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ABSTRACT1 

Room attendants in the hotel industry perform repetitive tasks that have been found to cause work-
related musculoskeletal problems [1, 5]. Among these repetitive tasks is the lifting of heavy 
mattresses when changing the bedsheets. Using a two-handed, neutral wrist grip may decrease 
problems associated with uneven muscle strain in the upper extremities and trunk [4]. The goal of 
the current study is to test the usability of a novel handheld system for lifting mattress edges during 
bedmaking.  
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Figure 1: A rendering of the eLLift. Note the small green 
lights on the left face of the device. 
 
 
 
 
 
 

 
Figure 2: The Bed MadeEZ, a major contender in the 
market of ergonomic mattress lifting. [3] 

In addition to testing the device’s lifting mechanism, the authors hope that the inclusion of 

interactive device feedback will encourage two-handed operation of the product, hopefully 

reducing the potential for uneven back, shoulder, neck, and wrist strain that is associated with one-

handed devices. The authors describe the development of this product and test usability 

impressions of eLLift Fig 1 vs. the Bed MadeEZ Fig 2 with a small (n = 4) convenience sample study. 

INTRODUCTION 

Defining the Problem 

Housekeepers have high incidence rates of overexertion and musculoskeletal disorders as a result of 

the cumulative stress caused by certain repeated tasks [2]. Our team explored the development of a 

force amplification lifter to alleviate the stressors associated with heavy bed lifting, a major 

contributor to muscle strain. 

     We sought to make an ergonomically sound mattress lifting system that would encourage proper 

posture by way of its design. We also wanted it to communicate with the user by encouraging their 

use of two hands on the handles. As part of exploring possible solutions to this design problem, the 

research team spoke with two experienced housekeeping managers at an upscale hotel in the 

northeastern United States. While other solutions to heavy mattress lifting exist on the market, a 

clear market leader emerged from market research: the Bed MadeEZ [2], shown in Fig 1. This 

product is characterized by a molded plastic wedge with a straight handle that fits between the box 

spring and the mattress. It is designed for one-handed use and appears in over 2,000 hotels 

worldwide [2]. 

Design Constraints 

To design a solution that addressed the needs of hotel housekeepers, there were a number of 

design constraints to consider. First and foremost, a lightweight product was considered ideal as the 

device would be kept in a supply cart that is wheeled from room to room. This constraint eliminated 

the possibility of using heavy metals for our prototype, such as aluminum and steel, and instead 

encouraged the use of wood and 3D printed materials. With these lower density materials, we were 

able to significantly reduce the weight of our product thus providing better handling to the user. The 

eLLift team also considered the possibility of using motors in our prototype. Ideally, the user would 

no longer require any muscle force after the initial insertion between the mattress and box spring; 

with the simple push of a button, a motor would provide the necessary torque to lift the mattress. 



 
 

 

 Unfortunately, we found that the required motor torque to lift the estimated 71 lb. mattress would 

necessitate a motor size and weight that would make our product too heavy for the user. 

     Another constraint we sought to incorporate into our product was a rice spoon solution we 

learned about during our visit to the same high end hotel. In the past, the hotel had tried using bed 

wedges to assist housekeepers in changing mattress sheets and duvets. This solution may have 

solved the issue of an appropriate bed height when changing sheets, but it also created a new issue. 

As the tool was removed, the recently tucked sheets would come out with it. An interesting and 

insightful solution our group discovered during this user study was that the hotel’s housekeepers 

used a rice spoon to help them tuck in bed sheets. The unique curvature of the rice spoon allowed 

for a smaller surface area to be in contact with the sheets and allowed them to stay tucked when 

the tool was removed. To integrate this unique feature into our product we designed our mattress 

supporting component to have a curvature at its end, similar to that of a rice spoon.  

      Perhaps the most important factors in our design of the eLLift was making sure that we were 

decreasing the force needed to lift the mattress and that we were raising it to approximately 6 

inches, as requested, when fully turned. This allowed us to make the eLLift’s method of actuation a 

simple lever mechanism. The benefit of this system is that the user’s input force is now amplified 

proportionately by the lever arm’s length to produce a much greater torque than if the user were to 

lift with only their hand. 

     Without exact weights from the hotel we estimate the queen size mattresses to be 71 lb. and 60 

inches wide.  From here we had a basis to conduct force calculations and estimate the required 

force needed to support a mattress raised 6 inches (.15 meters). The following equation is the 

derived result where mg is the weight of the bed in newtons and L is the width of the bed in meters. 

