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This study evaluated the effects of public postings on energy conservation 

behavior at a public university, using a multiple baseline design across three settings; 

bathrooms break rooms, and conference rooms. The behavior of building occupants 

was recorded to assess the frequency at which those individuals would turn lights off 

upon exiting an unoccupied room. The independent variables implemented by 

experimenters (light-switch plate stickers and laminated signs) had little to no effects on 

cumulative instances of lights turned off however, the installation of motion sensor lights 

produced better results.  Across all conditions, lights were turned off most frequently in 

conference rooms (65% of observations) followed by break rooms (9% of observations), 

and bathrooms (3% of observations).  
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INTRODUCTION 

The successful achievement of sustainability is an ongoing struggle that faces 

the world today. The goal of sustainability is to meet the needs of the present without 

compromising the ability of future generations to meet their needs (EPA, 2011). In order 

to fulfill this goal, we must address the wide array of problems that are currently posing 

threats to the sustainability of our environment, economies, and societies. Many of 

these problems are directly linked to human behavior (Gardner & Stern, 2002; Koger & 

Du Nann Winter, 2004; Lehman & Geller, 2004; Manning, 2009; Roach, 2007; 

Trenberth, 1997; Steg & Vlek, 2009). Some of these problems include population 

growth, land-use and development, deforestation, energy consumption, resource 

depletion, water and air pollution, soil erosion and contamination, overflowing of 

landfills, species extinction, and climate change. 

 According to a report by the Intergovernmental Panel on Climate Change (IPCC) 

in 2007, it is “very likely” that humans are responsible for all or most global climate 

change. Humans burn fossil fuels (e.g., coal, oil, natural gas) in order to produce 

energy, and the byproducts of burning fossil fuels (e.g., carbon dioxide) are causing the 

emission of greenhouse gases (GHGs) into the Earth’s atmosphere. Unfortunately, the 

rate at which this is occurring is faster than plants and oceans can absorb the gases 

(Roach, 2007). Consequently, GHGs become trapped in the Earth’s atmosphere and 

remain dormant for years. This is known as the “greenhouse effect,” and scientists 

suspect that this is one of the causes of global climate change.   

The alleged impact of human behavior on the Earth’s rising temperature has 

resulted in a growing concern to address related issues. Although uncertainty still exists 
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about the rate at which climate change is accelerating, many scientists agree that 

human behavior is the primary, underlying cause. However, this is extremely difficult to 

demonstrate and is not necessarily the view of all scientists (Ellsaesser, 1998; Kerr, 

2007). 

 In order to ensure that future generations have the necessary resources to 

maintain or improve current standards of life, humans need to reconsider the ways in 

which we produce and consume energy. The integration of energy conservation 

interventions through the application of behavior analysis has great potential to assist in 

such efforts. By investigating the stimuli that affect energy conservation behaviors on a 

micro level, behavior analysts can take incremental steps toward combating 

environmental issues on a more global scale. The current study contributes to the 

growth in knowledge and understanding of behavioral technologies that can be 

implemented to address energy conservation behaviors.  

To assess the effects of different stimuli on energy conservation behavior on a 

micro level, the target behavior investigated in this study was turning off lights in 

unoccupied rooms. This experiment addressed an overarching question: To what extent 

do prompts affect the likelihood that individuals will turn lights off in unoccupied rooms? 

To more clearly understand the disparate effects of varying types of prompts, three 

supportive questions were addressed.  

1. To what extent do adhesive, light-switch stickers (visual prompts) produce 

increases in lights turned off in unoccupied rooms ? 

2. To what extent does laminated signage (instructional prompts with a specific 

message) produce increases in lights turned off in unoccupied rooms? 
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3. To what extent do motion sensor lighting technologies produce increases in lights 

turned off in unoccupied rooms? 

The primary purpose of the current experiment was to evaluate the effectiveness of 

light-switch plate sticker prompts in decreasing the use of lights in an academic building. 

The second purpose of this study was to test the effectiveness of a larger stimulus with 

greater visibility and a clearer message in order to determine the differences, if any, in 

effectiveness between the two interventions. Finally, an unplanned third evaluation 

examined the effects of motion sensor lights on energy conservation behavior. Other 

objectives of this study were to raise awareness of the importance of researching 

environmentally relevant behaviors, to begin organizing a framework for conducting this 

type of research, and to develop and test the utility of the current measurement 

procedures. 
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LITERATURE REVIEW 

 For many years, the field of behavior analysis has aided in the development of 

interventions that address behaviors relating to environmental sustainability, otherwise 

referred to as environmentally relevant behaviors (ERBs).  In the book Environmental 

Problems/Behavioral Solutions, Cone and Hayes (1980) defined ERBs as, “Human 

activities that influence, in a positive or negative fashion, the nature or extent of physical 

environmental problems” (p. 6). The authors distinguish between two classes of ERBs; 

protective and destructive. Protective ERBs (PERBs) should be strengthened. These 

behaviors support the preservation of the environment and intend to reduce and/or 

prevent negative impacts (e.g., recycling). Contrarily, destructive ERBs (DERBs) should 

be eliminated or decreased. These behaviors support the destruction and deterioration 

of environmental conditions (e.g., littering).  

 Although there has been a steady decline in research that addresses ERBs, in 

the 1970s and 1980s, journals such as the Journal of Applied Behavior Analysis, 

Journal of Environmental Systems, and Environment and Behavior  were the primary 

outlets for this type of literature (Dwyer & Leeming, 1993). Despite the fact that behavior 

analysts previously have published environmental-behavioral research, the topic has 

remained relatively dormant in the recent behavioral literature. A variety of reasons 

could explain why the discipline has refrained from conducting research in this area. 

Dwyer and Leeming (1993) stated that, “In spite of some successful demonstrations, 

behavioral scientists became discouraged by the lack of support and the difficulty of 

working with large systems, public policies, and deeply engrained cultural practices” (p. 

276). Furthermore, an obvious organizational and conceptual framework for 
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approaching this type of research is lacking in the field of behavior analysis. Although 

previous researchers have attempted to develop these structures (Geller, 1990; Cone & 

Hayes, 1980; Lehman & Geller, 2004; Steg & Vlek, 2009), several shortcomings exist. 

The complexities of ERBs suggest that a thorough reevaluation and expansion of 

previous research is required to address gaps, and replications would be beneficial as 

well. Additionally, the dissemination of ERB research needs to be more effective, the 

maintenance of PERBs needs to be addressed, and reexamination of the underlying 

factors maintaining these behaviors warrants further investigation. Without such 

overarching terminal goals and strategic objectives, behavior analysts will not succeed 

at effectively directing our efforts, and research in this area will not develop into a 

systematic mass of scientific knowledge as seen in other areas of behavior analysis 

(e.g., autism).      

Although ERBs have not been extensively researched by behavior analysts 

recently, it is important to note that a number of researchers conducted seminal work in 

the 1970s and 1980s that has inspired some recent research and theoretical extension. 

Research addressing ERBs started in the 1970s and rapidly gained momentum. This is 

when researchers began to see the value in using applied behavior analysis to address 

ERBs. In the 1970s, at least 46 studies appeared in behavior analytic literature that 

involved strategies to modify ERBs, with 15 of those studies focused specifically on 

energy conservation (Dwyer & Leeming, 1993). Unfortunately, this pattern peaked in 

1977 and slowly tapered off. In the 1990s, very few behavior analytic studies on ERBs 

were published.  Despite some successes, it has been difficult for behavior analysts to 

regain the momentum we once had. This is perhaps due to a lack of support from the 
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behavior analytic community, a lack of collaborative research with the rest of the 

scientific community, and the failure to see the great potential that exists for behavior 

analysts within ERB research.  

