = 2.13 

M = 0.91, 
SD = 0.73 

M = 3.26, 
SD = 2.30 

M = 1.14, 
SD = .88 

M = 5.22, 
SD = 1.99 

M = 0.79, 
SD = 0.44 

 

All participants are generally healthy with M = 5.59 and SD = 1.70 (1 ~ 12 scale; lower meaning 

healthier), which means that participants in general have good health condition. The participants 

in treatment group have a slightly higher health condition (M = 5.26, SD = 1.53) than those in 

treatment group (M = 5.75, SD = 1.76). The Wilcoxon’s rank-sum test indicated that the slight 

difference in health scores between the two groups was not significant, z = 1.257, p = .209. The 

physical activities were measured via three categories.  

Vigorous activities were those activities which make people breathe much harder than normal 

and may include heavy lifting, digging, aerobics, or fast bicycling. Participants in general had 

vigorous activities for 2.23 days per week (SD = 1.98), and 1.14 hours per day (SD = 1.14), 

which means that participants in general had moderate vigorous-physical activity level. 

Participants in treatment group had vigorous activities for 2.19 days per week (SD = 2.13), and 
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0.91 hours per day (SD = 0.73). Participants in control group had a slight higher amount of 

vigorous activities for 2.25 days per week (SD = 1.92) and 1.26 hours per day (SD = 1.28). The 

Wilcoxon’s rank-sum showed there was no significant difference for vigorous activities between 

the two groups (z = 0.297, p = .77; z = 1.088, p = .277). In addition, moderate physical activities 

were those activities that made people breathe somewhat harder than normal and might include 

carrying light loads, bicycling at a regular pace, or doubles tennis (walking was not included). 

Participants in general have moderate activities for 3.39 days per week (SD = 2.39), and 1.09 

hours per day (SD = 0.82), which means that participants in general had moderate moderate-

physical activity level. Participants in treatment group had moderate activities for 3.26 days per 

week (SD = 2.30), and 1.14 hours per day (SD = .88). Participants in control group had a slight 

higher amount of moderate activities for 3.45 days per week (SD = 2.45), and 1.06 hours per day 

(SD = 0.79). The Wilcoxon’s rank-sum showed there was no significant difference for moderate 

activities between the two groups (z = 0.289, p = .772; z = -0.037, p = .970). Furthermore, 

walking activities included those walking time at work and at home, walking to travel from place 

to place, and any other walking that people had done solely for recreation, sport, exercise, or 

leisure. Participants in general have walking activities for 5.43 days per week (SD = 2.55), and 

0.83 hours per day (SD = .50), which means that participants in general had moderate walking 

activity level. Participants in treatment group have walking activities for 5.22 days per week (SD 

= 1.95), and 0.79 hours per day (SD = .66). Participants in control group have almost the same 

amount of walking activities 5.54 days per week (SD = 2.81), and 0.85 hours per day (SD = .54). 

The Wilcoxon’s rank-sum showed there was no significant difference for walking activities 

between the two groups (z = 0.162, p = 0.871; z = -0.100, p = .920).  

The mean number of steps in phase 1 is 17158.6 (SD = 9555.6). The mean number of steps in 

phase 2 is 16098.12 (SD = 9065.7). In addition, there is a significant correlation between number 

of steps in phase1 and number of steps in phase2, r = .438, p < .001 (p = 0.000). There was a 

decrease in the mean number of steps in phase 2 (M = 15888.0, SD =8901.3) comparing to those 

in phase 1 (M = 18016.0, SD =9898.7) for control group. There was an increase in the mean 

number of steps in phase 2 (M = 16511.1, SD =9526.943) comparing to those in phase 1 (M = 

15473.1, SD = 8762.5) for treatment group. 
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4.2 Hypothesis Testing for Step Increase 

The Wilcoxon’s rank-sum test was run with steps gain score between the two phases 

(STEPGAIN) as dependent variable, and two conditions (receive negative peer feedback or not) 

as independent variable. The result (N = 86) was not aligned with our expectancies. We found 

that participants who received negative peer feedback had a higher step gain score (M = 1037.9, 

SD = 8450.8) than participants who didn’t receive negative peer feedback (M = -2128.1, SD = 

10438.5). However, the effect of treatment was not significantly, z = -1.283, p = 0.199. The 

results indicated that users in negative feedback treatment condition didn’t have a significant step 

increase between the two phases comparing to users in control condition that only receive factual 

feedback. Thus, our first hypothesis (H1) was not supported by the current data. 

4.3 Three-way Anova and Multiple Regression Analysis 

To control for the initial steps in phase 1 (STEP1) and the group type (GTYPE), we ran three-

way anova (Gamst, Meyers & Guarino, 2008) and multiple regression (Kerlinger & Pedhazur, 

1973) with the two conditions as the main independent variable, steps in phase 2 (STEP2) as 

dependent variable, steps in phase 1 and the group type as two control variables. As checked, 

those independent variables were not correlated with each other (p > 0.05). The dependent 

variable (STEP2) was normally distributed (z = 1.227, p = .110). The results are shown in Table 

2 below. 

