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ABSTRACT 
3D design software is increasingly available to children 
through libraries, maker spaces, and for free on the web. This 
unprecedented availability has the potential to unleash 
children’s creativity in cutting edge domains, but is limited 
by the steep learning curve of the software. Unfortunately, 
there is little past work studying the breakdowns faced by 
children in this domain—most past work has focused on 
adults in professional settings. In this paper, we present a 
study of online learning resources and help-seeking 
strategies available to children starting out with 3D design 
software. We find that children face a range of challenges 
when trying to learn 3D design independently—tutorials 
present instructions at a granularity that leads to overlooked 
and incorrectly-performed actions, and online help-seeking 
is largely ineffective due to challenges with query 
formulation and evaluating found information. Based on our 
findings, we recommend design directions for next-
generation help and learning systems tailored to children. 
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INTRODUCTION 
The last few years have seen the rising popularity of simpli-
fied and free versions of consumer-oriented 3D design tools 
that can be easily accessed by non-professional users [53]. 
As part of this trend, children are a growing user group for 3D 
design software [72]. These tools offer the potential to unleash 
children’s creativity in cutting edge domains such as video 
game design [74], animation [75], and digital fabrication [22]. 
Moreover, building an interest in 3D design at an early age 
may inspire children to pursue engineering or a related scien-
tific field later in life [68]. 

Although 3D design tools have become more easily accessi-
ble, and offer great potential, they can still be difficult to learn 
and use, and getting started remains a significant barrier, even 
for adults [35, 41]. Since users have long abandoned static 
manuals and documentation [64], HCI experts and product de-
signers have developed alternative learning and help 
techniques that offer more targeted and interactive assistance. 
For example, with the web emerging as the dominant platform 
for exchanging software-related experiences, HCI research 
has investigated novel ways of integrating web-based re-
sources into design tools, including Q&A features [54], step-
by-step tutorials [30, 49, 50], videos [55, 61], contextual help 
[26, 46], and search interfaces [49], to name a few. 

While these innovations in software help and learning are 
promising, most of them have been designed based on forma-
tive studies with educated adults, typically in professional or 
formal educational contexts [35, 66], and we know little about 
children’s experiences and struggles with using common 
online instructional materials (e.g., in-app, video, and web-
based tutorials) and help-seeking resources (e.g., web search, 
forums) when learning new software. Although there is a rich 
body of research on children’s help-seeking behaviors in class-
rooms [33, 58] and online learning environments [2, 3], the 
focus has mostly been on scholastic tasks, such as learning 
mathematics. Understanding the breakdowns faced by chil-
dren, and the effectiveness of currently-available help and 
learning resources is important to inform the design of a new 
generation of help systems and learning resources. These re-
sources may support not only children, but also adults in using 
3D design tools and feature-rich software more broadly. 

In this paper, we investigate the barriers faced by children 
when learning 3D design software, by evaluating the effective-
ness of common help and learning resources that are available 
to children on the web. Our investigation addresses two main 
research questions: (1) What challenges do children face in us-
ing instructional tutorials when learning 3D design software? 
and, (2) To what extent do common online help-seeking be-
haviors, such as use of web search and online community help, 
support children in learning and using 3D design tools? 

To address these questions, we conducted an in-lab study with 
children, ages 10–15, following tutorials in 3D design soft-
ware in an individual setting. We intentionally prescribed 
different types of learning materials—including video, web-
based, and in-application tutorials—and different help-seek-
ing strategies to gain insights into the most prevalent online 
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resources available to individual learners. The design of this 
study was informed by interviews with eight facilitators of 
3D design workshops that shed light on current software 
tools and tasks used for teaching 3D design to children.  

Our key findings suggest that children can face a range of chal-
lenges when trying to seek help and learn 3D design tools 
using online instructional materials. For example, when at-
tempting to follow web-based tutorials, the children in our 
study often overlooked actions or performed them incorrectly, 
and experienced challenges with locating the UI elements re-
quired to carry out tutorial steps. In addition, we found that 
help-seeking practices such as the use of web search and com-
munity forums—resources commonly used by adults—were 
also ineffective for children. In particular, children struggled 
with evaluating the value and trustworthiness of search results 
and community-created content, and with formulating queries 
to locate relevant the relevant software help. 

