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Abstract
Knowledge workers often struggle to evaluate their productiv-
ity and sense of accomplishment due to the intangible nature
of their work. They rely on internal cues and personal metrics
such as focus, effort, or goal completion. Traditional produc-
tivity tools overlook these dimensions, creating a gap between
effort and perceived performance. This study examines how
neurofeedback influences perceptions of self-accomplishment,
focus, and task performance. We conducted a study in which
N=20 participants completed reading and writing tasks while
wearing a commercial EEG headband. Each participant com-
pleted one task with live neurofeedback and another with feed-
back shown afterward. While neurofeedback did not change
how participants defined self-accomplishment, it encouraged
reflection and awareness of cognitive effort. Some found the
feedback validating, while others felt pressure or questioned
its accuracy. Our findings suggest that neurofeedback can
aid self-reflection in knowledge work when it is unobtrusive,
ensures data comprehensibility, and supports users’ existing
self-evaluation strategies.

CCS Concepts
• Human-centered computing → Human computer interac-
tion (HCI).
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1 INTRODUCTION
As traditional productivity metrics continue to emphasize
quantity over quality, knowledge workers might find it chal-
lenging to measure their accomplishments when their work is
often difficult to quantify and produce immediate outcomes.
Compared to manual workers, whose outputs come in tangible
form and whose contributions are measured in hours of labor,
knowledge work often involves critical thinking, problem-
solving, planning, analyzing, and decision-making - all tasks
that are difficult to materialize [13, 15, 27]. Thus, due to the
complex and intangible nature of knowledge work, it is diffi-
cult to measure productivity in conventional metrics [13, 16].
In response, many knowledge workers develop personal met-
rics (e.g., quality of output, attention, emotional satisfaction),
making the definition of productivity subjective and multidi-
mensional [30, 47].

These self-defined strategies help knowledge workers mea-
sure their progress and develop a sense of moving forward in
work that often lacks clear endpoints. Among these internal
strategies, the feeling of self-accomplishment stands out as an
indicator that the effort invested in a task was worthwhile [41,
42]. Unlike traditional metrics that often emphasize the num-
ber of hours invested in the work, self-accomplishment offers
an intrinsic sense of satisfaction that can help people to sus-
tain motivation in cognitively demanding roles [5, 57] and
feel confident in their ability to handle more challenging tasks
in the future [31, 32]. While self-accomplishment plays an
important role in sustaining motivation, it is mostly shaped by
internal impressions or influenced by the judgment of others -
which can be misaligned with the actual effort. Conventional
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productivity tools - such as time trackers, performance dash-
boards, task lists, etc. fail to capture the cognitive dimension
that drives self-accomplishment. Cognitive dimensions such as
focus and mental effort are crucial for the knowledge worker’s
performance [18, 23, 25, 46] - yet they remain underexplored
and difficult to measure. While these dimensions might not be
applicable as quantifiers of output, they offer a unique oppor-
tunity for situational self-reflection on cognitive effort. This
raises the question: What if knowledge workers could quan-
tify their internal cognitive state such as their level of focus, to
gain insights into their productivity during daily tasks? Novel
neurofeedback systems [1–3, 9], which provide real-time in-
formation derived from brain activity, offer users insights into
their mental states. In the past, these systems have been ex-
plored in controlled clinical or therapeutic settings - such as
treating Attention Deficit-Hyperactivity Disorder (ADHD) or
anxiety, and training sustained attention [6, 8, 56] - but their
role in supporting reflection of everyday work performance is
unknown. Specifically, very little is known about how neuro-
feedbackmight influence theway knowledgeworkers perceive
their own focus and manage cognitive efforts. Unlike clinical
applications, where neurofeedback is often goal-directed and
tightly controlled, knowledge work presents a more fluid en-
vironment where internal feedback could shape momentary
behavior but also long-term perceptions of cognitive effort. To
investigate the effects of neurofeedback at the workplace, we
pose the following research question:

RQ:How does real-time neurofeedback on focus
levels influence knowledge workers’ perceptions
of self-accomplishment and task performance?

To answer this question, we conducted a study with knowl-
edge workers (N=20) completing two common work tasks - a
reading and a writing task in a counterbalanced order. During
the task completion periods, we recorded EEG signal via a
wearable EEG device FocusCalm [1]. The data was interpreted
in metrics such as focus scores and visualized in the device-
corresponding UI, which we presented to the participants, af-
ter the first task and during the second task. The participants
reflected on their definitions of self-accomplishment, task dif-
ficulty and performance, and the recorded data. Our results
show that real-time neurofeedback did not alter the knowl-
edge worker’s pre-existing definitions of self-accomplishment,
which were primarily based on goal completion and output
quality. However, it did prompt reflective awareness of their
cognitive effort, which shows the potential of neurofeedback
as a tool for gaining insights into mental effort. While some
participants found the scores aligned with their perceptions,
others were skeptical about the accuracy of the measurements,
revealing subjective variability in the interpretation of the
results. Moreover, displaying the scores during the task per-
formance introduced pressure in the participants, indicating
that neurofeedback may be more effective as a reflective tool,
rather than as a live performance guide.

2 RELATEDWORK
2.1 Self-accomplishment in the Workplace
Personal accomplishment plays a central role in how indi-
viduals experience and evaluate their work. It is commonly
described as the feeling of competence and successful achieve-
ment in one’s professional activities, especially in roles in-
volving interaction with others [41, 42]. In the workplace,
this sense of accomplishment reinforces motivation, encour-
ages persistence, and enhances the perceived value of one’s
contributions. Particularly in creative or cognitively demand-
ing roles, personal accomplishment is linked to confidence
in problem-solving and innovation. A history of successfully
navigating work challenges supports the belief that one can
handle future, possibly more complex, tasks [26, 57]. This con-
nection between task mastery and confidence suggests that
accomplishment is not only a reflection of past success but
also a predictor of future creative engagement [19].