Table 2. Three way Anova model with steps in phase 1 (STEP1) and group type (GTYPE) as 
controlled variables. 

 df F (1,85) Prob>F 
Main Effect of Treatment 1 2.31 .133 

Main Effect of Steps in Phase 1 1 17.1 .000*** 
Interaction Effect Between Steps in Phase 1 and Treatment 1 4.72 .033* 

Main Effect of Group Type 1 0.05 .832 
Interaction Effect Between Treatment and Group Type 1 2.60 .111 

Interaction Effect Between Steps in Phase 1 and Group Type 1 0.30 .586 
Interaction Effect among the Three Independent Variables 1 3.45 .067 

* = p < 0.05; ** = p < 0.01; *** = p < 0.001. N = 86 

Anova revealed no significant main effect of treatment with F (1, 85) = 2.31, p = .133). The 

result indicated that there was no significant difference in number of steps in phase 2 between 
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participants who received negative peer feedback and those who only receive factual feedback 

when controlling for the number of initial steps and the type of group. This result didn’t support 

our second hypothesis. In addition, there was a significant main effect of steps in phase 1 with F 

(1,86) = 17.1, p < 0.001(p = 0.000). A significant interaction effect was found between treatment 

and steps in phase1, F (1,86) = 4.72, p < 0.05 (p = .033), indicating that the effect of the negative 

peer feedback treatment on the number of steps in phase1 was different between participants 

with a lower number of steps in phase 1 and participants with a higher number of steps in phase 

1. Furthermore, the result showed no main effect of group type with F (1,86) = 0.05, p = .832. 

There was no interaction effect between group type and the treatment, F (1,86) = 2.60, p = .111. 

There was no interaction effect between group type and steps in phase 1, F (1,86) = 0.30, p = 

.586. Thus, we concluded that the group type had no effect on the number of steps in phase 2, 

which means the treatment effect on number of steps in phase 2 were the same for participants in 

both group types. Moreover, no three-way interaction effect was found among all three 

independent variables, F (1,86) = 3.45, p = .067. 

Table 3. Multiple regression model with steps in phase 1 (STEP1) and group type (GTYPE) as 
controlled variables. 

 Coefficient SD t P>|z| 
Main Effect of Treatment -2764.8 3834.68 -0.72 .473 

Main Effect of Steps in Phase 1 .36514 .11045 3.31 0.001** 
Main Effect of Group Type -2710.8 .2026.2 -1.34 .185 

Interaction Effect Between Steps in 
Phase 1 and Treatment 

.27366 .20684 1.32 .190 

* = p < 0.05; ** = p < 0.01; *** = p < 0.001. N = 86 

In order to look into the coefficients for those main effects and interaction effects, we ran further 

multiple regression. Since we didn’t find any interaction effects between group type with steps in 

phase1, between group type with treatment, and among the three independent variables in 

previous anova analysis, we ran multiple regression with only the main effects and interaction 

effect between the treatment and steps in phase 1. The results are showed in Table 3. The 

regression model again showed no significant effect of treatment (B = -2764.8, p = .473) while 

controlling for the number of initial steps and the type of group, which again indicated that there 

was no significant difference in number of steps in phase 2 between participants who received 

negative peer feedback and those who only receive factual feedback when controlling for the 
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number of initial steps. Our second hypothesis was not supported. There was a significant effect 

of steps in phase 1, B = .36514, p < 0.01 (p = 0.001). Surprisingly, the interaction effect between 

the treatment and steps in phase1 was not significant anymore, B = .27366, p = .190. The 

positive coefficient of the interaction effect indicated that the effect of the negative peer feedback 

treatment on number of steps in phase 2 was higher for participants with a higher number of 

steps in phase 1 comparing to participants with a lower number. However, the interaction effect 

was not significant in the regression model. 

In general, those results from Anova and Regression didn’t support our second hypothesis (H2). 

Both results indicated that there was no significant difference in number of steps in phase 2 

between participants who received negative peer feedback and those who only received factual 

feedback, when controlling for the number of initial steps and the type of group. That was, users 

in negative feedback treatment condition didn’t have a significant higher number of steps after 

the negative feedback interventions, comparing to the users in control condition who only 

received factual feedback. In addition, based on the significant interaction effect between the 

treatment and the steps in phase 1 from Anova, and the positive coefficient of this interaction 

effect from the regression model, we could come up with the conclusion that the effect of 

negative peer feedback treatment maybe slightly higher for users with higher initial steps. 

