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Abstract

Background

Critical flicker frequency (CFF) is a well-validated neurophysiologic screening test for minimal hepatic
encephalopathy (MHE) in cirrhosis. We evaluated the feasibility and reliability of repeated at-home,

self-administered CFF testing using a novel device (Beacon).

Methods

We enrolled 21 participants with cirrhosis. Each received a Beacon device and smartphone preloaded
with an application to measure CFF using two protocols: 1) method of limits—descending (MOL-D) and 2)
Forced Choice. Participants were instructed to complete >5 tests per week for 2 weeks, followed by >1
test per week for an additional 4 weeks. Outcomes included adherence, test duration, and longitudinal

CFF trends to assess potential learning effects from repeated testing.

Results

Participants were predominantly male (76%) with a mean age of 52.2 years; 43% had alcohol-related
liver disease and 38% had prior overt HE. Adherence (completing 270% of recommended
measurements) was observed in 19 (90.5%) for daily and 16 participants (76.2%) for weekly testing.
Median CFF was 42.9 Hz (IQR: 38.4-44.4) by MOL-D and 43.7 Hz (IQR: 41.7-45.8) by Forced Choice.
Forced Choice CFF was significantly lower in those with prior HE (median 40.7 Hz vs. 44.9 Hz; p = 0.02),
while MOL-D CFF did not differ by HE status (42.7 Hz vs. 42.9 Hz; p = 0.44). CFF remained stable over
time for both protocols (MOL-D: +0.01 Hz/day of testing, p=0.67; Forced Choice: +0.03 Hz/day, p=0.09).
Forced Choice testing required more time than MOL-D to complete (median 4.67 vs. 2.48 minutes; p <

0.001).



Conclusion

Beacon enabled reliable, self-administered CFF testing at home with high adherence and no evidence of
learning effects. Further studies incorporating other validated MHE tools are needed to determine
whether at-home CFF monitoring can detect MHE early and prevent overt HE episodes and

hospitalizations.

Introduction

Cirrhosis commonly causes a spectrum of neurocognitive impairments known as hepatic
encephalopathy (HE) ®. HE fluctuates greatly over time and can range from minimal HE (MHE) to overt
HE, which can be life-threatening. The most widely studied neurophysiologic screening test for MHE is
critical flicker frequency (CFF) #°. Recognizing MHE is important because it is linked to driving accidents,
falls, future overt HE, and increased mortality.'%* Early recognition allows treatment with medications

such as lactulose or rifaximin to prevent complications.*> ¢

Current commercially available devices that measure CFF are large, expensive, and non-portable
17 They are not designed for self-administration but instead require a technician to administer the test.
As a result, they are rarely used in routine clinical practice or for at-home monitoring and instead have
been used primarily in research settings. To address this limitation, we developed Beacon, a device that
includes a stand-alone, portable, inexpensive flickering light source that communicates via Bluetooth to

a smartphone application that administers protocols to measure CFF &,

To date, no CFF test, including Beacon, has been evaluated for at-home use in patients with
cirrhosis. This is important since ultimately any screening test for MHE needs to be able to be executed
reliably by patients at home in an unsupervised manner. We aimed to evaluate the feasibility and
usability of at-home CFF testing using the Beacon device in patients with cirrhosis. Specifically, we
sought to: 1) determine whether patients could reliably self-administer CFF measurements and assess
adherence to daily or weekly testing protocols; 2) evaluate for potential learning effects over time,
which commonly occur with many psychometric tests resulting in improved scores without any actual
improvement in the underlying condition; and 3) compare performance and completion time between

two CFF testing protocols—Method of Limits-Descending (MOL-D) and Forced Choice.
Methods

Development of Beacon and Flicker-App system for measuring CFF
Beacon (Figure 1a) consists of a light source that communicates via Bluetooth with a smartphone

application (Figure 1b) 8. Beacon generated a milky white, flickering light at frequencies controlled by



the smartphone application, which executes a protocol to show different frequencies to determine an
observer’s CFF threshold (i.e., the highest frequency at which an observer can distinguish that a light

source is flickering). The formative design of Beacon has been described in detail in prior publications ¥