Research further suggests that when individuals feel they
are making meaningful progress, their productivity, creativity,
and motivation tend to increase [29, 54]. These outcomes feed
back into a positive cycle of performance and internal valida-
tion, reinforcing the significance of personal accomplishment
in sustaining high-quality work over time.

Beyond measurable outputs, the sense of accomplishment
also contributes to the subjective quality of the work expe-
rience. It supports long-term engagement and resilience, of-
fering an intrinsic reward that can be more meaningful than
external metrics for productivity alone [5, 64]. For example,
in learning contexts, appropriately challenging tasks, such as
those supported by AI tools, have been shown to enhance
users’ sense of accomplishment, highlighting the importance
of balance between difficulty and skill [45]. Recent work has
extended this idea to generative AI tools in knowledge work:
Kobiella et al. [31] found that while some users experienced
a diminished sense of ownership or challenge, others felt en-
hanced accomplishment when they used large language mod-
els (LLMs) like ChatGPT strategically, particularly when they
retained control through post-processing or developed prompt-
ing strategies that reflected their own creative input. In follow-
up work, Kobiella et al. [32] observed that prolonged LLM use
led to higher ratings of perceived accomplishment, suggesting
that adaptive integration of such tools may, over time, enrich
subjective work fulfillment. These findings suggest that ex-
ternal tools can enhance performance in ways that positively
affect subjective experiences like self-accomplishment. This
raises a further question: can the evaluation of one’s mental
state, through technologies such as brain activity -tracking,
also shape how accomplished individuals feel, even without
directly improving task outcomes? Additionally, while these
psychological factors have traditionally been studied through
self-report and behavioral metrics [31, 32, 45], emerging tech-
nologies such as brain activity - tracking provide new avenues
for capturing real-time indicators of cognitive engagement
and accomplishment.
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2.2 (Cognitive) Personal informatics as
Self-Reflection Tool

Personal Informatics (PI) systems became prevalent with the
introduction of fitness trackingwearables in the early 2010s [20,
49], with Fitbit being one of the most prominent examples.
Through wristband or chest straps, users could collect data on
their heart rate, step count, daily active time, and many other
metrics. The aggregated and processed data can help users self-
monitor and self-reflect [20] on their health, fitness, and daily
activity. The use of PI devices can be motivated by a specific
goal, such as weight loss or planning to run a marathon, but
can also originate frommere curiosity for numbers [20, 49]. Be-
yond fitness trackers, PI systems can be used to quantify other
activities, e.g., eating/food, financial transactions, locations,
and mental health.

Recently, research has started examining cognitive personal
informatics (CPI) as an emerging subdomain of PI [52, 61, 62].
CPI focuses on collecting data on cognitive processes such
as focus, stress, or attention in contrast to physical activity.
The aim is to enable individuals to reflect more deeply on
their cognitive processing and, in the long term, improve their
well-being and make more informed decisions [52]. While the
technology is still in its infancy, cognitive tracking technolo-
gies (CCTs) are already available to consumers. Products like
Muse, Neurocity, and FocusCalm utilize a variety of physio-
logical signals, e.g., electroencephalography (EEG), functional
near-infrared spectroscopy (fNIRS), and breathing rate, to infer
cognitive states. Although research on the consumers’ per-
spective on CPI is scarce, the technology has proven to deliver
insightful data in research contexts [50].

2.3 Bio- and Neurofeedback
Biofeedback technologies, similar to CPI systems in general,
are gaining increasing popularity in mainstream HCI research,
as well as in consumers’ everyday lives. Biofeedback systems
aim to support users in gaining insights into their physio-
logical processes, enhancing their self-regulation, and poten-
tially improving their control over body and mind [53]. Lux
et al. [37] present a comprehensive overview of opportunities
and challenges when deploying biofeedback technologies in
people’s everyday lives, emphasizing the importance of data
interpretability, relevance to personal goals, and easy access.
Specifically focusing on Neurofeedback [60], research has ex-
plored EEG and fNIRS for real-time reflection on cognitive
processes. Recent studies show that fNIRS, although still ten-
tatively, holds promise in supporting users to regulate their
hemodynamic signals – in other words, users had some suc-
cess in modulating attention and cognitive control. fNIRS is
particularly promising for HCI research contexts and every-
day applications, due to its comparably low cost, tolerance for
motion, and portability [10, 33, 53].

3 METHODOLOGY
3.1 Procedure
Upon arrival, after being informed about the purpose of the
study, the procedure, their rights and data confidentiality, par-
ticipants signed an informed consent form. They were also
given a short description of the apparatus and a demonstra-
tion on how it works before they proceeded with their tasks
and the survey. The participants were told that they need to
complete two tasks, during which we will measure their brain
activity with the FocusCalm[1]. To further ensure ecological
validity, the participants were presented with tasks that they
would usually execute on a daily basis, i.e a reading and a
writing task [35]. The writing task encompassed producing
a description of their favorite project completed so far, and
the reading task encompassed reading a workshop proposal.
To ensure that the participants thoroughly read the proposal,
they were told they have to provide a short description of
what they read. During the task completion periods, they were
left alone in the room in order to minimize distractions or
noise. After finishing the first task, we asked the participants
to observe and interpret the visualization of the recorded data
in the FocusCalm application. Before starting with the second
task, they completed a post-task survey to reflect on their ex-
perience with the first task. The same sequence was completed
for the second task, except that here, the participants were able
to see the live recording of the brain data in the application at
any time. To monitor any potential effects related to the order
of the tasks, we grouped the participants into two groups. All
participants completed both tasks with a counterbalanced or-
der, determined by group. The first group (Group1),completed
the reading task first and then the writing task. The second
group first completed the writing task, then the reading task.
However, both groups could see the live data recording only
in the second task, regardless of whether this was reading or
writing. The procedure is depicted in Figure 1.

