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Abstract: Art education plays a significant role in K-2 learners’ physical and cognitive 
development. However, teachers struggle to translate in-person activities to remote settings and 
to give necessary feedback to help learners develop fine motor skills. Previous research shows 
the benefits of tangible technology and real-time system feedback for supporting teachers and 
students in digital environments, but little research explores their affordances for remote art 
education. We developed Chameleon Clippers: interactive scissors that give real-time feedback 
to learners as they cut along a line. In preliminary tests, learners felt engaged and responded to 
feedback, enjoying their experience. Our low-cost design augments existing classroom artefacts 
and practices, supporting classroom integration. Testing also revealed directions for future study, 
including the frequency of feedback and assimilation into a broader, art education platform. 
Through our study, we demonstrate the potential for tangible technology to create more 
interactive, engaging, and supportive remote K-2 learning experiences. 
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Introduction 
Art education is central to K-2 learners’ social, cognitive, and physical development. Repeated, meaningful art 
education experiences and hands-on activities support children’s development of fine motors skills, cognition, 
and interpersonal relationships (CollegeBoard, 2012). In remote settings, however, technology mediates 
experiences and interactions between educators and students. Kindergarten teachers find it challenging to use 
technology to translate in-person activities to remote environments (Miulescu, 2020). Furthermore, in a previous 
study, we found that existing platforms did not support fine motor skills development, a critical student outcome 
as reported by K-2 educators (Mansi et al., 2022). Consequently, tangible activities for K-2 learners are often 
unsupported in remote education environments. 
 To address these challenges, we created Chameleon Clippers, interactive scissors to help K-2 learners 
develop fine motor skills in remote art education settings. We tested our scissors at an art museum with twelve 
4–7-year-old children, who gave positive feedback and showed high levels of engagement. We share the results 
of these sessions and discuss implications and future work for supporting remote K-2 art education. 

Background  
Tangible engagement is an important part of K-2 education (Evangelou et al., 2010). In a meta-analysis of 
educational feedback literature, Wisniewski (2020) found that the impact of feedback is significantly affected by 
the information content conveyed and that feedback has a higher impact on cognitive and motor skills outcomes 
than other outcomes. These findings emphasize the importance of tangible interactions and feedback on K-2 
learners’ use of tools.  

Real-time system feedback to students can help support students’ and teachers’ active engagement in 
digital learning environments (Yu, 2017). Tangible technology has been used to integrate spatial sources of 
information, support learning goals through immediate use, and distribute information across haptic, visual, 
auditory, and other modalities (Antle et al., 2011). Further, augmenting classroom artefacts that are familiar to 
teachers and students can support learning while minimizing overhead (Bodén, 2011). Despite these findings, 
little research explores the affordance of real-time feedback and tangible technology in remote art education. 

Technology innovation 
To meet the needs of K-2 learners and educators, we developed interactive scissors that give real-time feedback 
to students as they practice cutting along a line (Figure 1). Scissors are often used in formal and informal K-2 art 
education environments to help develop fine motor control. By augmenting a normal, tangible classroom 
artefact with real-time system feedback, we aim to support K-2 learners and educators by leveraging materials 
and practices with which they are already familiar.  

We designed our tool for an art education environment in which a teacher is working remotely with a 
classroom of K-2 learners. This is an environment where it is difficult to see learners’ hands and give 
individualized feedback on motor skills as would be possible in-person. 
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Figure 1 
The Chameleon Clippers (Left) feature a microcontroller and two line sensors that detect if a learner is cutting along 
a black line; The visual feedback screens in increasing severity corresponding to scissor positions (Right).    

  
Based on our previous findings and existing technology, we wanted to build a tool that helps improve learners’ 
fine motor skills by: 

(1) Giving just-in-time corrective feedback on tool-use to which students respond 
(2) Creating an enjoyable experience that encourages students to practice 
(3) Supporting accessibility in school settings with a low-cost technology that augments existing tools 

Design of the Chameleon Clippers 
The scissors have two DFRobot SEN0017 line tracking sensors that detect if the learner deviates from their path 
along a black line. The sensors are attached to a 3D printed mount that also holds a 3V lithium battery, and an 
Itsy Bitsy 32u4 3V 8MHz, which connects to a laptop or tablet to provide animated and audio feedback (see 
Figure 1). We designed background music and a feedback display with jungle theme to be playful and engaging. 
The scissors’ decorations include a small chameleon aligned between the line sensors, parallel to the scissors’ 
center. In total, the weight of the tool is 46g (1.6 oz), compared to the plain scissors' weight of 25g (0.85 oz). 

