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A B S T R A C T   

Employees can help organizations attain Corporate Environmental Performance (CEP) goals and 
save on energy bills, by conserving electricity. However, they lack the motivation. Information 
Systems (IS)-enabled energy-related feedback interventions featuring gamification (utilizing 
game-design elements), have been suggested to increase organizational energy conservation. To 
identify the behavioral factors that should be considered when designing such interventions to-
wards optimizing their results, this paper focuses on unravelling the intricacies of employee 
energy consumption behavior and providing answers to the research question: “What drives 
employees to save energy at work?”. Our research is conducted in three workplaces across 
Europe. First, we analyze employees’ energy-saving motivation and behavior at an individual 
level of analysis to identify defining behavioral factors behind it. Then, considering these drivers 
of employees’ energy consumption behavior, we focus on answering the question: “How a 
gamified IS that provides real-time energy usage feedback affects employees’ motivation to 
conserve energy at work, and in turn the actual energy savings in organizations”. Our findings 
suggest that employees’ level of self-determination to conserve energy, energy-saving personal 
norms, and personal and organizational profile, significantly explain both their energy-saving 
behavior and the energy behavior change attained through a gamified IS intervention. More-
over, the provision of feedback to employees, via an Internet-Of-Things (IoT)-enabled gamified IS, 
is proven an effective strategy for accomplishing actual energy conservation at work. The ac-
quired insight on what drives employees’ energy usage behavior supports the design of gamified 
IS interventions that have higher motivational capacity and, thus, can change employees’ energy 
behavior. When designing behavioral interventions aimed at energy conservation at work, we 
should primarily focus on monitoring (to decide whether a behavioral intervention would be 
worth organizing) and ultimately positively affecting employees’ energy-saving habits and 
intention. Our findings can be transformed to specific practical suggestions for firms to encourage 
employees’ energy saving behavior when aspiring to attain CEP goals. They include satisfying 
their basic psychological needs for autonomy, competence, and relatedness, activating their 
personal norms in the context of energy-saving at work, and educating and encouraging them 
towards specific energy-saving behaviors by utilizing gamified IoT-enabled IS that keep their 
energy-saving “in shape”.  
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1. Introduction 

Climate change, and the worldwide acknowledged need to intensify our efforts to reduce CO2 emissions and protect the envi-
ronment, are directly connected to energy conservation [1,2]. Accordingly, three out of the seventeen United Nations’ “Envision2030” 
Sustainable Development Goals (UNSDGs) – #7, #12, and #13 – are connected to energy conservation [3]. At the same time, com-
panies are increasingly held accountable for the social consequences of their activities by governments, society, and the media, and 
ranked based on their Corporate Social Responsibility (CSR) – that is in turn directly linked to sustainable competitive advantage [4]. 

Corporate Environmental Performance (CEP) is an important aspect of CSR that was first conceptualized in 1998 as “organization- 
wide commitment to environmental excellence relative to the rest of the industry in a variety of areas” [5]. Nowadays, CEP is defined 
as “the results of an organisation’s management of its environmental aspects” (both within ISO 14000 standards and EU legislation). 
Further to its effect on the environment, CEP also seems to have a direct positive effect on firms’ economic performance, justifying the 
notion that “it pays to be green” [6]. Moreover, a proactive environmental strategy can strengthen the competitive advantage of 
organizations [7]. Τhe focus on CEP has recently gained more attention in the context of climate change that is directly connected to 
energy consumption. Interestingly, 40% of EU energy consumption (and 36% of CO2 emissions) is performed in buildings (one third of 
which in non-residential buildings), where a gap of up to 300% between predicted and actual energy consumption has been identified 
[8,9], and at the same time the fastest yearly increase (1.6%) in energy demand is projected until 2040 [10,11]. 

Based on the above, energy conservation in workplaces can help towards attaining corporate CEP goals. However, although the 
occupants’ role has been identified as a major determinant of energy use (and conservation) in buildings, with a comparable impact to 
– and significant effect on the successfulness of – technological solutions, it has so far been largely overlooked [12–14]. Therefore, 
there is a significant identified lack of knowledge about the internal factors that influence occupant energy consumption behaviors in 
buildings [15]. 

Relevant studies on energy consumption in non-residential buildings claim that effecting positive employee energy behavior 
change can lead to significant savings, as the average employee consumes >5.600 kWh of energy yearly at work in the EU [16,17]. At 
the same time the behavior of buildings’ occupants can increase or decrease its designed energy performance by as much as 33% [18]. 
However, energy behavior research has mainly focused on the residential sector [14,19], despite the fact that the factors that guide 
energy consumption by employees at work are not the same as at home [20]. Furthermore, research on employees’ energy conser-
vation behavior, as well as the socio-psychological influences of the organizational context on their energy consumption actions is 
generally limited [19,21–23]. Thus, the need to further research the relationships between individual – behavioral, social, and 
work-context related – factors, and energy use at work has been acknowledged [9,19,21–26]. 

A sophisticated understanding of the causal variables in the context of employee energy-saving at work, and their connection to the 
target behavior from the actor’s viewpoint, is essential for designing successful energy behavior change interventions in non- 
residential buildings [27,28]. In particular, behavioral interventions where feedback has been provided to users on their energy 
behavior through information systems (IS), have been successful for promoting energy conservation behavior [29]. However, the 
existence of a limited number of studies that have assessed the effect of providing energy feedback to employees at their offices, has led 
researchers to call for more research on IS-enabled interventions at work, and on how they affect energy consumption behavior in 
specific [30–33]. 

Drawing from all the above – and acknowledging that energy-saving by employees can help organizations reach their goals for 
sustainability as well as save on corporate energy bills – this paper delves deeper into employee energy consumption behavior, with the 
purpose of exploring factors that may affect it and should be considered when designing IS-enabled energy feedback interventions. 
More specifically, we address the following research question: “What drives employees to save energy at work?”. We designed our 
research accordingly to investigate employees’ energy-saving behavior, and especially, motivation at an individual behavior level of 
analysis. Moreover, considering these theory-rooted drivers of employees’ energy consumption behavior, we also focus on an addi-
tional, more specific, research question: “How a gamified IS that provides real-time energy usage feedback affects employees’ motivation to 
conserve energy at work, and in turn the actual energy savings in organizations”. 

Our study was conducted with employees in three workplaces situated in different EU countries. First, we performed a survey to 
explore their motivation to conserve energy at work, and ascertain if it is affected by their self-determination, or their personal norms, 
or if it is a planned behavior. These viewpoints are rooted in three established behavioral theories, i.e. self-determination theory of 
motivation (SDT) [34,35], the theory of planned behavior (TPB) [36] and values-beliefs norms theory of environmentalism (VBN) 
[20]. We also considered additional factors that may affect energy behavior at work, such as work engagement, gender, age, and 
having children. Then, taking into account that participatory behavioral interventions are recognized as an effective means towards 
enhancing organizational energy-saving behavior [17,33], we utilized an IoT-enabled, gamified IS that encouraged the employees to 
conserve energy during their daily work routine. The employees’ actual energy saving was recorded throughout the IoT-enabled 
intervention, to allow for a comparison with their self-assessed behavioral change towards reaching further conclusions. We 
emphasize that our research design does not rely only on subjective means (i.e., the employees’ perceptions of energy conservation 
based on the survey), which is the conventional research approach when examining human behavior. Instead, we have also collected 
objective evidence (i.e. IoT-enabled records of the employees’ actual energy conservation) to reinforce our findings. 

To the best of our knowledge, this is the first study exploring energy-saving utilizing three behavioral theories concurrently (as a 
self-determined behavior, planned behavior, and personal norms activation), especially in workplaces. Although recent studies have in 
some cases examined extended models of TPB that have included personal norms or self-determination in the context of PEB (e.g. Refs. 
[15,37–41]), to our knowledge there is a lack of a study that assesses these three theories together towards explaining energy 
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conservation, and especially in the context of the workplace. However, the motivation behind this study was not just theoretical; we 
also aimed to realize more about the employees’ behavioral and motivational drivers to better interpret the effect of gamified feedback 
interventions on employees’ motivation and energy usage behavior. The more we understand about the behavioral and motivational 
profile of employees/users, the higher the potential to design gamified feedback interventions with improved motivational capabilities 
that will foster employees’ energy consumption behavior change. 

Our analysis of the survey results, as well as the objective energy usage records, reveals that all three theoretical viewpoints we 
examine present merits as per their utility in explaining employees’ energy-saving motivation and behavior at work. From a practical 
point of view, we find evidence that, when designing and applying behavioral interventions, the level of employees’ self-determination 
may be more salient in explaining their energy-saving behavior at work compared to personal norms or planned behavior. Moreover, 
we find that the IS-enabled behavioral intervention led to actual energy savings, as well as employees’ (self-reported) behavior change, 
primarily in terms of the formation of energy-saving habit at work, and secondly in terms of behavioral intention to conserve energy. 
Our findings can assist future researchers and practitioners that explore the drivers of energy-saving behavior at work. In addition, they 
can be utilized, to design IS-enabled interventions that encourage energy-saving at work. Finally, inspired by our findings, we suggest 
specific actions and changes that organizations can adopt for cultivating employees’ energy saving behavior and, thus, achieving their 
CEP goals. 

Next, we briefly overview existing literature and formulate our hypotheses. Then, we present our research approach for validating 
them. Finally, we detail and discuss our findings, their theoretical, practical, and managerial implications, and provide our concluding 
remarks. 

2. Background and hypothesis development 

2.1. Organizational energy-saving behavior and its indicators 

Occupants’ behavior significantly affects non-domestic buildings’ energy performance, even during non-operational hours [42,43]. 
Although the use of Energy-Efficient Technologies (EETs) like automated lights and programmable thermostats has contributed to 
long-term energy reductions worldwide, lack of knowledge of their existence, as well as lack of access and willingness to use them, can 
impede their adoption and overall successfulness [44]. At the same time, employees are not in any way passive, despite the reduced 
agency they may be allowed by extant automated systems in modern buildings: Instead, they constantly interact with their sur-
roundings and influence energy consumption in their efforts to optimize their environment, and also tend to learn and accordingly 
adapt to automated energy-saving solutions, by experimenting and improvising in order to address practical issues they may face at 
work as part of their daily routine (e.g. to increase illumination they trick light sensors into turning on lights by covering them with 
post-it notes) [45,46]. Therefore, to achieve energy conservation, organizations are encouraged to establish a cohesive culture 
(through integrated efforts across organizational levels) that combines structural changes with employees’ behavioral change [47]. 