The implication of our findings is that children who wish to 
learn 3D design tools on their own, or who wish to continue 
learning and using these tools after a formal introduction to 
them in the classroom, face a formidable set of challenges. 
Thus, there is an unmet need for novel help and learning 
techniques to support children learning 3D design tools in 
individual settings. Specifically, reactive tutorials that can 
detect the success of individual actions and provide feedback 
would be valuable, as well as tutorial formats that better in-
dicate relevant user interface elements. 

Our main contribution is in providing empirical insights into 
the breakdowns that children face when learning 3D design 
software using currently-available instructional resources. 
Although we focus on 3D design software, we believe that 
our results can broadly apply to feature-rich software in other 
creative domains, such as graphic design and web design. 

RELATED WORK 
To contextualize our findings, we draw upon research on 
children’s use of feature-rich software for creative and prob-
lem-solving tasks, including 3D design; children’s help-
seeking behaviors in other contexts, such as formal educa-
tion; and children’s online information-seeking behaviors. 

Children’s use of creative and problem-solving software 
There is a long history of research in the area of child-com-
puter interaction on designing and evaluating tools to support 
creative and problem-solving tasks [39], in domains such as 
programming [25, 28, 47], storytelling [40, 73], and gaming 
[13, 60, 69]. These works have identified several common 
usability issues faced by children (e.g., maintaining focus on 
a relevant part of an application, wandering into obscure 
parts of an application, and difficulty processing text-based 
instructions). We build on this work, with a focus on how 
commonly-available tutorials, and online help and learning 
resources, support children in learning 3D design software. 

Although studying children’s use of 3D design software is a 
relatively new focus in HCI research, recent work has 
explored “maker” activities with 3D printers in the classroom 

and formal instruction settings [8, 22, 27], in special 
education and accessibility contexts [12, 42], and in ICT4D 
environments [70]. In addition to highlighting how 3D 
printing can be a valuable means of creative self-expression, 
these works have identified a range of usability challenges 
that children face with 3D design software and 3D printing 
hardware. However, this body of past work has generally 
been undertaken in settings where in-person assistance was 
available, and thus has had little to say about how children 
are supported in learning 3D design tools individually. Our 
study sheds light on children’s learning of 3D design tools in 
individual settings, and provides specific design 
recommendations suitable for guiding the development of 
novel help and learning systems for 3D design, and creative 
and problem-solving tools more broadly. 

Children’s help-seeking behaviors in education  
Although literature on how children learn and seek help when 
using new software is scant in HCI, several researchers have 
explored children’s help-seeking behaviors in the education 
field. Different models have been proposed to better understand 
help-seeking among children, such as the one proposed by Nel-
son-Le Gall [33] for classroom settings, and later adapted by 
Aleven et al. [3] for electronic learning environments. These 
models provide a useful conceptualization of understanding the 
different stages of seeking help that include the following broad 
stages: Become aware of need for help; Decide to seek help; 
Identify potential helper/ resource; Use strategies to elicit help; 
and Evaluate the help-seeking episode. Our findings shed light 
on these stages of help-seeking in the context of learning a new 
3D design application in an individual setting. 

Other key results from the education field suggest that chil-
dren’s help-seeking behaviors are affected by various 
motivational factors and attitudes [58, 67], peer support [59], 
and the involvement of instructors [67]. Recent works have 
also looked at integrated learning environments and how 
children seek help when using tools such as cognitive tutors 
[2, 48]. In both types of learning environments, children can 
struggle in monitoring task progress and assessing need for 
help [32, 57], along with other metacognitive challenges. In 
our discussion, we reflect on our key results about children 
learning software for recreational and creative use in individ-
ual settings, in relation to these prior findings from more 
formal scholastic learning environments. 

Children’s online information-seeking behaviors 
Although not specific to the context of learning or trouble-
shooting software, there have been several studies on 
children’s use of general online search and information-seek-
ing strategies that have relevance to children’s use of online 
help resources. For example, some studies shed light on the 
topics that children are interested in searching on the web and 
how the difficulty of searching varies by topic [19, 21, 62]. 
Others have explicitly focused on children’s search and que-
rying behaviors with online search engines [19, 20]. They 
have identified common problems experienced by children, 



  

such as spelling mistakes in queries, challenges with formu-
lating relevant queries, understanding returned results, and 
accessing non-relevant content. Even though custom search 
engines for children have been developed (e.g., Yahooli-
gans), they appear to present similar challenges for children 
in finding and assessing relevant content [7]. Our findings 
complement these existing studies by investigating use of 
web search for software troubleshooting and learning tasks. 
We further discuss how children could be taught or encour-
aged to make better use of web-based resources and the rich 
technical help content that these resources contain. 

