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ABSTRACT

Digital whiteboard tools have rapidly become essential in contemporary educational and professional
settings, offering versatile, cloud-based interfaces that support content creation, multi-user
collaboration, and integration with diverse digital resources. Central to their appeal is the provision of
real-time feedback—ranging from automated prompts and hints to instructor annotations and peer
comments—which can reinforce understanding, guide user actions, and sustain engagement. This study
investigates the efficiency of such feedback mechanisms across leading platforms by surveying 100
participants, including educators, instructional designers, and students. Using a mixed-methods design,
quantitative measures (e.g., perceived latency, clarity, actionability) were complemented by qualitative
insights into user experiences. Statistical analyses reveal that feedback delivered within two seconds
significantly boosts satisfaction, perceived learning gains, and user confidence, whereas delays beyond
three seconds correlate with frustration and reduced tool adoption. Contextual embedding of
feedback—such as inline annotations directly on user contributions—enhances actionability, while
overly generic messages diminish trust. Furthermore, customization options that allow users to adjust
feedback frequency and modality (textual, visual, or auditory) help balance cognitive load and maintain
workflow fluidity. Participants highlighted the importance of adaptive feedback pacing that responds
to individual expertise levels: novices benefit from more frequent, guided hints, whereas experts prefer
succinct confirmations. Based on these findings, we propose design guidelines for optimizing feedback
algorithms, interface layouts, and user-training protocols to maximize educational outcomes and
collaborative efficiency. These recommendations aim to inform future development of digital
whiteboard tools, ensuring they deliver rapid, relevant, and user-centered feedback without

overwhelming cognitive resources.
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Fig.1 Digital Whiteboards, Source:1
INTRODUCTION

In recent years, the proliferation of high-speed internet and cloud-based collaboration platforms has catalyzed
the adoption of digital whiteboards across educational institutions and corporate training environments.
Traditional analog whiteboards, while effective for synchronous brainstorming, lack persistence, multi-user
editing, and integration with digital resources. Digital whiteboards address these limitations by providing an
expandable canvas, multimedia embedding, version control, and, crucially, mechanisms for delivering

real-time feedback—ranging from automated hints to instructor annotations.

The integration of feedback into learning tools is rooted in behaviorist and constructivist theories: immediate
feedback reinforces correct understanding and scaffolds learner construction of knowledge (Shute, 2008).
Moreover, in professional settings, timely feedback fosters agile iteration, critical for design thinking and
project management (Brown & Katz, 2009). Despite these benefits, questions remain regarding how feedback

latency, modality (visual, auditory, textual), and granularity affect user cognition and satisfaction.
This study aims to:

1. Evaluate user perceptions of real-time feedback efficiency in leading digital whiteboard tools.
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2. Quantify the relationship between feedback latency and perceived learning or collaboration

effectiveness.

3. Identify design considerations to optimize feedback mechanisms without overloading users

cognitively.
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Fig.2 Learning Outcomes, Source:2
LITERATURE REVIEW

Digital Whiteboard Evolution. Early implementations of electronic whiteboards—such as SMART
Boards—relied on specialized hardware and tethered pen input (Smith & Higgins, 2006). The shift to
cloud-based, device-agnostic platforms (e.g., Miro, Microsoft Whiteboard) democratized access, enabling

seamless contributions from remote participants.

Feedback in Learning Technologies. The value of immediate corrective feedback has been well-documented
in intelligent tutoring systems (ITS) and e-learning platforms. VanLehn (2011) demonstrated that ITS can
match one-on-one tutoring efficacy by providing step-by-step guidance. However, whiteboard tools differ in
that feedback often must accommodate free-form user input and diverse content types (handwriting, drawings,

multimedia).

Feedback Modalities and Cognitive Load. Research by Sweller et al. (2011) on cognitive load theory
suggests that split-attention effects arise when learners must integrate feedback from multiple sources. Thus,
the modality and placement of feedback annotations (inline vs. sidebar) can either support or disrupt the user’s

cognitive processes (Mayer & Moreno, 2003).
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User Engagement and Collaboration. Real-time collaboration tools that incorporate feedback loops have
been shown to increase user engagement and collective problem-solving efficacy (Briggs et al., 2012). Yet,
limitations exist when feedback is delayed or too generic, reducing trust in the tool’s guidance (Gikandi,

Morrow, & Davis, 2011).