Employees’ organizational energy-saving behavior is characterized as a “Pro-Environmental Behavior” (PEB) [48], and an 
“Organizational Citizenship Behavior for the Environment” (OCBE) [49]. It is hence usually considered altruistic, with no personal 
benefits expected in return, and enacted out of concern for the environment along with the desire to help one’s employing organization 
[50]. However, in order for the employees to adopt an energy-saving behavior, it should not decrease productivity [19]. Moreover, 
motivations further to energy reduction need to be harnessed, to convince employees to change their energy behavior at work [51]. 
Lack of an organizational energy-saving culture, monetary incentives, and/or feedback on individual energy usage [28] are among the 
barriers for energy-saving behavior. However, it is promoted by highly motivated employees that are determined to ‘selling energy 
savings’ at work [52], and those holding a strong belief on the importance of energy saving, that are more willing to conserve energy at 
work even when it influences their personal comfort [26]. 

Bearing in mind the abovementioned facts, we decided to focus on the motivation aspect of employees’ energy saving behavior at 
work. Moreover, we took into account that the enactment of organizational PEB is determined by employees’ intentions, habits, and 
context, that may interfere with each other [11]. Accordingly, we are examining energy conservation behavior change at work as it is 
reflected through three different self-reported behavioral indicators of energy conservation at work: 

• Energy-Saving Behavioral Intention: Behavioral intention can be defined as “a person’s perceived likelihood or subjective prob-
ability that he or she will (or will not) engage in a given behavior” [53]. It is considered as a behavioral outcome indicator in 
numerous theories, including TPB [36]. Intention has also been suggested as the best predictor of PEB [38] and energy-saving 
behavior [15,54] in past studies. Mixed study models have also considered it in connection to self-determination [55] and per-
sonal norms [56] in the context of energy conservation at work [21]. However, according to a meta-analysis of 47 studies, intention 
is not necessarily an accurate indicator of actual behavior change [57]. Therefore, it may be beneficial to examine it alongside 
additional indicators.  

• Self-Reported Energy-Saving Behavior has been extensively researched in existing literature. However, honest self-accounting of 
energy consumption behavior may be “fundamentally problematic because of the limits of human cognition” [58]. Self-assessment 
of energy is not an easy task. Energy is an invisible commodity, that even experts find intrinsically difficult to quantify and analyze, 
and hence it is usually not accurately assessed by its consumers [59,60]. Moreover, limited knowledge of technology also con-
tributes to incorrectly assessing the impact of electrical devices on energy consumption, thus leading, for example, to the belief that 
lights (a “visible” end-use) bear a significantly large contribution to total consumption [12]. Consequently, self-reported behavior 
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has been criticized as a relatively weak indicator of actual energy consumption that on average – according to a meta-analysis – 
explains only 21% of the variance in objective consumption [61].  

• Energy-Saving Habit: Interventions that aim to change everyday behaviors often target people’s beliefs and intentions [62]. 
However, energy saving behaviors at work are not necessarily a product of employees’ pro-environmental intentions, and may 
instead come as a result of habit or routine [63]. Habit has in turn accordingly been suggested as one of the best predictors of PEB 
[38]. The stressful modern work environment and “automatic nature” of energy-related behaviors promotes their habitual 
enactment and impedes changing them [28]. The saying “old habits die hard” stresses that individuals have a “status-quo bias” 
[28], electing to do nothing to change their current situation or behavior when called upon to do so (“out of convenience, habit or 
inertia, policy or custom, because of fear or innate conservatism, or through simple rationalization”) [64]. As a result, changing 
conscious intentions can prove ineffective towards actual behavior change in the face of strong habits [65]. In fact, as strong habits 
tend to override conscious intentions, intention is a more salient predictor of behavior only when established habits are weak [66]. 
Moreover, where goals require repeated action, behavior change is a long-term process and the promotion of the formation of 
habits has been proposed in order to achieve behavior maintenance [67]. Finally, habit has been explored towards explaining 
employees’ energy-saving behavior at work [68]. 

2.2. Personal factors affecting employees’ energy-conservation at work 

A variety of factors, anchored on different theoretical frameworks, have been suggested in existing literature and utilized in the 
past, towards analyzing and explaining employees’ organizational energy conservation behavior. In the present study, we investigate 
employees’ individual personal, behavioral, organizational, and social factors that may affect them with regards to the forementioned 
energy-saving behavioral indicators (habit, intention, self-reported behavior), and accordingly formulate our hypotheses as further 
explicated below. 

2.2.1. Self-determination to conserve energy 
Self-determination is the focus of the homonymous theory of motivation (SDT) that has found wide application in work contexts 

[69]. It has also been proposed as a “guide” to fostering pro-environmental motivation [70] and explaining self-reported household 
energy-saving behaviors (Lavergne et al., 2010; D. Webb et al., 2013). It examines types – rather than just amount – of 
self-determination, identifying autonomous motivation, controlled motivation, and amotivation as the predictors of behavioral out-
comes, as well as the basic psychological needs for autonomy, competence, and relatedness as controlling factors of their strength [35, 
73,74]. It also discriminates between intrinsic and extrinsic life goals towards performance, and defines a continuum across which 
human motivation extends, in different degrees of internalization from intrinsic motivation (inherent drive to enact behaviors) to 
extrinsic motivation (need for external rewards) and amotivation (lack of motivation) [35]. 

According to the organismic integration theory (OIT), four degrees of extrinsic motivation exist from the least to the most self- 
determined: external regulation (to gain rewards, or avoid punishment), introjected regulation (to obtain contingent self-worth, or 
avoid feeling guilty), identified regulation (because it is personally important), and integrated regulation (because it contributes to 
defining oneself) [75]. Moreover, according to the hierarchical model [76], intrinsic and extrinsic motivation, and amotivation, reside 
hierarchically within a person at the global, contextual, and situational levels. Accordingly, increased self-determination towards PEB 
has been related to its longitudinal preservation [77], while autonomous motivation is considered critical in fostering it [78]. Hence, in 
the context of this research, we examine employees’ self-determination at the situational level, and focus on their intrinsic and 
extrinsic motivation and amotivation towards energy-saving at work in specific. 

Based on the aforementioned theoretically-rooted causality between the various forms of situational (energy-saving at work) 
motivation and situational (energy-saving) behavioral outcomes, we formulate the following hypotheses: The level of employees’ 
motivation for energy-saving at work, as expressed through their self-determination, will – [intrinsic(i) - integrated(ii) - identified(iii) - 
introjected(iv) - and external(v) - motivation positively, and amotivation(vi) negatively] – affect the strength of their behavioral intention 
towards conserving energy (H1a), self-reported energy-saving behavior (H1b), and energy-saving habit at work (H1c). 

2.2.2. Energy-saving as planned behavior 
According to the Theory of Planned Behavior (TPB), human behavior is deliberately planned [36]. Moreover, intention is assumed 

to be an immediate antecedent of any behavior, and is guided by attitude, perceived social pressure (or subjective norm), and 
perceived behavioral control [79]. TPB is considered as a plausible model for explaining pro-environmental and energy use intentions 
and behavior [80–83]. Multiple studies on conservation behaviors have accordingly recently applied the TPB in both organizational 
and domestic settings [37]. In most studies, subjective norm has been found to be the parameter that mostly affects intention to act 
pro-environmentally [38,40] and to conserve energy [54] in the TPB model. However, in other studies subjective norm had no direct 
effect on pro-environmental behavioral intentions [41]. Attitude and perceived behavioral control has had a direct influence on 
pro-environmental behavioral intentions which encourage active engagement in pro-environmental behaviors [40,41]. Perceived 
behavioral control has also had a significant effect on energy conservation intentions of students with physical impairments but not a 
direct effect on their behaviors, while attitude had the lowest power to predict intentions to perform energy-saving behaviors [54]. 

TPB has also been employed to explain pro-environmental behavior at work [11,84–86] and, extended with perceived habit, it has 
also been utilized to explain energy-saving behaviors [54] and office energy-saving behaviors in specific [19]. Moreover, since 
behavioral control includes both the capacity and autonomy in performing a behavior, we deduce that, in the case of energy-saving at 
work – where a multitude of energy-consuming devices are shared (e.g. shared lights switches, printers, etc.), and therefore energy 
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consumption is in many ways conducted as parts of groups – perceived behavioral control should reflect a persons’ beliefs regarding 
both personal, as well as collective behavioral control regarding energy saving at work. 

Based on the above, we formulate the following hypotheses with regards to the three self-reported energy behavior outcome in-
dicators we employ in the present research: The level of employees’ subjective norms (i), attitude (ii), felt personal impact (iii), and felt 
collective impact (iv), with regards to energy-saving at work, will positively affect the strength of their behavioral intention towards conserving 
energy (H2a), which will in turn positively affect the level of their self-reported energy-saving behavior (H2b), and energy-saving habit (H2c) at 
work. 

2.2.3. Energy-saving personal norms 
According to Values - Beliefs - Norms (VBN) theory of environmentalism [20], pro-environmental personal norms (PN) directly lead 

to enacting pro-environmental behaviors. More importantly, PN have been employed in the past to explain workplace PEB [87], as well 
as energy-saving in specific [88–90]. In our context, PN reflect the sense of obligation towards energy-saving at work that can be 
leveraged in organizational interventions, in order to affect both employees’ intention, as well as actual energy-saving behavior [91], 
and can be activated by providing information and training [92]. 

Accordingly, we formulate the following hypotheses with regards to the three self-reported energy behavior outcome indicators we 
employ in the present research: The level of strength of employees’ personal norms towards conserving energy at work, will positively affect the 
strength of their behavioral intention towards conserving energy (H3a), self-reported energy-saving behavior (H3b), and energy-saving habit 
(H3c) at work. 