In summary, our study complements the above body of liter-
ature with an evaluation of how commonly-available help-
seeking behaviors and learning resources for 3D design soft-
ware support children’s use of these applications. 

RESEARCH APPROACH 
Our approach to this research is motivated by two main 
trends. First, there is a general lack of formal opportunities 
for children to learn and practice 3D design skills. Although 
some elementary and secondary schools are beginning to of-
fer formal 3D design training [8, 37, 56], this practice is not 
widespread. Less formal methods, such as 3D design work-
shops at summer camps, makerspaces, and libraries [24] 
offer opportunities for children to learn the basics of this do-
main. However, since these workshops are relatively short, 
they may not offer the opportunity for longer-term learning 
and skill development. Second, a growing number of 3D de-
sign tools, such as Tinkercad [4], are becoming available for 
free on the web, as is an increasing body of online tutorials 
and help resources for these applications. In principle, this 
availability of tools and learning materials could provide 
children with all that they need to independently learn and 
develop skills in 3D design. However, the success of this 
strategy depends on whether the available resources can meet 
children’s learning and help-seeking needs. Answering this 
question is the focus of this paper. 

INTERVIEWS WITH WORKSHOP FACILITATORS 
To inform the design of our one-on-one observational study, 
we conducted interviews with facilitators of 3D design work-
shops. Our goal was to draw on their experiences to 
understand what parts of learning 3D design children most of-
ten struggle with; how children seek help while learning; and 
which tools, tasks, and concepts children are being taught. 

Method 
We conducted semi-structured interviews with eight facilita-
tors who had experience working with children in workshops 
focused on 3D design or 3D printing. Each interview lasted 
between 45 and 60 minutes. Interviews were audio recorded, 
transcribed, and then analyzed for common themes. Three of 
the facilitators also invited us for site visits, giving us an op-
portunity to observe children learning 3D design, and gain 
additional context for our semi-structured interview data. 

We asked facilitators to characterize their workshops, includ-
ing the typical number of participants; participants’ age 
range, backgrounds, and motivations for taking part in the 

workshops; the format for instruction; and the software tools 
they taught. We also asked the facilitators to describe the 
main challenges they had observed that participants faced in 
using 3D design tools in the workshop setting. Finally, we 
asked the facilitators to describe any help-seeking behaviors 
they had observed participants engaging in during the work-
shops, and whether they had observed participants using 
common online help and learning resources, such as web 
search or in-application help. 

We used an inductive analysis approach [15] to analyze the 
interview transcripts. Open coding was used to label tran-
script data, and affinity mapping was used to identify themes 
related to the format of the workshops, common breakdowns 
children experienced when learning 3D design software, and 
help-seeking behaviors in the workshop setting. 

Results 

Workshop and Participant Characteristics 
The workshops described by the facilitators typically con-
sisted of between 5 and 20 participants, and were targeted at 
children between 8 and 15 years old. Participants came from 
a range of cultural and economic backgrounds, representa-
tive of the neighborhoods in which the workshops were held. 
Participants typically did not have experience with 3D design 
or other “maker” activities prior to the workshops. Likewise, 
facilitators reported that the typical parent of a participant 
had little familiarity with 3D design, as in the quote below: 

Most parents that bring their kids to the [workshop], most of 
them are like, ‘I’m not handy at all, I can’t make anything.’ I’d 
say in a class of eight kids, there’s probably one or two keen 
parents who know stuff. The rest are just like, ‘My kid should 
be doing this because it’s cool cutting-edge technology.’ (F5) 

This suggests that many children who take part in workshops 
will not be able to draw on their parents for continued sup-
port with learning at home once the workshop is finished. 

The typical workshop described by the facilitators began 
with a live “follow-along” tutorial. The facilitator would 
project their screen and demonstrate how to construct an 
object step-by-step in the 3D design tool, while participants 
followed along at individual computers. The object used as a 
demonstration varied between facilitators (some examples 
are shown in Figure 1), but was chosen to include a 
representative set of 3D design operations, including 
aligning objects, resizing, and additive/subtractive geometry 

 
Figure 1. Screenshot of the Tinkercad user interface, 
showing several models used by workshop instructors 



  

operations. After the follow-along tutorial, students were 
typically allowed to pursue open-ended design exercises 
with help from the facilitator or an assistant as needed. 