Research Gaps. While prior work has evaluated feedback in structured ITS environments, less is known about
unstructured, open-ended tools like digital whiteboards. Specifically, how do feedback characteristics
influence both novice and expert users in collaborative settings? This study addresses this gap through a

mixed-methods survey and statistical analysis.
Survey Overview

A structured questionnaire was administered to 100 participants recruited via professional learning networks

and university mailing lists. The sample comprised:
e 40 educators (K-12 and higher education)
e 30 instructional designers and corporate trainers
e 30 students and early-career professionals
Key survey domains included:
1. Usability of feedback features (ease of locating, understanding, and applying feedback).
2. Perceived latency (self-reported delay between action and feedback).
3. Feedback clarity (specificity and relevance of feedback).
4. Impact on learning/collaboration (self-assessed improvements in task performance).
Responses used 5-point Likert scales, with open-ended prompts for qualitative insights.

METHODOLOGY

Design. A cross-sectional survey design was employed. Quantitative items measured perceptions on

established scales (e.g., System Usability Scale adapted for feedback features; Brooke, 1996).

Procedure. Participants received an email invitation containing a link to the online survey hosted on a secure

platform. Consent was obtained, and demographic data were collected.
Data Analysis.

o Descriptive statistics summarized mean ratings for each domain.
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e Correlation analysis (Pearson’s r) examined relationships between perceived latency and engagement

SCOICS.

e ANOVA tests assessed differences in perceptions across user groups (educators vs. designers vs.

students).
e Thematic coding of open-ended responses identified common concerns and positive experiences.

Ethical Considerations. The study adhered to institutional review board guidelines, ensuring confidentiality

and voluntary participation.
RESULTS

Usability and Satisfaction. Mean usability rating for feedback features was 4.1/5 (SD = 0.6), indicating
generally positive experiences. Instructional designers reported slightly higher satisfaction (M = 4.3)

compared to students (M = 3.9), F(2,97) =4.12, p=.019.

Perceived Latency. Average self-reported latency was 1.8 seconds (SD = 0.7). A strong negative correlation
was found between latency and overall satisfaction, r = —.67, p < .001, suggesting that shorter delays

significantly enhance user perceptions.

Clarity and Actionability. Clarity ratings averaged 3.9/5 (SD = 0.8). Qualitative feedback highlighted that

contextual annotations (e.g., highlighting specific regions) were more actionable than generic messages.

Impact on Learning/Collaboration. Participants who rated latency under 2 seconds reported a 25% greater

perceived improvement in task performance compared to those experiencing delays over 3 seconds.

Group Comparisons. Educators valued feature richness (e.g., automated shape recognition) more than

students did, while students prioritized minimal interface distractions.
CONCLUSION

Digital whiteboards equipped with efficient, real-time feedback capabilities represent a powerful advancement
in both learning environments and professional collaboration contexts. This study’s exploration, grounded in
survey data from 100 diverse users, confirms that prompt, context-sensitive feedback substantially enhances
user engagement, accelerates problem-solving processes, and fosters deeper comprehension. Specifically,
feedback latencies under two seconds were consistently associated with higher satisfaction ratings and
reported learning improvements, while delays over three seconds led to workflow interruptions and decreased
confidence in the tool’s guidance. Moreover, the clarity and granularity of feedback—particularly when

embedded inline—proved critical for actionable insights, reducing ambiguity and facilitating immediate
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corrective action. The evidence underscores the necessity of balancing feature richness with cognitive
simplicity: while advanced feedback modalities (e.g., multimodal prompts, Al-driven suggestions) can enrich
the user experience, they must be carefully tuned to avoid split-attention effects and extraneous cognitive load.
To this end, adaptive feedback systems that tailor timing, modality, and depth based on user expertise and task
complexity hold significant promise. Developers should prioritize customizable feedback settings, allowing
users to select preferred levels of guidance, and leverage machine-learning techniques to predict optimal
feedback intervals. Additionally, integrating user-training modules that familiarize participants with feedback
features can further enhance tool adoption and efficacy. In conclusion, by embracing these design principles—
rapid delivery, contextual embedding, adaptive pacing, and user autonomy—digital whiteboard platforms can
not only sustain collaborative momentum but also transform how individuals learn, interact, and innovate in

real time.
SCOPE AND LIMITATIONS

Scope. This research focuses on cloud-based whiteboard platforms in educational and corporate training
contexts. Results may generalize to similar collaborative tools but not to specialized domain-specific

applications (e.g., CAD systems).
Limitations.
1. Self-Reported Data: Reliance on subjective perceptions may introduce bias.

2. Sample Composition: While diverse, the sample size (n=100) limits the detection of small group

differences.

3. Cross-Sectional Design: Causality between feedback characteristics and performance improvements

cannot be definitively established.
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