20

Study participants and baseline characteristics

We recruited participants with cirrhosis (n=21) from the hepatology clinics of the University of
Washington between 7/2022-4/2024. Cirrhosis was diagnosed by clinical, laboratory, and radiological
features or by liver biopsy. We intentionally included patients with a history of prior overt HE, as this
population is at highest risk for recurrent HE episodes and represents the group in whom at-home CFF
monitoring would be most clinically relevant; we sought to determine whether self-administered testing
was feasible even in this more impaired population. We excluded study participants with a history of
dementia, severe vision impairment, epilepsy, or benzodiazepine, alcohol, or antiepileptic drug use
within the week prior to recruitment. We collected demographic, clinical, and laboratory data from
patient electronic health records. History of overt HE was defined by the prescription of medications
(rifaximin or lactulose) specifically documented in the medical notes to address prior HE. This study was
reviewed and approved by the University of Washington Institutional Review Board (IRB) under study
number STUDY00004521. All procedures performed in this study were in accordance with the ethical
standards of the institutional review board and with the Helsinki Declaration. Informed consent was

obtained from all individual participants included in the study.

Study procedures

Each participant was provided with a Beacon device and a study smartphone preloaded with the Flicker-
App to enable at-home CFF testing. Prior to beginning home testing, participants received in-person or
video-based training on device setup, test initiation, and interpretation of the interface. Printed quick-
start instructions were included with each kit. Participants were instructed to place Beacon in an at-
home location with minimal visual and auditory distractions; however, they were not explicitly advised
on a specific environmental setup (e.g., ambient lighting levels or room configuration). Devices were
mailed directly to participants' homes, and follow-up support was available as needed. Study
participants executed two CFF protocols:

1) Method-of-limits-descending (MOL-D) protocol.? In this protocol, the light stimulus begins at 55 Hz—

a frequency above the threshold of human flicker perception—and gradually decreases at a rate of 0.5



Hz per second (Figure 2a). Participants were instructed to tap the smartphone screen as soon as they
perceive flickering. This process was repeated eight times. The CFF threshold is calculated as the average
of the eight responses. The app has a lower bound of 25 Hz and automatically stops at this frequency
unless the participant chooses to retake the measurement. Retaking a measurement was always

presented as an option.

2) Forced Choice protocol.?! In this protocol (Figure 2b), participants were sequentially shown two

flickering lights via the smartphone app. One light flickers at 120 Hz (should be perceived as fused by all
observers), and the other—the “target” —starts at 25 Hz. Participants indicated which light appears to
flicker. Based on their responses, the target frequency is adjusted: it increases by 2 Hz after three
consecutive correct “target” identifications or decreases by 2 Hz after an incorrect response. This
continues until eight reversals (i.e., changes in direction of frequency adjustment) are recorded. The CFF

threshold is defined as the mean of the final six reversal values.

At-home flicker CFF measurements with Beacon using both daily and weekly testing
Participants were asked to complete both the MOL-D and Forced Choice protocols each time at home:
1) During weeks 1-2: at least five measurement sessions, once daily per week
2) During weeks 3-6: at least one measurement session per week
Patients were monetarily compensated up to 150 US dollars (30 dollars for week 1, 40 dollars for week
2, and then 20 dollars for weeks 3-6) for participating in this at-home study.
The Flicker-app automatically uploaded test results to a secure server in real time, enabling remote

study monitoring.

Qualitative survey instruments — System Usability Scale and exit survey

At the end of the six-week period, participants completed an exit interview that included the System
Usability Scale (SUS) questionnaire (Supplementary Figure 1) to assess the usability of the Beacon
system.??2 Questions on the SUS instrument are presented with alternating positive and negative tone,
so each individual response must be adjusted and summed and scaled to obtain a final score. SUS scores
above 84.1 correspond to a letter grade of A+, indicating high usability. During this exit-interview,
patients were asked about their motivation for using Beacon, their understanding of CFF measurements,
and challenges they encountered when using this device. Further details and discussion of the survey

findings are available in a prior publication.®®



Statistical Analysis

Descriptive statistics were reported using medians and interquartile ranges (IQRs) for continuous variables,
and differences between groups were assessed using the Wilcoxon rank-sum test. Differences in test
completion time and critical flicker frequency (CFF) between protocols (MOL-D and Forced Choice) were
evaluated per participant using within-subject medians and paired differences. To assess changes in critical
flicker frequency (CFF) values and test duration over time — i.e., to evaluate the presence of a learning
effect — we fit linear mixed-effects models and separately for CFF values derived from MOL-D and Forced
Choice protocols. Each model included a fixed effect for measurement day (representing the chronological
day of at-home self-administered testing) and random intercepts and slopes for participants to account for
repeated measures within individuals. All statistical analyses were conducted in R version 4.1.2 (R
Foundation for Statistical Computing, Vienna, Austria), using RStudio version 1.4.1717. This study was
approved by the Institutional Review Board at the University of Washington (Study ID 4521), and all
research was conducted in accordance with both the Declarations of Helsinki and Istanbul. Written

consent was given in writing by all study participants.