3.2 Apparatus
To measure the brain activity, we used the FocusCalm [1] de-
vice. We chose this device because of its headband-like design
that makes it easy to put on and take off without additional
help. Although there are many medical-grade EEG devices
on the market, we consider them far from wearable, mean-
ing that the user would always require help to put them on
and calibrate. Using FocusCalm helped us ensure ecological
validity for a use case where tracking brain activity at the
workplace could become a routine activity. The FocusCalm
device uses three dry electrodes (Fpz, Fp1, Fp2 - based on the
international 10-20 system[28]), targeting frontal brain regions
involved in attention and emotional regulation. Aside from
measuring brain activity, the device offer a variety of games,
exercises, and meditations to support active practice of focus
and calmness. For the purpose of our experiment, we just used
the tracking option, which measures the brain activity while
the device is being worn. The participants interacted with the
data through the app, where they could see the visualization
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START

CONSENT DEVICE SET UP READING TASK

WRITING TASK

SURVEY POST TASK SURVEY POST TASK SURVEYWRITING TASK

Group 1

Group 2 END

READING TASK

Figure 1: Workflow of the study involving two groups of participants with a counterbalanced task order. The workflow
labeled with green (top) depicts the procedure applied to Group 1, and the one marked with pink (bottom) depicts the
procedure for Group 2.

of the data recordings and the data translations into different
scores as depicted in Figure 2a and Figure 2b. The core output
of the devices is a so-called FocusCalm Score, ranging from 0 to
100, representing the user’s mental state on a continuum from
cognitive overload to calm focus. According to the manufac-
turer, the collected data is analyzed by a machine-learning AI
algorithm, which analyzes over 1,000 data points per second
to quantify the user’s mental state as either focused/active or
calm/relaxed. Values below 35 indicate high mental activity -
busy and active brain and above 65 a calm, focused state [1].
The score is updated once per second, providing users with a
near-continuous reflection of their attentional state.

3.3 Survey
To understand the effects of tracking the brain activity while
completing reading and writing tasks, we asked the partici-
pants to complete a survey in several parts : demographics,
current state of well-being, definitions of self-accomplishment
and related metrics, assessing task difficulty and performance
after the first task, neurofeedback reflections after the first
task, assessing task difficulty and performance after the second
task, neurofeedback reflections after the second task and final
impressions of the neurofeedback sessions. First, we collected
demographics and general information about the participant,
such as age, gender, highest achieved education degree, and
employment information. Then, the participants were asked
to report on their current cognitive state by providing infor-
mation on their stress levels, sleep, energy, and caffeine intake.
Next, the participants shared their insights on how they de-
fine the sense of self-accomplishment, how often they reflect
on it, if they think their focus levels impact their sense of
self-accomplishment, and if they could relate to the hardships
of not feeling accomplished despite working hard. The first
task required reading, where the participants had to read a
workshop proposal and write a short description of what they
read. Following this task, the participants were asked to as-
sess the perceived task difficulty, level of effort they put into
the task, perceived productivity and focus levels during the

task completion period, and self-assessed performance. These
statements were rated on 5-point bipolar Likert scales (range:
strongly disagree - strongly agree).

The next block of questions examined the interactions with
the presented EEG data, whether they understood it, if they
were surprised by the achieved scores, if the data helped them
reflect and if they felt that tracking the brain activity may
have impacted their performance. Then, the participants were
presented with the writing task, where they were supposed to
think about their most recent or favorite project and describe
it in a text field. During the task completion, the participants
had an opportunity to see the live neurofeedback scores and
EEG signal visualizations in the app. After completing this
task, we posed the same questions regarding the task diffi-
culty as in the first task, i.e level of effort they put into the
task, perceived productivity and focus levels during the task
completion period and self-assessed performance.

Following this block of questions, the participants were
also asked how often they looked at the neurofeedback score
while executing the task, whether they perceived the live score
influenced their performance, helped them adjust their focus
and whether the score somewhat matched their own sense
of focus/distraction. To better understand the effects of the
score on their own focus perception, we asked the participants
whether they felt like they were competing, whether the live
score created pressure in performance and an open text in-
terpretation of what score should be reached to reflect peak
performance. To investigate the intensity of the effects that
the presented score had evoked, we asked whether they had a
clearer understanding of their cognitive efforts and whether
this impacted their approach towards future cognitive tasks.
Lastly, to understand the impact of focus levels on the per-
ception of self-accomplishment, we asked the participants
whether they defined self-accomplishment differently, after
tracking their focus levels. The order of the questions remained
the same, while the order of the tasks alternated per group,
to better understand the effects of the type of task on the
neurofeedback perceptions.
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Momentary 
score

Length of session

Legend of state 
markers

Visualized EEG 
signal , from the 
beginning of the  
session to the 
current point in 
time

(a) Interface of the FocusCalm application during a brain
activity tracking session, including the FocusCalm Score on
the top, length of session time, and visualized EEG signal.