F = mgcos (sin−1 (
.15

𝐿
))   ≈  314 N 

Assumptions in this model: 

• No losses due to friction, flexibility, or wear when turning the lever 

• The mattress is a rigid body with small angle deflection when raised 

• The mattress’s center of mass acts at its geometric center 

Design Process 

Our emphasis on the design process was the most valuable asset in creating a feasible and 

ergonomic design for eLLift. User research, explained in “Defining the Problem” and “Design 

Constraints” drove our ideation process. 



  
 

 

 

 

Figure 2. The eLLift is shown in three positions: 

standing (left), in the process of turning (middle), and 

fully turned (right). 

Early Concept and Initial Feedback 

Our initial idea was to create a mechanical, mattress jack system that would be included underneath 

every single bed. A two-handed lever would be pushed down so that the entire mattress could be 

lifted evenly on all sides. Issues arose from the fact that the system would be integrated into every 

bed. This is an unfeasible situation that would generate little benefits for ergonomic gain that could 

be resolved with a smarter solution. The issues also included massive expenses and manual labor to 

install (or replace) bed frames.  

Refined Concept and Prototyping 

After realizing the issues with implementing a system underneath every bed, we looked towards 

existing products for inspiration. We observed issues such as awkward one-handed positioning and 

unintentional untucking. Existing wedges also require that the bed be lifted for insertion, a feature 

our group aimed to redefine. 

     Our initial prototype included a hydraulic to lift the mattress once it was inserted underneath. 

However, the hydraulic was counterintuitive and heavy. To remediate the problem, we used our 

current solution of rotating a lever within the product to support the mattress with a flat edge. 

Prototyping mostly involved exploring different options with shape and ergonomic feedback. Our 

initial design for eLLift’s shape was like a flat triangle, however, after our research study with the 

housekeeping manager, we decided the rice spoon shape would be more efficient at tucking in bed 

sheets due to its scooping abilities. 

     With our cardboard prototype (Fig 3), we also understood weight distribution. It seemed like the 

support column was the determining factor for how much stress the top could withstand. Our 

design maximized the supporting column distance as far as possible to support the most weight. 

Furthermore, we wanted to focus on communicating a two -handed insertion approach and arrived 

at the decision to make the handles mimic the look of a steering wheel, which is a familiar shape 

that implies two handed use. 

     Regarding ergonomic feedback, we wanted to make it subtle since its main purpose would be to 

reinforce the user’s proper behavior. We decided to place pressure sensors on each of the two 

handles so that it would only light up green like a “GO” signal if users were using both handles at the 

same time. As a result, the user’s attention would be brought to their proper hand placement that 

would reduce ergonomic stress in the wrists. 



 
 

 

 
Figure 3. The first prototype, shaped like a right 

triangle, inserted underneath a mattress. 

USABILITY TEST METHOD 

The authors created a small-scale study to assess the user’s interaction with both the eLLift and the 

BedMadeEZ mattress lifters. Approval was granted through the Office of Research Integrity to 

conduct this study.  

Participants 

     A small convenience sample of participants (n = 4) was recruited to give feedback on both 

products. These participants were college students with ages ranging from 18 to 24 years old (2 

females, 2 males).   

The Study 

We created a small-scale study to assess the user’s interaction with both the eLLift and the 

BedMadeEZ mattress lifters. Approval was granted through the Office of Research Integrity to 

conduct this study. 

     Participants’ interactions with both products were recorded using a paper coding form as well as 

a Qualtrics post-experience online survey. Researchers met with participants in their college dorm 

room to conduct the study on the beds that participants slept on. Randomized counterbalancing 

was used to eliminate bias and set the order in which the participant experiences the two products 

(eLLift and BedMadeEZ). They were first asked to make the bed with their hands to establish a 

baseline idea of the weight of the mattress.  

     The participant was then shown the first product and asked to share their initial impressions and 

expectations for using it. Next, the participant was asked to demonstrate their best guess about 

how the product should be used to assist in bed making. While doing this the participant was asked 

to participate in a cognitive walkthrough where they would “think out loud” while they used the 

product to express any positive or negative experiences they were having. After attempting to make 

the bed with the first product, the researcher explained the recommended method for using the 

product and a second trial began. The participant was once again asked to narrate their experience 

aloud now that they are equipped with the knowledge of how the product should be used. The 

same two-trial method was used for Product 2, resulting in a total of 4 trials conducted in sequence.  

     At the conclusion of the four trials, the researcher asked a short series of questions aimed at 

assessing the user’s experience and impressions with the products along with an online survey to 

compare the products usability as well as collect demographic information. Several of the questions 

for this prototype evaluation were adapted from Professor Keith Green’s suggested usability 

questions [6] while others were created by the designers.  A total of 11 questions were used to 

create a final score to compare device usability. At the end of the data collection the researcher 



  
 

 

would explain to the participant the research 

purpose for eLLift and its relation to the 

heaviness of hotel mattresses. 