Results

Baseline characteristics of at-home study participants

We recruited 21 study participants with cirrhosis with mean age 52.2 + 12.3 years (Table 1), of whom 16
(76%) were male, 7 (38%) had a prior history of overt hepatic encephalopathy and were on lactulose
and/or rifaximin prior to testing. The etiology of liver disease was hepatitis C in 4 (19%), alcohol-related
in 9 (42.9%), and metabolic dysfunction-associated steatotic liver disease (MASLD) in 4 participants
(19%). The mean MELD score was 14.2 + 4.4,

During the at-home testing period for each participant, there were no documented medication
initiations of lactulose, rifaximin, or L-Ornithine L-Aspartate or changes in these medications. No

participants developed overt HE or were hospitalized during the at-home testing period.

CFF measurement values by protocol and by prior HE status

The median CFF values per-participant over the at-home study period ranged from 35.7 to 50.6

Hz (overall median: 42.9 Hz) using the MOL-D protocol, and from 37.5 to 53.3 Hz (overall median: 43.7
Hz) using the Forced Choice protocol (Table 2, Figure 3). When comparing protocols within

individuals, Forced Choice CFF values were a median of 2.4 Hz higher than those obtained with the MOL-



D protocol (IQR: 0.9 to 4.2 Hz, p-value= 0.032). CFF values derived from the MOL-D protocol were similar
between participants with and without a history of HE (median 42.7 Hz vs. 42.9 Hz, respectively; p =
0.44). In contrast, CFF values obtained using the Forced Choice protocol were lower in participants with

prior HE compared to those without (median 40.7 Hz vs. 44.9 Hz; p = 0.02) (Figure 4).

Impact of repeated testing on CFF values according to protocol

In the MOL-D protocol, CFF values remained stable over time, with no significant change observed
across repeated measurements within individuals (average increase of 0.01 Hz per day of testing; p =
0.67) (Table 2, Supplementary Figure 2) and with a median increase of 1 Hz (IQR: -0.46 to 3.09) from the
first (median 41.5 Hz) to last measurement (median 42.4 Hz) per participant. There was also not a
significant change in CFF values over time for the Forced Choice protocol (average increase of 0.03 Hz
per day of testing; p = 0.09) and with a median increase of 1.33 Hz (IQR: -1.34 to 3.33) from the first

(median 42.7 Hz) to last (median 43 Hz) measurement per participant.

Length of time to complete MOL-D and Forced Choice testing

The median time to complete the test was 2.48 minutes (IQR: 2.28-3.27) for the MOL-D

protocol and 4.67 minutes (IQR: 3.87-6.52) for the Forced Choice protocol. On average, the Forced
Choice protocol took 1.85 minutes longer to complete than the MOL-D protocol (p < 0.001) (Figure 5).
When stratified by HE history, there were no significant differences in test duration for either protocol.
Among participants without HE, the median duration for MOL-D was 2.65 minutes (IQR: 1.06), compared
to 2.35 minutes (IQR: 0.86) in those with HE (p = 0.74). For the Forced Choice protocol, the median
duration was 4.98 minutes (IQR: 2.75) in those without HE and 4.19 minutes (IQR: 1.03) in those with HE
(p=0.46).

Decreasing test duration across repeat sessions

For the MOL-D protocol, completion time declined by an average of 1.39 seconds per day of testing (p <
0.001). Overall, participants showed a median reduction of 1.25 minutes (IQR: 3.02 to 0.8) in test
duration from their first (median 4.22 minutes) to last session (median 2.35 minutes). In the Forced
Choice protocol, the reduction was more pronounced, with an average decrease of 4.6 seconds per day
(p <0.001) and a median decrease of 3.47 minutes (IQR: 6.44 to 2.55) between the first (median 10.4

minutes) and last session (median 3.97 minutes) (Supplementary Figure 3).



Participant adherence to testing schedule

According to the study protocol, participants were expected to complete at least 10 measurements
during weeks 1-2 (i.e. at least 5/week) and 4 additional measurements during weeks 3—6 (i.e. at least
1/week) (Table 2). Among the 21 participants, 19 (90.5%) completed at least 7 measurements during the
initial two-week period, and 12 (57%) met the full target of 10 daily measurements. During weeks 3-6,
16 participants (76.2%) completed at least 3 weekly measurements, while 10 (48%) were fully adherent

and provided 4 weekly measurements.