The screen displays a chameleon matching the color and orientation of the chameleon on the scissors. A 
chameleon was chosen because it is an animal that changes color, a characteristic leveraged to provide on-screen 
feedback. A dashed line on-screen represents the physical black line the learner is supposed to follow on paper. 
Together, the on-screen chameleon and the dashed line link the scissors and the visual feedback. Figure 1 (Right) 
displays the screens and the corresponding scissors positions. 

The laptop or tablet simultaneously provides just-in-time auditory feedback as the on-screen chameleon 
changes color and orientation according to the learner’s physical scissor position. When the scissors are correctly 
positioned on the line, the chameleon is green, and the learner gets occasional positive auditory feedback (“Good 
job – keep going!”). When the learner moderately deviates from the line, corrective auditory feedback (“Uh-oh!”) 
is given as the chameleon and the side of the screen to which the learner deviated change to orange. If the learner 
creates a larger angle of deviation, the chameleon and screen changes to red, and stronger corrective auditory 
feedback (“Woah there!”) is provided. As the learner corrects, positive feedback (“Getting better – keep going!”) 
is given, and the chameleon color correspondingly changes to a less severe shade. When the user is centered on 
the line again more positive feedback is given (“Good job – now stay on track!”). After two initial user tests, we 
added an end screen with a fanfare to signal the end of the exercise.  

Methods 
To evaluate the scissors' design, the team conducted in-person, Wizard-of-Oz usability tests at a partner museum 
with visitors ages 4-7. A total of 12 children (mean age 5) participated on one of three testing days spread across 
a seven-week period. Each participant was asked to cut out a basic shape using the Chameleon Clippers. Video 
data showing the subjects hands was collected to record child interaction with the scissors. To understand 
participants’ perceptions of the scissors, the team also conducted a short interview using the Giggle Gauge, a 
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validated, self-report metric that measures children’s engagement with a system while accounting for child 
development factors by using a bifurcated Likert-type scale (Dietz et al., 2020).  

Findings  

Design goal 1 findings: Feedback 
Preliminary data shows that children respond well to positive and corrective feedback. Throughout the activity, 
children are given encouragement through positive feedback. After two initial tests, we noticed children became 
unsure if they were cutting correctly if the screen remained green without providing positive auditory feedback. 
Consequently, we added more encouragement given at unmeasured intervals based on the researcher’s intuition. 
Though children did not visibly respond most of time they received positive auditory feedback, when they did 
respond they looked up at the screen and continued cutting without changing scissor position. This pattern 
indicates that the positive feedback is successfully encouraging the children to continue the desired behavior.  

Moderate, corrective auditory feedback prompted students to look for corresponding visual feedback 
(yellow screen). In turn, students were more likely to adjust their scissor position after perceiving the visual 
feedback on the screen. Though we were concerned with separating audio and visual feedback across the scissors 
and the screen, these results show that separating these two modalities is not challenging for users. These results 
highlight the importance of the visual feedback component for correction. Interestingly, this pattern did not hold 
for stronger corrective feedback (red screen) to which students were more responsive to auditory rather than visual 
feedback. This may be caused by the duration of the red visual feedback, which was shorter than the moderate 
feedback, indicating that the stronger visual feedback may need to be displayed for a longer time. 

Design goal 2 findings: Enjoyment 
Children appeared to enjoy using the Clippers and responded positively when asked about their experience. The 
mean of the responses to the Giggle Gauge’s bifurcated, Likert-type questions “I would like to do this again 
sometime” and “I enjoyed using this tool” fall in the top quartile, indicating high levels of engagement 
according to interpretation guidelines (Dietz et al., 2020). Moreover, when our team returned on subsequent 
testing days, some children who had participated earlier asked to use the scissors again. Further, one of these 
repeat participants paid more attention to the auditory and visual feedback in these subsequent sessions, 
although she had largely ignored feedback in her original testing session. 
 While the children enjoyed using the tool, they indicated it could be more comfortable. Mean responses 
to the Giggle Gauge question “I like how the tool looked and felt” indicate moderate engagement. We intentionally 
mounted the microcontroller on the handle of the scissors to ensure the paper could still be easily seen, but the 
children said that it made the scissors slightly uncomfortable to hold. We also asked children about the scissors’ 
weight, the line sensors’ placement, the size of the mount, and the decorations – all of which children said were 
comfortable except for the decorations nearest the handle, which could also make the scissors uncomfortable to 
hold. A smaller chip or alternate placement may be an option for reducing discomfort. 