2.2.4. Additional personal factors affecting energy conservation at work 
One of the three constituents of work engagement (along with dedication and absorption) is Vigor, characterized by “high levels of 

energy and mental resilience while working, the willingness to invest effort in one’s work, and persistence even in the face of diffi-
culties” [93]. It has been correlated with increased organizational citizenship behaviors (OCBs) (such as energy conservation) and 
decreased deviance (such as energy wastage) [94]. Demographic characteristics have also been correlated to energy behavior in the 
past. 

More specifically, PEB tends to increase with age and women tend to exhibit more positive environmental concern, attitudes, and 
behaviors than men across age [51,95–97], while having children has been found to be correlated with PEB [98,99] and higher levels 
of motivation to conserve energy have also been reported by residential users with children [100], suggesting that this may also be true 
for employees. 

Some past studies have also suggested that education causes individuals to behave in a more environmentally friendly manner 
[101], and having a university degree has been positively correlated with pro-environmental behaviour [99]. However, in other 
studies the results with regards to the effect of education level on PEB have been conflicting [96]. The lack of a specific connection 
between education level and PEB is reflected in a recent review of studies that have been conducted in EU countries, where the 
prevalence of a larger group of people with tertiary education in the community was found to have no statistically significant asso-
ciation with PEB [102]. Moreover, recent studies on energy consumption have also shown that households belonging to higher ed-
ucation levels are not more likely to adopt energy-saving habits [97]. Therefore, we found no significant evidence to support a 
hypothesis that education level affects energy conservation behavior in any direction, and decided not to include this demographic 
variable in our studies. 

Based on the above, we formulate the following hypotheses with regards to the three self-reported energy behavior outcome in-
dicators we employ in the present research: Employees’ level of engagement as expressed by vigor (i), age (ii), female gender (iii), and having 
children (iv), will positively affect the level of their behavioral intention towards conserving energy (H4a), self-reported energy-saving behavior 
(H4b), and energy-saving habit (H4c) at work. 

2.3. Employing IS-enabled gamified feedback for energy conservation at work 

Energy has in the past been described as invisible, abstract and intangible, thus resulting in a difficulty for the average building 
users to estimate the amount of energy that is expended during their daily routine, and the difference they could make by adjusting 
their behavior [60,103]. Providing real-time energy consumption feedback can therefore help address this issue by “making invisible 
energy visible”, as well as acting as a reference point from which to evaluate and accordingly adjust one’s energy behavior [103,104]. 
Direct feedback has led to 5–15% (and indirect to 0–10%) savings [60], while 7.4% reductions have been achieved on average in past 
experiments aimed at conserving energy [13]. However, a limited number of studies have explored the effect of energy feedback in 
offices, and findings from studies performed in domestic environments are not easily translatable to the workplace [103]. 

In the same spirit, as habitual behavior is often hard to change due to people’s lack of ability to monitor their own behavior, digital 
technologies allow self-monitoring by accurately and timely facilitating the delivery of feedback on habitual behavior thus disrupting 
existing habits in an effective way [105]. Feedback has in fact been proven to be especially effective for promoting energy conservation 
behavior when provided by an IS and combined with incentivization [29]. It has been suggested that feedback interventions should 
also be designed to be engaging to their target audience [106] by, for example, utilizing gamification. This is especially important in 
organizational environments where socio-technical relationships that connect people, organizations, and energy exist, and where “a 
move beyond unidirectional forms of engagement” (such as the simple provision of feedback) to more socially interactive processes is 
suggested [107]. 

Gamification can be used to encourage behavior change; increase and sustain employee participation and compliance in specific 
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goals, motivation, engagement, performance and productivity within an enterprise; break existing habits and create new ones, and 
lead to satisfaction and behavior change through positive emotional feedback and the continuous provision of appropriate stimuli 
[108–112]. The basic, most well-known and utilized game elements in gamification applications are points, badges and leaderboards 
[113]. Gamified systems have been employed towards increasing occupants’ motivation, knowledge, behavior and attitude, towards 
energy conservation and promoting real-world energy-saving behaviors in the range of 3–6%, with more than 10% achievable 
[114–122], in various workplaces worldwide [122–125]. 

Various theories have been adopted to explore the motivational capabilities of gamification. Leveraging self-determination has 
been suggested to effectively design and analyze motivational and gamified experiences [126–130]. TPB [36], in turn, has been used to 
explain the behavioral effects of gamification in various contexts [131–133]. Moreover, personal norms [20] have been employed, to 
explain gamifications’ effects on PEB and energy conservation behavior [133,134]. Finally, to understand the influence of an IS on PEB 
more thoroughly, the complex interdependencies between the individual, organizational, and societal level must be investigated 
[135]. 

Inspired by all of the above, we utilize timely and personally relevant feedback distributed by an IoT-enabled, gamified IS, expecting that it 
will lead to: (i) an increase in employees’ motivation to conserve energy at work (H5) – as expressed through their Self-Determination (H5a), 
Planned Behavior (H5b) and Personal Norms (H5c) –, and in turn (ii) positive actual energy consumption behavior change (H6) – as expressed 
through the change in the participating employees’ energy-saving intention (H6a), self-reported behavior (H6b), and habit (H6c) –, that will 
then lead to (iii) actual energy savings (H7) – calculated by comparing energy consumption during the intervention to baseline consumption 
before the intervention. 

3. Methodology 

Considering the forementioned background, we see that behavioral theories have been studied to explain how the personal 
behavioral profile and especially motivation may affect energy-saving behavior. On the other hand, researchers have provided evi-
dence in the past that providing energy usage feedback can make a difference and improve energy consumption behavior. They have 
also highlighted that feedback is more effective when offered by an information system, which should be designed with the purpose to 
maintain high users’ engagement. For gamified IS, it is well known that they can be used for behavior change and there has been 
theory-driven investigation of gamification’s motivational, as well as behavior change capabilities. Still, the available research focuses 
on either one or a combination of two behavioral theories when exploring energy usage decisions and behavior and gamified systems’ 
effect on users’ motivation and behavior; and these studies do not usually consider an organizational context, namely a workplace. 

In the present research, we study behavioral factors rooted on three behavioral theories concurrently, aspiring to delve deeper into 
employees behavioral and motivational profile that may affect their energy consumption. We believe that this more holistic inves-
tigation will provide more insight on employees’ behavior and motivation, which in turn can help in designing gamified interventions 
that serve and nurture the identified behavioral and motivational drivers behind energy conservation at the workplace and can thus be 
more effective. Hence, we developed our research model to reflect the fact that, when carefully designed, feedback provided to em-
ployees through gamified IS interventions has the power to affect employees’ energy-saving behavior, that in turn leads to actual 
energy-savings in organizations. Our Research Model can be graphically reviewed in Fig. 1. 

Through our findings we provide insight into how employees’ individual behavioral, social, and organizational factors affect their 
energy-saving behavior, as well as how IoT-enabled gamified IS that provide feedback to users can affect their motivation to conserve 
energy, and lead to energy consumption behavior change and actual energy-savings. 

3.1. Summary of hypotheses & supporting evidence 

The hypotheses we examine in the present research, can be reviewed in Fig. 2. 
A summary of the hypothesized relationships, in connection to extant supporting evidence drawn from the literature, can be found 

in Table 1. 

3.2. Participants and procedure 

The participants in our research were employees in workplaces across three different countries: (a) two university buildings in 
Spain, (b) an I.S. institute in Switzerland, and (c) a technology business incubator in Italy. Although the three organizations were 
different in their main activity, the areas where the participants worked within all three workplaces had similar characteristics. In 
essence all the participating employees worked in regular office spaces, performing desk jobs, on standard morning shifts. 

To test and validate our research hypotheses, we first conducted a survey that assessed employees’ self-reported energy-conser-
vation motivations and behavior. Subsequently, an IoT-enabled, gamified energy-saving IS solution was utilized in the context of a 
behavioral intervention designed to motivate employees to reduce their energy use at work. The subset of employees that participated 

Fig. 1. Research model.  
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Fig. 2. Schematic representation of research hypotheses.  
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Table 1 
Summary of research hypotheses.   

Description Supporting Evidence from Existing Literature 

Self- 
Determination 

H1 The level of employees’ motivation for energy-saving at work, 
as expressed through their self-determination, will affect the 
strength of their behavioral intention towards conserving 
energy (H1a), self-reported energy-saving behavior (H1b), and 
energy-saving habit at work (H1c).  

• Higher levels of self-determination are related to long- 
term maintenance of PEBs [77]  

• Autonomous motivation is critical in fostering PEBs [78]  
• SDT should be used as a guide to fostering environmental 

motivation [70]  
• SDT has been used to explain self-reported household 

energy-saving behaviors [71, 72] 
Planned Bahavior H2 The level of employees’ subjective norms (i), attitude (ii), felt 

personal impact (iii), and felt collective impact (iv), with 
regards to energy-saving at work, will positively affect the 
strength of their behavioral intention towards conserving 
energy (H2a), which will in turn positively affect the level of 
their self-reported energy-saving behavior (H2b), and energy- 
saving habit (H2c) at work.  

• Planned Behavior (TPB) can explain energy use intentions 
and behavior [80,81]  

• Energy consumption behavior is positively influenced by 
consumers’ attitude [155]  

• Planned Behavior (TPB) has been employed to explain 
PEB at work (Cordano & Freeze, 2000; Lülfs & Hahn, 
2013, 2014; Martín-Peña et al., 2010)  

• Planned Behavior (TPB), extended with perceived habit, 
has been used to explain office energy-saving behaviors 
[19] 

Personal Norms H3 The level of strength of employees’ personal norms towards 
conserving energy at work, will positively affect the strength of 
their behavioral intention towards conserving energy (H3a), 
self-reported energy-saving behavior (H3b), and energy-saving 
habit (H3c) at work.  

