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Abstract: 

Nonvocal alert patients in the intensive care unit setting often struggle to communicate due to 

inaccessible or unavailable tools for augmentative and alternative communication. A novel 

communication tool, the Manually-Operated Communication System (MOCS), was developed for use 

in intensive care settings for patients unable to speak due to mechanical ventilation. It is a 

speech-generating device designed for patients whose limited manual dexterity precludes legible 

writing.  

In a single-arm device feasibility trial, 14 participants (11 with tracheostomies, 2 with endotracheal 

tubes, and 1 recently extubated) used MOCS. Participants, family members, and observing nurses 

were interviewed whenever possible. Interviews included a modified version of the System Usability 

Scale (SUS) as well as open-ended questions; a qualitative immersion/crystallization approach was 

used to evaluate these responses. 

Participants with a tracheostomy and their family members/care providers rated MOCS on the SUS 

questions as consistently “excellent” (average rating across all groups was 84 +/- 17; all subgroups 

also rated the device highly). Through a qualitative interview process, these stakeholders expressed 

support for the use of MOCS in the ICU. Based on these data, MOCS has the potential to improve 

communication for nonvocal patients with limited manual dexterity. 
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CHAPTER I: Introduction  

Patients experiencing a temporary need for augmentative and alternative communication (AAC) in the 

intensive care unit (ICU) may find their options for effective communication are limited, even in light of 

various approaches for addressing their communication needs (Costello, 2000; Happ, 2011). Patients 

admitted to the ICU may not need any AAC systems at baseline, or they may have a variety of 

underlying conditions resulting in a baseline need for AAC systems, e.g, spinal cord injury or 

amyotrophic lateral sclerosis (ALS). The medical necessity of rapid and reliable communication for 

these patients suggests an urgent need for improved options for patient communication. 

  

Defining the problem 

In the critical care population, a wide variety of patients have communication needs that are not being 

effectively met by current options (Llenore & Ogle, 1999; Dithole, Sibanda, Moleki, & 

Thupayagale-Tshweneagae, 2016). Clinical guidelines have recently changed so that these patients 

are likely to be given less sedation, increasing the likelihood of communication attempts (Barr et al., 

2013; Baumgarten & Poulsen, 2015). Some patients experience new-onset and usually transient loss 

of natural speech capacity due to intubation or new tracheostomy; other patients may have existing 

complex communication needs (CCN), which may be exacerbated by the critical care environment. 

Either situation may cause a significant amount of distress for nonvocal patients (Pennock, 

Crawshaw, Maher, Price, & Kaplan, 1994). 90% of patients who remember not being able to speak 

due to an endotracheal tube describe themselves as being “quite a bit” or “extremely” distressed by 

this experience (Khalaila et al., 2011). 

 



Options exist for patients who already have a severe communication impairment, such as AAC 

designed for patients with ALS, including systems navigated via eye gaze, cheek switches, and other 

modalities. However, patients in need of critical care who experience CCN may find that their 

immediate options are limited to unaided or basic aided AAC (writing, lipreading attempts, and 

makeshift hand gestures). This deficit is due to a general lack of availability of AAC systems and 

training in critical care settings. 

A variety of solutions have been proposed to address this important need (Rodriguez et al., 2012; 

Shin, 2019; Carruthers, Astin, & Munro, 2017). Some of these solutions rely on novel uses of 

technology, while others utilize currently available modes of communication, with an emphasis on 

combining them effectively. One approach that highlights the vital role of nurses for patients’ 

communication needs is the SPEACS curriculum (Happ et al., 2014). This approach uses a 

multi-option paradigm, the “communication cart”, which emphasizes educating staff about existing 

communication assistance modalities. This technique is well-suited for some settings; however, other 

environments may benefit from having a single device solution that can be partially customized based 

on the needs of caregivers and end users. Determining the optimal solution for a given environment 

should take into account the needs of users, caregivers, and family members in order to overcome 

barriers to adoption; for instance, in an environment with limited resources for staff training, having a 

single type of device available may increase utilization (Baxter, Enderby, Evans, & Judge, 2012). 

 

 

 

 



CHAPTER II: Methods for the Clinician Communication Survey 

Assessing the need for a solution 

Nurses, speech-language pathologists, occupational therapists, and other care team members are 

highly motivated to find more effective communication solutions for patients facing obstacles to 

successful communication. Results of past surveys suggest that these communication attempts are 

often unsuccessful, causing great anxiety to patients and staff (Happ et al., 2011; Menzel, 1998). 

Speech and language pathologists (SLPs) play a key role in assessing and addressing transiently 

nonvocal patients’ complex communication needs. However, in many settings, SLPs are not regularly 

available to assist ICU patients who are unable to communicate. Therefore, the nurse-patient dyad 

was central to the design of MOCS. 

Early in this project, an electronic questionnaire (Happ, 2009; Harris et al., 2019, 2009) was made 

available via REDCap to critical care nurses at University of Massachusetts (UMass) hospitals and 

Massachusetts General Hospital (MGH), with two main goals: determine the extent to which these 

nurses were interested in improved AAC options, and assess which conversational topics should be 

covered if a new system was designed. 

Development and deployment of Clinician Communication Survey for nurses 

Nurses were determined be a critical part of the success of any ICU patient communication system, 

especially in environments with limited SLP availability (Finke, Light, & Kitko, 2008). Some past work 

has looked at the development of “low-tech” strategies for teaching ICU nurses to improve patient 

communication. The SPEACS-2 online training curriculum, for instance, includes strategies such as 

encouraging nurses to make sustained eye contact and directing protocols of use for low-tech 

 



communication tools (Happ et al., 2010).  In order to design a higher-tech communication system that 

is likely to be successful in the ICU, it is vital to gather feedback and increase enthusiasm on the ideal 

design of this system from its most frequent users, bedside nurses. 

The original survey on nurse perceptions of patient communication was obtained from Dr. Mary Beth 

Happ, NP, PhD of the University of Pittsburgh, who has collected results from nurses in local ICUs. 

The advantages of using Dr. Happ’s study include having immediately available results for 

comparison and availability of the statistical validation that has already been done by Dr. Pitt’s team.  

In this survey, questions 7-22 have been validated using Cronbach's alpha, a coefficient calculation of 

inter-item reliability, and factor analysis for internal consistency.  

Appropriate reviewers, including physicians, nurses, and local qualitative health science researchers, 

reviewed the survey and potential additional questions prior to administration to the nursing staff; it 

was reviewed and changes were made by Dr. Kristen Mattocks from the UMass Quantitative Health 

Sciences department and Dr. Sharon Inouye, developer of the Confusion Assessment Method (CAM) 

tool for delirium assessment, to ensure valid survey structure and logical question structure. It has 

also been reviewed/modified in advance by the nursing managers of the planned ICU/ACU 

administration settings and by several physicians associated with the project (Dr. Brown, Dr. 

Hochberg, and Dr. Walz). The changes made were approved by Dr. Happ. The surveys were tested 

in a small group of non-nurse users beforehand to ensure appropriate length and minimize participant 

burden. 

The survey was first administered in the initial pilot setting, the UMMC-Memorial Medical/Surgical ICU 

(Memorial SICU). It was also tested in the second pilot study settings: a) the UMMC-University 

Surgical ICU (SICU, 3ICU); b) the UMMC-University Medical ICU (MICU, 7ICU); c) the 

UMMC-University Neurosciences Intensive Care Unit (Neuro ICU, 2LS); d) the MGH Respiratory 

Acute Care Unit (RACU, Bigelow 9); and e) the MGH Neuro ICU (Lunder 6). To increase participation 

 



in the survey, which took about 10-12 minutes per respondent, I visited each of the participating ICU 

facilities four times.  