Issues of environmental sustainability are arguably the most important areas for 

behavioral inquiry at this point in time. More specifically, there are vast opportunities to 

reduce harmful GHG emissions in academic settings through behavioral interventions 

that address energy conservation. Office buildings are known to consume the most 

energy of all building types, accounting for 19% of total commercial energy consumption 

(Commercial Energy Consumption, 2001). A number of behavioral studies have focused 

on conserving energy and many have specifically investigated the effects of prompts on 

electrical energy consumption, both in commercial and private contexts (Hayes & Cone, 

1977; Palmer, Lloyd, & Lloyd, 1977; Kohlenberg, Phillips, & Proctor, 1976; Winett, 1977; 

Luyben, 1980; Staats, Van Leeuwen, & Wrr, 2000; Bekker, Cumming, Osborne, 

Bruining, McClean, & Leland, 2010). Many of these investigations concentrated on the 

use of written prompts. Winett (1977) noted that not all written prompts are equally 

effective and prompts tend to be more effective when they specify a target behavior to 

be accomplished at a specific place and time. A review of the behavior analytic research 

in this area points to strengths and limitations of prompting and other strategies for 

increasing behaviors related to energy conservation and provides context for the current 

study. 

Winett (1977) conducted a pilot study in which the effects of stickers and signs 

posted on the campus of the University of Kentucky were compared to larger, more 

strategically placed signs in 3 rooms (one experimental room, two control rooms) in an 
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academic building. Observers recorded whether the lights were left on in unoccupied 

rooms (dependent variable) and observations were made at least 3 times a week for 6 

weeks. During the first 2 weeks, baseline data were collected for all 3 rooms.  During 

the third week, a sign that read: “Every little light lit hurts; please turn lights and 

electrical equipment off when not in use,” was implemented in the Experimental Room 

only. In the fourth week, a 2”x 2” sticker was added to the light switch in the 

Experimental Room. The sign read: “Turn this light off when not in use.” In the fifth 

week, the previously used sticker and smaller sign were removed and a 2’ x 3’ sign was 

placed at eye level in the Experimental Room near the exit. The white sign with black 

letters said: “Students and Faculty, conserve energy, turn lights out after 5pm or when 

no class.” During the sixth week, two additional, smaller stickers were added to the 

Experimental Room: (a) near the exit (“Students and Faculty, conserve energy, turn 

lights out after 5pm or when no class”) and (b) above the light-switch (“Conserve 

energy, turn out lights after 5pm”).  

Winett’s data (1977) were displayed in a table in terms of percentage of days 

where lights were left on. Data from occupied rooms were excluded from the analysis. 

The results revealed that in Week 3 (university sign) and Week 4 (university sign plus 

university sticker), lights were left on %100 of the time. Based on these findings, these 

interventions were completely ineffective. In Week 5 (large, special sign) and Week 6 

(three large, special signs) however, percentage of days where lights were left on was 

reduced to 40% in both conditions. In the Control Rooms (both remained in baseline for 

the entire experiment), lights remained on for 78% of observation days. These results 

show that larger, more strategically placed signs with clearer messages produced 
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significant changes in energy conservation behavior. Winett (1977) concluded that the 

careful application of prompts and other documented techniques should be used to 

promote pro-environmental behaviors and case studies that investigate them. 

Palmer, Lloyd, and Lloyd (1977) conducted an experimental analysis of electricity 

conservation procedures with residential consumers, using a reversal design. Five 

experimental conditions consisted of (a) a feedback condition in which the total 

electricity consumed for the day (in comparison to the average daily consumption for the 

previous baseline period) was taped on the family’s front door, (b) a cost-information 

phase in which the monthly bill projected from baseline levels of consumption was 

compared to a particular day’s usage and the difference was calculated as the amount 

of money that could potentially be saved (or wasted), (c) a daily prompt condition in 

which one of eight typed prompts was taped to the family’s door, (d) a prompt plus 

feedback condition where a feedback card was taped to the family’s door in addition to 

one of the typed  prompts, and (e) a government prompt condition where a letter from a 

government official was mailed to the families, requesting that each household reduce 

their energy consumption by 20%. The prompting (and feedback) techniques were 

found to be effective in reducing daily electricity consumption for 75% of the families 

participating in this study. Additionally, for 50% of the families, the most effective 

prompts were the daily prompts.     

 Luyben (1980) examined the effects of informational prompts on energy 

conservation in college classrooms using a multiple baseline design. Fifty-five target 

observation periods were assigned randomly to one of the two target classroom groups 

(n = 27, 28). The dependent measure was frequency of lights turned off. The 
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experimental procedure included two phases: (1) a letter prompt phase where a letter 

was sent to targeted professors asking them to turn the lights off following their class 

period and (2) a poster phase, urging all classroom occupants to turn off the lights after 

specified class periods. Both the letter prompts and posters were delivered to Group A, 

whereas Group B was only exposed to the letter prompt phase. The authors found that 

the single prompt procedure in combination with the letter was most effective in 

producing increases in the percentage of observation periods with lights-off (70% during 

baseline, 76% during letter phase, and 84% during letter and prompt phase). 

The results of Luyben (1980) suggest that prompts can be an effective means of 

decreasing the use of lights in unoccupied rooms. Unfortunately, the letter prompt was 

not delivered to Group B until halfway through the semester. Delivering the letter at the 

beginning of the semester may have produced more significant results, although this 

would have compromised the multiple baseline analysis. Additionally, the target 

behavior appeared to be occurring at relatively high rates during the baseline condition. 

For both groups, the percentage of lights off in baseline was always above 60%, leaving 

little room for improvement. Another limitation was that no follow-up was conducted, so 

it is difficult to assess whether these results maintained over time.  

A longitudinal study of informational interventions to save energy in an office 

building was conducted by Staats, Van Leeuwen, and Wrr (2000), using an ABACA 

research design. Informational interventions were used to encourage two behaviors 

relevant to maximizing energy-efficiency (uncovering radiators and adjusting 

thermostats) in individual offices of a large office building. The dependent measures 

were percentage of offices with radiator grates uncovered and percentage of offices 
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with thermostats that were set at a targeted temperature. The researchers used simple 

and cost-effective posters as one of their independent variables. Other independent 

variables included brochures (given at the beginning of each intervention), collective 

feedback, and individual feedback.  

The results of Staats et al.’s (2000) group data, supporting energy data, and self-

report data indicated that the use of posters may have contributed to the increase in 

offices with matching thermostat settings observed in this experiment. Also notable was 

that the interventions yielded increases in appropriate behaviors that were maintained 

after a two year follow-up assessment. However, the results of Staats et al. (2000) 

should be viewed as preliminary because, “The design and data collection did not fully 

meet the standards of experimental behavior analysis” (p. 104). No single intervention 

was exactly replicated, few observation sessions were performed per condition (some 

conditions only had one observation), and there were few checks on the reliability of 

observations.  

More recently, Bekker et al. (2010) addressed ways to reduce energy 

consumption in a university setting using a group design. The experimenters 

investigated the combined use of visual prompts, daily feedback, and rewards to reduce 

electricity consumption in a residence hall on a college campus. The dependent 

measure was the amount of electricity recorded on the day and night meters per 

residence hall. The researchers conducted covert, daily electrical meter readings. The 

residence halls were assigned to either a control or intervention condition with one 

intervention hall and one control hall.  
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Bekker et al. (2010) put up 9 large posters around the residence hall targeted for 

intervention, calling students’ attention to a particular stimulus (thermometer). They also 

placed smaller notices in nearly 90 locations around the hall, with specific energy saving 

tips. The results for the intervention hall revealed that the percentage of electricity saved 

was much higher during the day (16.2%) and night time (10.7%) when compared to the 

control hall, where students saved an average of 3.8% during the day and 6.53% at 

night time. Important conclusions to draw from this study are that these interventions 

were easy to implement, effective in combination with feedback and rewards, and 

economically feasible. Additionally, Bekker et al. (2010) calculated that for every $1 

(New Zealand currency) allocated toward setting up and maintaining the intervention, an 

estimated $5.22 net return was gained. This analysis provided sound evidence that the 

interventions had economic benefits in addition to the measured reductions in electricity 

usage.   