Focus Calm 
Minutes are 
calculated 
based on the 
amount of 
time spent in 
the  relaxed  
zone

Visualized EEG 
signal from 
beginning to 
the end of the 
session

Total time of the 
session

(b) Interface of the FocusCalm application after the session
has been concluded, showing the total session time on the
top, summary of calm time in relation to the goal, and visu-
alized EEG signal.

Figure 2: FocusCalm mobile application interface with which the participants interacted.

3.4 Data Analysis
To analyze the qualitative data, we used Condens1, a qualita-
tive analysis tool, to organize and code the open-ended survey
responses: ("How do you personally define self-accomplishment
in your work?", "Do you ever feel like you’ve worked hard but
don’t feel accomplished? Why do you think that happens?",
"What score do you think should be reached to perform at your
best and why?"). Two researchers independently applied induc-
tive, interpretive coding to the responses, allowing codes to
emerge directly from the data through an iterative process of
reading and re-reading [51]. This bottom-up approach helped
surface categories and concepts that were not anticipated in
advance [44]. After coding, the two researchers collaboratively
reviewed and refined the codes, clustering them into broader
categories to capture common patterns across responses. We
structured and visualized the resulting coded data in Condens
to support interpretation and provide an accessible overview
of participants’ perspectives.

1https://app.condens.io (last accessed: 06/06/2025)

3.5 Participants
We recruited N=20 participants, aged 22-32 (𝑀 = 27.94, 𝑆𝐷 =

2.57). Twelve participants identified as male, 7 as female, and
one as diverse. The participants were recruited through Slack
channels and word of mouth. For the purpose of this study,
we only recruited knowledge workers, i.e., individuals whose
work is knowledge-based and involves creating, applying, and
distributing information [43]. Sixteen of the participants were
full-time employees, 3 were part-time, and one was currently
unemployed. Most of the participants (17) worked in higher
education, 2 in the tech industry and 1 in marketing. Seventeen
participants had achieved a master’s degree and 3 of them a
bachelor’s degree. To mimic their usual setup in which they ex-
ecute their daily tasks, we asked the participants to bring their
laptops on which they completed the given tasks and a survey.
Additionally, a working knowledge of English was required
for the study. The participants participated voluntarily.

4 Results
4.1 Self-accomplishment at the workplace
To understand the role of self-accomplishment in the partici-
pants’ work, we analyzed the qualitative answers as well as the
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Likert scale responses. First, participants provided their defini-
tions of self-accomplishment in their work. The majority de-
fined self-accomplishment as an achievement of goals they’ve
set for themselves [P5, P8, P9, P10, P11, P12, P13, P14, P16, P17,
P18]. For example, P5 described it as "ticking tasks off a list"
and P18 as "Sticking to the organized tasks I have defined, and
finish them". Some of the participants had a less quantitative
definition and described the feeling of self-accomplishment as
having an impact, making a difference [P1, P3, P4, P2, P12,
P15]. Some of these participants felt self-accomplishment from
"making a significant advance in a project" [P3] or "building a
skill" [P12]. Alongside the given definitions, some participants
included overcoming challenges or solving a problem as a
factor for higher self-accomplishment [P6, P10, P12, P15, P20]
and others with achieving high quality results [P17,P19].
For instance, P17 expressed that they feel highly accomplished
when they "... can achieve the goals I set for myself in a time
frame that feels appropriate, and with good quality" and for
P12 it is "mastering something hard". The participants were
also asked to reflect on situations when they had worked hard
but didn’t feel accomplished. Most of the participants con-
nected these situations with overwhelm [P5, P8, P9, P10, P13,
P16, P17, P18, P19]. This feeling is often derived from "tasks
taking too long to complete or longer than expected" [P16] or
"trying to focus on multiple tasks, due to their high volume"
[P10]. Additionally, some participants connected the feelings
of low self-accomplishment with lack of tangible output
[P1, P3, P4, P6, P12, P20]. Here, P1 noted: "Intangibles make it
more difficult for me to feel accomplished. In knowledge work,
for example, produced text makes me feel like I progressed".
Thinking more about why this happens, a number of partici-
pants "blamed" the unexpected hurdles they encountered in
their work, that interfered with their planning. This is mostly
connected to not being able to find a solution for a certain
problem within a given time, such as in P17’s case: "I think
mostly when tasks take way longer than I anticipated, I get
frustrated and have a feeling of not getting anything done,
and not accomplishing anything (or at least not as much as I
hoped)".

When asked how often they experienced high self accom-
plishment, about two-thirds (65.7%) of participants reported
that they often experienced a strong sense of accomplishment
in their daily work and nearly one-third (31.3%) experience it
sometimes (𝑀 = 3.52, 𝑆𝐷 = 0.61, range 1-5). When asked how
often they reflect on self-accomplishment, only 35% reported
that they reflect often. 15% reported that they reflect every day,
while 20% of the participants also expressed that they rarely
reflect (𝑀 = 3.02, 𝑆𝐷 = 1.43, range 1-5). Since we assumed
that focus plays a role in knowledge work, we surveyed the
participants to understand whether their focus has an impact
on the perceived sense of accomplishment. A total of 42,1%
stated that their ability to focus has a substantial impact on
how accomplished they feel, while 26,3% believed that focus
fully impacts their sense of self-accomplishment. In addition,
10,5% noted a moderate impact and 21,1% a slight impact, but

none believed that focus has no impact on how accomplished
they feel with their work (𝑀 = 3.73, 𝑆𝐷 = 1.09, range 1-5).

