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     14.1   Introduction 

 It has become something of a commonplace in undergraduate computer science 
 programs that too few students are majoring in the discipline and, as a corollary, that too 
few high-school and middle-school students are developing an interest in computing. 
This perception was, if anything, even a bit more depressing several years ago; more 
recently, the number of computer science majors has begun to rebound (cf. Harsha 
 2010  ) . Still, as a look at the enrollment charts will verify, the number of American under-
graduates studying computer science remains far behind the numbers a decade ago, and 
a great deal more “rebounding” is called for. Moreover, this relative paucity of computer 
science students exists in the face of what ought to be a  fi nancial incentive to study the 
discipline: according to the US Bureau of Labor Statistics 2009 report, “computer and 
mathematical” occupations are projected to grow by 22.2%, and [as highlighted by 
Lazowska  (  2010  ) ] “computer science occupations are projected to be responsible for 
nearly 60% of all job growth between now and 2018.” Perhaps more important than the 
purely economic argument, computer science professors perceive the discipline as cre-
ative—it is just plain fun—and are frustrated that somehow this sense of expression and 
ful fi llment is failing to be communicated to students. In short, neither the “carrot” of 
intrinsic interest nor the “stick” of economic necessity and advantage seems to be moti-
vating suf fi cient numbers of students to develop an interest in computing. The under-
enrollment problem is especially noteworthy among female students, who (as of a 
2008–2009 survey [Zweben  2010    ]) constituted 11.3% of bachelor’s degree graduates in 
the  fi eld. By contrast, even in physics—a discipline likewise perceived as having a 
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  Fig. 14.1    Sample Plushbot constructions. At  top , a computational elephant toy created by a team 
of middle-school students. At  bottom , multiple views of a Plushbot cat created by one of the 
authors. In both cases, the plush toy incorporates a LilyPad microprocessor, among other compu-
tational elements; more detail about the Plushbot system, and various projects, will be discussed in 
the following sections       
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 gender disparity—21% of bachelor’s degrees are earned by women (Mulvey and 
Nicholson  2011  ) . 

 It would not be dif fi cult to explore these  fi ndings in still further detail, but the 
essential outlines of the situation are clear: computer science, as a profession, 
appears to be in need of a profound reconsideration of its educational mission, par-
ticularly among younger students. In our view, the central issues in this reconsidera-
tion are not exclusively cognitive in nature: that is, the problem is not primarily that 
students who study computer science are failing to master the subject. Rather, the 
fundamental problem is one of motivation, of forming an intellectual attachment to, 
or engagement with, computing. In order to attract younger students to computing, 
the subject needs to “make sense” in a personal narrative: it needs to be the type of 
thing that one can envision oneself doing. 

 To date, other research efforts have focused on attracting students to programming 
through the use of innovative language design (Resnick et al.  2009    ; Repenning et al. 
 2011  )  and web-based social networking techniques (such as sharing programs) that 
accompany these new designs. This chapter reports on a project undertaken with the 
goal of introducing younger students to programming (and to computing in general) 
through the medium of  tangible computing  (see for instance Xie et al.  2008 ; Wyeth 
 2008 ; Silver and Rosenbaum  2010  ) : in this case, embedding computers within their own 
personally constructed plush toys. The project makes use of a system called  Plushbot  
(Huang and Eisenberg  2011a,   b  ) , created in our lab; Plushbot is a software system that 
enables children (or for that matter, adults) to design and create plush toys incorporating 
computational elements (microprocessor, sensors, and actuators). The purpose of 
Plushbot, then, is to enable children to create aesthetically appealing physical artifacts 
that incorporate computational ideas. Plushbot was created to work with the popular 
LilyPad Arduino (also originally developed in our lab), a “kit” of computational pieces 
that can be easily sewn onto textiles and clothing using conductive thread. 

 The project reported here took place at a public middle school in Boulder, Colorado; 
we introduced the Plushbot system to a group of 60 students between the ages of 12 and 
14 over a period of nearly 2 months. There were multiple objectives in this project: in 
part, our goal was to do formative assessment on Plushbot itself, to see what students 
were able to accomplish with the system, and to ascertain what dif fi culties they encoun-
tered with the interface. Thus, we wished to build some “lore” about the usage of the 
system and to see the sorts of plush toys (and programs) that young students actually 
construct. At the same time, we wished to see whether this sort of tangible construction 
could be a motivating activity—a means of introducing programming and computing 
in a meaningful, playful way. To this end, we administered both pre- and post-surveys 
of the students, inquiring about their attitudes toward computing, to see if these atti-
tudes were affected at all by their experience with tangible computing. 