A recent issue of the journal The Behavior Analyst was dedicated to climate 

change, the lack of recent behavioral research in this area, and the inherent 

responsibility of behavior analysts to address climate change and related topics. 

Although the articles published in the issue were theoretical in nature, many prominent 

figures in behavior analysis urged action and acknowledged the important role behavior 

analysts can assume in addressing climate change.  Although energy conservation is 

just one variable that impacts climate change, it is a fundamental component required to 

reduce greenhouse gas emissions, encourage steps toward carbon neutrality, and to 

save on energy costs, thus increasing efficiency. The current study aims to function as a 

starting point for identifying methods and procedures to successfully conduct research 



12 

in this area of behavior analysis at the University of North Texas (UNT). As behavior 

analysts, we are at a unique vantage point. We possess skills that can contribute to the 

development of analyses of how changes in our behavior can prevent and improve 

climate change and its causes, including the conservation of our natural resources, 

deforestation, waste production, contamination, and energy consumption (the burning of 

fossil fuels). In the current study, previous research on the use of prompting strategies 

to encourage energy conservation were replicated and extended in a university setting. 

This study aimed to identify simple, cost-effective, and appropriate methods for 

measuring changes in ERBs, and to determine the effectiveness of a university-

sponsored prompting intervention designed to improve ERBs.       
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METHOD 

Participants and Setting 

The participants in this study were occupants of an academic building at the 

University of North Texas (UNT), a large, public university located in Denton, Texas. 

The population consisted primarily of college students (graduate and undergraduate), 

employees of the university, and university faculty members. This experiment was 

conducted within the guidelines of UNT’s Institutional Review Board (IRB). 

 The academic building used in this study consisted of 3 floors and observations 

were conducted in multiple rooms on each floor. There were 16 total rooms observed. 

On the first floor, 3 rooms were observed, consisting of 1 conference room and 2 

restrooms (one men’s and one women’s). On the second floor, 7 rooms were observed, 

consisting of 4 restrooms (2 men’s, 2 women’s), 2 break-rooms, and 1 conference 

room. On the third floor, 6 rooms were observed, consisting of 4 restrooms (2 men’s, 2 

women’s) and 2 break-rooms.   

Conference rooms were considered public spaces that were typically used for lab 

meetings, thesis defenses, faculty meetings, student study groups, and other university 

related business. Break-rooms were attached to individual academic departments and 

were used primarily by the employees and students of the respective departments. Most 

break-rooms were used to prepare and store meals/snacks and typically contained a 

refrigerator, microwave, toaster, and coffee maker. Some break-rooms also served as a 

central location for making copies, printing, scanning, and shredding documents. All 

restrooms used in this observation were considered public and were accessible to 

anyone in the building. Each restroom had only one light switch, located immediately 
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next to the entry door. Both conference rooms had two light switches each (one on each 

side of the room) and all break-rooms only had one light switch, located immediately 

next to the entry door.  

This study was conducted during the spring semester of the academic year. Data 

were collected for approximately 16 weeks, from January 18, 2011 through May 6, 

2011.   

Data Collection and Measurement 

Data were collected Mondays through Fridays, between the hours of 10am and 

5pm. Observations occurred 2-4 times per day and all 16 rooms were examined during 

an observation (each set of observations took about 15 minutes to complete). Data 

were scored using a momentary time-sampling procedure within 30-minute intervals 

(only one observation could occur within any 30-minute interval). Because observations 

were conducted at various times of day by a team of observers, and to ensure that only 

one observation occurred within any 30-minute interval, observers were instructed to 

begin data collection only at the beginning of the 30-minute window. For example, if an 

observer was prepared to conduct an observation at 10:20am, the observer waited until 

the 10:30am observation window to begin data collection.  

Data sheets were left in a common area used by the research team and in an 

effort to save paper, only one sheet was used per month, per room. All observers 

recorded data on the same sheets, using pencils and clipboards. Data were collected 

and organized by recording whether the lights were left on or turned off at the time of an 

observation. Data sheets were modified scatterplots, arranged in a grid corresponding 

to days of the month (arrayed horizontally) and times of day (arrayed vertically in 30-
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minute intervals). The data sheets used in baseline conditions can be found in Appendix 

A. Data sheets used in intervention phases are located in Appendix B (bathrooms and 

break-rooms) and Appendix C (conference rooms).  

Observers entered codes into cells corresponding with the times of observations. 

Upon entering a given room, experimenters recorded an “X” if the room was occupied 

(whether lights were on or off). A “0” was entered if the room was unoccupied and the 

lights were turned on. “Lights-on” was operationally defined as any light (can fixture or 

light operated by the wall switch) left on in any given room at the time of an observation. 

A “1” was entered if the room was unoccupied and the lights were turned off.  “Lights-

off” was operationally defined as any light (can fixture or light operated by the wall 

switch) being turned off in any given room at the time of an observation. If a subject 

entered the observation room as the observer approached the room, the room was 

considered occupied and an “X” was entered for that interval. Conversely, if someone 

exited the room as an observer approached, the room was considered to be unoccupied 

and the status of the light was scored accordingly.  

An additional measure, “2”, was utilized following the unanticipated installation of 

motion sensor lighting throughout the building. The motion sensors were designed to 

automatically turn lights off after 10 minutes of inactivity in a given room. The devices 

were installed in all rooms, at various times throughout the course of the experiment. 

Motion sensors were either integrated into the existing light-switches or were affixed 

from the ceiling. Although the sensors were automated, there was an option to manually 

turn the light off by either pressing a button on the light-switch panel or by flipping a 

switch (depending on the type of sensor installed, ceiling or switch). The ceiling sensors 
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were accompanied with light-switch panels similar to traditional light switches, except for 

that the sensors had buttons instead of switches. Observers recorded a “2” in the event 

that a motion sensor switch was manually turned off. This target behavior was identified 

by the lights remaining off upon entering a given room. If the lights automatically came 

on, this revealed that the switch was not manually turned off. A “2” was only recorded if 

an observed entered a given room and the lights remained off. 

Manipulation Check 

   During the experimental manipulations, observers performed visual inspections 

of each room to ensure that the signs and/or stickers had not been tampered with, 

removed, or damaged since the prior observation. In the event that a sign was 

misplaced or damaged, experimenters replaced them immediately following the 

observation session. The data sheets contained cells adjacent to the cells used to score 

dependent measures that were used for manipulation checks. A “0” was used to denote 

that the prompts were present (or “on”, for the sake of consistency) and an “A” was 

recorded if they were absent. A “notes section” was located at the bottom of each data 

sheet to allow experimenters to communicate if the signs had been damaged or moved. 

These checks revealed several occurrences of missing signs. However, most of these 

incidences occurred when the motion sensor lights were being installed and were most 

likely removed by custodial services.   

Experimental Design and Procedures 

  This experiment used a multiple baseline design across settings. The 

experimental manipulations were implemented in a sequential, staggered fashion 

across the two conference rooms, four break-rooms, and ten bathrooms. In order to 
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simplify the experimental design, the interventions were scheduled for implementation 

simultaneously within groups of rooms and sequentially across groups. 

Two formal interventions were developed for evaluation in the current study (IV 1 

and IV 2; see Independent Variables below).  The first intervention (IV 1) was 

implemented and evaluated across the first group of rooms and for 4 rooms from 

Experimental Group 2 (see Experimental Group 1, Experimental Group 2, Experimental 

Group 3, and Experimental Group 4 for detailed descriptions of each experimental 

group).  Therefore, it was possible to complete a 2-legged multiple baseline analysis of 

the effects of IV 1 across these contexts.   

Prior to completion of the analysis of IV 1 across the final 2 groups of rooms and 

just after the initiation of the second intervention (IV 2) for Experimental Group 1, the 

university initiated installation of motion sensors in several of the experimental rooms. 