4.2 Current state
To evaluate the participants’ cognitive state, we analyzed the
reported data on the number of hours they’ve slept, tired-
ness, stress levels and caffeine intake. Most of the participants
reported somewhat sufficient sleep, as 45% reported they’ve
had 6-7 hours of sleep and 30% 7-8 hours. The majority of
the participants (52,5%) reported that they feel moderately
energetic on a scale from 1-5, whereas 24,6% felt neutral,
(𝑀 = 3.21, 𝑆𝐷 = 1.03, range 1-5). When asked about their
current stress level, a slight majority of the participants re-
ported high stress (57,1%), 21,4% reported moderate stress and
17,9% mild stress. Only 3,6% reported that they are not stressed
at all (𝑀 = 2.94, 𝑆𝐷 = 1.07, range 1-5). 40% of the participants
have already had more than one cup of coffee or a caffeinated
beverage prior to the study. Surprisingly, 35% of the partic-
ipants had no caffeinated beverages and 25% had only one
cup.

4.3 Reading task difficulty
In this section, we present the reflections on the reading
task. An initial Shapiro-Wilk Test was conducted to determine
whether the distribution of responses meets the assumptions
of normality. Results indicated that none of the following items
were normally distributed, with all p-values below the 0.5 sig-
nificance threshold : "The task was difficult." (𝑊 = 0.8298,
𝑝 = .0025), "I felt focused during the task." (𝑊 = 0.7445,
𝑝 = .0001),"I felt productive during the task." (𝑊 = 0.8644,
𝑝 = .0094), "I think I performed well on the task." (𝑊 = 0.8739,
𝑝 = .0138), "The task was mentally exhausting." (𝑊 = 0.8221,
𝑝 = .0019), "I put in a high level of effort during the task."
(𝑊 = 0.9016, 𝑝 = .0442). To determine any significant dif-
ferences between group perceptions, we conducted a Mann-
Whitney U Test for all items. Major differences in task difficulty
assessment were observed between the two groups. The group
that completed this task first (Group 1) found the task rela-
tively easy to complete. The majority (60%) disagreed with the
statement "The task was difficult to complete" and 20% strongly
disagreed. On the other hand, Group 2 found the reading task
much harder to complete, where the majority (60%) agreed
with the above-mentioned statement. These differences were
confirmed by the Mann-Whitney U test,𝑈 = 16.0, 𝑝 = .0073.

Similar, but not significant effects (Mann-Whitney U Test)
were observed for the statement "The task was mentally ex-
hausting", where 60% of Group 1 disagreed to this statement,
but 60% of Group 2 agreed with it (𝑈 = 26.5, 𝑝 = .065). The
Likert Scale distributions are depicted in Figure 3 and Figure 4.

Below, we present the results from the reflections on their
perceptions of their cognitive state during the task comple-
tion. A Mann-Whitney Test revealed no significant differences
between the two groups for the items : "I felt focused during
the task." (𝑈 = 44.5, 𝑝 = .668), "I felt productive during the task."
(𝑈 = 59.0, 𝑝 = .484), "I put in a high level of effort during the
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Figure 3: Likert-scale responses for Group 1 regarding
the perceived effort and difficulty in the reading task.
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Figure 4: Likert-scale responses for Group 2 regarding
the perceived effort and difficulty in the reading task.

task." (𝑈 = 41.0, 𝑝 = .499), "I think I performed well on the task."
(𝑈 = 73.5, 𝑝 = .063).

4.4 Writing task difficulty
In this section, we present the reflections on the writing task.
As for the items from the reading task, a Shapiro-Wilk Test
was conducted to determine data normality. Here as well, none
of the following items were normally distributed : "The task
was difficult." (𝑊 = 0.8151, 𝑝 = .0015), "I felt focused during the
task." (𝑊 = 0.8010, 𝑝 = .0009), "I felt productive during the task."
(𝑊 = 0.6310, 𝑝 = .0000), "I think I performed well on the task."
(𝑊 = 0.7966, 𝑝 = .0008), "The task was mentally exhausting."
(𝑊 = 0.8004, 𝑝 = .0009), "I put in a high level of effort during the
task." (𝑊 = 0.8982, 𝑝 = .0381). To observe group differences,
we conducted a Mann-Whitney Test on the above mentioned
items. For the perceived task difficulty, similar significant ef-
fects were observed in the writing task as in the reading task.
Here, the majority of the participants (60%) that completed the
writing task first (Group 2), somewhat disagreed that the task
was difficult, where 60% of Group 1 strongly disagreed with
the statement (𝑈 = 24.5, 𝑝 = .042). For the items : "I felt focused
during the task." (𝑈 = 52.0, 𝑝 = .898), "I felt productive during
the task." (𝑈 = 59.0, 𝑝 = .425), "I put in a high level of effort
during the task." (𝑈 = 51.5, 𝑝 = .935), "The task was mentally
exhausting" (𝑈 = 40.5, 𝑝 = .455), "I think I performed well on
the task." (𝑈 = 60.5, 𝑝 = .420), no significant differences were
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Figure 5: Likert-scale responses for Group 1 regarding
the perceived effort and difficulty in the writing task.

found. The Likert Scale distributions are depicted in Figure 5
and Figure 6.
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Figure 6: Likert-scale responses for Group 2 regarding
the perceived effort and difficulty in the writing task.