 The remainder of this chapter is organized as follows: in the next (second) sec-
tion, we provide a brief description of the Plushbot system itself and how it can be 
used to create computationally enriched plush toys. The third section—the heart of 
the chapter—describes our study and its results. The fourth and  fi nal section of this 
chapter re fl ects on our results; here, we also discuss connections (and contrasts) 
with related research, expand on the issue of enhancing (and studying) motivation 
in general, and explore potential future directions for our own work (Fig.  14.1    ).   
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    14.2   Plushbot: A System for Creating Computationally 
Enhanced Stuffed Toys 

 In this section, we brie fl y describe the Plushbot system itself, as well as its connec-
tion with the LilyPad Arduino kit. A more thorough description of Plushbot can be 
found in Huang and Eisenberg  (  2011b  ) ; here, we provide only a summary sketch of 
the application’s design. 

 The Plushbot system consists of two web-based interfaces, both written in 
JavaScript and designed to work together. The Pattern Interface (shown at the top of 
Fig.  14.2 ) enables users to draw their own cloth patterns for plush toy creation or to 
read in existing patterns which may then be traced over using a variety of drawing 
tools. Additionally, the Pattern Interface includes a speci fi c “offset tool” for sketch-
ing the paths along which pieces will eventually be sewn together, and it includes 
means by which pieces may be annotated and saved to a system database.  

 The second portion of the Plushbot system is the Playground Interface (shown at 
the bottom of Fig.  14.2 ). This interface permits the user to load a previously con-
structed pattern of plush toy pieces and to place representations of computational 
elements on those pieces: by doing so, the user can effectively plan how the physi-
cal plush toy pieces, and the accompanying physical computational elements, will 
be arranged. The Playground Interface also permits the users to connect computa-
tional icons with polylines or splines representing the paths to be sewn in conduc-
tive thread. Once this step is complete, the user can print the pattern and use it as a 
template for creating a plush toy; in addition, Plushbot can output a  fi le in HPGL 
format that can be used with a laser cutter to cut felt pieces directly. 

    14.2.1   Hardware and Programming for Plush Toys: The LilyPad 
Arduino and Modkit 

 The Plushbot system described above is the foundational application that our stu-
dents used to create their computationally enhanced plush toys. Importantly, how-
ever, the Plushbot system was built to work in concert with the LilyPad Arduino kit 
for creating electronic textile (or “e-textile”) artifacts. The LilyPad has been described 
at length elsewhere (Buechley and Eisenberg  2008  ) ; essentially it comprises a collec-
tion of computational pieces designed for incorporation into textiles. Within our 
project, we developed a handy variant of the standard LilyPad arrangement. Typically, 
LilyPad pieces are sewn directly onto textiles with conductive thread, but in our 
project, we created a specialized set of felt pads that could be sewn onto the pieces of 
the plush toys. These pads were equipped with snaps; the LilyPad pieces were then 
sewn onto their own felt pads equipped with snaps as shown in Fig.  14.3 . The idea 
was that the pieces in Fig.  14.3  could now be snapped on and off of the plush toys; 
this would enable individual computational pieces (which are moderately expensive) 
to be reused among different toys without undoing any stitching.  
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 The LilyPad Arduino is typically programmed using the standard Arduino lan-
guage (similar in structure to C). For this project, to render the programming task 
easier for students, we employed a visual programming environment, Modkit (  http://
www.modk.it/    ), designed for the Arduino. Modkit makes use of a “snap-together” 
programming syntax similar to that of the popular Scratch (Maloney et al.  2010  )  
language. As in Scratch, a Modkit user employs a mouse to drag and drop “blocks” 
of code into a central workspace and then snaps the blocks together into larger syn-
tactic structures to create larger programs. It should be noted, for the purposes of 
this brief description, that most programs written for the LilyPad Arduino (whether 