The sensors automatically deactivated lights in the rooms if the light switch was in the 

“on” position and no motion was detected during any 10-minute interval.  These sensors 

were installed in partnership with an electric company based out of France, who had 

collected data on energy trends in buildings across campus for approximately 18 

months. Buildings with the highest levels of energy consumption were selected for 

installation of motion sensors. 

 There was no forewarning of the installation of these devices and they were not 

installed in all observation rooms on the same day. When motion sensors were installed 

in individual offices, a note was left on the desks of building occupants notifying them of 

the recent change. The experimenters and building occupants were unaware that this 

installation was planned until the day of the installation.   
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Due to this unforeseen event, it was not possible to complete the evaluation of 

the effects of the planned interventions across all experimental contexts (Table 1 

outlines the room numbers, room type, and assigned experimental group for all 

observation rooms). Immediately following installation of the first set of motion sensors, 

IV 2 was implemented in all remaining rooms in which motion sensors had not yet been 

installed. These rooms effectively constituted Experimental Group 3.  Data collection 

continued in all rooms (including those containing motion sensors) following installation 

of the motion sensors in order to evaluate their effects on light usage. 

Experimental Group 1 

 IV 1 was first implemented in Experimental Group 1 (Rooms 264, 129, and 

302F). During the baseline condition, these rooms exhibited zero occurrences of lights 

turned off, which is why they were chosen for the first implementation of intervention. 

After four weeks of IV 1, IV 2 was implemented in this group of rooms.  Evaluation of IV 

2 continued for 11 observations across 18 days for Room 302F, 16 observations across 

26 days for Room 264, and 15 observations across 26 days for Room 129. 

Experimental Group 2 

 After IV 1 had been implemented in Experimental Group 1 for two weeks, IV 1 

was implemented for rooms in Experimental Group 2 (Rooms 126, 225, 125, and 218A). 

After 25 and 27 observations in the IV 1 condition, motion sensors were installed in 

Rooms 126 and 218A, respectively. Therefore, evaluation of IV 2 was not conducted for 

these rooms. Rooms 225 and 125 received both IV 1 and IV 2. After 3 observations in 

the IV 2 condition, motion sensors were installed in Room 225. For Room 125, only one 
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observation was made in the IV 2 condition prior to the installation of the motion 

sensors.  

Experimental Group 3 

 Because the motion sensors were introduced unexpectedly, IV 2 was 

immediately introduced to the remaining rooms in which sensors had not yet been 

installed. This was done in order to obtain at least some data on the effects of IV 2 prior 

to installation of the sensors. These rooms (268, 229, and 368) constituted 

Experimental Group 3 and remained in the IV 2 condition for 2, 5, and 10 observations, 

respectively. 

Experimental Group 4 

 There were several rooms in which baseline conditions were still in place when 

the motion sensors were installed. These rooms served as a control group and 

constituted Experimental Group 4 (364, 330S, 324, 328, 220, and 273D).  Although no 

experimental manipulation took place in these rooms, data were collected for them 

throughout the experiment.  
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Table 1 

Room Numbers, Types, Experimental Groups, and Interventions Received 

Room Number Room Type Experimental 
Group IV 1 IV 2 

129 Men’s Bathroom 1 X X 

264 Men’s Bathroom 1 X X 

302F Break Room 1 X X 

125 Women’s Bathroom 2 X X 

126 Conference Room 2 X  

218 A Break Room 2 X  

225 Women’s Bathroom 2 X X 

229 Men’s Bathroom 3  X 

268 Women’s Bathroom 3  X 

368 Women’s Bathroom 3  X 

220 Conference Room 4   

324 Women’s Bathroom 4   

328 Men’s Bathroom 4   

330S Break Room 4   

364 Men’s Bathroom 4   

273D Break Room 4   
 

 

Baseline Condition 

  During the condition in which a baseline was established, no experimental 

manipulations were in place.  Baseline data were recorded in all observation rooms until 

behavior appeared to be in steady states. Although stability criterion were not explicitly 
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defined, steady states were demonstrated through patterns of responding that reflected 

very little to no variability over the course of several weeks. The determination of 

experimental group membership was made during baseline data collection and was 

based on visual interpretation of graphically-displayed data indicating steady-state 

responding. 

Independent Variables 

Light-switch plate sticker prompts (IV 1). After baseline data were collected, IV 1 

was implemented in observation rooms at strategically staggered times. IV 1 was light-

switch plate sticker prompts designed and purchased by UNT’s Business Services, 

approximately 2” x 4” in size (see Appendix D). The university invested $263.85 in the 

production of 2,000 light-switch plate stickers, valued at about $0.13 each. The 

allocation of resources required to create the stickers was estimated to be around $500 

(labor costs of the graphic designer). This does not include time invested in distributing 

the stickers across campus.  

 Laminated signs (IV 2). The second independent variable used in this experiment 

was laminated signs, 8 ½” by 11” in size. These signs had UNT’s Office of 

Sustainability’s logo printed on all four corners of the page and read in thick, large font, 

“PLEASE, turn off the lights when you leave!” (see Appendix E). Signs were affixed to 

the walls within 1-3 inches of light switches.  

 Motion sensors installed. Some sensors were installed in ceilings; in these cases, 

light switches remained as before installation and stickers (IV 1) remained on switch 

plates in those rooms in which IV 1 had been implemented.  Other sensors were 

installed directly onto switch plates. In these cases, stickers no longer were present. 
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Inter-observer Agreement 

In order to assess inter-observer agreement (IOA), a second observer collected 

data for 534, or 35.8% of the 1,535 primary observations. Percentage agreement was 

calculated by comparing primary and secondary observers’ records on a point-by-point 

basis, dividing the number of agreements by the number of agreements plus 

disagreements, and multiplying the result by 100. The data collectors recorded 504 

agreements and 30 disagreements, yielding an IOA coefficient of 94.4%.  

 A high percentage of IOA was expected, since the only variable being observed 

in all phases of the experiment was whether or not the light was left on or turned off. 

However, it should be noted that most disagreements occurred during baseline 

conditions because of data being recorded in incorrect cells on the data sheets. This 

may have been caused by the small text boxes used in data sheets during baseline 

conditions. Text boxes in subsequent data sheets were larger because data sheets 

were modified to include exclude certain times (before 10am and after 5pm), therefore 

allowing for more room on the page and including spaces to record whether appropriate 

prompts were in place. To illustrate these differences, sample data sheets are provided 

in Appendices A-C.   
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RESULTS 

In order to facilitate a comparison of pre- and post-intervention changes within 

room types and to illustrate the multiple baseline experimental design, graphic displays 

of outcomes from common room types are shown together. Group membership is 

parenthetically noted on the room label for each graph. Data are displayed using 

cumulative records, with successive observations presented on the X-axis (observations 

in which rooms were occupied were omitted from the analyses) and the cumulative 

numbers of observations with lights off presented on the Y-axis. Each observation 

represents an opportunity to respond. Thus, an observation in which lights-off was not 

scored extends the data path horizontally (one observation), but not upward. An 

observation in which lights-off was scored extends the data path forward (one 

observation) and upward (one response). The slope of the data paths remain constant 

given a constant rate of responding, and changes in the slope of data paths represent 

increases (higher slopes) and decreases (lower slopes) in response rates. Data was 

omitted during observations in which rooms were occupied.  

Conference Rooms 

 The data for the conference rooms (Rooms 220 and 126) are shown in Figure 1 

below. During baseline conditions, there were steadily increasing trends in cumulative 

occurrences of lights turned off for both rooms. A total of 125 observations were 

conducted in Room 126 (Group 2). During 53 of those observations (42%), the room 

was occupied, resulting in 72 observations where the room was unoccupied (or 58%). 

The lights were observed to be turned off in 35 of the 72 observations, or 49% of the 

time (see Appendix F.1). The effects of IV 1 in Room 126 show a slight increase in the 
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slope of the cumulative record, compared to the baseline condition. However, it is 

unclear whether this increase can be properly attributed to IV 1.  