However, the result didn’t strongly support this conclusion since the regression model didn’t 

show a significant interaction between treatment and steps in phase 1.  

4.4 Test for Mediation 

To test the mediation effect of the behavior alignment to the group norm for gaining peer 

approval, we ran a mediation analyses with treatment as the independent variable, behavior 

alignment as a mediator, the steps in phase 1 as a moderator, and steps in phase 2 as the 

dependent variable as shown in Figure 4. To explore possible interaction effects, the related 

interaction effects - TREATMENT by STEP1 and TREATMENT by APPROVAL - were also 

tested.  
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Figure 4. Mediation with steps in phase 1 as a moderator, treatment as the independent variable, 

behavior alignment as the mediator variable, and steps in phase 2 as the dependent variable. 

The mediator analysis was conducted by applying linear regression using the SUREG (Zellner, 

1962; Zellner, 1963) command in STATA. As shown in Table 4, there was no significant 

mediation effect of the behavior alignment to group norms for gaining peer approval. The 

Bootstrap results of the mediation analysis in general showed no significant mediation effect (B 

= 871.21, SD = 1272.2, z = 0.68, p = .493).  

Table 4. Moderated mediation model with the behavior alignment as a mediator and the steps in 
phase 1 as a moderator. 

 Coefficient SD z P>|z| 
Path a to Behavior Alignment      

Main Effect of Treatment 2.8927 1.5013 1.93 .054 
Main Effect of Steps in Phase1 1.64e-06 .00004 0.04 .969 

Interaction Effect Between Treatment and 
Steps in Phase1 

-.00014 .00008 -1.70 .089 

Path b/c to Steps in phase 2      
Main Effect of Treatment -11084 6324.0 -1.75 .080 

Main Effect of Behavior Alignment 301.17 315.13 0.96 .339 
Main Effect of Steps in Phase 1 .34780 .10415 3.34 .001** 

Interaction Effect Between Treatment and 
Steps in Phase 1 

.42057 .20638 2.04 .042* 

Interaction Effect Between Treatment and 
Behavior Alignment 

744.87 564.31 1.32 .187 

* = p < 0.05; ** = p < 0.01; *** = p < 0.001. N = 86 

Path a showed the regression model of the effect of treatment on the behavior alignment. The 

result indicated no significant effect of treatment on the behavior alignment, z = 1.93, p = .054. 

In addition, there was no significant effect of steps in phase 1, z = 0.04, p = .969. Furthermore, 

there was no interaction effect between the steps in phase 1 and the treatment, z = -1.70, p = 

.089, which means that there was no moderation of the effect of steps in phase 1.  
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Path b/c indicated the regression of the effect of the behavior alignment and the effect of 

treatment on the steps in phase 2. The results indicated that there was no significant effect of 

treatment on the steps in phase 2, z = -1.75, p = .080. There was no significant effect of behavior 

alignment on steps in phase 2, z = 0.96, p = .339. The main effect of steps in phase 1 was still 

significant, z = 3.34, p < 0.01 (p = .001). In addition, a significant interaction effect was found 

between the treatment and the steps in phase 1, B = .421, z = 2.04, p < .05 (p = .042), which 

indicated that there was a moderation of the effect of steps in phase 1 on the effect of treatment. 

The positive coefficient of the interaction effect indicated that the treatment effect on steps in 

phase 2 was stronger for participants with high initial steps, comparing to participants with low 

initial steps. Furthermore, there was no significant interaction effect between treatment and 

behavior alignment, z = 1.32, p = .187. 

We concluded from those results that there was no mediation effect of behavior alignment. The 

result indicated that the negative peer feedback treatment didn’t influence the number of steps 

after the negative peer feedback through the behavior alignment to the group norms for gaining 

approval from peers. Hence, our third hypothesis (H3) was not supported. However, we again 

found a significant interaction effect between the treatment and steps in phase 1 when predicting 

the steps in phase 2, which indicated a stronger treatment effect on steps in phase 2 for 

participants with higher initial steps.  

To conclude from those three analyses, all three hypotheses were not supported. The result 

indicated no significant effect of negative peer feedback treatment on the number of steps in 

phase 2 while controlling the number of steps in phase 1, and no significant mediation effect of 

behavior alignment to group norms for gaining the peer approval. In addition, we found a 

significant interaction between treatment and the steps in phase 1 in Anova and mediation 

analyses, which indicated the treatment effect on steps in phase 2 might be stronger for 

participants with higher initial steps. However, due to the dropping of many participants (see 

3.3.5), there weren’t enough left overs in our final dataset, thus this interaction effect has not 

been stable so far across all the analyses. We found no significant interaction effect between 

treatment and steps in phase 1 in the regression analysis. Hence the results didn’t strongly 

support this conclusion.   
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5. General Conclusion and Discussion 

The current research aimed to study negative peer feedback interventions as a powerful 

persuasive tool within a small fitness group to facilitate behavior change in health-and-fitness 

related applications. As described in the introduction and literature research section of this 

report, previous negative feedback theories and earlier research suggested that negative feedback 

can facilitate better performance for simple and appealing tasks (Locke & Latham, 1990; Annett, 

1969; Podsakoff & Farh, 1989; Easterbrook, 1959; Christianson, 1992), which indicated an 

opportunity to make use of negative peer feedback as an effective way to help people to attain 

better fitness performance. Still, whether the negative feedback from peers in a group setting 

were effective to motivate people to do more exercise remained unclear.  