  Fig. 14.2    The two interfaces for the Plushbot system, in the course of a sample project. At  top , the 
Pattern Interface, with drawing tools visible at  right ; at  bottom , the Playground Interface, in which 
icons for computational elements (the LilyPad components seen at  right ) may be placed and linked 
on the plush toy pieces to facilitate the incorporation of the physical pieces in the eventual 
construction       

 

http://www.modk.it/
http://www.modk.it/
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in Modkit, as in our project, or in the original Arduino language) are in fact rather 
simple in structure; most such programs merely monitor a sensor reading or two and 
respond to speci fi c ranges of sensor values by signaling an actuator (such as an LED 
light or buzzer). It might thus be argued that LilyPad (and, by extension, Plushbot) 
is at best a very initial introduction to computer science. This is a complex subject, 
better left for a longer and more extended discussion; our own response to this, for 
the present, is simply to note that many early children’s programming projects (e.g., 
in languages such as Scratch or Logo) are similarly brief and simple. LilyPad pro-
grams tend, indeed, to be tiny, but as an initiation into the world of programming, 
they are consistent with a long tradition of beginners’ efforts.   

    14.3   Tangible Computing with Plush Toys for Middle-School 
Students: An Initial Project 

 In the spring of 2011, we conducted a pilot project using Plushbot and the LilyPad 
Arduino (supported by the Modkit programming environment) to introduce com-
puting to middle-school students, aged 12–14. As noted, our goals were both to 
conduct formative assessment of the Plushbot system itself—to see what students 
would and could accomplish with the system—and to see whether this type of activ-
ity would provide motivation for further work in computer science or programming 
and/or enhanced con fi dence in programming. Approximately 60 students took part 
in the study, though only 46 (29 male, 17 female) completed their assent forms as 
well as the pre- and post-study feedback surveys. In ethnic distribution, most of the 
46 students whose responses were tabulated were Caucasian (27) and 19 underrep-
resented minorities (nine identi fi ed as Latino, seven as Asian/Paci fi c Islander, two 
as multiracial, and one as Native American). 

  Fig. 14.3    LilyPad computational pieces specialized for plush toy creation. Each of the LilyPad kit 
elements (the  circular  regions shown at center of each piece) has been sewn onto a felt piece 
equipped with snaps. At  left , the LilyPad microprocessor (the “main board”). At  right , clockwise 
from  upper left , a buzzer piece, RGB LED piece, light sensor, and temperature sensor       
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 The study consisted of a 7.5-week workshop in creating plush toys with Plushbot. 
Each week there were three sessions: two of 45 min and one longer session of 1.5 h. 
In the initial phase of the project, students were presented with the Plushbot software 
and shown several completed projects; they were then taught sewing techniques and 
were given a practice sewing task, completing a sewn tetrahedral sack with rice 
inside. They were shown how to program a LilyPad LED and button in the Modkit 
environment and  fi nally followed a basic Plushbot software tutorial to get a sense of 
the software. In the main phase of the project, students worked in small teams (of 2–4 
people) to complete at least one or (if possible) two projects; we requested that each 
project make use of at least one button (as an input sensor) and at least one LED light 
(as an actuator). Each student group had access to both a shared Plushbot database 
(with several preprepared plush toy templates) and their own group database to save 
their own work. The groups also had access to a variety of physical materials: a 
LilyPad Arduino and several sensors, alligator clips and multimeters, conductive 
threads, felt sheets, scissors, and various decoration supplies (beads, googly eyes, 
etc.). As noted earlier, because electronic supplies were relatively scarce in compari-
son to the number of students, we provided “snap-on” LilyPad components so that 
these elements could be reused among different projects. 

 Before students began their work with Plushbot, they were given a pre-study 
questionnaire intended to measure various constructs related to computer software, 
programming, sewing, and electrical circuits, as well as their overall experience 
with these subjects. Likewise, at the conclusion of the unit, students were given a 
post-study questionnaire that asked about both their experiences with Plushbot and 
their overall reactions to the project. The pre- and post-study questionnaires included 
a set of questions in common in order to measure attitudinal changes (if any) after 
completing the Plushbot activity. 