Interestingly, although it was no longer necessary to deactivate the light switch in 

order to turn lights off when rooms were unoccupied for more than 10 minutes, data 

collectors observed that light switches were manually turned off during this period. For 

Room 126, observations 68, 69, and 70 were instances in which the motion sensors 

had been manually turned off. For Room 220, observations 69-73 were also instances 

in which the motion sensors were manually turned off.  

 A total of 124 observations were made in Conference Room 220 (Experimental 

Group 4). The room was occupied during 51 of those observations (41%), resulting in 

73 observations where the room was unoccupied (or 59%). The lights were observed to 

be turned off in 50 of those observations, or 68% of the time (see Appendix F.2). No 

interventions were implemented in this room prior to installation of the motion sensors. 

The slope of the cumulative record for this room shows steady, moderate rate of lights 

turned off during baseline, which continued when the sensors were installed. 

Figure 2 demonstrates the average percentage of lights turned off in both 

conference rooms, across conditions. During baseline, lights were observed to be 

turned off in 51% of observations. In IV 1, lights were turned off in 69% of observations 

and in the motion sensor condition lights were turned off during 76% of observations. 

Neither room was exposed to IV 2, which is why there is no data shown for this 

condition.    
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Figure 1. Cumulative observations with lights turned off in conference rooms. 

 

Figure 2. Average percentage of lights-off in both conference rooms, per condition. 
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Break-Rooms 

  The data for the four break-rooms are displayed in Figure 3. A total of 132 

observations were made in Room 302F (Experimental Group 1). For 16 of those 

observations (12%) the room was occupied, resulting in 116 observations where the 

room was unoccupied (88%). The lights were observed to be turned off in 7 of those 

observations, or 6% of the time (see Appendix F.3). There were zero occurrences of 

lights turned off during baseline and one occurrence at the end of the IV 1 condition. Six 

occurrences of lights turned off occurred after the motion sensors were installed.  

A total of 133 observations were made in Break Room 218A (Experimental 

Group 2). During 23 of those observations (17%) the room was occupied, resulting in 

110 observations where the room was unoccupied (83%). The lights were observed to 

be turned off in 5 of those observations, or 4% of the time (see Appendix F.4). There 

were zero occurrences of lights turned off during baseline and one occurrence near the 

end of the IV 1 condition. Five occurrences of lights turned off occurred after the motion 

sensors were installed.  

A total of 133 observations were made in Room 330S (Experimental Group 4). 

During 9 of those observations (7%) the room was occupied, resulting in 124 

observations where the room was unoccupied (93%). The lights were observed to be 

turned off in 6 of those observations, or 4% of the time (see Appendix F.5). There were 

4 occurrences of lights turned off during baseline and 2 occurrences of lights turned off 

after the motion sensors were installed.  

A total of 133 observations were made in Room 273D (Experimental Group 4). 

During 17 of those observations (13%) the room was occupied, resulting in 116 



27 

observations where the room was unoccupied (87%). The lights were observed to be 

turned off in 13 of those observations, or 11% of the time (see Appendix F.6). During 

baseline, there were 4 occurrences of lights turned off, and 9 occurrences of lights 

turned off occurred after the motion sensors were installed.  

Figure 4 demonstrates the average percentage of observations with lights-off 

observed in all break-rooms, across conditions. During both baseline and IV 1 

conditions, there were 2% of observations with lights-off. In IV 2 condition, there were 

9% of observations with lights-off. In the motion sensor condition, 23% of observations 

were scored with lights-off.  
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Figure 3. Cumulative observations with lights turned off in break-rooms. 
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Figure 4. Average percentage of observations with lights-off in break--rooms, per 

condition. 

Bathrooms 

 Women’s bathrooms were more frequently occupied during scheduled 
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turned off in only one of those observations, or 3% of the time (see Appendix F.8), and 

this occurred during the IV 1 phase. 

A total of 60 observations were made in Room 268 (Experimental Group 3). For 

24 of those observations (40%) the room was occupied, resulting in 36 observations 

where the room was unoccupied (60%). The lights were observed to be turned off in 

zero of those observations or 0% of the time (see Appendix F.9). Thus, the lights were 

left on in all conditions for this room.  

For Room 324 (Experimental Group 4), a total of 61 observations were made. 

During 18 of those observations (30%) the room was occupied, resulting in 43 

observations where the room was unoccupied (70%). As with Room 268, there were no 

instances where observers found the lights to be turned off; even after the motion 

sensors were installed (see Appendix F.10).  

A total of 61 observations were made in Room 368 (Experimental Group 3). For 

17 of those observations (28%) the room was occupied, resulting in 44 observations 

where the room was unoccupied (72%). The lights were not observed to be off in any of 

those observations (0% of the time), including after the motion sensors were installed 

(see Appendix F.11). 
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Figure 5. Cumulative observations with lights turned off in women’s restrooms. 
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Figure 6 represents outcomes for men’s restrooms. A total of 103 observations 

were made in Room 129 (Experimental Group 1). During 34 of those observations 

(33%) the room was occupied, resulting in 69 observations where the room was 

unoccupied (67%). The lights were observed to be turned off in only one of those 

observations, or 1% of the time (see Appendix F.12). During baseline, IV 1, and IV 2 

conditions there were zero occurrences of lights turned off, and one instance of lights 

turned off occurred after the motion sensors were installed. 

A total of 102 observations were conducted in Room 264 (Experimental Group 

1). The room was occupied for 31 of those observations (or 30%), yielding 71 

observations in which the room was unoccupied (70%). The lights were turned off in two 

of those observations, or 3% of the time (see Appendix F.13). The first instance of lights 

turned off occurred in the IV 2 condition and the other instance occurred shortly after the 

motion sensors were installed. The target behavior was not observed in either baseline 

or IV 1 conditions.  

A total of 103 observations were made in Room 229 (Experimental Group 3). For 

29 of those observations (28%) the room was occupied, resulting in 74 observations 

where the room was unoccupied (72%). Of those observations, the lights were only 

observed to be turned off 3 times, or 4% of the time (see Appendix F.14). The first 

instance of lights-off occurred at the beginning of the baseline condition. The second 

instance occurred during the implementation of IV 2, and the third instance occurred 

after the motion sensors were installed.   

A total of 105 observations were made in Room 364 (Experimental Group 4). 

During 19 of those observations (18%) the room was occupied, resulting in 86 
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observations where the room was unoccupied (82%). The lights were observed to be 

turned off in one of those observations, or 1% of the time (see Appendix F.15), and this 

occurred during the baseline condition.  

A total of 102 observations were made in Room 328 (Experimental Group 4). For 

14 of those observations (14%) the room was occupied, resulting in 88 observations 

where the room was unoccupied (86%). The lights were only observed to be turned off 

in two of those observations, or 2% of the time (see Appendix F.16).  Both occurrences 

of the target behavior took place after the motion sensors were installed. 
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Figure 6. Cumulative observations with lights turned off in men’s restrooms. 
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Figure 7 demonstrates the average percentage of observations with lights-off in 

all bathrooms, across conditions. In baseline observations, less than 1% (.06%) of lights 

were turned off. In IV1 condition, 0% of lights were turned off. In IV 2 condition, 4% of 

lights were turned off and in the motion sensor condition, 6% of observations were 

lights-off. 

 

 

Figure 7. Average percentage of observations with lights-off in bathrooms, across 

conditions. 
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2, 5% of observations were lights-off and in the motion sensor condition, lights were 

found to be off in 21% of observations.  

 

 

Figure 8. Average percentage of observations with lights-off in all rooms, across 

conditions. 

 

 Figure 9 shows the average percentage of observations with lights-off in all 

conditions, across room types. Conference rooms had the highest percentage of lights-

off (65%), followed by break-rooms (9%), then bathrooms (3%). 
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Figure 9. Average percentage of observations with lights-off in all conditions, across 
room types. 
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DISCUSSION 

As previously stated, the primary purpose of this experiment was to evaluate the 

effectiveness of three variables through the observation and measurement of energy 

conservation behavior, specifically turning lights off in unoccupied rooms. The three 

stimuli assessed were (1) light-switch plate sticker prompts, (2) a larger stimulus with 

greater visibility and a clearer message, and (3) motion sensor lighting technology. 