The questions (listed in Appendix A) were grouped as follows:  

● 7: demographics 

● 16: communication methods, patient needs 

● 3: communication training background 

● 9: best positioning, content, availability of proposed communication system  

 

  

 



CHAPTER III: Using Clinician Communication Survey Results and Informal 

Observational Information to Guide Device Design 

Analysis of Clinician Communication Survey results 

Selected results are analyzed from 6 ICUs from 2 hospitals (n = 338 nurses). 28.4% of survey 

recipients [n = 96] completed the survey in full. Respondents had 15.7 +/- 12.4 years of experience, 

primarily in critical care (12.2 +/- 11.0 years). Successful communication was believed to be critical for 

patient recovery: 91.7% of respondents “agreed” or “strongly agreed” that “being able to communicate 

one's needs is essential to recovery.” However, existing options for communication were viewed as 

insufficient for meeting the needs of patients: 69.8% of respondents “disagreed” or “strongly 

disagreed” that “the communication methods that intubated patients use in the ICU are sufficient”. 

Nurses perceived that families, patients, and members of the care team were frustrated with available 

communication methods and associated success rates: 85.4% of respondents “agreed” or “strongly 

agreed” that “most ICU patients have difficulty communicating their needs when unable to speak.” A 

further representation of the most striking results from this survey may be found in Figure 3.1. 

 

 



Figure 3.1: Selected Multiple-Choice Item Responses from Nurse Communication Survey 

 

Determining the parameters of a solution 

Based on the initial assessment, we considered whether available technologies could be deployed 

as-is, or minimally tweaked in order to achieve the goals of substantially improved communication for 

ICU patients. Low-tech systems have been previously described and deemed ineffective for some 

sectors of this population (Magnus & Turkington, 2006; Guttormson, Bremer, & Jones, 2015). The 

complexity associated with the use of some high-tech systems, such as eye gaze, was deemed 

unattainable during the brief periods available for testing and use as a function of limited attention 

span in patients recovering from critical illness. Additionally, these systems had specific issues that 

might limit their use in this population: “... patients often struggled to concentrate on the screen and 

 



maintain posture conducive to eye tracking. For some patients, keeping their eyes open enough to be 

tracked was difficult” (Garry et al., 2016). Furthermore, the training required by these eye gaze 

systems would likely require the intervention of a SLP or occupational therapist for effective 

implementation; this training may also be beyond the cognitive capacity of an individual otherwise 

capable of meaningful communication attempts. Other systems, such as a binary touch switch 

combined with a scanning interface that iterates through letters or words, might be sufficient for 

simple types of communication, e.g. “yes/no”; however, patients are often unable to maintain 

cognitive engagement for an extended period, so a system that requires reviewing a long list of 

options prior to making each choice might be overly onerous for patient capabilities.  

We thus began to design a novel communication system specifically to improve the communication of 

patients in the ICU. Following a series of observations of patients’ communication attempts in the 

critical care setting, we considered a number of system designs. 

Design specifications utilized for device design 

A comprehensive set of design specifications for AAC devices in the ICU was outlined by Mobasheri 

et al. (2016). These design suggestions included requiring relatively few clicks per selection, ease in 

gaining the attention of conversation partners, portability, and lack of need for extensive training. 

These characteristics informed the design of the novel communication system. 

In support of these goals, we determined that a new communication system should have the following 

characteristics: 

Hand-operated. 

Many critical care patients have retained some degree of upper extremity (UE) dexterity; while partial 

impairment is common, a full “locked-in”-like syndrome necessitating an eye- or cheek- based switch 

 



is relatively rare. A device that can be operated manually would likely meet the needs of many 

potential users in this critical care setting. An alternative type of solution, the eye gaze switch, may 

preclude the patient from visualizing visitors and staff or making eye contact for emotional reasons. 

Non-tablet access method. 

Direct use of a tablet was considered in similar interventions. However, the physical positioning of an 

intubated patient (with head of bed at a 30° angle) means the tablet must be in a position where it can 

easily be both seen and reached - which may preclude its effective use, especially by a patient with 

limited mobility and strength. (Maintaining arm elevation to access a vertically oriented tablet requires 

considerable upper extremity strength; seeing a horizontally oriented tablet when in a mostly reclined 

position is similarly challenging.) As a result, the design prioritized the placement of the visual and 

access components in their respectively optimal locations (tablet screen in the patient’s visual field, 

with the arm in a resting position while in contact with the access method) rather than attempting to 

combine them in a single physical object. 

Flexible in terms of physical capacity. 

ICU patients commonly have full UE movement capacity at baseline but may suffer from related 

temporary impairments (e.g. fatigue, edema, neuropathy, or tremor). Therefore, the access method 

should be able to be manipulated via a variety of methods, including subtle movements of the hand 

such as flicking, rotating, and moving back and forth - or, if preferred, less-well-defined gross 

movements that do not require fine motor movement capacity on the part of the user. 

Simplicity of system (i.e., non-intrusive to the existing ICU workflow). 

Many existing communication assistance paradigms may be difficult to incorporate successfully into 

the ICU patient experience. For instance, a plan that relies on access to multiple communication 

 



devices may allow the best device to be identified for a given patient, but may meet the needs of 

some care environments to a lesser degree (e.g., ones limited in resources or available space). In 

this project, we took an alternative approach, aiming to allow a single system to be used by patients 

with various types of manual dexterity impairments. 

Audio-producing. 

One difficulty for patients who are able to write is that a care provider or family member must be at 

the bedside to decipher the writing and read the written text. Audio/voice production would allow for 

the patient to communicate more autonomously and for the patient and caregiver/family member to 

remain looking at each other, rather than the caregiver looking “over the shoulder” of the patient to 

see what s/he had written. Furthermore, this mode will also support the production of an actual 

“voice” for the patient. 

Simple to explain/understand, but wide-ranging in content. 

By using a “tree”-like content system (i.e., an initial selection of a broad topic that allows users to 

move down a “branch” of more specific content), the system can be relatively simple while still 

allowing maximal communication potential. 

Choosing effective content for a communication system 

The free-response answers offered by the nursing staff were regarded as the primary consideration in 

choosing the content to be implemented in the communication system app. The primary needs 

mentioned, based on their frequency in the free response questions, are listed in Figure 3.2. 

 

 



Figure 3.2: Most Frequently Mentioned Topics In Nurse Communication Survey Free-Text Responses 

 

  

 



CHAPTER IV: Intermediate steps in the design of a communication system 

Choosing an overall paradigm 

After administering the Clinician Communication Survey and before designing the final version of 

MOCS, a number of different versions of the device were created in order to experiment with some of 

the forms and ideas suggested by patients and clinicians. As listed above, primary considerations for 

design included the need for two separate pieces of the system: a visual display and a manually 

operated hardware method. The visual display was more “intuitive” to design, whereas the hardware 

method was considerably more complicated.  

 

Early steps in software design 

From the earliest set of conceptions of this device, I made the decision to use hardware that could 

navigate the “compass” directions around a screen. The justification for this choice is that it is 

relatively easy to describe and actuate (unlike e.g. moving a mouse to any point/in any direction on a 

computer screen), but allows a significant degree more of complexity and utility compared to a binary 

choice (left/right) while also being faster than a scanning interface (moving along a list until an option 

is selected by clicking a single button).  

The initial software designs that accompanied the first functional prototypes (and which the 

non-functional prototypes were designed to facilitate - both are covered in more detail in the next 

section) changed relatively little. These designs are shown in Figure 4.1. 