• Personal PEB norms are connected to actual conservation 
behaviors [20]  

• Personal norms have been employed to explain workplace 
PEB [87]  

• Personal norms have been employed to explain energy- 
saving behavior (Fornara et al., 2016; Ibtissem, 2010; 
Steg et al., 2005) 

• Employees’ personal energy-saving norms can be lever-
aged to affect their intention, and actual energy-saving 
behavior [91] 

Personal Factors H4 Employees’ level of engagement as expressed by vigor (i), age 
(ii), female gender (iii), and having children (iv), will positively 
affect the level of their behavioral intention towards conserving 
energy (H4a), self-reported energy-saving behavior (H4b), and 
energy-saving habit (H4c) at work.  

• Vigor is characterized by willingness to invest effort, and 
persistence, at work [93]  

• Vigor has been correlated with increased organizational 
citizenship behaviors (OCBs) and decreased deviance 
[94]  

• PEB tends to increase with age, and women tend to have 
stronger environmental attitudes, concern and behaviors 
than men across age (Gifford & Nilsson, 2014; Murtagh 
et al., 2013)  

• Residential users with children exhibit increased 
motivation to save energy [100] 

Behavioral 
Intervention 

H5 Timely & personally relevant feedback distributed by an IoT- 
enabled, gamified IS solution will lead to: an increase in 
employees’ motivation to conserve energy at work – as 
expressed through the Self-Determination (H5a), Planned 
Behavior (H5b) and Personal Norms (H5c) models  

• Utilizing feedback has been suggested towards engaging 
employees in energy saving behavior at work (Lo et al., 
2012; Matthies et al., 2011)  

• Real-time consumption feedback can help make “invisible 
energy visible”, and act as a reference point for the self- 
evaluation and adjustment of energy behavior (Boomsma 
et al., 2016; Burgess & Nye, 2008) 

• Employees’ personal energy-saving norms can be acti-
vated by providing information and training [92]  

• SDT has been suggested towards effectively designing and 
analyzing gamified experiences (Aparicio et al., 2012; 
Hamari et al., 2014; Kappen & Nacke, 2014; Sailer et al., 
2013)  

• TPB has been used to explain the behavioral effects of 
gamification in various contexts (Bittner & Shipper, 2014; 
Hamari & Koivisto, 2013, 2015)  

• VBN has been employed, in order to explain 
gamifications’ effects on PEB and energy conservation 
behavior (Bittner & Shipper, 2014; Kotsopoulos et al., 
2016) 

H6 The increase in employees’ motivation to conserve energy will 
in turn lead to positive actual energy consumption behavior 
change – as expressed through the change in the participating 

• Digital technologies facilitate self-monitoring of unde-
sired behaviours by accurately and timely delivering 

(continued on next page) 
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in this intervention, also answered the same questionnaire afterwards. The steps we followed in the present research (our research 
design) can be outlined in Fig. 3. 

We collected 110 complete answers before (Pre-) and 54 after (Post-) the behavioral intervention. Total attrition was therefore 
49.1%. To examine the nature of attrition, a more thorough comparison was made between the samples. Overall, as evident in Table 2, 
we found no significant differences between the two samples, with regards to their socio-demographic characteristics (Δmin = 0.4% for 
gender and Δmax = 4.4% for having children), and their organizational profiles (Δmin = 1.3% for felt vigor at work and Δmax = 7.5% for 
role in the organisation). 

The behavioral intervention was performed in offices equipped with IoT devices (i.e. sensors). The employees interacted with a 
gamified solution, during a series of two-week energy-saving “campaigns” that took place over a period of one year. Throughout the 
duration of the intervention period, actual energy use, as well as environmental parameters (interior & exterior temperature, lumi-
nosity, humidity), were monitored, recorded, and compared to historical and baseline values, through a specially designed and 
implemented IoT-enabled platform that was interconnected with the IoT devices. The platform also enabled the deployment of the 
behavioral intervention, the delivery of the content and the gamified incentives (e.g. points or badges) to the end-users, as well as the 
monitoring of energy consumption and calculation of savings achieved. 

The participants downloaded and “played” with two gamified mobile applications on their smartphones, that provided them with 
contextually relevant real-time: (a) educational content –quizzes and tips on how to conserve energy – e.g. “Before turning your air 
conditioning on, consider using a fan, or opening the windows instead.”, (b) notifications of when they could reduce energy use – e.g. “The 

Fig. 3. Research Outline - Research Design Steps and their Aims.  

Table 1 (continued )  

Description Supporting Evidence from Existing Literature 

employees’ energy-saving intention (H6a), self-reported 
behaviour (H6b), and habit (H6c) 

feedback, thus disrupting existing habits in an effective 
way [105]  

• Gamification can be used to encourage behavior change, 
increase and sustain employee participation and 
compliance in specific goals, motivation, engagement, 
performance and productivity within an enterprise, break 
existing habits, update them with new ones, and lead to 
behavior change (Blohm & Leimeister, 2013; Pickard, 
2015; Robson et al., 2015; Seaborn & Fels, 2015; Webb, 
2013) 

H7 The increase in employees’ energy-saving intention, self- 
reported behaviour, and habit will lead to actual energy savings 
(H7), compared to baseline consumption before the 
intervention  

• Up to 15% energy savings [60], and 7.4% on average 
[13], have been reported from behavioral interventions 
employing feedback  

• When provided by an IS and combined with 
incentivization, feedback has been especially effective in 
promoting energy conservation behavior [29]  

• Gamification has been employed towards increasing 
motivation, knowledge, behavior and attitude towards 
energy conservation and promoting real-world energy 
saving behaviors in the range of 3–6%, with more than 
10% achievable (Bourazeri & Pitt, 2013; Brewer et al., 
2013; Fijnheer et al., 2016; Fijnheer & Van Oostendorp, 
2016; Geelen et al., 2012; Grossberg et al., 2015; Knol & 
De Vries, 2011; Orland et al., 2014; Reeves et al., 2012)  

• Energy efficiency games, have successfully been deployed 
in workplace environments (Cool Choices, 2019; Energic, 
2019; Grossberg et al., 2015; WeSpire, 2019)  
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temperature in this room is quite high for wintertime. Please adjust the controls to lower the temperature and save energy” and (c) information 
on the actual energy consumption at their workplace – through corresponding graphs, bar and pie charts accessible to the participants. 

Interaction with these two context-aware mobile apps – a mobile AR “treasure-hunt” serious game utilizing Augmented Reality 
Markers, and a mobile gamified personalized app – was rewarded with points (10 points for each action) and badges (such as the 
“illuminator badge” for systematically closing lights when prompted), in order to increase user engagement. Moreover, the users 
received content with specific relevance to them through the apps, triggered by IoT-driven context-aware rules (e.g. “The temperature in 
this office is quite high for winter time. Please adjust the controls to lower the temperature and save energy” to users_in_room_X, when tem-
perature > 25o C and Heating is ON”). 

All statistical analyses on the collected results were performed using IBM SPSS Statistics v.23. We employed descriptive statistics – 
means and standard deviation (SD) – to perform comparisons between the measured variables and explore the general trend in our 
sample’s characteristics. The reliability and consistency of multi-item scales was assessed by adopting the threshold of Cronbach’s 
alpha >.70 [136]. Correlation analysis (Pearson’s r) was employed, to assess the strength and direction of the linear relationship 
between variables, interpreting values (r = 0.10 to 0.29) as small, (r = 0.30 to 0.49) medium, and (r = 0.50 to 1.0) large [137,138]. 
Repeated-measures t-tests were conducted to estimate the variation in the measured variables in different points in time, and its 
statistical significance. Linear regression analyses were performed using the enter method, to assess the ability of the observed 
measurements in one or more (predictor) variables to predict the level of the measurements in another (outcome) variable. We fol-
lowed existing prescriptions in the literature with regards to acceptable sample sizes, for linear regression in psychology (i.e., mini-
mum sample size of “N > 50 + 8 m” – where m is the number of independent variables – for testing a multiple regression, and “N > 104 
+ m” for testing individual predictors in the regression, assuming a medium-sized relationship [139,140]). The statistical analysis 
process we followed in our research is outlined in Fig. 4. 

Next, we detail the survey instrument, as well as our methodology for identifying the actual energy savings achieved during the 
gamified intervention. 

3.3. Self-assessed energy-conservation motivation and behavior 

All the items in the questionnaire were rated on a seven-point Likert scale, and individual scores were summed and averaged, to 
provide scale scores. All scales featured good internal consistency (α = .77–0.97) in both study samples. More information on the 
different constructs we employed can be found in Table 3. 

Table 2 
Comparison of Sample Characteristics (Pre-vs Post-questionnaire).  

Control Variables Pre-Questionnaire Post-Questionnaire Δ (abs.) 

M SD А M SD α М % 

Vigor 3.79 1.29 .82 3.84 1.27 .77 0.05 1.3 
Age 35.36 7.96 – 36.43 9.06 – 1.07 2.9    

N % N % Δ (N) Δ (%) 

Gender Male 83 75.5 41 75.9 42 0.4 
Female 27 24.5 13 24.1 14 

Children Yes 38 34.5 21 38.9 17 4.4 
No 72 65.5 33 61.1 39 

Role Administrative 18 16.4 8 14.8 10 2.4 
Managerial 11 10.0 4 7.4 7 2.6 
Technical 63 57.3 35 64.8 28 7.5 
Other 18 16.4 7 13.0 11 3.4  

Fig. 4. Outline of statistical analysis process.  
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3.4. Actual energy savings achieved 

Since energy “savings” cannot be measured directly (they actually come as a result of the absence of energy consumption), they are 
instead estimated by performing a comparison between measured consumption before and after an intervention, making suitable 
adjustments for changes in conditions, using the general equation: “Savings = (Baseline Period Energy – Reporting Period Energy) ±
Adjustments” [141]. 

In our context, energy baseline was used as a tool that allowed the comparison of energy performance before and during the 
gamified energy-saving intervention. The baseline energy consumption model we utilized was based on the characteristics of each 
building, as represented in their Building Performance Certificates (all public buildings in the EU are required, under directive 2010/ 
31/EU, to have BPCs). It enabled the platform to predict the expected energy use and calculate energy savings (or wastage) in real time. 
Additional factors that may affect energy consumption, such as weather conditions, were also considered. 