Design goal 3 findings: Ease of integration 
Children successfully responded to feedback given by the laptop and scissors. Laptops and scissors are both a part 
of common K-2 classroom practices, ensuring that this tangible tool could easily integrate with existing practices. 
Additionally, the scissors are relatively inexpensive ($22.30, including the scissors), making them a practical 
option for classroom use. Finally, our tool required Processing, a free visual prototyping language, to be installed, 
but the platform could easily be exported to a stand-alone application and shared online. 

Discussion 
We designed the Chameleon Clippers to meet a central need for tangible interactions for K-2 learners. Based on 
the results from our Wizard-of-Oz study, we met all three of our design goals for the scissors: in most cases, 
students responded appropriately to feedback and demonstrated high levels of engagement and enjoyment as they 
used the Clippers, which could easily integrate with existing practices. Our ability to meet our design goals are 
promising for future work. However, there are several areas for improvement and further iteration. 
 First, there are hardware and software components that could be improved. Our Clippers had the 
hardware and decorations permanently attached; subsequent iterations could include a removable or adjustable 
mount that could attach to any scissors, eliminating the need to buy a special pair. Further, the width of the line 
sensors themselves prevented them from correctly detecting the line children were cutting along if the line’s width 
was less than approximately 0.7 cm (0.27 in), which may be wider than desired. Finally, we conducted this proof-
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of-concept study in a Wizard-of-Oz mode with the researcher triggering feedback because of the high failure rate 
of the sensors. Future work should explore other models of line sensors and hardware to find a setup robust enough 
to withstand extended use with this age group.  
  We also noticed significant differences in responses between various strengths of feedback. These 
differences may be due to the feedback’s timing, which was based on researcher intuition. More research is needed 
to understand the intervals at which to provide feedback and how these scissors could be a part of a full classroom 
platform, including how to alert teachers when a student requires additional, human feedback.  

Study limitations 
The relatively small number of participants in this study serves as proof-of-concept but precludes statistical 
analysis. Furthermore, we tested at a museum space with children who were brought to a weekday daytime toddler 
art activity by a caregiver, which suggests they may represent a subset of the population with higher income and 
more access to enrichment resources. More research is needed to understand how different children's backgrounds 
and ages might impact their usage and the kinds of scaffolds they need. We were also testing our tool in an in-
person, informal education setting, as opposed to a fully remote, classroom environment. More testing is needed 
to understand the tool’s use and teachers’ perspectives in remote settings.  

Conclusion and future work 
Art education and tangible interactions form a central part of K-2 learners’ cognitive and physical development. 
However, in remote settings, it is often challenging to provide learners with feedback that can help them improve 
motor skills. Our interactive scissors act as a proof of concept of a tool to addresses a major short coming of 
remote art education by providing feedback to students on their fine motor skills. Other tools could also be made 
to help provide feedback on different fine motor skills. We encourage technology developers and education 
designers to intentionally explore and incorporate tangible tools in remote art education. Future work should 
investigate using physical-digital technologies to support collaborative learning experiences, which have been 
shown to result in positive benefits for development (Torres et al., 2021). In future work we will explore how 
these tools can be incorporated in broader art-learning environments to provide feedback to students that helps 
them learn, practice, and grow in these important skills.  

Acknowledgements 
This material is based upon work supported by the National Science Foundation GRFP under Grant No. DGE-
2039655. Any opinion, findings, and conclusions or recommendations expressed in this material are those of the 
authors(s) and do not necessarily reflect the views of the National Science Foundation. 

References 
Antle, A. N., Wise, A. F., & Nielsen, K. (2011). Towards utopia: designing tangibles for learning. in Proc. 10th 

Int'l Conf. Interaction Design & Children. ACM. 
Bodén, M., Dekker, A., & Viller, S. (2011). Discovery table exploring the design of tangible and ubiquitous 

technology for learning in preparatory classrooms. In Proceedings of the 23rd Australian Computer-
Human Interaction Conference. ACM, New York, NY, USA, 54–57. 