 



Figure 4.1: Early Versions of MOCS Software 

Mode Type Visualization 

Tilt mode: 

 

Type mode  

 

 

 



The idea that letters should be “grouped”, and that then the groups could be accessed using the 

hardware method to branch out into individual letters, proved complex to relate effectively to a 

hardware method. My initial impulse was to use a “five-finger” keyboard, as shown in Figure 4.2. 

 

Figure 4.2: “Five-Finger” Keyboard as MOCS Access Method for “Type” Mode 

 

Both the “tilt mode” and the “type mode” were ultimately preserved in the MOCS software. The 

primary modification to the former was that a variety of choices could be made from each screen 

(rather than simply yes, no, or previous/next choices); the primarily modification to the latter is that, 

rather than having a five-finger interface, the same “compass-direction” interface was used to 

navigate the keyboard (letters were grouped into four sets at a time rather than five) as was used 

earlier to access the closed-answer questions. This modification was made because it was difficult to 

 



convey to the patient testing population that although the five-finger buttons were available for use, 

they did not need to be utilized in the more generally useful “tilt” interface.  

Early steps in hardware design 

Initial non-functional versions of the possible hardware versions designed to connect with the 

software paradigm took on a wide variety of forms, as seen in Figure 4.3. 

Figure 4.3: Initial Visual/”Wireframe” Prototype Versions of MOCS Hardware 

  

  

 



After the wide-ranging hardware brainstorming process, a number of functional forms were readied 

for initial patient testing with the software, broadly divided into five groups (Generations A-E) based 

on their physical characteristics, as shown in Figure 4.4. These forms were taken into patient rooms 

and their reactions were observed, both to the initial device when presented and to prolonged 

attempts at using the device.  

Figure 4.4: Early Functional Prototypes of MOCS Hardware for Patient Testing 

Generation 
name 

Example version 

A 

 

B 

 

 



C 

 

D 

 

E 

 

 

The primary testing prototype in the early part of the first part of the study focused on designs from 

generations A and B, which had a five-finger typing interface. The conceptualization for this interface 

was that patients would have access to either the relatively simple “tilt” or the more complex “type” 

interfaces, using a single device that could be accessed in two very different ways (using gross and 

 



fine motor movements, respectively). The electrical engineering schematic and additional images of 

the prototypes used in A and B can be seen in Figure 4.5. 

 

Figure 4.5: “A” and “B” Generation Examples and Schematic 

 

 



 

 

Converging on a final design 

Early discussions about testing with many versions of the device indicated consistent issues with the 

placement of the device base integral to the “A” and “B” generation designs. The primary issue was 

due to the need to place the device in a location that would be comfortable for each patient, despite 

patients having a wide range of possible physical obstacles (flaccid and/or rigid paralysis; 

contractures; severe weakness; partial spinal cord injury; etc.) Instructing patients with any given 

physical impairment to “place the base flat on the bed” (or “on the table”) often meant impeding their 

effective use of the system as a whole. 

 



This challenge prompted further development of the “E” category of device (i.e., a base-free object 

which could be moved in a variety of directions, which would be guided by a software user interface 

to conform to each of the compass directions). This version was further refined in a number of ways, 

as shown in Figure 4.6.  

Figure 4.6: Hardware Refinements for Generation E MOCS Device 

 

 

 

Once it was felt that the hardware could be used successfully with a range of patients to navigate the 

software, development of the software content itself proceeded rapidly. Figures 4.7 and 4.8 illustrate 

 



the early development of the software, showing how the content changed between the initial design 

and an intermediate version based on feedback from clinicians and speaking patients. 

Figure 4.7: MOCS Software Selection Algorithm, April 2016 

 

 



Figure 4.8: MOCS Software Selection Algorithm, February 2019 

  

 



CHAPTER V: MOCS Final Design Results 

Phase I of the MOCS project culminated in a final overall design for the device and for the software. 

The design for MOCS (Manually Operated Communication System) was guided by the need for an 

intuitive combination of hardware access method, user interface, and software content. This system 

was constructed based on nurse survey feedback and user responses to early prototypes, 

Hardware access method 

The MOCS software is accessed either via direct interaction with the screen or via the “MOCS ball”. 

(Goldberg & Hochberg, pending) The MOCS ball is a novel hardware device consisting of a 

gyroscope, a microcontroller, and a microswitch, enclosed in a 3D-printed enclosure with both rigid 

and flexible components, as shown in Figure 5.1.1,2  

Figure 5.1: MOCS Ball Enclosure  

 

  

 



The materials comprising the enclosure are ABS filament (rigid component) and NinjaFlex (flexible 

component).3 A thumb grip made of NinjaFlex can be attached with disposable single-use adhesive 

tape to the flexible side, allowing optimal compression of the internal microswitch. These materials 

were approved for use by Infection Control at the study site. The MOCS ball was sealed completely 

during use/participant contact and cleaned with Sani-Cloth CHG 2% wipe between sessions, as was 

the iPad (Howell et al., 2014). This combination of components allows the user to access the 

software’s “north/south/east/west” movement paradigm, using only relative movement information as 

calculated by the gyroscope. For example, the ball may be held in midair, on the participant’s torso, 

on the bed, or elsewhere; it may be moved in each direction using a flick of the wrist, a movement of 

the arm, or a grip actuated only by the hand. 

Software user interface 

The software app design utilized a simple layout designed to be effective and intuitive while also 

cognitively undemanding.4 Words/phrases were listed on buttons; up to 4 four buttons were shown 

simultaneously in a “north/south/east/west” compass layout, attached to a signpost graphic (shown in 

Figure 5.2) conveying spatial perspective. It indicated that the “North” option was “furthest away”, 

meaning that the access method (MOCS ball) was used to “point” away from the user; conversely, 

the “South” option on the screen was shown in larger type with a closer “signpost”, indicating that the 

access method should be used to “point” back towards the user. Left and right movements, 

respectively, were made either by a) pointing the ball towards the user’s left and right or b) turning the 

ball clockwise and counterclockwise.  

 



Figure 5.2: Signpost Layout in MOCS App 

 

 

A basic set of graphical icons was added (examples in Figure 5.3) to allow for a more streamlined 

navigation of the system. After the ball was moved to the desired target, a selection was initiated by 

“clicking” the ball (squeezing it to compress the internal microswitch). Upon selection, an auditory 

component was generated by a text-to-speech voice engine, Acapela.5 

 

 



Figure 5.3: MOCS Software Selection Algorithm, October 2019 

 

Additionally, a sustained compression of the microswitch could be used to activate the “nurse call” 

functionality at any point during the software navigation. Squeezing the device for several seconds 

(the preferred duration can be modified on the “settings” screen, as described later in Figure 5.5) 

initiates a countdown, shown on the screen, from e.g. 5 seconds until the timer reaches 0 seconds; at 

this time, the visual and auditory message “I want my nurse” will be broadcast to the participant and 

anyone else nearby. 

Software content (communication topics) 

Many versions of such a system were made through an iterative design process. The premise 

throughout was to create an iPad app and access method that would provide the content to enhance 

 



communication. Early versions of determining users’ needs in the ICU setting have been attempted 

(Garrett, 2008). However, since the project was deployed as a pilot, a survey of the nurses was 

performed in the hospital units in which the study took place; results indicated that nurses would 

appreciate better communication options and provided free-text responses about specific preferred 

content ultimately used in MOCS. The software options gleaned from these responses are shown in 

Figure 5.4. 