The current research focused on exploring the effectiveness of negative performance feedback 

from peers in a small group setting to motivate people to do more exercise. In particular, we 

looked into the underlying mechanism that how negative peer feedback lead to improvement of 

fitness performance. According to the relational signaling theory (Matzat, 2009), we expected 

the negative peer feedback influence the fitness behavior through the behavior alignment to the 

group norms for gaining approval from peers. 

5.1 Understanding the Persuasive Power of Negative Peer Feedback 

As described in previous literature research section of this thesis, earlier research and theories 

suggested that negative peer performance feedback could be effective to motivate people to do 

more exercise for several reasons. On the one hand, based on the control theory (Annett, 1969; 

Podsakoff & Farh, 1989) and the goal setting theory (Locke & Latham, 1990), we concluded that 

negative feedback in general can help people to regulate their behaviors to align with their goals, 

thus motivate people to achieve better performance. On the other hand, negative feedback from 

peers could be motivating since group members wanted to align with the behaviors that the 

group members expected to do (Matzat, 2009). Thus, we argued that negative peer feedback 

interventions within a small fitness group could motivate people to do more exercise. To be more 

specific, we expected that participants who received the negative peer feedback had a higher step 

increase compared to participant who didn’t received the negative peer feedback (only with 
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factual feedback). Therefore, we studied the effectiveness of negative peer feedback within a 

small fitness group with 3 or 4 members.  

In the first analysis, we ran Wilcoxon’s rank-sum test with steps gain score between the two 

phases as dependent variable, and two conditions (receive negative peer feedback or not) as 

independent variable. We expected users in negative feedback treatment condition will have a 

significant step increase between the two phases comparing to users in control condition that 

only receive factual feedback. However, the findings of the Wilcoxon’s rank-sum test didn’t 

align with our expectations in hypothesis (H1), the results showed that negative peer feedback 

had no significant effect on step increase for the users in treatment condition. Hence our first 

hypothesis was not supported.  

In the further anova and regression model, we added the initial steps in phase 1 as a controlled 

variable to test the negative peer feedback treatment effect to the steps in phase 2. We expected 

that the steps in phase 2 was higher for participants in the treatment group who received negative 

peer feedback, comparing to the participants in the control group who only received factual 

feedback while controlling the initial number of steps. Both the anova and the regression models 

didn’t reveal any significant main effect of negative peer feedback treatment, which means that 

Users in negative feedback treatment condition didn’t have a significant higher number of steps 

after the negative feedback interventions, comparing to the users in control condition who only 

received factual feedback. Our second hypothesis (H2) of the treatment effect was not supported. 

However, a significant positive interaction effect was found between treatment and steps in 

phase 1 in the Anova model, which indicated that, for participants with a higher number of steps 

in the first phase, the effect of the negative peer feedback treatment effect on steps in phase 2 

was stronger, comparing to the participants with a lower number. But this interaction effect was 

not significant in the further regression model. 

Furthermore, in the current study, we investigated the influence of the behavior alignment to 

group norms for getting peer approval on the effectiveness of negative peer feedback. We argued 

that negative peer feedback influences the fitness behavior through the behavior alignment to the 

group norms for getting approval from peers. That was, in order to be approved by peers, group 

members were motivated to do more exercise, which was the group norm, when they received 

negative peer feedback on their previous performance as indicated by the social control theory 
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(Matzat, 2009). Findings of the study didn’t support our third hypothesis (H3) of the mediation 

effect of the behavior alignment. However, the significant interaction effect between the steps in 

phase 1 and the negative peer feedback treatment indicated that the effect of negative peer 

feedback treatment on the fitness performance could depend on their initial steps before the 

negative peer feedback. More specifically, it was possible that the treatment effect was stronger 

for participants with higher number of initial steps before the treatment than for participants with 

lower number of initial steps. So far, we have seen those three models reached different results in 

the interaction effect between the treatment and the steps in phase 1. The reason could be that, 

after the dropping of the invalid cases and outliers (see 3.3.5), there weren’t enough participants 

left in our final dataset, thus this interaction effect has not been stable so far across all the 

analyses. 