 

RESULTS AND DISCUSSION  

Several sets of data were collected and analyzed from the experiment. On a summed total scale of 

11-55 ranging from less usable to more usable, the eLLift received a score of 29.75 (SD = 5.12) while 

the BedMadeEZ received a score of 42.00 (SD = 5.89). In addition to this, a paired samples t-test 

comparing the mean questionnaire score for the eLLift (x = 3.02) to the mean score of the 

BedMadeEZ (x = 3.82) showed no significance (p = 0.233). From these results it can be said that the 

participant preference was not conclusive. 

    Some of the most noteworthy responses we received in the online written feedback were in 

response to the question “What is the best aspect of the eLLift prototype?”. Participants said that 

they liked features such as the handles and the fact that they were wider than the BedMadeEZ, the 

fact that the product went “from [a] ramp to perpendicular to the bed frame”, its “ease of use”, and 

how the product “clicks as the mattress has been lifted”. These were great responses to receive 

from participants as it supported our goal of making a product that was easy to use and had 

memorable features for the user. 

     However, when comparing the individual responses from the online questionnaire, participants 

all reported that they felt the eLLift was going to break while lifting the mattress. This was not an 

issue for the BedMadeEZ.  

Other significant findings from the questionnaire were as follows: 

• Both devices received high scores for “accomplishing the goal of mattress lifting.” 

• Participants reported more enjoyment using eLLift than the BedMadeEZ.  

• Participants agreed that the BedMadeEZ was not too large and that the eLLift was too 

large.  

• Participants were more likely to report that eLLift was “unnecessarily complex”. 

• Participants agreed that the BedMadeEZ was lightweight while the eLLift was less likely to 

be reported as lightweight.  

• Participants agreed that the task was easier with two handles than with one handle. 

• When asked “If given a choice between using either product or your hands, which would 

you choose?” two participants reported that they would use their hands and two reported 

that they would use eLLift. 

 



 
 

 

     From these results it can be inferred that the sentiment towards the eLLift vs. BedMadeEZ is not 

definitive. A larger sample size would be needed in order to have conclusive results and determine 

which product participants preferred. Nevertheless, these results gave us insight into how we could 

improve the eLLift in ways that are easily fixable. For example, remarks expressed about the eLLift’s 

unnecessary complexity tell us that we should revisit our product’s actuation mechanism and maybe 

opt for a simpler solution. 

     The results of this experiment support a basis for further developing the eLLift in terms of 

usability but improvements could be made due to several limitations this study faced. Due to IRB 

approval related time constraints we opted for participants that knew the experimenter personally 

in some capacity which may have altered our results due to experimenter effects. In addition to this, 

all participants did not have professional housekeeping experience. Therefore, we cannot gauge the 

benefit of using the eLLift. Another limitation of this study was that the bed sizes of our participants 

were not representative of those found in hotels. Twin double XL beds are considerably lighter than 

the queen mattresses we estimated earlier in this paper. The eLLift had slight trouble lifting these 

mattresses so it can be assumed that it would not fare well on the actual queen-sized hotel 

mattresses. Lastly, the age range of our participants did not reflect the typical age range of hotel 

housekeepers. Our participants are more likely not to suffer from musculoskeletal disorders as well 

as prior acute trauma in their shoulders and wrists compared to actual hotel housekeepers. 

     Future studies should focus on receiving feedback from housekeepers and increasing the number 

of participants. Additionally, a longitudinal study is recommended to explore the usage of this 

product over time. A future design of the eLLift would reduce its weight and size by remove the 

battery-powered light feedback system as well as changing the materials to increase structural 

integrity. Future studies may wish to examine why participants enjoyed using eLLift more than 

BedMadeEZ by asking what elements in particular were more enjoyable.  



  
 

 

SUMMARY AND CONCLUSION 

In summary, we believe that this experiment was successful in understanding the sentiment around 

our product’s design but did not give us a clear indication of which mattress lifting tool 

housekeepers would prefer. Due to the limitations of this study along with the unique discoveries 

we uncovered from our design challenges we cannot definitively draw a conclusion about the use of 

the eLLift with hotel housekeepers. From the results of our study however, we can open the door to 

exploring new methods for raising the ELLift, new materials for a stronger product, or even 

eliminating the lever mechanism all together. Participants noted that the bed was already raised 

significantly when the eLLift was initially inserted. This observation could redefine our product and 

take us in an entirely new direction. Research should be continued to determine whether or not this 

solution will actually benefit housekeepers. 
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