Participant qualitative reports of Beacon ease of use and perceived value of testing

For patients who completed the exit interview (n = 15), the mean score for the System Usability Scale
was 88.5 (standard deviation 1) for the MOL-D and 86 (standard deviation 0.71) for the Forced Choice
protocol, indicating excellent usability for both protocols. Most participants saw the Beacon system as a
meaningful tool for personal health monitoring, with 14 of 15 interviewed patients reporting that they
were motivated to participate in the study to advance science and see how this technology can help
patients with hepatic encephalopathy. For example, participant #8 noted, “It gives them an idea of how
careful they need to be. Unfortunately, we did not hear about HE when we first had it. My husband
thought | had a stroke. People who are going in the beginning of their journey will find this extremely
helpful.” Participant #16 stated “It's nice that the measures are better than | thought | was, but | know
I’'m still below. | know | have liver issues. It is what it is. There’s nothing | wanna do or should do. | wanna
know what’s going on with my body.” Similarly, Participant #15 reflected, “It helped me realize that you
know there’s more the liver has so many functions in the body, not so much struggling with but the liver
affects this and that so many things, nice to learn what all it’s affecting.” These responses show that
participants found Beacon usable and CFF results empowering in helping them understand their liver

disease.

Discussion

Beacon is currently the only CFF test®> %10 designed for self-administration at home, and in this pilot
feasibility study, patients with cirrhosis reliably used it to obtain daily and weekly CFF measurements.
Unlike psychometric tests for HE, Beacon demonstrated minimal to no learning effects, supporting its
reliability for repeated longitudinal monitoring. Thus, Beacon can complement existing tools including

1, 15,23-26

the Psychometric Hepatic Encephalopathy Score (PHES) and EncephalApp , and additional studies



utilizing these tests are needed to determine whether longitudinal at-home CFF monitoring enables

early detection of MHE and prevention of overt HE episodes and hospitalizations> ¢ 7,

There is a critical need for at-home screening tests for HE, since patients can deteriorate and
develop HE at home, which is often unrecognized or diagnosed late. The most widely used tool is the
EncephalApp which administers the Stroop test, a psychometric test of cognitive flexibility and response
inhibition > 232>, Stroop test scores can predict future adverse outcomes including episodes of overt HE
28 However, as a psychometric test, test performance is potentially confounded by effort, literacy,
education, and social determinants of health. There may also be a learning effect, whereby repeated
testing leads to improved scores independent of actual changes in mental status or clinical acuity.
Beacon, as a neurophysiologic test that measures CFF, is unlikely to be affected by these factors. As such,
CFF testing with Beacon may serve as an alternative or complementary screening test to EncephalApp
and can improve HE screening rates, which are currently low?> %, The estimated cost of manufacturing
Beacon at scale would be low (estimated at under 50 US dollars per unit), and we hope to pursue
opportunities to make Beacon available to patients, clinical providers, and investigators for future

research.

Prior studies evaluating CFF in patients with cirrhosis have used protocols based on the method-
of-limits, which is prone to a response bias that arises from test habituation and familiarity?%- 3. This
bias may be particularly relevant with repeated measurements over time, such as with at-home testing.
To address this issue, we implemented and piloted an alternative protocol using a ‘Forced Choice’

method, which is not susceptible to a response bias?%3!

. In this study, we found that CFF values
obtained using the Forced Choice protocol were reliable and there was no evidence for a learning
response over time. However, as expected, the Forced Choice protocol also took significantly more time
to complete (approximately 4 minutes for Forced Choice vs. 2.4 minutes for MOL-D). The longer
duration required for the Forced Choice protocol may be inconvenient for ‘routine’ at-home use. To
reduce the overall time needed for the Forced Choice protocol, potential approaches could include (a)
decreasing the number of reversals required; (b) determining whether a person can detect flicker at a
target frequency instead of determining their actual CFF threshold; or (c) using historical information
about a person’s CFF to run a narrower sweep (e.g., starting the target light at 35 Hz instead of 25 Hz).

Additional studies are needed to optimize the Forced Choice paradigm for longitudinal at-home CFF

monitoring.