Figure 5.4: Selection Algorithm in MOCS App 

 

 



Note: Pink areas indicate substituted phrases that were proposed by the staff in the Respiratory 

Acute Care Unit. Since the patients in this unit are on long-term ventilation support, these options 

(“Airway”, “Suction by trach”, “Can I try to talk?”, and “Trouble breathing -> M.I.E./Cough Machine”, 

respectively) were more appropriate for these patients than the options than they replaced (“Tube in 

Mouth”, “Suction lungs”, “When will the tube come out?”, and “Trouble breathing -> Not sure”, 

respectively). M.I.E. stands for mechanical insufflation-exsufflation device, also known as a “cough 

machine”, which assists post-tracheotomy patients with airway mucus clearance.  

“Answer” and “Keyboard” access modes in software 

In addition to the “Question” mode (also referred to as “Tilt” mode) which has been primarily 

described thus far, the software contains two additional modes. One is the “Answer” mode, which 

allows a patient to give answers to simple questions. These answer choices are given as “Yes”, “No”, 

“Not Sure/Maybe”, and “Go to keyboard”, as seen in Figure 5.5. 

 



Figure 5.5: “Answer” Mode in MOCS App 

 

The other additional mode is the keyboard mode. As noted in Chapter IV, this mode groups letters 

initially, then regroups them into smaller groups after an initial group is chosen; finally, it allows for 

selection of a single letter, as seen in Figure 5.6A.  

Figure 5.6A: Using Keyboard Mode to Choose Letters and Form a Word  

 

 



 

These single letters (or spaces, as appropriate) are strung together to produce a word or phrase that 

can be spoken out loud, as shown in Figure 5.6B.  

 

Figure 5.6B: Using Keyboard Mode to Produce Audio 

 

Variations in control methods to accommodate participant needs 

Over the course of the development of this system, it was determined that requiring users to move in 

each of the compass directions would be challenging for participants with significant UE motor 

 



weakness. For example, participants with the capacity to flex and extend their elbow - but not to 

supinate/pronate their hand - would only be able to move along a single axis. MOCS was therefore 

adapted to allow navigation via a left/right rotation using a “scanning” approach; initiating a squeeze 

of the device would lead to a selection of the currently highlighted option.  

For the users who were physically unable to squeeze the device, two options were presented, based 

on whether the user was able to move in the 4 compass directions or not. The first option was to 

change the currently hovered-upon item by moving in the usual compass direction method, then 

make a selection by “dwelling” on a selection (waiting on it until a countdown timer expired, at which 

point the hovered-upon icon would be selected). The second option was a combined “scan/dwell” 

approach: the device would “scan” after being moved one direction (e.g. left or forward) and then stop 

scanning to “dwell” on the current option after being moved in the opposite direction (e.g. right or 

backwards). After the countdown timer expired, the highlighted option would be selected, and the 

same scan/dwell paradigm would then restart on the next set of options. 

Other minor variations on the possible visual and functional capabilities of the software were possible, 

although they were not a focus either of the design or of the testing sessions. The range of 

possibilities is indicated by the set of possible permutations from settings shown in Figure 5.7. 

 



Figure 5.7: Available MOCS Software Settings 

  

Power characteristics and data transmission 

The ball is powered by CR 2032 (watch) batteries, which have a relatively short battery life but are 

safer than an alternative Arduino power source, the lithium poly ion battery. While these batteries 

have the advantage of being rechargeable, their charging capacity requires far more supervision due 

to a more complex safety profile; additionally, if crushed (as might happen in a cardiac arrest hospital 

“coding” situation), there is a risk of fire or explosion. 

 



The ball connects to an Apple iPad Pro® using the Bluetooth Low Energy (BLE) protocol. This 

protocol enables secure 1-to-1 data transfer which prevents any unintended access of the data. 

Furthermore, no confidential information is either transmitted by the ball or by clicking the iPad. 

 

  

 



CHAPTER VI: Methods for Assessing MOCS’ Utility In Feasibility Study 

Participants 

In order to assess the characteristics of this device after it was initially designed, testing was carried 

out in critical care settings. At UMass, five adult Intensive Care Units were screened for potential 

enrollees. At MGH, the Neurosciences Intensive Care Unit (Neuro ICU) and the Respiratory Acute 

Care Unit (RACU) were selected as sites for potential clinical testing. (The RACU is a specialized 

critical care unit for patients who have a tracheostomy.) 

Purposive criteria-based sampling was conducted (Devers & Frankel, 2000). Study eligibility was 

limited to adults with a Glasgow Coma Scale ≥ 10 (Motor 6, Verbal 0-1 [T], Eye Opening 4) (Teasdale 

& Jennett, 1974). Patients who were able to speak (with or without tracheostomy) and patients who 

were unable to speak (due to intubation or tracheostomy) could be included in the study. Eligible 

participants had a history of being able to understand and communicate in written and spoken 

English, as the device software is currently in English. The study included both adults capable of 

consent as well as cognitively impaired adults who could provide assent (and had consent given by 

their legally authorized representative). Bedside nurses and families were also included in the 

informed consent process through a fact sheet at UMass. If there was any question of whether a 

patient could potentially legally consent for themselves, per their nurse or physician, a legally 

authorized representative was consented for the study instead and the participant was re-consented if 

and when possible. 

The initial target audience was patients with an endotracheal tube (i.e., intubated patients); however, 

patients with a tracheostomy were the primary group represented in the final data. While many 

intubated patients were approached to participate, these patients were often medically unstable, or 

 



too overwhelmed to be able to participate in the study, as compared to patients with a tracheostomy. 

(Notably, many intubated patients whom we approached, all of whom had clear communication 

impairments, might have been able to use the system; however, the additional burden of obtaining 

informed consent precluded greater engagement in the initial feasibility study. We considered altering 

the study to proceed with a waiver of informed consent, but elected to pursue this initial feasibility 

study under more standard informed consent parameters due to the review board’s preference.) All 

patients were screened in advance and then approached by a member of the research team and a 

nurse. No specific testing was performed to assess mental status or delirium; instead, nursing 

assessment determined whether a patient was alert, interactive, and cooperative, and thus a good 

candidate for participating in the study. All research was conducted under the auspices of the 

Institutional Review Boards of the hospitals where testing took place.  

While some mini mental status exams exist, they were determined to be not specifically useful for this 

patient population [for instance, knowing the current date or remembering words would not 

necessarily be predictive of success or appreciation of a communication system designed for patients 

with some potential cognitive impairment]. Delirium assessments were seriously considered. 

However, at the University of Massachusetts Medical Center—the only hospital being considered for 

testing initially—there had been a recent decision to transition from the CAM-ICU to the ICDSC 

delirium assessment, and neither was being regularly performed at the time of research study 

enrollment. It was determined that it would not be appropriate for the primary participant-facing 

researcher, a medical student, to conduct either of these tests, due to lack of experience. 

Procedures 

Testing sessions consisted of these components: 

 



1. Determination of optimal software settings.  

Researcher performed actions such as modifying device sensitivity, adjusting for participants’ 

tremors, and setting up scan/dwell mode for a participant without capacity for squeezing the MOCS 

ball on the Settings screen, shown in Figure 5.5. 

2. Orientation.  

Participant was shown the tutorial video one or more times to familiarize them with the hardware and 

software. 

3. Trial of device.  

The participant engaged in free use of the communication system with coaching and troubleshooting 

by the testing staff (usually 10-20 minutes, per participant preference). Written observations were 

collected by the researcher during this process. 

4. Post-trial interviews.  

Interviews were conducted with at least two - and, if possible, three - of the key stakeholders 

(participant, family member, bedside nurse or SLP). Family members were included as key additional 

stakeholders because they often participated in AAC-assisted interactions and had relevant baseline 

knowledge of participant capabilities and interests (Broyles, Tate, & Happ, 2012). 