College Board (2012). Child Development and Arts Education: A Review of Recent Research and Best Practices. 
The National Coalition for Core Arts Standards. 

Evangelou, D., Dobbs-Oates, J., Bagiati, A., Liang, S., & Choi, J. Y. (2010). Talking about artifacts: Preschool 
children's explorations with sketches, stories, and tangible objects. Early Childhood Research & Practice, 
12(2). 

Mansi, G., Reon, S.K., Roberts, J. Ready, Set, Art: Developing Technology for Remote K-2 Art Education. Int'l 
Conf. Interaction Design & Children. ACM. 

Miulescu, M. (2020). Digital Media: Friend or Foe? Preschool Teachers’ Experiences on Learning and Teaching 
Online. Journal of Pedagogy - Revista de Pedagogie. LXVIII. 203-221. 10.26755 

Wisniewski, B., Zierer, K., & Hattie, J. (2020). The Power of Feedback Revisited: A Meta-Analysis of 
Educational Feedback Research. Front. Psychol. 10:3087. 

Yu, Y. (2017). Teaching with a Dual-Channel Classroom Feedback System in the Digital Classroom Environment. 
In IEEE Transactions on Learning Technologies, vol. 10, no. 3, pp. 391-402.  

Torres, P.E., Ulrich, P., Cucuiat, V., Cukurova, M., Presa, M.F., Luckin, R., Carr, A., Dylan, T., Durrant, A.C., 
Vines, J., & Lawson, S.W. (2021). A systematic review of physical-digital play technology and 
developmentally relevant child behaviour. ArXiv, abs/2105.10731.  

CSCL2022 Proceedings 335 © ISLS


	00_Cover
	01_1_TOP
	01_2_TOP
	02_PREFACE
	03_Acknowledgments
	04_Table-of-Contents
	05_Long Papers
	COVER
	Paper 11
	Paper 33
	Paper 59
	Paper 83
	Paper 112
	Paper 116
	Paper 137
	Paper 138
	Paper 155
	Paper 192
	Paper 242
	Paper 279
	Paper 298
	Paper 309
	Paper 356
	Paper 360
	Paper 450
	Paper 470
	Paper 608
	Paper 610
	Paper 617
	Paper 663
	Paper 687
	Paper 725
	Paper 777
	Paper 791
	Paper 812
	Paper 831
	Paper 833
	Paper 843
	Paper 853
	Paper 859
	Paper 864
	Paper 882
	Paper 904
	Paper 917

	06_Short Papers + Tech Innovation
	COVER
	Paper 13
	Paper 65
	Paper 67
	Paper 87
	Paper 99
	Paper 103
	Paper 132
	Paper 133
	Paper 197
	Paper 209
	Paper 213
	Paper 233
	Paper 249
	Paper 301
	Paper 311
	Paper 333
	Paper 338
	Paper 396
	Paper 397
	Paper 410
	Paper 439
	Paper 454
	Paper 486
	Paper 494
	Paper 501
	Paper 519
	Paper 522
	Paper 620
	Paper 624
	Paper 641
	Paper 660
	Paper 664
	Paper 665
	Paper 681
	Paper 730
	Paper 738
	Paper 749
	Paper 785
	Paper 792
	Paper 800
	Paper 802
	Paper 816
	Paper 839
	Paper 849
	Paper 856
	Paper 860
	Paper 878
	Paper 892
	Paper 915
	Paper 924
	Paper 934
	Paper 942

	07_Symposia
	COVER
	Paper 277
	Paper 345
	Paper 430
	Paper 468
	Paper 534

	08_Posters
	COVER
	Paper 97
	Paper 100
	Paper 104
	Paper 131
	Paper 156
	Paper 167
	Paper 183
	Paper 232
	Paper 258
	Paper 271
	Paper 305
	Paper 322
	Paper 324
	Paper 348
	Paper 379
	Paper 383
	Paper 407
	Paper 416
	Paper 503
	Paper 525
	Paper 540
	Paper 616
	Paper 629
	Paper 655
	Paper 691
	Paper 740
	Paper 744
	Paper 753
	Paper 754
	Paper 755
	Paper 851
	Paper 869
	Paper 880
	Paper 911
	Paper 940

	09_Author-index
	10_ISLS A4 Flyer_blue background