10



We note potential study limitations. First, only 21 participants completed the at-home portion
of this study and none of the participants were hospitalized or developed overt HE during the study
period. Furthermore, validated psychometric or neurophysiologic assessments of hepatic
encephalopathy, such as PHES, were not collected in this pilot study, and therefore we are unable to
assess diagnostic accuracy or clinical correlation. Additional studies with more participants, a longer
follow-up time, and concurrent assessment of PHES and other validated HE tests are planned to
evaluate if decreases in at-home CFF measurements are associated with the development of overt HE.
Although we intentionally enrolled patients with prior OHE to test feasibility in a higher-risk population,
we did not have data on the timing of each participant's most recent OHE episode, which limits our
ability to characterize the relationship between OHE recency and CFF values. Additionally, home testing
environments were not standardized and variability in ambient lighting and testing conditions may have
introduced measurement noise. Despite this, per-participant CFF values remained stable over time
across repeated measurements. In addition, participants were aware that the investigators had
developed and manufactured the Beacon. This awareness may have biased participant responses on the
usability of Beacon to be more favorable. Finally, the study cohort partially overlaps with a prior
publication focused on deployment logistics and usability design of the Beacon system for a human-
computer interaction audience.'® The current manuscript is distinct in its focus on quantitative CFF
measurement data including protocol comparison, assessment of learning effects over time, and

adherence to daily and weekly testing schedules.

Conclusions:

In summary, Beacon enables fast, reliable, at-home measurement of CFF in patients with cirrhosis,
with high adherence and no evidence of learning effects. Further studies with other validated MHE tools
are needed to assess whether at-home CFF monitoring can detect MHE early and prevent overt HE

episodes and HE-related hospitalizations.

11



FIGURE LEGENDS
Figure 1: Devices used in this study to measure critical flicker frequency.

1a) Beacon device and smartphone application. The Beacon system consists of two components: (A) an
Application running on a smartphone for user input and to record results and (B) (overall dimensions:
8.9 cm x 30 cm), the light stimulus source with wireless controller and battery base.

1b) Beacon smartphone application (Flicker-App). An observer uses the Flicker-App to pair with the
Beacon device over Bluetooth.

Figure 2a-2b: Schematic diagram for the CFF protocols run in this study.

2a) Method-of-limits, descending (MOL-D) protocol. Participants are shown a light source that flickers
at a high frequency (55 Hz) at which all observers should perceive as a fused light. The frequency
decreases over time at a rate of 0.5 Hz/sec. The observer ends a “run” when they perceive the light to
be flickering. Eight runs are repeated, and the mean of the eight runs are calculated as the CFF.

2b) Forced Choice protocol. Participants were sequentially shown two flickering lights via the
smartphone app. One light flickers at 120 Hz (should be perceived as fused by all observers), and the
other—the “target” —starts at 25 Hz. Participants indicate which light appears to flicker. Based on their
responses, the target frequency is adjusted: it increases by 2 Hz after three consecutive correct “target”
identifications or decreases by 2 Hz after an incorrect response. This continued until eight reversals (i.e.,
changes in direction of frequency adjustment) are recorded. The CFF threshold is defined as the mean of
the final six reversal values.

Figure 3. At-home Beacon CFF test results obtained over time and by protocol. According to the study
protocol, participants were expected to complete at least 10 measurements during weeks 1-2 and 4
additional measurements during weeks 3—6. Among the 21 participants, 19 (90.5%) completed at least 7
measurements during the initial two-week period, and 12 (57%) met the full target of 10. During weeks
3-6, 16 participants (76%) completed at least 3 measurements, while 10 (48%) were fully adherent with
the 4-session target.

Figure 4. At-home Beacon CFF results for those without a history of overt hepatic encephalopathy (n =
14) vs those with prior hepatic encephalopathy (n = 7). CFF values derived from the MOL-D protocol
were similar between participants with and without a history of HE (median 42.7 Hz vs. 42.9 Hz,
respectively; p = 0.44). In contrast, CFF values obtained using the Forced Choice protocol were lower in
participants with prior HE compared to those without (median 40.7 Hz vs. 44.9 Hz; p = 0.02).