In general, those results indicated that the negative peer feedback didn’t have a strong effect in 

facilitating the fitness performance. However, the results were not consistent with the earlier 

theories and research. One explanation could be that the negative feedback was treated as 

performance-contingent rewards, which may cause extra effect on the motivation. Earlier 

research suggested that performance-contingent rewards significantly undermined free-choice 

intrinsic motivation (Deci, Koestner & Ryan, 1999). That was, extrinsic rewards like negative 

peer feedback related to performance could undermined the intrinsic motivation of exercising 

more, which led to no significant effect of negative peer feedback treatment. 

In addition, according to earlier negative feedback research, we concluded that negative feedback 

can be motivating, but only for simple or appealing tasks (Easterbrook, 1959; Christianson, 

1992). However, it might be that the fitness activity, such as walking, is not so simple or 

appealing for some people. Most participants of the current study were students. Those students 

might not choose walking for practical reasons. For instance, they might need to take the bus to 

catch up a class or meeting. Or, they might need to prepare examinations at home instead of 

walking outside. Hence, even if they received the negative peer feedback, comparing to other 

important things, the motivation to exercise more was canceled out. 

Another explanation of the insignificance of the treatment effect could be caused by the small 

sample size problem after the dropping. Due to the dropping of the 36 participants, the sample 

size decreased, which led to the insignificance of the main effect of treatment. In addition, the 
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treatment didn’t work as expected since we dropped out many participants from the treatment 

group, which again led to a decrease in the experiment power. Hence with the insignificance of 

the main effect of treatment, the insignificance of the mediation effect of behavior alignment was 

not surprising. 

Furthermore, we drew insights form the interaction effect found between the treatment and steps 

in phase 1 that the treatment effect was stronger for participants with higher number of initial 

steps before the treatment than for participants with lower number of initial steps. Thus, it could 

be that the negative peer feedback treatment was only effective in facilitating the number of steps 

in phase 2 for people with higher initial steps in phase 1. That means the negative peer feedback 

treatment might be only effective in facilitating fitness performance for people who normally 

exercise more than other people. It is possible that those people who exercise more pay more 

attention to their peer feedback and thus are more willing to adjust their behavior to the group 

norm and exercise even more. However, the interaction effect was partially supported since the 

significance was difference across all analyses. 

Beyond these findings, although we didn’t provide empirical evidence showing that the negative 

peer feedback interventions can motivate the fitness performance, we found some promising 

results of the negative peer feedback interventions for improving the fitness performance for 

people who normally exercise more than others. In addition, for earlier research on health-and-

fitness related applications and devices, our study extended the research on health-and-fitness 

related persuasive technology by investigating the effectiveness of the social monitoring and the 

negative peer feedback interventions used within those applications. Due to the limitations of the 

current research, more research need to be done before applying this research into those health-

and-fitness related applications and devices. 

5.2 Limitations and Directions of Future Research 

Throughout the current research process, we identified limitations of the current research and 

potential areas for future research. At first, most of the participants in the current study were 

students from the Netherlands. However, the effectiveness of the negative peer feedback 

interventions on group members in fitness community might vary among different cultures, and 

across different ages and occupations. Future negative peer feedback interventions research 
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should investigate the effect of the negative peer feedback with people from other nationals, and 

people with different ages and occupations. 

Secondly, in real applications of feedback interventions in those health-and-fitness related 

applications and devices, the peer feedback can be either positive or feedback. Future research 

should also explore the effect of the positive peer feedback on the motivation for better 

performance. 

Thirdly, as mentioned in the descriptive results in the results section, we dropped out many 

participants (most from treatment group) for further analysis. After dropping those participants, 

the current experiment suffered from small sample size problems. That is, the small sample size 

and unequal sample size of the two groups for the current experiment led to a decrease in the 

power of the analysis. Thus, the treatment effect didn’t work as expected and the results were not 

significant. Most of those droppings were caused by either participant didn’t receive any 

feedback, or participants regarded the feedback they received as faked. Hence, in future research, 

one should consider sending those feedback via text messages instead of emails. In addition, 

future experiment design should consider using real applications to make the feedback 

interventions look more real. 

Finally, it was still not clear why there was no significant effect of behavior alignment on 

improvement for the steps in phase 2. One reason could still be the small sample size problem. 

Another reason could be that participants had no awareness of their behavior alignment to group 

norms because of their need to get peer approval. That was, those participants, who claimed that 

they didn’t increase their steps in phase 2 because of their need to get peer approval, actually 

increased their steps in phase 2 because they want to align their behaviors with their peers. 

However, they were not aware of that fact. Thus, future research should consider use peer 

approval scales which tapped into real behavior, instead of simple self-report. In general, 

although current research has many limitations, it indicates potential research areas into the 

social feedback interventions applied in health-and-fitness related applications. 