In terms of the 3D design tools taught in the workshops, 
Tinkercad was the choice of all facilitators. Tinkercad is a 
free, web-based 3D design tool that is popular among the 
maker community. It presents a simple interface (Figure 1), 
and supports modeling through a paradigm in which solid 
shapes are dragged into a work space, positioned and manip-
ulated through direct manipulation, and combined with other 
objects through Boolean addition and subtraction methods. 
The simplicity of Tinkercad’s interface was cited as the pri-
mary reason for choosing it over alternative tools. 

Challenges in Introducing 3D Design Tools to Children 
Facilitators described a range of common challenges faced 
by children when using 3D design software for the first time. 
Many of these difficulties had to do with working in a 3D 
design environment. For example, six of the eight facilitators 
mentioned that participants had difficulty with 3D camera 
control, and five of the eight facilitators mentioned that par-
ticipants had difficulties conceptualizing 3D space: 

Camera rotation is a really hard one for them. I feel like orien-
tation of shapes is really hard too. […] For example, they’re 
looking at a shape straight on and they think they have added a 
shape on top [of it], but when you pan the camera, that shape is 
several inches behind it. (F4) 

Potentially related to this theme, most of the facilitators (7/8) 
mentioned that participants had trouble understanding what 
contributes to whether a model can be 3D printed or not. 

Finally, six of the eight facilitators mentioned that partici-
pants experienced challenges with understanding how 
particular tools in the 3D design software operated. 

Overall, the challenges discussed above are consistent with 
previously identified usability and learnability issues for 3D 
design software [41, 52]. 

Help-seeking Behavior in Workshops 
The most common form of help-seeking that we observed 
during our site visits was participants asking their peers for 
help, or looking to other participants for inspiration. We also 
observed participants actively seeking out peers to provide 
help to, or enthusiastically sharing new features of the soft-
ware that they had discovered. One facilitator summarized 
the low inhibition of participants in seeking or offering help: 

They will ask other people, especially if they see somebody do-
ing something successfully that they can’t seem to do…in 
general, kids are awesome about helping each other. They’ll to-
tally stop their own project and go help the other kid. (F1) 

While these social help practices seemed positive in general, 
we also found some potential drawbacks. For example, three 
of the facilitators noted that children would sometimes hurt 
each other’s feelings during social exchanges, and were not 
always effective teachers when they did try to provide help. 
As well, children who were shy were at a disadvantage, as 
they would sometimes run into trouble and not ask for help. 

Participants also relied on the facilitators for help, with 
younger children relying more heavily on help from the 
facilitators while older children engaged in more peer-to-peer 
help. The facilitators we interviewed attributed this difference 
to older children having a better awareness of their own needs 
and the relevant skills or knowledge possessed by their peers.   

Finally, we asked the facilitators about other potential help-
seeking strategies that the children might use, including web 
search and other online help resources. The overwhelming 
response was that these were rare practices among workshop 
participants. One facilitator told us “if a [child] is using the 
Internet in one of our workshops it’s because they’ve gotten 
sidetracked” (F1). Likewise, none of the facilitators had ob-
served participants using Tinkercad’s in-application help. 

Summary 
Overall, our interviews with facilitators illustrated a set of 
challenges and help-seeking behaviors used by children, and 
suggested that group workshops are an effective environ-
ment for introducing children to 3D design. However, not all 
children have access to these types of workshops, and even 
for those that do, there is a need for continued support once 
a workshop has ended. Moreover, we found that many par-
ents of children who take part in the workshops were not 
themselves knowledgeable about 3D design tools, which 
suggests that children may not receive any ongoing support 
at home in learning 3D design. The above points suggest that 
it is important to understand the challenges faced by children 
learning 3D design software in individual settings.  

ONE-ON-ONE OBSERVATIONAL LAB STUDY 
Based on the insights gained from our interviews, we de-
signed our observational study to investigate (1) how 
individual learning resources, such as web-based tutorials, 
video tutorials, and in-application tutorials support chil-
dren’s needs; and (2) whether, and how, common online 
help-seeking behaviors such as web search and online com-
munity help support children’s needs in this domain. 

Method 
We conducted an observational study in which children in-
dividually followed tutorials to perform 3D design tasks. The 
overall approach was guided by prior work describing best 
practices for conducting user studies with children [1, 11, 
18]. The study was approved by the Office of Research Eth-
ics at the university at which the research was conducted. 

We tested three tutorial types that are commonly used for 
software learning—static web pages with text and images, 
video tutorials, and in-application guided tutorials. Our in-
tent was not to directly compare these three types of tutorials, 
but to gain insights on the appropriateness and trade-offs of 
each, specifically when used by children. 