4.5 Post-task neurofeedback reflections
After the first task, participants were able to see the data from
the tracking session in the FocusCalm application. A Shapiro-
Wilk Test confirmed the data was non-normally distributed
for all items (Q15-Q17), and a Mann-Whitney revealed no sig-
nificant differences in between groups’ answers (see Table 1).
As visualized in Figure 7 and Figure 8, there is very little differ-
ence to be noted in the responses between Group 1 and Group
2. The majority of both groups claimed to have understood
the neurofeedback scores and believed that seeing the score in
real time will have influence on their performance. Majorities
of both groups had the tendency to dissagree that the neu-
rofeedback changed their definition of accomplishment and
that the scores create pressure for better performance. Group
1 showed more positive tendencies towards the statement I
feel that the neurofeedback score accurately reflected my state
of focus, however not significantly from Group 2. In line with
these findings, Group 1 was also less surprised by their focus
scores, where Group 2 was leaning more towards a surprise
effect.
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Table 1: Shapiro–Wilk andMann–WhitneyUTest Values for the Post-taskNF reflections andDuring-taskNF reflections

Item Shapiro–Wilk Test Mann–Whitney U Test
W p U p

Post-task neurofeedback reflections
Q15a: “I clearly understood what the neurofeedback score represented.” 0.8109 0.0013 44.0 0.6457
Q15b: “Seeing the neurofeedback score create pressure to perform better in
the next task.”

0.8885 0.0252 45.0 0.7267

Q15c: “I believe that if I had seen the score in real time, it would have influenced
my performance.”

0.8201 0.0018 64.5 0.2551

Q15d: “Receiving the score (after the task) made me reflect on my focus and
effort.”

0.8938 0.0316 55.5 0.6978

Q15e: “I was surprised by my focus result.” 0.8793 0.0172 37.5 0.3527
Q16: “I feel that the neurofeedback score accurately reflected my state of focus.” 0.8265 0.0022 61.5 0.3581
Q17: “After seeing my focus feedback, I now feel more accomplished than
before.”

0.8341 0.0029 40.0 0.4543

During-task neurofeedback reflections
Q19: “How often did you check your neurofeedback score during the task?” 0.8153 0.0015 57.5 0.5651
Q20: “How much did the neurofeedback score influence how you felt about
your performance?”

0.8677 0.0107 47.5 0.8759

Q21: “Did the neurofeedback score in real-time help you adjust your focus?” 0.8094 0.0012 64.5 0.2592
Q22: “Did the neurofeedback data match your own sense of when you were
focused and distracted?”

0.7802 0.0004 50.0 1.0000

Q23: “Did you question the accuracy of the neurofeedback data at any point?” 0.7439 0.0001 37.5 0.3017
Q24: “I feel like I was competing against the neurofeedback score rather than
focusing on the task.”

0.8312 0.0026 48.0 0.9058

Q26: “I feel more pressure knowing my focus score is being tracked in real-
time.”

0.8159 0.0009 29.0 0.0107

Q27: “I feel that seeing my focus data gave me a clearer understanding of my
cognitive effort.”

0.9163 0.0638

0%10%20%30%40%50%60%70%80% 10% 20% 30% 40% 50% 60% 70% 80%
Percentage of Responses

After seeing my focus
feedback, I now feel more

accomplished than before.

I feel that the neurofeedback
score accurately reflected my

state of focus.

I was surprised by my focus
result.

Receiving the score (after the
task) made me reflect on my

focus and effort.

I believe that if I had seen
the score in real time, it

would have influenced my
performance.

Seeing the neurofeedback score
create pressure to perform

better in the next task.

I clearly understood what the
neurofeedback score

represented.

40%

10%

30%

10%

10%

30%

40%

20%

30%

30%

20%

10%

10%

10%

10%

20%

70%

20%

20%

50%

20%

60%

10%

20%

40%

30%

10%

20%

Group 1

Strongly disagree Disagree Neither agree nor disagree Agree Strongly agree

Figure 7: Likert-scale responses for Group 1 regarding
post task neurofeedback reflections - Q15 - Q17.

4.6 During-task neurofeedback reflections
While completing the second task, participants had the chance
to see the live scores in the application. Here we present the re-
sults of the survey that was presented after the task completion.
We conducted a Shapiro-Wilk Test for the items of this section
as well, revealing non-normally data distribution for items
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Figure 8: Likert-scale responses for Group 2 regarding
post task neurofeedback reflections - Q15 - Q17.

(Q19-Q26), and a Mann-Whitney revealed no significant differ-
ences in between groups answers (see Table 1). The Shapiro-
Wilk Test revealed normal distributions for the item Q27:"I
feel that seeing my focus data gave me a clearer understanding
of my cognitive effort." (𝑊 = 0.9163, 𝑝 = .0638). A further
analysis was conducted with a t-test, revealing no significant
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differences between groups (𝑇 − 𝑠𝑡𝑎𝑡𝑖𝑠𝑡𝑖𝑐 = 0.0, 𝑝 = 1.0), due
to equal group means ( Group 1:𝑀 : 3.1, 𝑆𝐷 = 1.28, Group 2:
𝑀 : 3.1, 𝑆𝐷 = 1.19).

As depicted in Figure 9 and Figure 10, the majorities of both
groups seemed to look at the live scores occasionally, but they
also occasionally questioned the accuracy of the data (Group
1:𝑀 : 1.5, 𝑆𝐷 = 0.52, Group 2:𝑀 : 1.8, 𝑆𝐷 = 0.63 , range: 1-3).
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Figure 9: Likert-scale responses for Group 1 during task
neurofeedback reflections - Q19.
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Figure 10: Likert-scale responses for Group 2 during task
neurofeedback reflections - Q19.

In Figure 11 and Figure 12, we illustrate the tendencies
of feeling pressure while being tracked in real-time for both
groups, as well a slight positive attitude towards the helpful-
ness of the focus scores to convey the cognitive state of the
user.