4. Results 

4.1. Pre-intervention survey 

We conducted a series of multiple regression analyses to corroborate our hypotheses. А brief presentation of the obtained statistical 

Table 3 
Self-Assessed Energy-Conservation Motivation and Behavior – Scales Employed in this study.  

Scale (Energy-Saving at work ….) Items Sample item Source 

Behavioral Outcome 
Variables 

Intention 1 “I intend to, always or in most instances, consume energy at my 
workplace responsibly and conserve as much as possible during 
the next 6 months.” 

Adapted from [147] 

Self-Reported 
Behavior 

7 “When I leave a room that is unoccupied, I turn off the lights” Based on [21] 

Habit 4 “Conserving energy at my workplace is …” “Something I do 
without thinking” 

Self-Reported Behavioral 
Automaticity index (SRBAI) [149] 

Self-Determination Intrinsic 
Motivation 

4 “I save energy at work because …” “Conserving energy at work is 
a sensible thing to do.” (e.g. Identified Regulation) 

Adapted from “Motivation Towards 
the Environment Scale” (MTES) [77] 

Integrated 
Regulation 

4 

Identified 
Regulation 

4 

Introjected 
Regulation 

4 

External 
Regulation 

4 

Amotivation 4 
Planned Behavior Subjective Norms 1 “Co-workers who are important to me expect me to conserve 

energy at work” 
Adapted from [147] 

Attitude 4 “Energy conservation at work is too much of a hassle” Adapted from [150] 
Perceived 
Personal Impact 

3 “My personal impact on energy consumption at my workplace is 
large” 

Adapted from “Sense of personal 
impact” [151] 

Perceived 
Collective Impact 

1 “By changing our behavior, employees like me can reduce energy 
use in our workplace” 

Adapted from “Collective energy- 
conservation outcome expectancy” 
[152] 

Personal Norms Personal Norms 7 “I feel personally obliged to save as much energy as possible at 
work” 

Adapted from [90,150] 

Personal Parameters Age 1 “What is your age?” – 
Gender 1 “What is your gender?” – 
Children 1 “Do you have children?” – 
Vigor 3 “At my job, I feel strong and vigorous” Subscale of the UWES-9 [93] work 

engagement survey  

Table 4 
Correlations between personal factors affecting energy-saving at work and energy behavior outcome variables.   

Variable at Work Self-Reported Behavior Habit Behavioral Intention 

Energy Saving Habit .652**   
Behavioral Intention .494** .518**  

Personal Factor Vigor .500** .303** .319** 
Age .144 .097 .268** 
Gender − .038 − .010 .186 
Children .229* .165 .214* 

N = 110, *p < .05, **p < .01. 

D. Kotsopoulos et al.                                                                                                                                                                                                  



Heliyon 9 (2023) e16314

12

results is included in Table 7 in Appendix I. Our findings are described in more detail, on a per-behavioral category basis, in the 
following paragraphs. 

Self-Determination: A series of three separate multiple regression analyses were performed, to assess the ability of employees’ self- 
determination to predict their level of energy-related behavioral outcomes at work (H1a,b,c). We found that the six types of motivation 
in the self-determination continuum explained (i) 54.9% of the variance in their behavioral intention to conserve energy (identified 
regulation and external regulation significantly), (ii) 59.9% of the variance in employees’ self-reported energy-saving behavior 
(identified regulation and intrinsic motivation significantly), and (iii) 58.5% of the variance in employees’ strength of energy-saving 
habit (identified regulation, and integrated regulation significantly) at work. 

Planned Behavior: A multiple regression analysis was performed, to assess the ability of the predecessors of behavioral intention in 
the planned behavior model to predict the level of employees’ behavioral intention to conserve energy at work (H2a). Two additional 
analyses were performed, to assess the ability of behavioral intention to predict the variance in the employees’ energy-saving habit 
(H2b) and self-reported behavior (H2c) at work. We found that the planned behavior model explained: (i) 49.5% of the variance in 
employees’ behavioral intention to conserve energy (subjective norms, attitude, and perceived collective impact on energy saving at 
work significantly), (ii) 24.4% of the variance in employees’ self-reported energy-saving behavior (behavioral intention significantly), 
and (iii) 26.9%, of the variance in employees’ self-reported energy-saving behavior (behavioral intention significantly), at work. 

Personal Norms: A series of three separate regression analyses were performed, to assess the ability of employee’s personal norms 
towards energy-saving at work to predict their level of energy-related behavioral outcomes at work (H3a,b,c). We found that: (i) 49.4% 
of the variance in employees’ behavioral intention to conserve energy, (ii) 40.4% of the variance in employees’ self-reported behavior, 
and (iii) 46.8% of the variance in employees’ energy-saving habit, was explained by the levels of their personal norms towards energy- 
saving at work. 

Personal Parameters Affecting Energy Conservation at Work: A series of three separate regression analyses were performed, to 
assess the ability of employee’s vigor, age, gender, and having children, to predict their level of energy-related behavioral outcomes at 
work (H4a,b,c). We found that the model explained: (i) 18.6% of the variance in employees’ behavioral intention to conserve energy 
(vigor and gender significantly), (ii) 24.5% of the variance in employees’ self-reported behavior (vigor significantly), and (iii) 7.2% of 
the variance in employees’ energy-saving habit (vigor significantly), at work. As the forementioned personal factors did not belong to a 
theoretically unified model, a correlation analysis was also performed, to assess the ability of each of the individual forementioned 
personal factors, to predict employee’s level of: (i) behavioral intention to conserve energy, (ii) self-reported energy-saving behavior at 
work, and (iii) energy-saving habit at work. A summary of the obtained results is included in Table 4. 

We found that vigor was correlated with all three behavioral outcome variables – most highly with self-reported energy-saving at 
work, less with behavioral intention to conserve energy, and least with energy-saving habit at work. Furthermore, the participants’ age 
was mildly correlated with behavioral intention. An even weaker relationship was recorded between having children and behavioral 
intention, as well as self-reported energy saving behavior. Finally, we also found that the three self-reported behavioral outcome 
variables were significantly intercorrelated. 

4.2. Behavioral intervention 

Paired samples t-tests were performed (between the collected responses in the pre- and post-intervention surveys), to estimate the 
impact of the behavioral intervention on: (i) employees’ motivation to save energy (H5), focusing on the three different theoretical 
models employed – Self-Determination (H5a), Planned Behavior (H5b), Personal Norms (H5c) – and (ii) self-reported organizational 
energy-saving behavior change (H6), focusing on the three self-reported behavior change indicators we employ in this research – 
energy-saving intention (H6a), self-reported energy-saving (H6b), and energy-saving habit (H6c). Moreover, an assessment of the 
actual energy savings achieved was made (H7), by comparing the actual recorded energy consumption during the intervention, to 
baseline values. Descriptive statistics, as well as results from the t-tests are presented in Table 8 in Appendix I. Reviewing these results, 
we find that:  

• With regards to the change recorded on the behavioral outcome variables, although there was a statistically significant increase in 
the participants’ intention to conserve energy at work from pre-pilots to post-pilots, with a moderate effect size (η2 = 0.13), as well 
as in their sense of energy-saving habit at work, with a large effect size (η2 = 0.26), the positive average change recorded during the 
experiment in their self-reported energy-saving behavior was not statistically significant. Hence, the behavioral intervention seems 
to have had the largest positive effect on employees’ energy-saving habit.  

• The intervention also had a positive effect on the participants’ behavior. A positive average change was recorded during the 
experiment in all the different types of self-determination (we note that, since amotivation signifies a lack of motivation, the 
negative average change observed in this variable was indeed an indication of positive behavior change). However, although this 
change was statistically significant and with a large effect size for intrinsic motivation (η2 = 0.37), integrated (η2 = 0.36), identified 
(η2 = 0.15), and introjected regulation (η2 = 0.19), it was non-significant for external regulation and amotivation. At the same time, 
with regards to the planned behavior model, although there was a positive average change in subjective energy-saving norms, 
attitude, personal and collective impact at work, it was not statistically significant. Finally, there was a positive average change 
recorded on employees’ personal norms regarding energy-saving at work with a moderate effect size (η2 = 0.09).  

• A total of 6413 kWh of energy were conserved during the intervention, which corresponds to 12.99% compared to baseline energy 
consumption before the intervention. By cross-referencing with the three energy-behavior outcome variables, we find that the % 
energy saved (12.99%) is more comparable to the average change in energy saving habit (13.50%), followed by the increase in 
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Fig. 5. Summary of main research findings.  
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intention to conserve energy at work (11.35%), and least of all with the (statistically non-significant) average change in partici-
pants’ self-reported behavior (4.66%). 

5. Discussion 

Our research findings satisfy our original interest in theory-driven factors that may affect employee energy consumption behavior 
and, thus, could be considered when we want to design effective IS-enabled energy feedback interventions in the workplace. 
Considering our research questions, the contribution of our research results is two-fold. First, we provide insights into employees’ 
individual behavioral, social, and organizational drivers (especially motivation) that affect their energy-saving behavior. Secondly, we 
realize how gamified IoT-enabled real-time feedback systems/interventions can affect the employees’ motivation to conserve energy 
and drive actual energy-savings. 

We advance the related literature that has called for more research in employees’ energy-saving behavior at an individual behavior 
level of analysis, and in inter-organisational contexts [9,19,21–26]; and has highlighted that the application of ICT, IoT, real-time data 
& tailored persuasion techniques, results in increasing employees’ motivation for and actual energy consumption behavior at work 
[30–33]. Our main difference from the current literature is that our research combines the two highlighted research interests, as we 
wanted to understand the behavioral and motivational profile of employees’ energy consumption and conservation behavior in order 
to acquire a deeper, broader view of the effect of gamified IS feedback interventions on the employees’ motivation and actual energy 
saving actions. The acquired theory-driven knowledge of what drives employees’ energy usage behavior can – as indicated through our 
practical application results – be put in practice and result in gamified IS interventions that have higher motivational capacity and can 
change employees energy behavior. 