    14.3.1   Results: Sample Projects and Pre-/Post-survey 
Comparisons 

 For the most part, the students in our workshop were able to complete at least one 
successful Plushbot project: of the 22 student groups, 19 completed at least a  fi rst 
project. It should be noted, however, that there was a substantial variance among the 
groups in the amount of time needed to complete that project: the fastest group 
completed its  fi rst project in only 2 weeks, while three groups failed to  fi nish even a 
 fi rst project over the course of the entire workshop. Five groups went on to complete 
a second project; three more groups nearly completed their second project but ran 
out of time in the debugging process. A representative sample of working-student 
projects is shown in Fig.  14.4  (as well as the charming elephant toy in Fig.  14.1 ). In 
each case, the working program within the toy is of the form mentioned earlier—
monitor a sensor and respond with actuator behavior; for example, the penguin 
 fi gure at bottom right uses a light sensor to monitor changes in illumination and 
responds by “singing” songs with a speaker and  fl ashing an LED light.   
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    14.3.2   Pre- and Post-surveys and Results 

 The pre- and post-surveys administered to the students in this project focused largely 
on their attitudes and experience in working with computers, programming, electri-
cal circuits, and sewing. For example, one trio of questions focused on working 
with computer software, as shown below   .
       

 A similar set of three questions was asked regarding computer programming, 
sewing, and experimenting with electrical circuits. Both pre- and post-surveys also 
asked for additional comments. 

 Because the sample size was relatively small for the  fi nal set of surveys, no sta-
tistical tests were run on these data. Still, trends can be discerned from examining 
the pre/post data in two different ways—by mean responses and by percentage 
“agree” and “strongly agree.” 

  Fig. 14.4    Sample student Plushbot projects.  Upper left : an owl  fi gure.  Upper right : an alien that 
senses temperature changes and uses an LED light to indicate the change.  Bottom left : a lion with 
 fl ashing LED eyes.  Bottom right : a penguin that responds to light changes by singing a song and 
 fl ashing an LED light       
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 While it would be comforting to report that students’ attitudes toward computers 
and programming uniformly improved as a result of their experience in the Plushbot 
workshop, the results were in fact less encouraging and de fi nitive, and more complex. 
Tables  14.1  and  14.2  show responses to the key constructs being measured. The trends 
in responses suggest that (a) on the one hand, students were more likely to report that 
the various elements of the workshop (learning software, programming, electrical 
circuits, and sewing) were  easy  for them, yet (b) on the other hand, students were less 
likely to report that they were  interested  in these activities after completing the work-
shop. These general patterns held true for both male and female students.   

 Examining the percentages of students who selected “agree” and “strongly 
agree” to questions on the pre- and post-surveys shows increases in perceived ease 
of learning to use new software, programming, sewing, and experimenting with 
electrical circuits. For all but sewing, the percentage of boys that reported “agree” 
or “strongly agree” was substantially higher than the percentage of girls. The  number 

   Table 14.1    Mean values (strongly disagree = 1, strongly agree = 5) for pre- and post-
survey responses among male and female students regarding their interest in learn-
ing new computer software, programming computers, experimenting with electrical 
circuits, and sewing; the perceived easiness of these subjects; and the students’ 
engagement with these tasks outside of school   

 Interest pre/post  Ease pre/post 
 Engagement outside 
school pre/post 

 Computer software  M: 4.07/3.93  M: 3.62/3.90  M: 3.41/3.34 
 F: 3.35/2.94  F: 3.00/3.06  F: 3.00/2.76 

 Computer programming  M: 4.03/3.66  M: 3.03/3.24  M: 2.14/2.41 
 F: 2.82/2.47  F: 2.18/2.35  F: 1.29/1.41 

 Electrical circuits  M: 4.07/3.69  M: 3.21/3.31  M: 2.55/2.55 
 F: 3.18/2.14  F: 2.29/2.47  F: 2.24/1.53 

 Sewing  M: 2.97/2.90  M: 2.52/3.17  M: 2.56/2.81 
 F: 4.06/3.88  F: 3.71/3.71  F: 4.13/3.63 

   Table 14.2    Percentage of students (male and female) who agreed or strongly agreed 
with pre- and post-survey statements regarding their interest in learning new computer 
software, programming computers, experimenting with electrical circuits, and sewing; 
the perceived easiness of these subjects; and the students’ engagement with these tasks 
outside of school   