Other objectives of this study were to raise awareness of the importance of researching 

ERBs, to begin organizing a framework to conduct this type of research, and to develop 

and test the utility of the current measurement procedures. 

The results of this study showed that both the light-switch plate sticker prompts 

and the laminated signs were generally ineffective in producing increases in cumulative 

occurrences of lights turned off in this particular academic building. Although the effects 

of each intervention varied slightly by room type, it appears that neither of these 

independent variables produced desired results. 

Our results suggest that (a) people in publicly occupied spaces (e.g., bathrooms) 

are less likely to turn lights off when exiting an unoccupied room when compared to 

more privately occupied spaces (e.g., conference rooms and break-rooms) and (b) 

people seem less likely to turn lights off in high traffic areas (e.g., bathrooms and break-

rooms) compared to lower traffic areas (e.g., conference rooms). For example, the data 

showed that lights were observed to be off more frequently in unoccupied conference 

rooms both prior to and following interventions (mean percentage of lights-off across 

conference rooms was 65%), relative to either bathrooms (mean percentage of lights-off 

across bathrooms was 3%) and break-rooms (mean percentage of lights-off across 
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break-rooms was 9%). In some bathrooms (Rooms 125, 268, 324), we observed no 

instances of lights-off for the entire duration of the experiment, including after the motion 

sensor lights were installed. Occupancy of conference rooms was much higher than in 

any other room type (mean occupancy across conference rooms was 42%, 30% for 

bathrooms, and 12% for break-rooms), and this may have accounted for the lack of 

behavior change in the prompt conditions. Furthermore, conference rooms were used 

more consistently than bathrooms or break-rooms (e.g. meetings often occurred at the 

same time, weekly/daily) and were more likely to be unoccupied for significant amounts 

of time. In contrast, the likelihood that a bathroom would be occupied shortly after it was 

unoccupied was quite high. Additionally, determining if a bathroom was unoccupied 

upon exiting the room required extra response effort (i.e., looking under the stalls). 

Perhaps the more frequent, less predictable traffic, and difficulty determining when 

bathrooms were unoccupied, contributed to the extremely low measures of lights-off in 

bathrooms throughout the experiment. This suggests that bathrooms should be targeted 

observation settings in future studies, in order to replicate (or challenge) the current 

findings.   

Break-rooms were also relatively high traffic areas, with 12% of total 

observations showing occupancy. This level of occupancy is less than both conference 

rooms and bathrooms. Interestingly, the overall results for lights-off show an inverse 

pattern; with lights most frequently off in conference rooms, followed by break-rooms, 

and then bathrooms. These outcomes are consistent with the notion that traffic is a 

factor in determining if lights are likely to be turned off in unoccupied rooms.  
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Several factors relating to the interventions chosen for this study may have 

contributed to the obtained results. In the current experiment, IV 1 was implemented in 

7 rooms. Of those 7 rooms, 3 had lights turned on for 100% of observations and 3 had 

between 1-2 instances of lights-off (the remaining room, Conference Room 126, had 

approximately 20 instances of lights-off).  Our results resembled those observed by 

Winett (1977), showing that light-switch plate sticker prompts were generally ineffective, 

and in some rooms, resulted in lights staying on for 100% of observations. In both the 

current study and Winett’s (1977) investigation, the stickers were small and the 

messages were relatively unclear, but on average, IV 1 produced more instances of 

lights-off than IV 2 (across all rooms). These outcomes do not support Winett’s (1977) 

finding that smaller, vaguer prompts are less effective than larger and clearer prompts.  

Based on Winett’s (1977) account, one might expect that IV 2 would have been more 

effective because of the increased visibility of the prompt and the clarity of the message. 

However, the data revealed that this intervention, too, had very little or no effect on the 

dependent variable.  

 Additionally noteworthy is that the light-switch plate sticker prompts (IV 1) were 

not developed by the experimenters. Rather, they were designed and purchased by 

UNT’s Office of Business Services. The University’s sustainability efforts were managed 

through Business Services prior to the establishment of the Office of Sustainability in 

2009. As previously mentioned, approximately $764 was invested in the production and 

design of IV 1, not including the time allocated to distributing the stickers across 

campus. The sticker was created by a graphic designer, whose primary function was to 

design an aesthetically pleasing display. Although the designer arguably achieved this 



41 

objective, the stickers did not contain an explicit message or direct instruction for the 

reader to make them more discriminable, as suggested to be more effective by previous 

researchers (Winett, 1977). Because of the unique histories of reinforcement that shape 

different interests and career paths, it is relevant to consider the fact that an art student 

(or professor) may have been more likely to identify with (and respond to) this type of 

intervention. Thus, it is possible that the stickers could have had greater effects in 

contexts such as departments of visual arts or graphic design. Future research might 

investigate the use of creatively designed prompts in different settings, with different 

populations. 

The third, unplanned intervention (installation of motion sensor lights), revealed 

interesting patterns of lights-off. In general, there appeared to be limited effects of 

installing motion sensors on the manual offset of lights. Only 8 instances of manual 

lights-off were observed following installation of the motion sensors, and all instances 

occurred in conference rooms.  However, automatic offset of lights by the motion 

sensors was observed in all settings, albeit at different levels. For example, in 

conference rooms, moderate levels of lights-off were observed, with graphs showing no 

change in the slopes demonstrated in previous conditions (see Figure 1). In bathrooms, 

it may be argued that a slight increase in occurrences of lights-off was observed 

following the installation of the motion sensors. In particular, a few instances of lights-off 

were observed in men’s restrooms, in which lights had almost never been turned off 

previously. Break-rooms saw the most clear and dramatic increases in lights-off 

following installation of the motion sensors, with Room 273D showing 69% of 

observations with lights-off in this condition. The differential outcomes of motion sensors 
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across room types are likely a function of differential traffic patterns across rooms. In 

future studies, a recording procedure that measures behavior more frequently than 30-

minute intervals may be more sensitive to traffic patterns and could potentially detect 

differences in the likelihood that rooms are unoccupied for 10-minute intervals during 

the workday.   

Although the installation of motion sensor lighting technology is projected to save 

UNT up to $3.2 million a year on its electric bill (Thompson & McBride, 2010), 

technological solutions are undoubtedly extremely expensive. It has been reported that 

the motion sensor systems investigated in the current study were installed as part of a 

“$42.4 million, 20-year contract to France-based Schneider Electric, a global specialist 

in energy management” (Nishimura, Shlachter, & Baker, 2010). Although monetary 

savings are simple and valuable outcomes to measure, it seems as though the amount 

of GHG’s offset by this project would also be a valuable, complementary measure to 

assess. This may help highlight the environmental impacts of the contract, in addition to 

the somewhat obvious economic impact.  

Although technological solutions are potentially important and certainly 

impressive, many people have argued that sustainability cannot be achieved without 

behavioral technologies that change what people actually do (Koger & Du Nann Winter, 

1996; Skinner, 1971; Cone and Hayes, 1980). Traditionally, physical technology has not 

aimed to solve social and/or behavioral problems and because of this, one can accuse 

technology of being too narrowly focused. It can be argued that social problems are 

more complex and thus, harder to solve than technological problems. Social problems 

may well exist because many individuals behave in socially unacceptable ways (e.g., 
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DERBs such as littering) and to address a social problem, one must evoke large-scale, 

cultural-level changes (i.e. changes in behavior that are replicated across members of 

the culture and, thus, may be characterized as new cultural practices). By contrast, the 

resolution of technological problems involves significantly fewer variables and therefore, 

the use of technological interventions to address social problems might seem logical. 