5.1. Main research takeaways 

Reviewing our results, the hypotheses we formulated regarding the theory-driven factors (self-determination, planned behavior, 
and personal norms) that drive energy-saving at work were verified. We also discovered that employees’ vigor (a constituent of 
engagement) at work is a personal parameter that may significantly directly affect energy-saving behavior at work. Through the results 
of the IS behavioral intervention, we found that self-determination may provide a better fit for understanding employees’ motivation 
for energy conservation at work when they interact with interventions aiming to effect positive energy behavior change at the 
workplace. We also realized that focusing on two additional behavioral factors, namely personal energy-saving norms and vigor, can 
also significantly help towards that direction. At the same time, self-reported energy-saving behavior was found to be a less significant 
indicator of energy behavior change, compared to both energy-saving intention and habit. Furthermore, the behavioral intervention 
with real-time energy consumption monitoring capabilities seems to also have had the largest effect on the participants’ self-reported 
energy-saving habit confirming that digital interventions that allow self-monitoring can disrupt habits in an effective manner [105]. 
Moreover, the improvement in the participating employees’ energy-saving habits more closely reflects the actual energy savings 
achieved during the intervention, followed by behavioral intention, and least of all self-reported energy-saving behavior. Our main 
findings in connection to our stated hypotheses can be summarized in Fig. 5. 

Further to the above, we also discovered significant inter-correlations between the three self-reported energy-saving indicators 
(intention, habit, self-reported energy-saving behavior). The inter-correlated relationship of this “trifecta” of self-reported energy- 
saving behavior indicators at work is graphically depicted in Fig. 6. Exploring this relationship, several deductions can be made 
accordingly. For example, that employees with a strong intention to conserve energy at work seem to also have acquired the habit to do 

Fig. 6. Correlations between the “trifecta” of self-reported energy conservation at work behavior indicators.  
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Table 5 
Validation of hypotheses – supporting evidence from the present research.  

Model ID Description Validation Based on Findings in this study 

Self- 
Determination 

H1  The level of employees’ motivation for energy-saving at work, as expressed through the SDT theory continuum, will affect the 
strength of their: 

H1a behavioral intention towards conserving energy 54.9% of the variance in employees’ behavioral intention to 
conserve energy at work was predicted by the levels of 
identified regulation and external regulation. 

H1b self-reported energy-saving behavior 59.9% of the variance in employees’ self-reported energy- 
saving behavior at work was predicted by the levels of 
identified regulation and intrinsic motivation. 

H1c energy-saving habit 58.5% of the variance in employees’ strength of energy-saving 
habit at work was predicted by identified regulation, and 
integrated regulation. 

Planned Behavior H2  The level of employees’: 
H2a subjective norms, attitude, felt personal impact, and felt 

collective impact, with regards to energy-saving at work, will 
positively affect the strength of their behavioral intention 
towards conserving energy at work 

49.5% of the variance in employees’ behavioral intention to 
conserve energy at work was predicted by the levels of 
subjective norms, attitude, and perceived collective impact on 
energy saving at work. 

H2b intention towards energy-saving will positively affect their 
self-reported energy-saving behaviour at work 

24.4% of the variance in employees’ self-reported energy- 
saving behavior at work was predicted by the levels of 
behavioral intention. 

H2c intention towards energy-saving will positively affect the 
strength of their energy-saving habit at work 

26.9%, of the variance in employees’ self-reported energy- 
saving behavior was predicted by the levels of behavioral 
intention. 

Personal Norms H3  The level of strength of employees’ personal norms (VBN theory) towards conserving energy at work, will positively 
affect the strength of their: 

H3a behavioral intention towards conserving energy 49.4% of the variance in employees’ behavioral intention to 
conserve energy was explained by the levels of their personal 
norms towards energy-saving at work. 

H3b self-reported energy-saving behavior 40.4% of the variance in employees’ self-reported behavior 
was explained by the levels of their personal norms towards 
energy-saving at work. 

H3c energy-saving habit 46.8% of the variance in employees’ energy-saving habit was 
explained by the levels of their personal norms towards 
energy-saving at work. 

Personal Factors H4  Employees’ personal profile, as expressed through vigor (work engagement), age, female gender, and having children, 
will positively affect their: 

H4a behavioral intention towards conserving energy 18.6% of the variance in employees’ behavioral intention to 
conserve energy was predicted by the levels of their vigor at 
work and their gender. 

H4b self-reported energy-saving behavior 24.5% of the variance in employees’ self-reported behaviour 
was predicted by the levels of their vigor at work. 

H4c energy-saving habit 7.2% of the variance in employees’ energy-saving habit, was 
explained by the levels of their vigor at work. 

Behavioral 
Intervention 

H5  Timely & personally relevant feedback distributed by an IoT-enabled, gamified IS solution will lead to: an increase in 
employees’ motivation to conserve energy at work – as expressed through: 

H5a Self-Determination Positive statistically significant change, with large effect size 
in intrinsic motivation (η2 = .37), integrated (η2 = .36), 
identified (η2 = .15), and introjected regulation (η2 = .19). 

H5b Planned Behavior Although there was a positive average change recorded in 
subjective energy-saving norms, attitude, personal and 
collective impact at work, it was not statistically significant 

H5c Personal Norms There was a positive average change recorded in the 
participants’ personal norms regarding energy-saving at work 
with a moderate effect size (η2 = .09) 

H6  The increase in employees’ motivation to conserve energy will in turn lead to positive actual energy consumption 
behavior change – as expressed through the change in the participating employees’: 

H6a Behavioral Intention towards conserving energy There was a statistically significant increase in the 
participants’ intention to conserve energy at work during the 
intervrention, with a moderate effect size (η2 = .13). 

H6b Self-Reported energy-saving Behavior The positive average change recorded during the experiment 
in their self-reported energy-saving behavior was not 
statistically significant. 

H6c energy-saving Habit There was a statistically significant increase in the 
participants’ sense of energy-saving habit at work during the 
intervention, with a large effect size (η2 = .26). 

H7  The increase in employees’ energy-saving intention, self- 
reported behaviour, and habit will lead to actual energy 
savings (H7), compared to baseline consumption before the 
intervention 

A total of 6413 kWh of energy were conserved during the 
intervention, which corresponds to 12.99%, compared to 
baseline energy consumption before the intervention 

(continued on next page) 
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so, which tends to result in them also reporting on – and hence knowingly exhibiting – energy-saving behavior at work. Considering 
this triad of self-reported energy saving along with our finding that the digital self-monitoring intervention had the higher effect on the 
employees’ perceived energy saving habits, we are more persuaded that digital interventions can be an effective means towards energy 
behaviour change, especially for employees with strong intention. 

A summary of our research hypotheses, along with existing supporting evidence revealed during the present research, as well as 
extant from the literature, with regards to the forementioned findings and takeaways, are presented in Table 5. 

Elaborating on the evidence revealed throughout this research in the process of investigating our hypotheses, the main findings and 
takeaways are:  

• Finding #1: «Employees’ self-determination to conserve energy significantly explains their energy-saving behavior at work»  
• Finding #2: «Employees’ energy-saving at work can be explained as a planned behavior», but « The energy behavior change attained 

through a gamified IS intervention cannot be explained by the planned behavior model»  
• Finding #3: «Employees’ levels of personal energy-saving norms significantly explain their energy-saving behavior at work»  
• Finding #4: «Employees’ personal and organizational profile significantly affects their energy-saving behavior at work»  
• Finding #5: «The provision of feedback to employees, via an IoT-enabled gamified IS, is an effective strategy for effecting actual energy 

conservation at work»  
• Finding #6: «Behavioral interventions at work aimed at energy conservation, should primarily focus on monitoring and positively affecting 

employees’ energy-saving habits and intention» 

Supporting evidence revealed during the present research, as well as extant from the literature, with regards to the forementioned 
findings and takeaways, is presented in Table 6. 

5.2. Suggestions for organizations towards increasing their CEP 

Considering that CEP (corporate environmental performance) is beneficial for both the environment, as well as firms’ economic 
performance [6] and competitive advantage [7], and that the environmental orientation and actions of a firm relate with 
individual-level employee environmental behavior within the firm [142], our research findings lead us to produce specific suggestions 
and actions for organizations that intend to encourage employees to save energy in their workplace and support the firms in attaining 
their CEP goals:  

• Organizations that aim to decrease their energy footprint, should focus on increasing their employees’ self-determination to 
conserve energy and embedding and amplifying their energy-saving personal norms at work, that will in turn amplify their energy- 
saving habits and intention.  

• Satisfying employees’ basic psychological needs for autonomy, competence, and relatedness, and activating their personal energy- 
saving norms (by taking measures to raise their awareness of the negative consequences of not taking actions to conserve energy for 
the environment, and by amplifying their beliefs that by abiding to energy-saving actions they can reduce their negative impact on 
the environment) in the context of taking actions to conserve energy at work, as well as educating and encouraging them towards 
specific energy-saving behaviors at work are powerful means towards that end.  

• Utilizing gamified IoT-enabled IS that keep their energy-saving “in shape” can help towards achieving the above with increased 
participation, engagement, and effectiveness.  

• By monitoring their employees’ energy-saving habits, intention, and self-reported behavior, organizations can also estimate the 
actual energy they conserve at work. Habits are the strongest indicator, intention second best, and self-reported behavior the least 
indicative of actual energy savings achieved. Therefore, while the higher the employees’ reported score in these indicators, the 
more energy conscious their behavior at work, at the same time the less they score in these three indicators, the more the savings 
that can be achieved through a behavioral intervention.  

• Since the energy-saving behavior of those employees that are not internally motivated to conserve energy may also not be possible 
to significantly improve by applying pro-environmental behavioral change interventions at work, to further boost their potential 
for energy-savings, organizations can also incorporate appropriate HR selection strategies. They can hence ensure that they recruit 
energy-conscious personnel (with strong energy-saving norms/internal rules of conduct for energy-saving at work, and self- 
determination to conserve energy/an internally regulated energy-saving motivation), when hiring. 