5.3 General Conclusion 

The primary aim of the current research was to improve our understanding of negative peer 

feedback interventions utilized in social fitness groups as a social monitoring tool to motivate 
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group members to exercise more. By evaluating the effects of negative peer feedback among a 

small fitness group with 3 or 4 members on their fitness performance, we didn’t find empirical 

evidence that negative peer feedback interventions were persuasive tool to motivate people to 

exercise more.  

The results didn’t reveal any significant step increase between the two phases for participants 

who received negative peer feedback. In addition, while controlling the initial steps in the pre-

test, there wasn’t any significant difference in the post-test between the participants who received 

the negative peer feedback and those who didn’t. The anova model indicated a significant 

interaction effect between treatment and steps in phase 1, which indicated that the treatment 

effect on the numbers of steps in phase 2 was stronger for participants with higher number of 

initial steps before the treatment than for participants with lower number of initial steps. 

However, the interaction effect disappeared in the regression model. Furthermore, we explored 

the underlying mechanism that how negative peer feedback lead to the improvement of the 

performance. We proposed that negative peer feedback influenced the fitness performance 

through the need for approval from peers. The results didn’t support our hypothesis, which 

means there was no effect of behavior alignment to group norms for gaining peer approval on the 

number of steps in phase 2. It is still not clear what was the reason for no effect of behavior 

alignment. However, the mediation model revealed a significant interaction effect between 

treatment and steps in phase 1 when predicting steps in phase 2, which again indicated that the 

treatment effect on number of steps in phase 2 was stronger for participants with higher number 

of initial steps before the treatment than for participants with lower number of initial steps. 

To conclude, the findings from this thesis did not revealed any empirical evidence that the 

negative peer feedback within a small group could motivate people to exercise more. From the 

significant interaction effect between treatment and steps in phase 1, we saw an opportunity of 

using negative peer feedback to facilitate more exercise for people who normally exercise more 

than others. It is possible that negative peer feedback can improve fitness performance of those 

people who normally spend much time exercising. However, this conclusion was not strongly 

supported since the significance of the interaction effect was not stable across all analyses. 

Further related research should be conducted before extending the approach of negative peer 

feedback interventions to health-and-fitness related applications. 
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Appendix I: Questionnaires 

1. General health questionnaire 

Have you recently… 

1.  Have you recently been feeling perfectly well and in good health? 

◯ Better than usual     ◯ Same as usual     ◯ Worse than usual     ◯ Much worse than usual 

2. Have you recently felt that you are ill? 

◯ Not at all    ◯ Not more than usual    ◯ Rather more than usual    ◯ Much more than usual 

3. Have you recently been getting a feeling of tightness or pressure in your head? 

◯ Not at all    ◯ Not more than usual    ◯ Rather more than usual    ◯ Much more than usual 

 

2. International physical activity questionnaire 

1. Vigorous activities make you breathe much harder than normal and may include heavy lifting, digging, 

aerobics, or fast bicycling. 

During the last 7 days (before the current study), on how many days did you do vigorous physical activi-

ties?  

_____ Days per week [VDAY; Range 0-7, 8,9]  

How much time did you usually spend doing vigorous physical activities on one of those days?  

__ __ Hours per day [VDHRS; Range: 0-16]  

2. Moderate physical activities make you breathe somewhat harder than normal and may include carrying 

light loads, bicycling at a regular pace, or doubles tennis.  Do not include walking. 

During the last 7 days (before the current study), on how many days did you do moderate physical activi-

ties? 

____ Days per week [MDAY; Range: 0-7, 8, 9] 

How much time did you usually spend doing moderate physical activities on one of those days? 

__ __ Hours per day [MDHRS; Range: 0-16] 

3. Now think about the time you spent walking in the last 7 days.  This includes at work and at home, 

walking to travel from place to place, and any other walking that you have done solely for recreation, 

sport, exercise, or leisure. 

During the last 7 days (before the current study), on how many days did you walk for at least 10 minutes 

at a time? 

____ Days per week [WDAY; Range: 0-7, 8, 9]  
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How much time did you usually spend walking on one of those days? 

__ __  Hours per day [WDHRS; Range: 0-16]   
 

4. Peer approval questionnaire 

The following propositions are about your experiences during the LAST THREE DAYS.  

1. In order to get along with my peers, during the last 3 days I tended to exercise more as people expected 

me to do so.  

Disagree strongly        ◯         ◯         ◯         ◯         ◯        Agree strongly 

2. I changed my way of doing exercise during the last 3 days in order to please my peers. 

Disagree strongly        ◯         ◯         ◯         ◯         ◯        Agree strongly 

3. It was not important to me that I behaved ‘properly’ in my group during the last 3 days. 

Disagree strongly        ◯         ◯         ◯         ◯         ◯        Agree strongly 

4. I felt it was wise to flatter my peers, thus I exercised more. 

Disagree strongly        ◯         ◯         ◯         ◯         ◯        Agree strongly 

5. I felt the best way to get along with my peers was to agree with what they expected and exercise more 

during the last 3 days. 