Engineering technological success is relatively easy to achieve and assess, assuming 

that one comprehends the underlying scientific principles. Alternatively, engineering 

social change (even on a micro level) is an extremely challenging task. Attempting to 

change complex, deeply engrained cultural practices is a profound thing, and as noted 

by Dwyer and Leeming (1993), may have been a barrier for behavior analysts in the late 

1980s and early 1990s when ERB research slowly tapered off. By relying heavily on 

modern technology to solve problems that are associated with human behavior (e.g., 

climate change), it is possible that we may be encouraging the replacement of social 

engineering while gradually eliminating the need for behavioral technologies.  

In Environmental Problems/Behavioral Solutions, Cone and Hayes (1980) 

addressed the issue of replacing behavioral technologies with physical technologies 

when attempting to combat environmental problems. The main goal of the book was to 

urge the development of behavioral technologies in order to effectively address ERBs. 

Cone and Hayes (1980) argued that the influences of physical technologies depend 

entirely on how we use them and that we can only continue successfully developing 

behavioral technologies if society (and the scientific community) can believe that 

physical technology single-handedly cannot solve our environmental problems. The 

authors emphasize the emergent need to complement physical technology with 
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behavioral technology and throughout the book, maintain the view that the popularity of 

a strictly technological approach does not imply that it is the most appropriate (or 

successful) way to address ERBs. 

In both Walden Two (1948) and Beyond Freedom and Dignity (1971), Skinner 

discussed challenges associated with designing sustainable cultures. He asserted that 

we must redesign our environments to shape more appropriate behaviors (e.g., 

PERBs). Because the relationship between behavior and technology is quite strong, the 

incorporation of physical technologies may be instrumental in successfully arranging our 

environments to build sustainable cultures. The current experiment demonstrated that 

the selected behavioral interventions were relatively ineffective in producing desired 

results and that the motion sensor technology (although expensive and not geared 

toward changing individual behavior) was more effective in producing lights-off.  

Be that as it may, behavioral interventions that promote PERBs, such as 

successful prompting strategies, may have additional benefits that are lacking in 

technological solutions. For example, the behaviors targeted for intervention could 

increase in environments in which prompts are present and also generalize to novel 

environments (e.g., turning lights off when leaving unoccupied rooms at work may 

generalize to home environments).  Conversely, the installation of physical technologies 

that do not incorporate behavioral technologies (e.g., motion sensor lights) may have 

adverse effects on efforts toward sustainability.  Interventions that do not promote 

PERBs (or that might actually decrease PERBs in the intervention environment) might 

decrease PERBs in other contexts.  For example, interventions that automatically turn 

lights out may result in fewer instances of turning off lights in the intervention context, 
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but may also decrease similar behavior in homes and elsewhere (to speak loosely, 

individuals may “get out of the habit” of turning off lights).  Future researchers should 

investigate the indirect effects, if any, of various approaches to sustainability. 

The current data suggest that during regular office hours (at least in some 

contexts), the motion sensor systems did not produce large differences in lights-off. 

Although this study examined lights-off during normal business hours only, future 

studies should consider investigating the effects of motion sensor technologies after 

regular business hours (particularly in bathrooms), so that the ability to measure change 

is not limited by time constraints. Perhaps less frequent traffic and lower levels of 

occupancy in the evening hours would reveal that motion sensors are in fact an 

effective means of producing energy savings. It is possible that the measurement 

system employed by the current study may offer a means to estimate whether the 

monetary and energy savings produced by interventions such as motion sensors 

produces a sufficient return on investment (ROI) to justify the intervention relative to 

other, perhaps less costly and intrusive strategies.  Because many corporations and 

institutions are implementing a variety of measures to validate their “green” efforts 

(Stringer, 2009), a thorough ROI analysis would be useful in determining the relative 

contributions and limitations of different approaches to sustainability.  

Research on the interface of human behavior and sustainability has not yet 

evolved into an organized framework, but this study represents an incremental move in 

that direction. A systems approach is fundamental for the growth and expansion of 

research in this area.  According to Ludwig and Houmanfar (2009), “Organizations are 

behavioral systems that encompass complex patterns on of behavioral interactions 
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among their members and the environment” (p.85). Large university contexts, such as 

those in which the current research was conducted, represent such a system and may 

be uniquely suited to the development and evaluation of such approaches. With multiple 

campuses and over 200 degree programs at UNT, further use of a systems approach, 

the principles of organizational behavior management, and performance engineering 

models may help guide future efforts. 

Regarding the management of behavior in organizations and institutions, the 

results of the current investigation highlight the importance of communication among 

stakeholders in sustainability initiatives. This research project was conducted in 

cooperation with the Office of Sustainability. However, the lack of prior notice of the 

upcoming installation of motion sensors suggests a lack of communication between the 

electric company that installed the motion sensors, UNT’s Office of Sustainability, and 

building occupants in Chilton Hall. Clearly, key decision makers at the university had 

approved funding for this initiative without consulting with other key stakeholders of the 

institution (e.g., Office of Sustainability). Similarly, the development of the initial 

prompting intervention (IV 1) may have been improved through consultation with 

experts in behavior change prior to designing the light-switch plate sticker prompts. 

Such issues illustrate the difficulty of working with large systems (Dwyer & Leeming, 

1993). Furthermore, this university includes a wide range of scientific disciplines that 

can contribute to the development of systems for improving sustainability, including 

Behavior Analysis, Psychology, Sociology, Anthropology, Engineering, Environmental 

Science, Chemistry, and others.  Better coordinated, multidisciplinary efforts might 

result in more efficient and effective systems for promoting initiatives in sustainability. 
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In addition, changing one set of practices in an organization (e.g., installing 

motion sensors) could result in effects emerging throughout the entire system and a 

variety of potential problems could arise. For example, interventions that emphasize 

physical technology and discount human behavior as a means of decreasing energy 

usage may also decrease PERBs. If such changes in behavior generalize to other parts 

of the workplace in which an intervention was not in place, the net result could be 

increases in energy usage.  Future efforts in this area should be informed by a systems 

approach, including analyses of both direct and indirect behavioral effects of proposed 

interventions. 

One potential contribution of this study is that our data collection methods proved 

to be sufficiently sensitive enough to detect changes in lights-off behavior across 

contexts, which has important implications for future research in this area. Previous 

studies have used electricity consumption in kilowatt hours (KWH) as their primary 

dependent measure (Bekker et al., 2010; Palmer et al., 1977), but this has its 

limitations.   For example, gross measures such as KWH consumption are affected by a 

wide range of behaviors and other variables, such as ambient temperature fluctuations, 

equipment changes or failures, or changes in the number of persons using buildings 

(e.g., as a function of changes in semesters).  Therefore, the influences of targeted 

changes in behavior may or may not be detected in the context of many uncontrolled 

(and often unknown) confounding influences.   

In addition, the current procedures permit microanalyses of occurrences of ERBs 

across settings, times, or other contextual variables.  For example, the current data 

showed differentiation in ERBs across three types of rooms in an academic building, 
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showing that individuals were more likely to turn lights out in conference rooms, relative 

to bathrooms and break-rooms.  In addition, the current data identified differential traffic 

patterns in those contexts, as evidenced by differentiation in the data from the final 

(motion sensor) condition.  Finally, even if potentially confounding influences were held 

constant, the effects of small-scale interventions (such as the current study) may be too 

small to be detected in gross energy usage data.  This should not be taken as 

minimizing the importance of small-scale studies, but rather highlights the fact that 

studies targeting changes in individual behavior can inform larger scale interventions 

and policies.  