Table 5 (continued ) 

Model ID Description Validation Based on Findings in this study 

Additional Findings The employees’ self-reported energy-saving behaviour, habit and intention were significantly and strongly inter-correlated (r = .494** – 
.652**). 
The three self-reported behavioral outcome variables were significantly intercorrelated, indicating that, for example, employees with a 
strong intention to conserve energy at work seem to also (r = .518**) have acquired the habit to do so, that tends to result in them also (r =
.652**) reporting o n – and hence knowingly – exhibiting energy-saving behavior at work. 
The % energy saved (12.99%) is more comparable to the participants’ average perceived change in energy saving habit (13.50%), followed 
by their increase in intention to conserve energy at work (11.35%), and the average change in self-reported behavior (4.66%) during the 
behavioral intervention.  
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Table 6 
Research Findings and Takeaways - Supporting Evidence from this research, as well as existing literature.  

Supporting Evidence from this Research Existing Evidence from the Literature 

Finding 
#1 

«Employees’ self-determination to conserve energy significantly explains their energy-saving behavior at work»  
• Identified regulation was the most influential motivational 

force behind employees’ energy-conservation  
• Identified regulation has been found to be a significant 

predictor of self-reported energy-saving behaviors at home 
[71]  

• Intrinsic motivation had a direct effect on employees’ self- 
reported energy-saving behavior  

• Being intrinsically motivated to protect the environment is 
related to acting in an environmentally responsible manner 
[153]  

• The behavioral change effected through the intervention was 
positive across the self-determination continuum, and statis-
tically significant for all the types of motivation, except the 
most controlled (external regulation), and amotivation  

• Building and supporting self-determination for energy-saving 
is important towards achieving it [71] 

Finding 
#2 

«Employees’ energy-saving at work can be explained as a planned behavior», but « The energy behavior change attained through a gamified IS 
intervention cannot be explained by the planned behavior model»  
• Intention explained a significant proportion of self-reported 

energy-saving behavior and habit  
• Intention has been found to significantly explain pro- 

environmental [81], and energy-saving [80] behavior  
• The increase in intention to conserve energy at work was 

strongly related with the change in self-reported behavior, 
and energy-saving habit in the intervention  

• Intention has been found to adequately explain the variance in 
PEB [81], and energy-saving behavior change [80]  

• Subjective norms, attitude, and perceived collective impact 
explained 49.5% of the variance in employees’ behavioral 
intention to conserve energy at work  

• TPB constructs have explained between 46% and 61% of the 
variance in employees’ intentions to engage in PEB in the past 
[154]  

• We found a significant effect of attitude, and sense of 
collective impact, on employee’s intention to conserve energy 
at work  

• Attitude and perceived behavioral control significantly 
contributed in predicting energy-saving intentions at home 
[80, 81, 155]  

• In contrast to existing literature, the most significant 
predecessor of employees’ intention to conserve energy at 
work was their level of subjective norms – The contribution of 
employees’ sense of personal impact on energy-saving at 
work was shadowed by collective impact  

• Subjective norm was not found to have a significant influence 
on energy-saving intention at home [80] – This contradiction 
may be attributable to the workplace context that increases the 
weight of subjective norms (and peer-pressure) on employees’ 
energy-saving intention [17], and collective actions are often 
considered the most impactful on energy conservation at work 
[156], and energy is often consumed through collectively 
controlled devices [157]  

• The positive average change recorded in subjective energy- 
saving norms, attitude, personal and collective impact at 
work, was not statistically significant during the intervention  

• In a feedback intervention for energy conservation at a 
university, although actual energy savings were recorded, 
attitudes, subjective norms, and perceived behavioral control 
were statistically insignificantly affected [22] 

Finding 
#3 

«Employees’ levels of personal energy-saving norms significantly explain their energy-saving behavior at work»  
• The level of employees’ energy-saving personal norms 

significantly explains their energy-saving intention, self- 
reported behavior, and habit  

• Personal norms have been found to be a predictor of energy- 
saving intention and behavior in the past, both at home 
[88–90] and at work [91,92]  

• A positive and statistically significant average change was 
also recorded in the participants’ personal norms for 
conserving energy at work during the behavioral intervention 

– 

Finding 
#4 

«Employees’ personal and organizational profile significantly affects their energy-saving behavior at work»  
• Vigor overall seems to affect all the energy-saving behavioral 

indicators we employed  
• Vigor is characterized by the willingness of a person to invest 

effort in their work [93]  
• Vigor has been correlated with increased organizational 

citizenship behaviors (OCBs) and decreased deviance [94]  
• Employees’ intention to conserve energy at work tends to 

increase with age 
• Engagement towards pro-environmental behavior tends to in-

crease with age [95]  
• Employees with children tended to also record higher levels 

of intention to conserve energy, as well as self-reported en-
ergy saving behavior at work  

• Higher levels of motivation to conserve energy have been 
reported for residential users with children [100] 

Finding 
#5 

«The provision of feedback to employees, via an IoT-enabled gamified IS, is an effective strategy for effecting actual energy conservation at work»  
• Introducing gamification can intrinsically motivate the end- 

users to engage on energy conservation  
• The behavioral intervention yielded both self-reported, as 

well as actual energy saving results (6412.45 kWh saved, 
translatable to 12.99% conservation)  

• Satisfaction with a participatory intervention “triggers a 
positive affect towards energy-savings, and helps participants 
to internalize energy-saving motivation” [33].  

• Game design elements have been proven useful in satisfying 
users’ autonomy, competence and relatedness [158] – the 
predecessors of all types of motivation in the 
self-determination continuum 

(continued on next page) 
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5.3. Suggestions for designers of workplace energy-saving behavioral interventions 

If we put on one’s designer hat, our research outcomes can be transformed to the following suggestions on designing effective 
interventions that can foster energy saving behavior in workplaces:  

• Employees’ self-determination is found to most significantly explain the drivers behind their energy-saving at work. Identified 
regulation was the most influential motivational force behind employees’ energy-conservation. Therefore, behavioral interventions 
that aim to nurture employees’ energy conservation, should foremost focus on cultivating and strengthening the sense of personal 
importance that they vest on it.  

• Our findings also suggest that behavioral interventions may also benefit to an extent by focusing on strengthening employees’ 
motivation across the self-determination continuum, except for the most controlled form (external regulation), and amotivation.  

• Focusing on increasing employees’ subjective norms for energy saving at work (beliefs that others expect them to conserve energy 
at work) would also be a potentially impactful strategy towards increasing their intention to conserve energy at work which, in 
turn, is expected to lead to an increase in both self-reported energy-saving behavior and energy-saving habits. Moreover, 
emphasizing the collective (and not the personal) impact that employees’ actions can have on energy consumption at work can be 
more effective. So, an intervention could also include services that require collective actions e.g. a gamified intervention with 
challenges that require team playing.  

• In addition, we also found that, focusing on establishing, and activating employees’ personal norms for energy saving at work in 
behavioral interventions could be a potentially impactful strategy towards increasing their intention, self-reported energy-saving 
behavior, and energy-saving habits.  

• Further, as vigor overall seems to affect all the behavioral indicators, we deduce that organizations that emphasize on employees’ 
work engagement, can concurrently succeed in conserving energy, through their employees’ positive energy behavior change.  

• Moreover, as employees with children seemed to be more positive towards energy-saving at work and this inclination tended to 
increase with age, it may be beneficial to consider older employees with children as candidates for communicating, or even leading, 
energy-behavior change interventions at work. We also found that the adoption of IoT-enabled, gamified IS that provide tailored 
feedback to employees is an effective strategy for increasing motivation for, and achieving actual, energy conservation at work. 
Moreover, energy-saving habit is a significant factor to measure and potentially target, together with energy-saving intention, 
towards making future energy-saving interventions at work more successful. Therefore, future researchers and practitioners 
designing behavioral interventions should focus on addressing both habitual, as well as intentional behavior. We note that “suc-
cessful habit change interventions involve disrupting the environmental factors that automatically cue habit performance”, and 
replacing them with new ones [62].  

• Finally, as already suggested in the literature, our findings confirm that habitual energy-consumption behavior at work is better 
addressed by systematically reminding employees to consciously reflect upon the behaviors that they automatically perform (e.g. 
switching off lights, or computers), as well as offering primes and providing cues to do so [92]. Thus, designers should integrate 
real-time monitoring and the provision of feedback when developing interventions towards energy behavior change. 

6. Conclusion 

Overall, in the present research we studied employee energy consumption and conservation behaviour. Accordingly, we focused on 
a variety of motivational, social and work-related factors that, as acknowledged in existing theory, may affect it at an individual 
behavior level. Then, we explored in practice how an IoT-enabled gamified feedback intervention can affect the employees’ motivation 

Table 6 (continued ) 

Supporting Evidence from this Research Existing Evidence from the Literature 

Finding 
#6 

«Behavioral interventions at work aimed at energy conservation, should primarily focus on monitoring and positively affecting employees’ energy- 
saving habits and intention»  
• The effect of the gamified IS intervention on was stronger and 

statistically more significant in terms of employees’ energy- 
saving habit, and intention to continue saving energy at work 
in the future  

• Intention was found to be the strongest direct predictor of pro- 
environmental printing behavior (using the printers less), and 
habit the strongest direct predictor of switching off lights and 
monitors (when not in use), in an experiment in office build-
ings [159]  

• Although there was a positive average change recorded in the 
participants’ self-reported energy-saving behavior during the 
intervention, it was not statistically significant, and dispro-
portionate to the actual energy savings achieved (explaining a 
mere 36%)  

• Self-reported behavior has been criticized as a relatively weak 
indicator of objective pro-environmental behavior in the 
literature, leaving 79% of the variance unexplained [61].  

• Energy-saving habit emerged as the most salient proxy of 
actual energy-savings at work, followed by intention to 
conserve energy  

• Habits should be included in organizational PEB models, as 
they play an important role for their enactment [11]  

• Energy-saving behaviors at work are not necessarily motivated 
by employees’ pro-environmental intentions, but may instead 
come as a result of, among others, routine or habit [63]  
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to conserve energy at work and lead to actual energy savings. Essentially, the insight gained about the employees’ behavioral and 
motivational drivers support a deeper understanding of the motivational and energy behavior change capacity of a gamified inter-
vention, and therefore can guide the design of the ‘right’ intervention in future similar endeavors. 