Measuring session success 

A “successful” session was one in which a user was able to “make selection by squeezing handheld 

component, activating tablet software response, five times within five minutes of use”. (including 

training) (“Manually Operated Communication System—Full Text View—ClinicalTrials.gov,”). All but 

one of the participants were able to achieve this goal in their first (and only) session. One participant 

 



was unable to actuate the “squeeze” that was required for a selection due to his spinal cord injury. 

The software was modified to facilitate his successful execution of selections at a second session 

later that day.  

Post Session Interviews 

The purpose of the post-session interview was to gauge the success of the system, based on the 

participants’ satisfaction with the system compared to alternatives. Additionally, suggestions for 

improvements for the system were collected. 

The interview consisted of 9 questions, as described in Table 6.1.  

 

Table 6.1: Post-Session Interview Questions (probe questions in italics, interviewer instructions in bold)  

1. Please tell me anything you remember about how you were* communicating without this 

communication system, if you can. 

[Nodding/shaking? Lip-reading? Eye movements? Letter board? Writing? Texting? Do you remember 

what was communicated?] 

2. Please tell me anything you remember about how you were* communicating with this 

communication system, if you can. 

[If needed: holding it? Seeing screen? Operating software? Do you remember what was 

communicated?] 

[Show whatever aspects of hardware/software they want to see again or don’t remember, as 

needed.] 

 

[Then, ask questions with piece of paper showing Likert scale: “Strongly Disagree (1) [] [] [] [] 

[] Strongly Agree (5)”] 

 



“Now I'm going to ask you to rate this system in several ways. Your honest opinion will be most 

helpful to me.” 

3. I** would recommend this system to other patients in a similar situation. ___ 

4. I** thought this system was easy to use. ___ 

5. I*** was able to learn to use this system quickly. ___ 

6. I believe I*** would be able to communicate using this system. ___ 

 

7. Do you have suggestions for improving the words/phrases of this system? What are they? 

8. What did you like about this system? … anything else? 

9. What needs improvement about this system? … anything else? 

 

Note: probe questions are in italics; interviewer instructions are in bold. 

* In caregiver/family member interviews, the words “you were” was replaced with “the patient was” or 

“your family member was”, respectively. 

** In these questions, the caregiver or family member could either interpret the question by replacing 

“I” with “I think the patient” or “I think my family member”, respectively; or they could leave the 

question as written above, reflecting their own point of view. Some caregivers/family members felt 

that it was more appropriate to respond from the patient point of view, since the patient was the 

person experiencing communication impairment. Others felt that they were not able to assess the 

patient’s perspective on the device and preferred to respond with their own perspective. As a result, 

both options were offered. 

*** In these questions for the nurse/caregiver interviews the words “I” and “I believe I” were replaced 

by “The patient/my family member” and “I believe the patient/I believe my family member” 

respectively, as appropriate.  

 



The first and second questions assessed whether the respondent had previous knowledge of 

participant communication without the system (which would allow them to successfully assess 

whether MOCS constituted an appropriate and improved option for communication) and whether the 

respondent had a recollection of the participant using the system (i.e., whether they could accurately 

respond to questions about the potential utility of the system to the participant).  

Questions 3-6 were modified versions of questions from the System Usability Scale (SUS); the 

responses to these questions constituted the primary quantitative data collected during MOCS testing 

(Brooke, 1986). 

The original SUS consists of 10 questions geared at assessing a user’s experience of a new piece of 

technology: the goals were to determine whether they felt it met their needs and whether it would be 

helpful in future situations. For maximal statistical validity, the original 10 questions are phrased either 

positively (e.g., “I thought the system was easy to use.”) or negatively (e.g., “I thought there was too 

much inconsistency in this system.”) in an alternating fashion.  

The SUS was modified to simplify the tool, as shown in Table 6.2. To reduce confusion, only 

positively-phrased questions were used. Additionally, a question about component integration was 

removed (it was not relevant because a participant would not experience any of the system 

functionality components independently). 

The final three questions solicited possible changes to the selection options presented on the screen 

during the system’s use, as well as any other likes or dislikes noted by the respondent. 

Table 6.2: Mapping of positive System Usability Scale questions to modified versions used in interview 

Original question Modified question 

1. I think that I would like to use this website 
frequently. 

3. I would recommend this system to other 
patients in a similar situation. 

3, I thought the website was easy to use. 4. I thought this system was easy to use. 

 



5. I found the various functions in this website 
were well integrated. 

This question was not used; since two functions 
were tested together and only for a brief period, 
it was not seen as relevant to the success of the 
system. 

7. I would imagine that most people would learn 
to use this website very quickly. 

5. I was able to learn to use this system quickly. 

9. I felt very confident using the website. 6. I believe I would be able to communicate 
using this system. 

 

 
  

 



CHAPTER VII: Feasibility Study Results 

 

Enrollment 

20 patients were consented for the study. Of the 18 participants who were enrolled to test comparable 

versions of the system, two consented for themselves but then declined participation, IDs 215 and 

217; and another participant was not medically stable enough to participate after enrollment, ID 216. 

One additional participant, ID 206, did not complete a successful session due to a poorly-tolerated 

spontaneous breathing trial that was initiated shortly before the session began; this information was 

communicated to the researcher after the session had begun. 

Of the remaining 14 participants, 13 had one successful session; each of these was followed by 2-3 

interviews (including one each with some or all of the participants, the nurse or SLP, and a family 

member). A fourteenth participant, ID 205, had two sessions; since he had only one axis of 

movement and no grip strength (which the initial design was not equipped to handle), the scan/dwell 

feature that would allow him to use the software was added between the sessions. Only the data from 

this participant’s second, successful session has been included in the analyses. The descriptions of 

these participants are given in Table 5.1. 

(Two patients [ID 200 and ID 201] were enrolled approximately one year earlier than the remainder of 

the participants. After those patients were enrolled, MGH notified the research team that the device 

would need to have a microcontroller with an FCC ID, meaning that the RedBearLab Blend Micro that 

was used in the MOCS ball for these two patients could not be used for subsequent testing. At this 

time, a new Arduino board, the Adafruit Bluefruit 32u4 was substituted. However, this microcontroller 

was not compatible with the previous code base, written in a cross-platform-accessible web-based 

 



HTML/JavaScript combination. The code base therefore had to be rewritten in Swift, which required a 

full-scale rewriting. The hardware design was then modified significantly to accommodate the new 

microcontroller; at that point, neither the hardware nor the software were comparable to the original 

version used for patients 200 and 201, so this data was left out of the final analysis.  

Additionally, patient 200 did not actually begin a session after enrollment, while patient 201 refused to 

complete the post-study questionnaire, so neither patient contributed in a meaningful way to the 

eventual testing data obtained in this study.) 