 It is important to conduct studies targeting individual change in order to develop 

efficient and effective strategies that can be implemented more globally.  Therefore, 

methods for evaluating behavior change at the individual level are consequently critical 

to the development of means to encourage ERBs on larger scales.  The current study 

utilized a measurement system that took little staff time to implement and was easy to 

conduct, understand, and interpret. The data produced by this system (in particular, and 

ironically, the data from the motion sensor condition) seem to validate its utility for 

measuring the types of behavioral changes that, if replicated throughout organizations, 

could ultimately produce detectable changes in more global measures such as 

consumption of KWH or energy costs. This is a noteworthy contribution of this study 

because not only does it help us better understand ERBs and how to measure them, 

but we can also utilize the same data collection procedures in future studies. As a 

result, this study has extended our efforts in building the organizational framework that 

is required to successfully research ERBs.   
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There were several limitations in the current study that should be addressed. A 

critical limitation of this experiment is that it was unintentionally shortened by the 

installation of the motion sensor systems. Palmer et al. (1977) noted that relatively long 

periods of time were required to demonstrate overall reductions in electricity 

consumption. Despite the fact that we collected data for almost four months, it was not 

possible to complete the study as originally intended. This limitation is reflective of the 

application of behavioral interventions in the “real world” where practitioners often face 

issues including time constraints, alternative approaches, resistance to change, and 

other, often unanticipated challenges to implementing and evaluating interventions. 

Additionally, this experiment sends a valuable message to behavior analysts and 

practitioners about the importance of testing the effectiveness of interventions on a 

small scale, prior to implementing them on a large scale. 

Another limitation of this study was that no intervention was ultimately effective in 

changing ERBs.  Although the motion sensors increased occurrences of lights-off in 

some contexts, these results were produced by a technological advancement, not 

changes in ERBs. Perhaps if the study had not been interrupted, the research team 

would have had opportunities to develop and implement more effective behavioral 

interventions. For example, systematic feedback, in combination with prompts (such as 

those used in the current study), have been shown to be effective in changing pro-

environmental behavior by previous researchers (Staats et al., 2000; Palmer et al., 

1977; Bekker et al., 2010). Had we been able to carry out the experiment in its entirety, 

it may have been possible to incorporate and evaluate a system for providing feedback 

to our participants. Although the current prompting strategies did not appear to improve 
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targeted ERBs, personalized prompts might be more effective to change ERBs. For 

example, sending out letters to building occupants notifying them of the need to reduce 

energy consumption has been demonstrated to be effective in changing ERBs (e.g., 

Luyben, 1980; Palmer et al., 1977). A program whereby building occupants received 

individualized prompts, perhaps in the form of interoffice memos or e-mails, might 

increase the salience of the message and should be investigated in future research.  

Similarly, the use of educational materials to teach individuals specific ways to conserve 

energy may result in increases in this type of ERB. 

 The current study describes a systematic approach to the measurement and 

analysis of ERBs in natural settings.  The measures were sensitive enough to detect 

changes in behavior patterns within and across contexts, were relatively easy to use, 

and economically feasible. It was possible to evaluate the resulting data within the 

framework of a research design that is well-understood by behavioral researchers and 

has been repeatedly validated within the behavior analytic literature. Hopefully, these 

contributions will inform future studies in which the current findings may be replicated 

and extended in other contexts, over longer periods of time, and with other populations. 

Most importantly, it is hoped that the general methods employed in this study can be 

adapted to answer additional questions about how best to increase PERBs (specifically 

lights-off), contributing to the development and evaluation of a wide range of effective 

behavioral interventions in this critically important area for human behavior change. 
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APPENDIX A 

BASELINE DATA SHEET
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 DATA COLLECTION FOR OFFICE TYPE/NUMBER:____________________________ MONTH:______________

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
8:00-8:30

8:30-9:00

9:00-9:30

9:30-10:00

10:00-10:30

10:30-11:00

11:00-11:30

11:30-12:00

12:00-12:30

12:30-1:00

1:00-1:30

1:30-2:00

2:00-2:30

2:30-3:00

3:00-3:30

3:30-4:00

4:00-4:30

4:30-5:00

TARGET BEHAVIORS:

0 ON

1 OFF
   X OCCUPIEDX OCCUPIED

NOTES:
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APPENDIX B 

INTERVENTION DATA SHEET FOR BREAK-ROOMS AND BATHROOMS 
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 DATA COLLECTION FOR OFFICE TYPE/NUMBER:____________________________ MONTH:______________

L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S L S

10:00-10:30

10:30-11:00

11:00-11:30

11:30-12:00

12:00-12:30

12:30-1:00

1:00-1:30

1:30-2:00

2:00-2:30

2:30-3:00

3:00-3:30

3:30-4:00

4:00-4:30

4:30-5:00

TARGET BEHAVIORS: Lights Sticker NOTES:

0 ON A Absent

1 OFF

X OCCUPIED

28 29 30 3122 23 24 25 26 272113 14 157 8 9 10 11 12 181716 19 2061 2 3 4 5
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APPENDIX C 

INTERVENTION DATA SHEET FOR CONFERENCE ROOMS 
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 DATA COLLECTION FOR OFFICE TYPE/NUMBER:__________________________MONTH:______________

L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S L P S

10:00-10:30

10:30-11:00

11:00-11:30

11:30-12:00

12:00-12:30

12:30-1:00

1:00-1:30

1:30-2:00

2:00-2:30

2:30-3:00

3:00-3:30

3:30-4:00

4:00-4:30

4:30-5:00

TARGET BEHAVIORS: Lights Sticker NOTES:

0 ON A Absent

1 OFF

X OCCUPIED

27 28 29 30 3121 22 23 24 25 263 4 5 6 7 8 9 10 11 17 18 19 2013 14 15 16121 2
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APPENDIX D 

LIGHT-SWITCH PLATE STICKER PROMPTS (IV 1)  
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APPENDIX E 
 

LAMINATED SIGN (IV 2) 
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APPENDIX F 
 

PERCENTAGE OF LIGHTS ON/OFF GRAPHS 
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Figure F.1.  Room CR 126 percentage of lights off vs. lights on. 
 
 

  

Figure F.2.  Room CR 220 percentage of lights off vs. lights on.  

 
 

 

Figure F.3.  Room 302F percentage of lights off vs. lights on. 
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Figure F.4.  Room 218A percentage of lights off vs. lights on. 
 
 

 
 
Figure F.5.  Room 330S percentage of lights off vs. lights on. 
 
 

 
 
Figure F.6.  Room 273D percentage of lights off vs. lights on. 
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Figure F.7.  Room 125 percentage of lights off vs. lights on. 
 
 

 
 
Figure F.8.  Room 225 percentage of lights off vs. lights on. 
 
 

 
 
Figure F.9.  Room 268 percentage of lights off vs. lights on. 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

 lights off lights on

%
 o

f o
bs

er
va

tio
ns

 w
he

n 
un

oc
cu

pi
ed

 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

 lights off lights on

%
 o

f o
bs

er
va

tio
ns

 w
he

n 
un

oc
cu

pi
ed

 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

 lights off lights on

%
 o

f o
bs

er
va

tio
ns

 w
he

n 
un

oc
cu

pi
ed

 

125 (W) 

225 (W) 

268 (W) 



65 

 
 
Figure F.10.  Room 324 percentage of lights off vs. lights on. 
 
 

 
 
Figure F.11.  Room 368 percentage of lights off vs. lights on. 
 
 

 
 
Figure F.12.  Room 129 percentage of lights off vs. lights on. 
 
 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

 lights off lights on

%
 o

f o
bs

er
va

tio
ns

 w
he

n 
un

oc
cu

pi
ed

 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

 lights off lights on

%
 o

f o
bs

er
va

tio
ns

 w
he

n 
un

oc
cu

pi
ed

 

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

 lights off lights on

%
 o

f o
bs

er
va

tio
ns

 w
he

n 
un

oc
cu

pi
ed

 
324 (W) 

129 (M) 

368 (W) 



66 

 
 
Figure F.13.  Room 264 percentage of lights off vs. lights on. 
 
 

 
 
Figure F.14.  Room 229 percentage of lights off vs. lights on. 
 
 

 
 
Figure F.15.  Room 364 percentage of lights off vs. lights on. 
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Figure F.16.  Room 328 percentage of lights off vs. lights on. 
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