We conducted a survey with employees in three workplaces across different EU countries, to explore their self-perceptions on their 
energy conservation behavior and the effect of the factors under study on it. Then, during a series of energy-saving ‘campaigns’ that 
took place over one year, the employees interacted with a real IoT-enabled gamified IS that prompted them to conserve energy during 
their daily work routine. Their actual energy savings were collected before participating to the survey once more. This allowed us to 
compare their actual with their perceived/self-assessed behaviour change. 

In sum, our findings suggest that employees’ level of self-determination to conserve energy, energy-saving personal norms, and 
personal and organizational profile, significantly explain both their actual energy-saving behavior at work and the energy behavior 
change that comes as the result of a gamified IS intervention. Moreover, the provision of feedback to employees, via an Internet-Of- 
Things (IoT)-enabled gamified IS, is an effective strategy for effecting actual energy conservation at work. Furthermore, according to 
our findings, behavioral interventions aimed at energy conservation at work, should primarily focus on monitoring (to decide whether 
a behavioral intervention would be worth organizing) and ultimately positively affecting employees’ energy-saving habits and 
intention. The following two subsections describe some of the theoretical, as well as practical implications of our research in more 
detail. 

To the best of our knowledge, this is the first study concurrently exploring employees’ energy-saving as an act of self-determination, 
activation of personal norms, and as a planned behavior, especially also involving a practical behavioral intervention. Although recent 
studies have in some cases included extended models of TPB that have included personal norms or self-determination in the context of 
PEB (e.g. Refs. [15,37–41]), to our knowledge there is a lack of a study that assesses these three theories together towards explaining 
energy conservation, and especially in the context of the workplace. At the same time, energy-saving has been studied in models 
combining self-determination and planned behavior in the past, in various contexts [143–146] and in the context of PEB [39], and 
personal norms have also been studied alongside planned behavior in the past, in order to more accurately explain pro-environmental 
[38,41] and energy-related decisions and behaviors [15,39,40,56,147], and energy-saving at work in specific [148]. However, the 
present study considers and examines all three perspectives in parallel, with regards to their fitness to explain users’ motivation to 
conserve energy. 

In other words, we have adopted a more holistic approach building a research model incorporating all three behavioural view-
points. Moreover, the motivation behind this study was not just theoretical; we aimed to realize more about the employees behavioral 
and motivational drivers for understanding the effect of gamified feedback interventions with IoT-enabled behavior monitoring ability 
on employees’ motivation and energy usage behavior. The more we understand about the behavioral and motivational profile of 
employees/users, the higher the potential to design gamified feedback interventions with improved motivational capabilities that will 
improve employees’ energy consumption behavior. 

More importantly, we contribute to existing research by combining two research fields: the behavioral science and the IS. Indeed, 
we investigate the effect on employees’ energy consumption behavior, when they receive real-time IoT-enabled feedback through a 
gamified IS, in connection to all three perspectives. Existing research has investigated the users’ self-determination, personal norms, 
and planned behavior separately to assess the impact of gamified interventions on their motivation and behavior in various contexts 
[126–134]. We investigated the gamified interventions’ motivational capacity and potential to cause energy behaviour change, in 
order to be able to design better, more effective interventions that will keep the employees engaged and improve their energy con-
sumption behavior. 

Further, we highlight that this research exemplifies how we can increase the validity of research findings and overcome the 
criticism of self-reported energy usage [58] by combining survey data reflecting perceptions (e.g. the users’ self-assessment of energy 
consumed) with objective data (in our case energy consumption data recorded via an IoT infrastructure in the offices), in order to 
produce more reliable findings. Last, our research approach, also constitutes a structured procedure for assessing and measuring 
theory-driven behavioral factors that explain employees’ energy consumption behavior in the workplace. Moreover, as already 
detailed in the discussion, apart from its theoretical contribution, we believe that our research also carries useful, practical insights 
concerning (a) the design of effective behavioral interventions, and (b) suggestions to organizations that want to improve their CEP, by 
leveraging the acquired insight from this research to positively affect their employees’ energy consumption and energy-saving 
behaviour. 

As with all research, apart from its merits, our study results also bear their limitations. Firstly, the statistical analyses performed, 
and results attained, are bound by sample size limitations. A higher number of participants would have provided higher confidence in 
the results obtained. Moreover, we assessed energy consumption (and savings) on a collective manner and not individually (per 
person). This kind of energy consumption disaggregation was unfortunately not technically possible. Hence, further research with 
larger samples, involving a larger number of participants across different work environments is suggested, so that our findings are 
further corroborated, fortified, and enriched. Experimental designs that include energy disaggregation in the personal-individual and 
appliance-based level of analysis could additionally allow for more rich comparisons between self-reported behavioral indicators and 
actual energy-savings actions. Such data could fortify, prove and/or disprove existing theoretical findings, with regards to the effect of 
behavioral parameters, as well the application of IS & gamification on actual energy-saving by employees at work. 
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Appendix I. Statistical Analyses Results (Regression & Paired-sample T-tests)  

Table 7 
Summary of Regression Analyses  

Self-Determination 

Variable (Energy Sav.) Behavioral Intention Self-Report. Behavior Habit 

B SE B β B SE B β B SE B β 

Intrinsic motivation .030 .113 .030 .237 .083 .298** .036 .100 .038 
Integrated regulation .007 .103 .007 − .057 .076 − .075 .279 .091 .311** 
Identified regulation .905 .120 .727** .642 .088 .661** .450 .106 .389** 
Introjected regulat. − .079 .108 − .076 − .096 .080 − .118 .127 .096 .131 
External regulation .216 .084 .217* − .015 .062 − .019 − .020 .074 − .021 
Amotivation − .033 .074 − .035 − .034 .054 − .046 − .074 .065 − .085 
R2  .549  .599  .588 
Adj. R2  .522  .576  .564 
Intercept  − 0.271  1.695  1.062 
F  20.86**  25.67**  24.51**  

Planned Behavior 

Variable (En. Saving) Behavioral Intention Variable (En. Saving) Self-Reported Behavior Habit 

B SE B β B SE B β B SE B β 

Subj. Norms .498 .075 .509** Behavioral Intention .385 .065 .494** .481 .076 .518** 
Attitude .294 .079 .291** 
Pers. Impact .115 .105 .093        
Coll. Impact .243 .092 .219**        
R2   .495 R2   .244   .269 
Adj. R2   .476 Adj. R2   .237   .262 
Intercept  − 0.157 Intercept  3.593  2.770 
F  25.72** F  34.93**  39.68**  

Personal Norms 

Variable (Energy Sav.) Behavioral Intention Self-Reported Behavior Habit 

B SE B β B SE B β B SE B β 

Personal Norms .875 .085 .703** .617 .072 .636** .790 .081 .684** 
R2  .494  .404  .468 
Adj. R2  .489  .399  .463 
Intercept  .817  2.551  1.372 

(continued on next page) 
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Table 7 (continued ) 

Personal Norms 

Variable (Energy Sav.) Behavioral Intention Self-Reported Behavior Habit 

B SE B β B SE B β B SE B β 

F  105.27**  73.29**  95.10**  

Personal Factors 

Energy Saving … Behavioral Intention Self-Reported Behavior Habit 

Personal Factor B SE B β B SE B β B SE B β 

Vigor (Engagement) .384 .101 .343** .425 .076 .488** .304 .100 .293** 
Age .034 .018 .189 .005 .014 .038 .003 .018 .016 
Gender (M/F) .801 .295 .242** .163 .221 .063 .158 .292 .052 
Children (Y/N) − .154 .306 − .051 − .262 .230 − .112 − .272 .303 − .098 
R2  .216  .273  .106 
Adj. R2  .186  .245  .072 
Intercept  2.453  4.131  4.362 
F  7.24**  9.84**  3.11* 

N = 110, *p < .05, **p < .01.  

Table 8 
Impact of the behavioral intervention on employees’ energy-saving behavior (N = 54)   

Pre- Post- Δ % t (54) P 95% CI η2 

Variable (Energy Saving) M SD M SD LL UL 

Behavioral 
Outcomes 

Self-Reported Behavior 5.58 1.06 5.84 .99 4.66 1.82 .075 − 0.027 0.545 .059 
Behavioral Intention 5.11 1.24 5.69 1.29 11.35 2.79 .007** 0.161 0.987 .128 
Habit 5.11 1.21 5.80 1.06 13.50 4.36 <.001** 0.375 1.014 .264 

Self-Determination Intrinsic Motivation 4.56 1.32 5.52 1.22 21.05 5.57 <.001** 0.614 1.303 .370 
Integrated Regulation 4.10 1.44 5.29 1.15 29.02 5.57 <.001** 0.749 1.631 .356 
Identified Regulation 5.41 1.10 5.90 1.00 9.06 5.41 .004** 0.162 0.810 .146 
Introjected Regulation 4.01 1.27 4.77 1.52 18.95 3.01 <.001** 0.320 1.198 .185 
External Regulation 2.94 1.36 3.24 1.54 10.20 3.47 .227 − 0.193 0.795 .027 
Amotivation 2.91 1.55 2.60 1.41 − 10.65 1.22 .243 − 0.837 0.217 .026 

Planned Behavior Subjective Norms 4.28 1.42 4.61 1.65 7.71 1.39 .170 − 0.147 0.813 .035 
Attitude 4.94 1.31 5.36 1.44 8.50 1.78 .080 − 0.052 0.895 .057 
Personal Impact 3.83 1.13 4.15 1.31 8.36 1.57 .122 − 0.089 0.731 .045 
Collective Impact 5.32 1.10 5.74 1.31 7.89 1.96 .055 − 0.010 0.862 .068 

P. Norms Personal Norms 4.81 1.03 5.25 1.44 9.15 2.31 .025* 0.057 0.822 .091 
Energy Energy Consumption 55,778 kWh 49,365 kWh − 12.99 – - – – – 

Note. CI = confidence interval; LL = lower limit; UL = upper limit; η2 = eta squared; M = mean; SD = standard deviation; *p < .05; **p < .01. 
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