Figure 5. Length of time to complete CFF testing by protocol. Across all participants, the median time
to complete the test was 2.48 minutes (IQR: 2.28-3.27) for the MOL-D protocol and 4.67 minutes (IQR:
3.87-6.52) for the Forced Choice protocol. On average, the Forced Choice protocol took 1.85 minutes
longer to complete than the MOL-D protocol (p < 0.001).
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Table 1. Baseline characteristics of the study participants who underwent at-home testing

Baseline characteristics All participants
(N=21)
Age, years (mean * SD) 522+12.3
Male 16 (76%)
Race/ethnicity
White, non-Hispanic 16 (76%)
Hispanic or Latino 1(4.8%)
Native American 2(9.5%)
Pacific Islander 1(4.8%)
Other/Prefer not to answer 1(4.8%)
Underlying liver disease
Alcohol-related liver disease 9(43%)
Chronic hepatitis C infection 4(19%)
Metabolic dysfunction-associated steatohepatitis 4(19%)
Autoimmune, PBC, PSC 2(9.5%)
Other liver disease 2(9.5%)
Presence of gastro-esophageal varices 10 (47.6%)
Prior history of hepatic encephalopathy 7 (38%)
Baseline lab studies
Albumin 3.8+0.5
Platelet count 121.9+62.6
Total bilirubin 1.7+1.6
International Normalized Ratio (INR) 1.3+0.3
Serum creatinine 1.2+1.0
MELD score (mean * SD) 14.2 £ 4.4
CTP Class
A 11 (52.4%)
B 9(42.9%)
C 1(4.8%)

MELD: Model for end stage liver disease, CTP: Child-Turcotte-Pugh, TIPS: transjugular intrahepatic

portosystemic shunt, PBC: Primary biliary cholangitis, PSC: Primary sclerosing cholangitis

Table 2. Summary of Beacon testing performance and adherence

‘ Descending Method

‘ Forced Choice Method

A. Critical Flicker Frequency (CFF)

Median CFF (Hz, [IQR])

42.9 (38.4-44.4)

43.7 (41.7-45.8)

Median CFF at first test (Hz,
[IQR])

41.5 (37.1-44.8)

42.7 (39.7-44)

Median CFF at last test (Hz,
[IQR])

42.4 (39-44.5)

43 (41-47.7)

Average change in CFF per
day of testing (Hz, [95% Cl])

0.01 (-0.03 to 0.05)

0.03 (-0.004 to 0.06)

B. Time to Completion

Median test duration in
minutes (median, [IQR])

2.48(2.28-3.27)

4.67 (3.87-6.52)
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First test duration in minutes
(median, [IQR])

4.22 (3.20-5.24)

10.40 (6.26-12.2)

Last test duration in minutes
(median, [IQR])

2.35 min (2.13-3.17)

3.97 (3.15-5.70)

Difference in timing to
complete first and last test in
minutes (median, [IQR])

-1.25 (-3.02 t0 -0.8)

—3.47 (-6.44 to -2.55)

C. Adherence to daily and weekly testing protocol

Median (IQR) number of daily
tests completed (goal: 10
tests)

10 (8-10)

Proportion completing at
least 7 daily testing

19 (90.5%)

Median (IQR) number of
tests completed during
weekly testing (goal: 4 tests)

3 (IQR: 3-4)

Proportion completing at
least 3 weekly testing

16 (76.2%)

16




(A) Smartphone and
(B) Beacon Device

Smartphone application (Flicker-App)

Home < Swpsols < Swpmots

You ust completed step 1 o 8 for
today's measuro

Beacon

1 you were distracted or unable to
relably record the measire, you can
choose to dscard and redo

Make sure the Beacon device i on
andbinking

The app wi start once ithas found
the device. Make sure your phone's

Bluetooth i turmed on. Pross Hore




Method of limits-descending protocol

55-

(4]
o
'

Flicker Frequency (Hz)
& &

35-
0 10 20
Time Elapsed (Seconds)
Forced choice protocol

50-
N4 L L o D e e - - = :l__L_|__ _|—.|_‘___ -
=5
>
Q
£ 40-
=2
z I
o
L 35-
]
S (i
i 30-

25- =

0 20 40 60
Decision Number



Journal Pre-proof

.
WY .. o*

apWe o o
YA o o

£

.+« ! 21 s ! « f s & | 7 |
~
Py Ll

Week #

|md|2|mm|2]smcm]




Journal Pre-proof

CFF by MOL-D

50

-

35

&

Median CFF (Hz)

No Prior HE Prior HE

CFF by Forced Choice

-

No Prior HE Prior HE

g

Median CFF (Hz)
&




Journal Pre-proof

H n 3 A
“ “ t
4 § n
3 “ N “ IE
4 “ =0 — M
R — a “ 3
33 : —
L i :
.v.”n .N “ loooﬂc
e° $8382° gaREe-°
(saynuiw) uoneing 3say

4 6 8

2

|Mod|z|nmm|2]rmcm—l