Interestingly, the pressure remained although the majority
of participants in both groups had the tendency to question
the accuracy of the data (Figure 13 and Figure 14).

Participants were also given an open text field to express
their opinion on which score do they need to achieve to
show they are performing at their best, while interpreting
the data presented on the interface. One prevailing theme was
the higher score, the better [P5, P6, P11, P20], where partici-
pants believed that these scores reflect a healthy and balanced
workflow. On the other hand, some participants rather inter-
preted the visualized brain waves and believed that keeping
them in themiddle area suggests productiveness with ease
[P9, P10, P14, P15]. A third cluster of participants had a differ-
ent opinion, stating that the "active" state is desirable if not
stressed [P7, P8, P17, P19].

4.7 Effects of tracking on personal
perceptions

Extending on the post-task neurofeedback reflections, the par-
ticipants reported on its impact on their cognitive percep-
tion and behavior. In this section, we analyzed items Q28 and
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Figure 11: Likert-scale responses for Group 1 during task
neurofeedback reflection - Q26 and Q27.
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Figure 12: Likert-scale responses for Group 2 during task
neurofeedback reflections - Q26 and Q27.
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Figure 13: Likert-scale responses for Group 1 regarding
during task neurofeedback reflections - Q23.
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Figure 14: Likert-scale responses for Group 2 regarding
during task neurofeedback reflections - Q23.

Q29. A Shapiro-Wilk Test revealed the data for both items is
not normally distributed (Q28:𝑊 = 0.7483, 𝑝 = .0001, Q29:
𝑊 = 0.8062, 𝑝 = .0006). A Mann-Whitney Test showed no sig-
nificant differences for both items in the responses between the
two groups (Q28: 𝑈 = 52, 𝑝 = .9005, Q29: 𝑈 = 48, 𝑝 = .9041).
In Figure 15 and Figure 16, we depict stronger tendencies of
unchanged definition of self-accomplishment for participants
of both groups. Lastly, we note a slightly stronger positive,
but not significant trend towards the usefulness of the focus
scores for approach future cognitive tasks for Group 2.
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Figure 15: Likert-scale responses for Group 1 regarding
the effects of neurofeedback on self-accomplishment
definition and focus perceptions - Q28 and Q29.
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Figure 16: Likert-scale responses for Group 2 regarding
the effects of neurofeedback on self-accomplishment
definition and focus perceptions - Q28 and Q29.

5 Discussion
5.1 Limitations
While providing insights in neurofeedback in the workplace,
we note several limitations of our study. First of all, we limited
the participants to knowledge workers who mostly work in an
academic environment. While the tasks that the participants
completed within the study mimicked the tasks they accom-
plish in their everyday work, they don’t encompass the full
workflow that might include ideation sessions, group work
or problem solving activities. Further on, the definition for
knowledge workers encompasses a pool of different profes-
sions whose workflowmight not match the one of an academic
worker and therefore yield different results. Different insights
might also be detected within groups with cognitive differ-
ences. For example, neurodivergent individuals, individuals
who suffer burnout, high anxiety or elderly individuals who
are experiencing age-related cognitive changes. Given the lim-
ited availability of the participants, they completed only two
tasks while wearing the device, however, repeated tracking
over longer time spans could have yielded different results.
Further, we only recruited non-expert participants, i.e., indi-
viduals with no experience of neurofeedback. We hypothesize
that there might be different outcomes when conducting the
study with participants who already have experience with
neurofeedback or rather do brain activity-tracking regularly.
Their motivation should be vastly different from the present
group as well. Finally, the participants interpreted the data
visualization from the FocusCalm interface over which we had
no control. There was a lot of variance in the data interpre-
tation by the participants in both tasks, which points out the
need for better understanding of how users interpret the given
data visualizations as well as the given metrics that reflect
their cognitive activity. This is a strong limitation to this work,

since different presentations of the data and different metrics
can heavily influence the user perceptions and understanding
of this data.

5.2 Knowledge workers’ definitions of
self-accomplishment

As related work suggests, quantifying knowledge work seems
challenging due to its intangible nature. However, measuring
the accomplished work is an important factor for achieving a
strong feeling of self-accomplishment. In our study, the partic-
ipants reported stable definitions of self-accomplishment be-
fore the neurofeedback sessions. As reported in subsection 4.1,
the vast majority used goal completion as a metric that de-
fines the level of self-accomplishment [17]. Some definitions
included overcoming challenges or achieving high quality
results, however none of the participants failed to describe
what makes them feel accomplished. They also reported on
situations when they don’t feel accomplished, mentioning feel-
ing overwhelmed as the main reason, due to trying to focus
on multiple tasks at a time or tasks taking too long to com-
plete [4, 14, 38, 40]. A number of participants also mentioned
the lack of tangible output and unexpected hurdles on the way.
This leads us to believe that although not in a uniform way, all
participants have found a way to quantify their work and let it
directly impact their sense of self-accomplishment. They also
seem to reflect and evaluate the levels of self-accomplishment
frequently in their day-to-day work, which gives it the poten-
tial to act as a powerful driver of motivation, satisfaction and
a driver for improving performance [11, 59]. Another factor
that impacts the feeling of self-accomplishment is the ability
to focus [7]. At the beginning, all participants believed that
their ability to focus at work plays an important role in the per-
ceived level of accomplishment, however they later reported
that seeing their focus scores during the task completion did
not have an impact on their previously stated definition of
self-accomplishment. Therefore, the quantified focus levels
were not as important for the definition, but rather as a main
driver to produce more output and incorporate insights of
their cognitive states in their self-reflection [22, 59].