  

Table 7.1: Patient Characteristics and Primary Diagnoses for All Participants Who Completed a Successful 

Session 

PT 

ID 

Age M

/F 

Clinical 

setting 

Primary/relevant 

diagnoses 

MV Interview 

response method 

202 64 F RACU Amyotrophic lateral 

sclerosis (ALS) 

Tracheostomy Gestures 

203 49 F RACU Three fingers on 

each hand 

Tracheostomy Writing and 

gestures 

204 70 M MICU Inflammatory 

arthritis 

Tracheostomy Writing and 

gestures 

205 69 M RACU Contracted hand, 

paraplegia 

Tracheostomy Writing and 

gestures 

 



207 43 F Neuro 

ICU 

Impaired ventilation, 

pseudoseizure 

Recently extubated Natural speech 

208 52 F RACU Post shock/ 

respiratory  failure 

Tracheostomy Natural speech 

209 76 M Neuro 

ICU 

Rapid-onset ALS, 

upper extremity 

weakness 

Endotracheal tube [patient was not 

interviewed] 

210 57 M MICU Post-electrocution 

hemiplegia/lower 

spinal cord injury 

Tracheostomy Natural speech 

211 58 F Neuro 

ICU 

Recent 

non-small-cell lung 

cancer, shortness of 

breath 

Endotracheal tube Writing and 

gestures 

212 73 M RACU Bacteremia Tracheostomy Natural speech 

213 73 M MICU Recent altered 

mental status 

Tracheostomy Natural speech 

214 64 M MICU Bacteremia, history 

of stroke 

Tracheostomy Writing and 

gestures 

 



218 53 M Cardiac 

ICU 

Chronic obstructive 

pulmonary disease, 

post-STEMI 

Tracheostomy Writing and 

gestures 

219 70 F Neuro 

ICU 

Myasthenic crisis Tracheostomy Writing and 

gestures 

 

Quantitative results 

The primary data includes the modified SUS scores from the post-session interview. Calculation of 

SUS includes Likert scale responses 1-5 (ranging from “strongly disagree” to “strongly agree”) which 

were re-scored to to a 0-4 value by subtracting one from each answer.  

The modified SUS scores were assessed using a metric from Sauro & Lewis (2016; see also Sauro, 

2011) which rates the new technology based on the percentile on which the averaged SUS score 

falls. For this metric, average scores of 68 reflect the 50th percentile, i.e. “C” grade. An average score 

of 80.3 reflects a grade of “A”, or “excellent”, a rating earned by the top 10% of novel technologies. 

On average, respondents as a group scored the system at 84 +/- 17. This perception was also seen 

among participants with a tracheostomy and their family/caregivers: this group rated the system as 83 

+/- 16. On an individual basis, participants and family/caregivers in the overall and trached cohorts 

also gave an “excellent” rating for each question on average - with an exception for Question 4, 

relating to ease of use, which was scored just below the “excellent” threshold - i.e., in the “good” 

range (average score of 80 +/- 24 overall and 79 +/- 25 for the trached subset). Question 6, “I believe 

I would be able to communicate using this system”, was scored most highly: average of 90 +/- 12 

overall and 89 +/- 13 among the trached subset. The device was received well across individuals: 

more than 2/3 of users (23/34) gave MOCS an “A” rating, and more than 85% of users (29/34) gave 

 



MOCS at least a “B” rating. 

Sessions time lasted from ~6 minutes to ~28 minutes (average, 14:00 +/- 6:26; median, 12:17). The 

length of system use was not informative, as short use times could have reflected satisfaction with the 

system and completion of testing; frustration with the system and cessation of testing; or interruption 

of use due to other clinical needs. More information is shown in Table 7.2 and Figure 7.1. 

 

Table 7.2: Cumulative Results for Modified SUS Questions  

 Q3 Q4 Q5 Q6 Overall 
Average 83 80 81 90 84 
Standard Deviation 21 24 25 12 17 

Subset: trached participants and their family 
members/caregivers 

Average 82 79 84 89 83 
Standard Deviation 22 25 19 13 16 
 
 

 



Figure 7.1: 

 

 

Qualitative results 

Two sets of qualitative data were gathered, including researcher observations and responses to an 

interview after the MOCS testing session. 

Observations 

The first data set consisted of qualitative observations made by the researcher during testing 

sessions. These observations included the following types of information, where available, from 

participants, care providers, and the investigator:  

● Setup, instructions 

● Intuitiveness (easy to use, quick to learn) 

 



● Usability 

● Content 

● Other comments 

● Other concerns 

These unstructured data were used to gather in situ observations of the system. These data were 

used to make minor revisions to the system over the course of the testing period. The changes 

suggested by participants, family, and caregivers were added into the software options, but did not 

fundamentally change the nature of the software. (Figure 5.4 highlights the content additions 

suggested by stakeholders.)  

Interviews 

The interviews were audio recorded and transcribed verbatim. They were transcribed by the primary 

researcher and divided into 302 independent statements, each with a single topic, to allow for 

classification by theme and efficient assessment of ideas represented throughout the data. The data 

set was coded by two independent coders and subsequently combined for reconciliation using Excel. 

The codebook listing possible thematic elements was developed using an “immersion/crystallization” 

approach (Borkan, 1999), wherein important ideas that emerged on multiple occasions were grouped 

and then used to develop training patterns for the data as a whole. When the coders disagreed on 

classification of a theme, they engaged in discussion until reaching concordance and amended the 

common codebook if necessary to encompass all represented patterns. Many of the positive 

comments and any salient negative/constructive comments (excluding those already integrated as 

part of iterative development throughout the testing process) are referenced within the results. 

 

 



Device testing was perceived positively by participants, caregivers, and family 

members. 

Many stakeholders made positive comments during the non-structured observational component of 

participant testing sessions, expressing a broad appreciation of the communication system and its 

potential utility and applicability within the clinical context. 

"This is something that's actually really awesome. This is really good.” (207, patient) 

“I think a lot of those things were relevant to [the participant] at different points in your hospital stay so 

far. This would have definitely helped to a noticeable degree when he couldn't communicate. It took a 

mental toll on him, as well, when he couldn't communicate. We were limited to me using yes/no 

questions or making lists of what I thought he would want to talk about.” (212, family member) 

"Oh, this is nice! For people who couldn't wean fully, this would be good for them." (213, nurse) 

"You've thought of everything! You haven't left anything out - I can't think of anything that you've 

missed." (219, family member) 

Throughout the device testing, stakeholders contributed feedback supportive of the system and its 

implementation.  

 

Many communication methods are already utilized in the ICU environment. 

Participants, nurses, and family spoke of the current options for patients attempting to communicate.  

“He nods, shakes his head, he lipreads, sometimes you can hear some voice around the trach... his 

eyes, pointing…” (205, family member) 

“[Nodding? Shaking head? Eye movements?] Yes. Yes, all of the above. [Letterboard?] Yes. 

[Writing?] Writing, mostly. Yeah, letterboard, writing.” (208, family member) 

 



However, participants with a “speaking valve” [i.e., a Passy Muir® valve, which covers the 

tracheotomy in spontaneously breathing patients, enabling natural speech by allowing air flow 

through the vocal folds] sometimes relied exclusively on this option:5 

“He does have a speaking valve. He has that on all the time… except at times he does go on the vent 

at night time.” (210, nurse) 

“He was able to speak, he had the tracheostomy with the PMV, so he had a strong voice, so he can 

just communicate through talking.” (212, nurse) 

ICU patients, nurses, and family members look to a wide variety of methods for communication 

support at this time. 

  

Low-tech methods of currently available AAC were noted to be insufficient for 

effective communication. 

Despite the variety of AAC techniques used, both aided and unaided, participants and their family 

members/caregivers expressed frustration with the low frequency of successful communication 

attempts. 

“She was trying to shake her head, but since she's intubated, it wasn't working…” (207, family 

member) 

“[Lipreading?] I tried that, yeah… it was hard for the nurses, though.” (212, participant) 

“He was giving thumbs up or thumbs down, and he was mouthing… but most of the time we could not 

understand what it was. “ (212, family member) 

“He was lipping the words… and some of them I couldn't understand, or were hard for him - it would 

put more stress on him… and he wouldn't want to do it, you know, he would get frustrated… but he 

was basically just lipping everything,” (218, family member) 

 



“[Letterboard, writing, texting?] We tried the texting and writing, but didn't go so well.” (218, nurse) 

Many individuals in the ICU environment felt frustrated with their available communication assistance 

options. 