 Interest pre/post  Ease pre/post 
 Engagement outside 
school pre/post 

 Computer software  M: 83%/69%  M: 45%/72%  M: 59%/55% 
 F: 53%/35%  F: 35%/41%  F: 41%/35% 

 Computer programming  M: 72%/55%  M: 31%/45%  M: 21%/28% 
 F: 41%/24%  F: 0%/12%  F: 0%/0% 

 Electrical circuits  M: 72%/55%  M: 38%/48%  M: 35%/31% 
 F: 47%/24%  F: 12%/24%  F: 24%/0% 

 Sewing  M: 35%/38%  M: 21%/55%  M: 31%/41% 
 F: 77%/77%  F: 65%/71%  F: 94%/71% 
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of girls who reported that programming was easy for them increased from 0 to 2 
girls pre to post, but the number of girls who reported that they programmed outside 
of school time remained at 0 pre to post. Responses to all other statements trended 
in a negative direction from pre to post evaluations.   

    14.4   Discussion: Next Steps 

 The previous section summarized both the structure of our workshop in tangible 
computing and several key results of our pre- and post-survey comparison. What, 
then, to make of these results? On the one hand, it is clear that, as measured by the 
surveys, our workshop did not unequivocally succeed in increasing interest in com-
puting or programming. At the same time, most students also reported mild positive 
changes in their assessment of whether these subjects were easy for them, and some 
increased their out-of-school time with programming. 

 The survey results suggest, for the present, that increasing interest and engagement 
in computer programming remains a tall order, and that experience in tangible com-
puting alone is hardly a panacea. At the same time, viewing the experience in retro-
spect, we should resist the temptation to read too much (positive or negative) into 
these survey results and too little into the observations and completed projects of the 
workshop itself. For example, it is possible that the pre-survey results indicate that in 
fact students originally knew very little about programming (or sewing, or circuits), in 
which case the post-survey results may suggest that their overall interest changed rela-
tively little once they actually experienced these activities. In class, most students 
expressed pride in, and even affection for, their constructions, and the majority of 
post-survey comments were strongly positive. Indeed, only 4 of 20 post-workshop 
comments were negative; positive comments, while often brief, included (among oth-
ers) contributions such as “It was cool to sew and program,” “The program was made 
easy to understand. The class went very smooth,” and “It was fun and it was a good 
experience.” These observations make the lessons of the surveys less clear-cut. 
Informally, we observed student ambivalence and some disappointment at the end 
when they realized they would be unable to keep their constructions (because of the 
cost of the LilyPad components); this concluding disappointment concerning their 
personalized projects might have had a negative in fl uence on their post-survey atti-
tudes, as surveys were administered after they were thus informed. 1  Finally, it is also 
worth noting that, qualitatively, many of the student projects exhibited creativity and 
signi fi cant effort (as a look at Fig.  14.4  and the elephant in Fig.  14.1  will con fi rm). 

 Clearly, then, the next step for this project is to reexamine the various elements 
of our workshop (Plushbot software, language environment, and structural elements 

  1  In an evaluation using similar survey questions that followed weekend workshops in which the stu-
dents were allowed to keep their constructions, survey results were more decidedly positive. This 
difference could, of course, be explained by other factors as well, including more experienced instruc-
tors and a self-selected population in the weekend workshops.  
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such as the availability of computational pieces and the ability to keep construc-
tions) for their effect on motivation and interest. Likewise, we need to seek a  fi ner-
grained portrait of what, precisely, affects students’ attitudes (for good or ill) toward 
the subject of computing and whether these factors are speci fi c to tangible program-
ming per se or whether they might apply to purely “screen-based” programming. 
Perhaps most importantly, when it comes to these novel models of computing and 
programming, we need to understand the arc of an individual’s interests (as opposed 
to merely examining statistics): that is, we may  fi nd that while many students are 
relatively indifferent to a particular style of computing, others may be strongly 
affected. We will know this only through close observation and qualitative inqui-
ries. Students’ individual narratives, and the ways in which computing interest 
develops or fails to develop for them, should not supersede the statistical approach, 
but should accompany and complement it. Without such triangulation, it will prove 
dif fi cult to design novel educational technologies that can help students cultivate 
new interests in challenging disciplines such as computing.      
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