Disagree strongly        ◯         ◯         ◯         ◯         ◯        Agree strongly 

6. *I would rather be myself than be well thought of. 

Disagree strongly        ◯         ◯         ◯         ◯         ◯        Agree strongly 

7. *Sometimes I feel that I don’t have enough control over the direction that my life is taking. 

Disagree strongly        ◯         ◯         ◯         ◯         ◯        Agree strongly 

8. *I am careful at social gatherings for fear that I will do or say things that others won’t like. 

Disagree strongly        ◯         ◯         ◯         ◯         ◯        Agree strongly 

9. *I usually do not change my position when people disagree with me. 

Disagree strongly        ◯         ◯         ◯         ◯         ◯        Agree strongly 

 

*Questions from 6-9 are related to personal trait. 
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Appendix II: Significant Results Before Removing Outliers 

Table 5. Anova model with only steps in phase 1 (STEP1) as controlled variables. 

 df F(1,86) Prob>F 
Main effect of treatment 1 4.82 .031* 

Main effect of steps in phase 1 1 24.19 .000*** 
Interaction effect between steps in phase 1 and treatment 1 9.17 .003** 

Main effect of group type 1 0.48 .489 
Interaction effect between treatment and group type 1 0.61 .436 

Interaction effect between steps in phase 1 and group type 1 0.17 .683 
Interaction effect among the three independent variables 1 0.73 .397 

* = p < 0.05; ** = p < 0.01; *** = p < 0.001. N = 87 

Anova revealed a significant main effect of treatment with F(1, 86) = 4.82, p < 0.05 (p = .031). This result 

was consistent with the result form the primary T test analysis and is in line with hypothesis 1. There was 

a significant difference in number of steps during the second phase between participants who received 

negative peer feedback and those who didn’t receive negative peer feedback while we control for the 

number of initial steps and the type of group.  

Besides, there was a significant main effect of steps in phase 1 with F(1,86) = 24.19, p < 0.001(p = 

0.000). A significant interaction effect was found between treatment and steps in phase1, F(1,86) = 9.17, 

p < 0.01 (p = .003), indicating that, for participants with a higher number of steps in the first phase, the 

effect of the negative peer feedback treatment on the number of steps in the second phase was different 

than the effect for participants with a lower number. 

Furthermore, the result showed no main effect of group type with F(1,86) = 0.48, p = .489. There was no 

interaction effect between group type and the treatment, F(1,86) = 0.61, p = .436. There was no 

interaction effect between group type and steps in phase 1, F(1,86) = 0.17, p = .683. Thus, the group type 

had no effect for the number of steps in the second phase, and the treatment effects on number of steps 

during phase 2 were the same for participants in both group types. Moreover, no interaction effect was 

found among all three independent variables, F(1,86) = 0.73, p = .397.  
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Appendix III: Stata Command 

****************** 
*STEP 0: drop-out* 
****************** 
count 
sum 
tab gender 
tab treatment 
 
 
//drop if in control[==0], but receive feedback[==1]  
list id if treatment == 0 & feedback == 1 
//7 p: 11,29,31,55,56,81,87 
 
list id if treatment == 1 & feedback >= 2 
//11 p: 8,17,18,19,33,37,40,41,42,46,115 
 
list id if treatment == 1 & fake == 1 
//17 p: 5,7,22,36,48,69,70,73,74,89,97,98,99,101,103,104,126 
 
//reverse c_positive, gen negative (1-7) 
gen r_c_positve = 1+7 - c_positive 
gen negative = (r_c_positve + c_negative)/2 
drop c_negative c_positive r_c_positve 
list id if negative < 2 
//0 
 
//remove a significant outliers 
graph box step2, over(treatment) 
list id if step2>50000 
 
gen exclude = 0 
replace exclude = 1 if id == 11 
replace exclude = 1 if id == 29 
replace exclude = 1 if id == 31 
replace exclude = 1 if id == 55 
replace exclude = 1 if id == 56 
replace exclude = 1 if id == 81 
replace exclude = 1 if id == 87 
 
replace exclude = 1 if id == 8 
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replace exclude = 1 if id == 17 
replace exclude = 1 if id == 18 
replace exclude = 1 if id == 19 
replace exclude = 1 if id == 33 
replace exclude = 1 if id == 37 
replace exclude = 1 if id == 40 
replace exclude = 1 if id == 41 
replace exclude = 1 if id == 42 
replace exclude = 1 if id == 46 
replace exclude = 1 if id == 115 
 
replace exclude = 1 if id == 5 
replace exclude = 1 if id == 7 
replace exclude = 1 if id == 22 
replace exclude = 1 if id == 36 
replace exclude = 1 if id == 48 
replace exclude = 1 if id == 69 
replace exclude = 1 if id == 70 
replace exclude = 1 if id == 73 
replace exclude = 1 if id == 74 
replace exclude = 1 if id == 89 
replace exclude = 1 if id == 97 
replace exclude = 1 if id == 98 
replace exclude = 1 if id == 99 
replace exclude = 1 if id == 101 
replace exclude = 1 if id == 103 
replace exclude = 1 if id == 104 
replace exclude = 1 if id == 126 
 
replace exclude = 1 if id == 72 
 
//health (1-12 lower means better health status) 
gen health = (health1+health2+health3)/3 
sum health 
alpha health1-health3, item  
sum age 
 