Stakeholders expressed support for MOCS’ implementation in the ICU: 

In the setting of other less successful methods for communication, participants and other individuals 

in the ICU setting were enthusiastic about the potential for MOCS’ use. 

“This is the best thing! I would say to have it here sooner.” (207, participant) 

“We have patients who like, we have a very hard time reading their lips... and that would be really 

helpful for them.” (208, nurse) 

“I think the content is really great, actually.” (209, nurse) 

“I just think it will be so helpful to the people that have to live in this world on a regular basis that don't 

have the opportunity to always have that outlet for their speech process - so they can be part of the 

conversation as well.” (210, participant) 

“I like that, you know, he could have the potential to communicate if he were to not be able to speak 

again. Um, cause it definitely affects him mentally…” (212, family member) 

“Uh - it was easy to use and easy to read. It, uh, covered a lot of - of what you'd run into daily.” (213, 

participant) 

“He can write it right in, and get whatever he needed to tell me - would definitely help. Definitely help 

dramatically.” (218, family member) 

Stakeholders from each group perceived the MOCS system as very helpful for patient communication 

and endorsed its inclusion in the critical care setting. 

 



Observers experienced difficulty in ascertaining patient proficiency with MOCS: 

Nurses or family members asserted on some occasions that patients were unable to use the system. 

However, in several sessions, family were reluctant to sit where they could observe session or nurses 

were constrained by job duties from doing so: 

“I just had her this morning, so no [letterboard/writing] - I don't know what she did yesterday.” (207, 

nurse) 

In reference to patient communication method: “Um, I believe it's nodding… this is actually my first 

time seeing him since he's been here” (209, family member) 

“I kind of walked out while you were going through…” (213, nurse) 

Creating ideal observation conditions for nurses and family members in the testing environment was 

challenging. 

Suggestions for future development were provided by stakeholders: 

Some participants felt the MOCS ball sensitivity or motion type should be altered. 

“I think she did ok when the sensitivity was higher.” (202, nurse) 

(from written response to interview question:) “Not so sensitive” (204, participant) 

“Again, I don't know, because, I'm not techy - but I'm not sure if there's any way, like, the sensor itself 

on the actual handheld device could be a little bit more sensitive…” (209, nurse) 

“A lot of people move from their arms, instead of their wrists, you know… so I guess maybe if like 

they can have a setting where they move from their arms…” (212, nurse) 

“Instead of like, the large movements, it could just be smaller movements…” (219, family member) 

Modification of the system’s sensitivity needs to be accessible and intuitive to the end user. 

The other biggest improvement requested was for a better “voice” for the system.  

 



“The voice on it - is that, like, the only voice you can have? is what I'm saying… I feel like it's not very 

clear.” (209, nurse) 

“I guess my only improvement suggestion would be to make the voice less computerized-sounding. 

… maybe if you put a human voice on it, that's kind of the software, but even just some of the 

phrasing like it might be a little mechanical.” (211, family member) 

“The only thing I didn't like's the voice - but that's all.” (212, family member) 

Several stakeholders noted the possible utility of a “most recent” set of options: 

“Maybe if it were to be specific to a patient – and just in the front, have maybe their most utilized ones 

in the beginning…” (202, nurse) 

“The less going in and out of pages would be better, at least early on…” (219, SLP) 

The following pieces of feedback were offered by or on behalf of one or two participants each, and 

might be productively investigated more in a larger trial: more time requested for learning and testing; 

device appeared to be (or was felt to be) too heavy; and possible use of an existing strap to keep the 

device on the hand.  

A few other pieces of feedback were only given once, but might be material to future development. A 

speech and language pathologist noted that offering content related to emotional needs might be 

beneficial to end users. One participant felt that having a regular onscreen keyboard, similar to 

existing paper letter boards, could have utility to future participants.  

 

The device was pre-programmed to have a fairly wide sensitivity range. However, user feedback 

suggests that the range of manual dexterity capabilities is even wider than anticipated by the 

research team and may benefit from a wider range of possible settings. 

Finally, during introduction of the MOCS system at nursing in-service seminars, having a multilingual 

interface was mentioned at nearly every gathering. While only English was used during this feasibility 

 



trial due to limited availability of resources and testing time, adding in one or more additional 

languages would be fairly trivial from a software programming point of view and would greatly 

increase the utility of the system as a whole. 

  

 



CHAPTER VI: Discussion 

The results showed positive assessments of MOCS. While the existing system is a prototype, the 

stakeholders found it to be beneficial and intuitive. Minor improvements, such as an improved 

text-to-speech “voice” and alterations in device sensitivity level, were suggested by stakeholders. 

In this pilot study, a novel communication system - incorporating a manually-operated wireless input 

device and an iPad with customized communication software - was viewed as valuable by patients, 

nurses, and caregivers. While the existing system is a prototype, the stakeholders found it to be 

beneficial and intuitive. Minor improvements, such as an improved text-to-speech “voice” and 

alterations in device sensitivity level, were suggested by stakeholders. 

MOCS may address a paucity of effective communication options 

When patients, family members, and caregivers in the ICU environment were queried about their 

communication attempts prior to use of the MOCS device, they named a wide variety of alternative 

modalities. However, stakeholders from each group expressed significant frustration with these 

possibilities. In comparison, MOCS was felt to be a meaningful improvement for communication 

assistance, and users and observers expressed clear enthusiasm about its potential future integration 

into the clinical environment. 

Customizing device parameters for each patient 

The device was pre-programmed to have a fairly wide sensitivity range. However, user feedback 

suggests that the range of manual dexterity capabilities is even wider than anticipated by the 

research team and may benefit from a wider range of possible settings. 

 



Finally, during introduction of the MOCS system at nursing in-service seminars, having a multilingual 

interface was mentioned spontaneously by nurses at nearly every gathering. While only English was 

used during this feasibility trial due to limited availability of resources and testing time, adding in one 

or more additional languages would be fairly trivial from a software programming point of view and 

would greatly increase the utility of the system as a whole. 

 

Limitations 

The results allowed for assessment of how the project could be improved for future, more structured 

evaluations. One challenge was related to recruitment; due to a constrained testing window 

associated with thesis completion, participants who opted into the trial and completed sessions were 

limited in number. Additionally, the relatively specific personal characteristics and timing constraints 

required by the clinical testing necessitated a significant amount of screening and attempted 

enrollment. 

Another challenge was that patient care providers were often approached just after morning rounds to 

allow them to incorporate testing most flexibly in their routine; many sessions took place in the 

morning as a result to accommodate nurse preferences. However, since nurses rotated among 

patients every day in each setting used for testing, nurses sometimes expressed that they had seen 

limited or no communication attempts from the participants before the experimental session, 

rendering before-and-after comparisons essentially hypothetical. 

Another limitation noted by the research team was consent fatigue. For future testing, given the 

minimal-risk and time-sensitive nature of the testing, a waiver of informed consent should be 

considered. These adjustments should be incorporated into the next phase of MOCS development 

and testing. 

 



Future directions 

In a future randomized controlled trial, the ability of MOCS to meaningfully improve patients’ 

experience of communication in the ICU could be compared to the standard communication method 

available. The study might also assess satisfaction with communication efficacy by patients, families, 

and caregivers in the ICU. Subsequent assessments of MOCS might also examine whether delirium, 

disorientation, and overall patient satisfaction in the ICU context are improved by provision of MOCS.  