5.3 The influence of neurofeedback on task
performance and the definition of
self-accomplishment

For many participants, seeing the focus score (whether during
or after the task) prompted reflection on howwell they thought
they were doing [12, 58, 63]. Some participants reported that
the scores validated their internal sense of focus, helping them
feel more confident in their effort and performance [21, 58].
For example, a majority of Group 1 agreed or strongly agreed
that the neurofeedback score reflected their actual state during
the task, meaning that the feedback was useful in reinforcing
the subjective perceptions of cognitive engagement. The par-
ticipants were also quite positivistic about the usefulness of
the neurofeedback scores to provide insights in their cognitive
states, as shown in Figure 11 and Figure 12.
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However, not all participants trusted the accuracy of the
data. There was significant skepticism expressed towards the
accuracy of the scores by the majorities of participants in both
groups, as depicted in Figure 13 and Figure 14. This statement
is quite contradictory to the previous one and could be inter-
preted as mistrust due to the novelty of the technology [34, 36],
since most of the participants were using it for the first time.
Additionally, performance pressure emerged as a key theme.
Some participants reported that seeing the score, particularly
in real time, introduced an element of performance anxiety.
While not universal, this effect was present across both groups.
About 60% of participants in both groups said they felt more
pressure knowing they were being tracked live, which could
have influenced their focus levels or emotional state during
the task [24, 48]. Supported by the results in subsection 4.5,
where the participants stated that seeing the neurofeedback
score after the task rather did not create pressure for future
cognitive tasks and that seeing it live would have possibly in-
fluenced their performance, we suggest that designers should
opt out of presenting the score during the tracking, but rather
after - to support post-task reflections. Presenting the score
during a cognitive task seems to create pressure in perfor-
mance and therefore influencing the user’s attention to the
task, since they cannot simultaneously focus on monitoring
their score and their task. Real-time feedback would also be
counter productive in this case, as focus is not something we
can steer so easily as physical abilities.

Overall, while the neurofeedback did not redefine what par-
ticipants considered an accomplishment, it rather influenced
how they assessed their moment-to-moment performance.
This supports the idea that external metrics like neurofeed-
back can shape perceptions of cognitive effort, even if they do
not reshape intrinsic motivations or values.

5.4 Task order effects on neurofeedback
perceptions

Task order played a significant role in how participants per-
ceived the reading and writing tasks. For example, participants
who performed the reading task second found it significantly
more exhausting and difficult than those who did it first. Both
groups found the writing task relatively easy to complete, im-
plying that the reading task was generally perceived as more
difficult [39, 55]. Essentially, understanding and evaluating
someone else’s work is more difficult than explaining one’s
own - however, it can also mean that the first task set the
difficulty baseline and impacted the perceptions of the sec-
ond task. As presented in subsection 4.3 and subsection 4.4,
the other metrics such as perceived performance, productiv-
ity and invested effort were complimentary to the perceived
task difficulty. For example, the participants who completed
the reading task as second (Group 2), suffered higher men-
tal exhaustion and were less happy about their performance.
Ultimately, the subjective performance assessments had no
effect on the neurofeedback score perceptions. However, this
disconnect between subjective task experience and perceived

neurofeedback suggests that participants may have interpreted
the feedback independently of their moment-to-moment ef-
fort or emotional state. Additionally, this separation raises
important considerations for how neurofeedback is integrated
into cognitively demanding tasks: while it may offer a layer
of insight, it does not necessarily align with how participants
feel about their performance or effort. Future research might
explore whether aligning feedback more explicitly with per-
ceived effort or affective state enhances user engagement or
self-reflection.

6 Summary and Conclusion
In this work, we explore initial insights on how real-time neu-
rofeedback affects knowledge workers’ perceptions of focus,
task performance, and self-accomplishment. Our findings re-
veal that knowledge workers already had individual, but stable
definitions of self-accomplishments and have found ways to
quantify the amount of completed work, despite its intangi-
ble nature. Their definitions of self-accomplishment revolve
around goal completion and quality of output. While not being
a part of the definition, participants admitted that their ability
to focus impacts the sense of accomplishment, implying that
the production and quality of output depend on the ability
to focus. The short neurofeedback session and introduction
to their focus score did not change their pre-formed defini-
tions of self-accomplishment, but rather offered insights into
their cognitive performance which prompted self-reflection.
The introduced scores were also met with some skepticism,
where the participants doubted the accuracy of the scores.
Some participants stated that the scores matched their inter-
nal perception, but others reported amismatch. This individual
variability could be connected to the fact that participants in-
terpreted their scores very subjectively, alongside with their
interpretation of which score indicates good performance and
its variability during the task completion process. While the
scores were found useful to get a clearer understanding of
their cognitive efforts, having the live scores on display during
a task was found pressuring by the participants. If on display,
they had a tendency to feel like they were competing with
the score, regardless of the type of task they were complet-
ing. This implies that while informative, displaying the scores
can be distracting from the main task and to some extent,
counterproductive. In summary, we conclude that while real-
time neurofeedback on focus levels did not significantly alter
how knowledge workers define self-accomplishment, it still
helped them gain insights into their cognitive state while per-
forming a mundane task. Some participants expressed trust
in the measured scores but some met them with skepticism.
This variability in interpretations also highlights the need for
more explainable and standardized metrics, that are not depen-
dent on a particular product. Ultimately, neurofeedback served
more as a real-time reflective aid, shaping how individuals in-
terpret their performance, rather than transforming how they
evaluate and define accomplishment in their day-to-day work.
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