//gender, health status and physical activity level difference 
tab gender exclude, chi2 
ranksum age, by(exclude) 
ranksum health, by(exclude) 
ranksum vig_phy_1, by(exclude) 
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ranksum vig_phy_2, by(exclude) 
ranksum mod_phy_1, by(exclude) 
ranksum mod_phy_2, by(exclude) 
ranksum wal_phy_1, by(exclude) 
ranksum wal_phy_2, by(exclude) 
 
***************** 
*STEP 1: General* 
***************** 
 
drop if exclude==1 
 
count 
sum step1 
sum step1 if treatment==1 
sum step1 if treatment==0 
sum step2 
sum step2 if treatment==1 
sum step2 if treatment==0 
tab treatment 
tab gender 
tab gender treatment, chi2 
 
sum age 
ranksum age, by(treatment) 
 
sum health if treatment==1 
sum health if treatment==0 
ranksum health, by(treatment) 
 
//Vigorous activities make you breathe much harder than normal and may include heavy lifting, digging, 
aerobics, or fast bicycling. 
//1.days per week; 2.hours per day 
sum vig_phy_1 vig_phy_2 
sum vig_phy_1 vig_phy_2 if treatment==1 
sum vig_phy_1 vig_phy_2 if treatment==0 
ranksum vig_phy_1, by(treatment) 
ranksum vig_phy_2, by(treatment) 
 
//Moderate physical activities make you breathe somewhat harder than normal and may include carrying 
light loads, bicycling at a regular pace, or doubles tennis.  Do not include walking. 
//1.days per week; 2.hours per day 
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sum mod_phy_1 mod_phy_2 
sum mod_phy_1 mod_phy_2 if treatment==0 
sum mod_phy_1 mod_phy_2 if treatment==1 
ranksum mod_phy_1, by(treatment) 
ranksum mod_phy_2, by(treatment) 
 
//Walking time: this includes at work and at home, walking to travel from place to place, and any other 
walking that you have done solely for recreation, sport, exercise, or leisure. 
//1.days per week; 2.hours per day 
sum wal_phy_1 wal_phy_2 
sum wal_phy_1 wal_phy_2 if treatment==0 
sum wal_phy_1 wal_phy_2 if treatment==1 
ranksum wal_phy_1, by(treatment) 
ranksum wal_phy_2, by(treatment) 
 
sum step1 
sum step2 
pwcorr step1 step2, sig 
 
**************** 
*STEP 2: T-test* 
**************** 
 
//gen step variable 
gen stepgain = step2-step1 
ranksum stepgain, by(treatment) 
 
*************************** 
*STEP 3: Ancova+Regression* 
*************************** 
 
//test for equality/homogeneity of variances by testing the covariate by factor interactions, if significant 
then violation. 
robvar step2, by(treatment) 
robvar step2, by(gtype) 
 
//generate product terms 
gen treatbystep1 = treatment*step1 
gen treatbygtype = treatment*gtype 
gen step1bygtype = step1*treatment 
gen treatbystep1bygtype = treatment*step1*gtype 
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anova step2 treatment##c.step1##gtype 
reg step2 treatment step1 gtype treatbystep1 treatbygtype step1bygtype treatbystep1bygtype 
 
******************* 
*STEP 4: Mediation* 
******************* 
 
gen approval = approval1+approval2+approval3+approval4+approval5 
sum approval 
alpha approval1-approval5, item 
 
//generate product terms 
gen treatbyappr = treatment*approval 
gen step1byappr = step1*approval 
 
//run moderated mediation 
sureg (approval treatment step1 treatbystep1) (step2 treatment approval step1 treatbystep1 treatbyappr 
step1byappr) 
nlcom ([approval]_b[treatment]*[step2]_b[approval]) 
 
capture program drop modmed 
program modmed, rclass 
  sureg (approval treatment step1 treatbystep1) (step2 treatment approval step1 treatbystep1 treatbyappr 
step1byappr) 
  return scalar indapp   = [approval]_b[treatment]*[step2]_b[approval]  
end 
 
bootstrap r(indapp), reps(1000): modmed 
estat bootstrap, bc 
 