 

  

 



CHAPTER VII: Conclusion 

MOCS - a flexible system to facilitate patient-to-clinician/family member communication using 

wireless communication, consisting of an iPad and novel access device -  was used successfully in a 

feasibility trial with 14 participants. A novel communication system, such as MOCS, may enhance 

communication among patients, family members, and care team members. Increased communication 

capacity by patients in the critical care setting could improve a number of important markers of patient 

well-being and recovery, including assessment of delirium, need for medication or mechanical 

ventilation, and intensity of emotional stress.  

  

 



Endnotes 

1: The microcontroller (“Adafruit Feather 32u4 Bluefruit”) and the gyroscope (“Adafruit 9-DOF 

Accel/Mag/Gyro+Temp Breakout Board - LSM9DS1”) are products of Adafruit, 150 Varick St, New 

York, NY 10013. http://www.adafruit.com 

2: The switch (“Cylewet 6Pcs V-152-1C25 3P Short Straight Hinge Lever Type Miniature Micro Limit 

Switch SPDT 1NO 1NC (Pack of 6) CYT1079”) is a product of Cylewet. 

https://www.amazon.com/Cylewet/s?k=Cylewet 

3: The NinjaFlex is a product of NinjaTek, 311 W. Stiegel Street Manheim, PA 17545. 

http://www.ninjatek.com 

4: The app used in this project was programmed in Swift 4 in XCode, the Apple native programming 

environment. It was deployed on a 12.9” Apple iPad Pro®. All are products of Apple, 1 Infinite Loop, 

Cupertino, California. http://www.apple.com 

5: The text-to-speech audio component was developed by Acapela, a product of the Acapela Group 

SA, 33 Bld Dolez, 7000 Mons, Belgium. https://www.acapela-group.com 

6: The Passy-Muir Tracheostomy & Ventilator Swallowing and Speaking Valve is available from 

Passy-Muir Inc. https://www.passy-muir.com 

  

 

http://www.apple.com/


Appendices 

Appendix A: Clinician Communication Survey 

Dear Colleague: 

You are receiving this survey because of your experience and expertise in communicating with 

non-speaking patients. Please note: this survey refers only to patients who are able to understand 

language, but who are not able to speak due to physical constraints, such as intubation, 

tracheostomy, BiPAP use, or facial weakness. It does NOT include patients with aphasia. 

The questions (for instance, on “methods of communication”) refer only to communication between 

patients and family/caregivers, not communication between caregivers and families. 

For the purposes of this survey, 'ICU' can refer to an ICU setting or to the MGH Respiratory Acute 

Care Unit (RACU) setting. This survey will take approximately 10-12 minutes to complete. Your 

individual answers will not be shared with others and your name will not be used. Your participation in 

this research is voluntary. You may stop this survey at any time if you don’t want to complete the 

survey. Please do not include any HIPAA-protected information in your responses. Thank you for 

your help - your answers will help guide the creation of patient communication devices. 

This survey has been adapted from the Nurse Communication Survey (MB Happ, University of 

Pittsburgh School of Nursing, 2009). 

1. Age: 18-30, 31-40, 41-50, 51-60, 61-70, 71 or older 

2. Gender: Male, Female 

3. What is your role? 

 



Registered nurse, Nurse practitioner, Nursing assistant, Physician, Physician Assistant, 

Speech-language Pathologist, Respiratory therapist, Physical therapist, Occupational therapist, Other 

4. CCRN certified? Yes, No 

5. What is your highest level of education? High school, Associate’s degree, Bachelor’s degree, 

Master’s degree, Practice doctorate, PhD, other 

6. Years in practice: 

7. Years in CRITICAL CARE practice: 

  

Please choose only ONE answer per question. 

Strongly Disagree, Disagree, Not Sure, Agree, Strongly Agree 

8. I can understand most ICU patients who are unable to speak. 

9. The communication methods that intubated patients use in the ICU are sufficient. 

10. Most ICU patients have difficulty communicating their needs when unable to speak. 

11. Most non-speaking, ICU patients are satisfied with the method(s) of the communication 

used in the ICU. 

12. Most family members are satisfied with the method(s) of the communication used in the 

ICU. 

13. Communication is not a primary concern for patients who are critically ill. 

14. Nurses do not have the time to figure out what a non-speaking patient is saying. 

15. Doctors do not have the time to figure out what a non-speaking patient is saying. 

16. Being able to communicate one's needs is essential to recovery. 

17. Understanding my patient's non-vocal communication is time consuming. 

18. If a patient cannot mouth words, gesture, or write, he/she is not ready to communicate. 

19. I am completely comfortable communicating with a patient who is non-speaking. 

 



  

Please choose only ONE answer per question. 

Always, Most of the Time, Sometimes, Infrequently, Never 

20. I am satisfied with my level of communication with ICU patients who are unable to speak. 

21. I am patient during communication attempts by ICU patients. 

22. I feel frustrated when communicating with ICU patients who are unable to speak. 

23. I avoid contact with patients who are difficult to understand. 

  

24. Have you ever taken a formal cIass to teach you how to communicate with non-speaking 

patients? 

Yes, No 

If yes: 24a. How helpful was this class? 

Not at all helpful, Somewhat helpful, Helpful, Very helpful, Extremely helpful 

  

25. I regularly use the following methods to communicate with non-speaking patients: 

(Please choose all that apply.) 

a. Lip reading 

b. Patient gesturing 

c. Writing 

d. Ask someone else to help me interpret 

e. Letter board 

f. Yes/no questions 

g. Have family member present 

h. Provide choices (verbally) after asking a wh- (who, what, why, where, when) question 

 



i. Provide choices (written) after asking a wh- question 

j. Typing/keyboard 

k, Tablet with speech software 

l. Other communication method: (Use a separate line for each communication method.) 

  

26. Rate your overall ability to communicate with non-speaking patients: 

No ability, Minimal ability, Average ability, Good ability, Excellent ability, 

  

The questions in this section are about your general ideas for communication system design. (A 

communication system, in this case, means a tool or set of tools for helping a patient communicate 

when they are not able to speak for physical reasons.) 

27. How do you think technology that enabled better patient communication would affect 

outcomes? 

Please choose only ONE answer per question… Strongly Disagree, Disagree, Not Sure, Agree, 

Strongly Agree 

It would most likely decrease patient morbidity/mortality. 

 It would most likely increase patient satisfaction/quality of life.  

28. For patients who are awake and alert but unable to speak: do you tell these patients their 

name, the date, and their reason for presence in hospital? If so, how often? 

  I generally provide this information every time I speak to this type of patient 

  I generally provide this information at least once per shift 

  I sometimes provide this information 

  I do not generally provide this information 

 



29. Do you think a communication system should automatically provide this information to 

these patients? 

  Yes, it should provide this information during each communication session 

  Yes, it should provide this information once per shift 

  No, it should not provide this information 

  Not sure 

30. What INFORMATION do you think that non-speaking ICU patients are most frequently 

attempting to communicate to the care team? (short answer) 

31. What QUESTION(s) do you think that non-speaking ICU patients are most frequently 

attempting to communicate to the care team? (short answer) 

32. What might improve your ability to communicate with mechanically ventilated patients? 

(short answer) 

For the rest of the survey, please imagine a possible new patient communication system with 2 parts: 

- a manually operated device controlled by the patient; 

-  a screen hanging above the bed that shows information communicated by the patient. 

33. Where should the manually operated part of the system described above be located during 

patient use? 

  In the patient bed 

 On a table near the patient bed 

34. When should the system described above be accessible by the patient? 

It should be directly reachable at all times 

It should be accessible primarily after the patient pushes a button that is directly reachable at all times 

It should be used primarily when the care provider or family is available to help the patient 

communicate  
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