To investigate the effectiveness of various help-seeking be-
haviors, we employed a modified question-asking protocol 
[35]. In the standard question-asking protocol, a participant 
works on a task with an expert observing them. The partici-
pant is encouraged to ask the expert for assistance throughout 



  

the process, which provides insights into the challenges 
faced by the participant, and their mental model of the sys-
tem being studied. In our variation on this protocol, the 
experimenter directed the participant to different online help 
resources, to gain additional insights into the effectiveness of 
these resources and how they are used. When a participant 
asked a question, or was visibly stuck (indicated by repeating 
the same few incorrect actions; staring at the screen with no 
actions; expressing they were stuck more than once; or becom-
ing visibly frustrated), the experimenter would prompt them to 
try to find the solution using either Google search or the Tink-
ercad knowledgebase (a search portal for Tinkercad’s 
community forums). If the participant was still unsuccessful, 
the experimenter would provide answers and suggest actions 
to help the participant proceed with the study task. 

In our pilot studies, we found that participants were often re-
luctant to ask the experimenter for help, so we adopted an 
approach in which the experimenter proactively observed the 
participant for signs that they were stuck, and prompted them 
to seek help. We also intentionally did not prompt participants 
to seek online help if they were visibly frustrated or had al-
ready failed to find help using a given resource several times. 
In these cases, we simply assisted the participant ourselves.  

Participants 
We recruited 15 participants (10 male, 5 female) in the 10–15 
year age range. None of our participants had significant prior 
experience with 3D design software. Our rationale for select-
ing this particular age range was that children were likely to 
have reached Piaget’s formal operational stage [6], and thus 
possess the deductive reasoning skills to make online help-
seeking possible. We recruited from three main pools: a local 
children’s sports team, children of members of a university 
mailing list, and children of employees of a large software 
company. Our entry interviews indicated that 6/15 participants 
had prior experience with 2D graphics software; 8/15 with 
Minecraft; 2/15 with web search (to find help with software); 
and 1/15 with web search (to find tutorials). Each study ses-
sion took 45–60 minutes in total, and participants were given 
their choice of a small toy or a $25 gift card for participating. 

Apparatus 
The study sessions were held in a closed office where partic-
ipants used a provided laptop computer (15” Apple Macbook 
Pro) with a USB mouse. Tinkercad was loaded in a Safari 
browser window and a separate browser tab contained the 
tutorial content. Participants were told that they were free to 
use the web to look up other content during the study session. 

Study Tasks and Procedure 
Each session began with a brief entry interview to gauge the 
participant’s previous experience with computers, 3D design 
software, and web search. To build rapport, the experimenter 
also asked about the participant’s hobbies, what they like and 
don’t like at school, etc.—a measure that we found was ef-
fective at putting the participant at ease. Next, the participant 
was asked to perform a series of short tutorials built into the 
Tinkercad application, to familiarize themselves with the ba-
sics of camera movement, moving objects, and subtractive 

geometry. These tutorials launch automatically when the 
software is used for the first time, so this emulates a “first 
contact” experience with the software. Next, each participant 
performed a tutorial that walked them through the process of 
3D modeling a boat (Figure 2d). To capture insights into the 
full range of tutorial types typically found on the web, we 
employed three versions of this tutorial—a static web page 
with text and images (Figure 2a); a video tutorial with a 
screen recording and voiceover (Figure 2b); and an in-appli-
cation interactive tutorial that provided text instructions 
augmented with outline indicators displayed in the work-
space for some steps (Figure 2c). The in-application tutorial 
was a preexisting Tinkercad feature, whereas the other tuto-
rials were developed specifically for this study by translating 
the existing tutorial into these other formats. Instructional 
text and instructions were kept as consistent as possible 
across the three tutorial types, though modifications were 
made to adapt the instructions to each format. We balanced 
the assignment of tutorial types to participants (five partici-
pants to each type), and were careful to balance the ages of 
participants assigned to each of the three groups. All fifteen 
participants successfully completed the boat tutorial, with 
varying levels of assistance from the experimenter, suggest-
ing that the task was at a reasonable level of difficulty. If time 
permitted, participants could work on an additional, more 
challenging task—we gave them an image of a toy car 
(Figure 2e), and asked them to re-create it. Ten participants 
attempted this task, producing models of varying quality. 

Video and screen recordings were collected for each session. 
We also manually recorded the types of help-seeking ques-
tions asked by participants. 

 
Figure 2. (a) text-and-images tutorial, (b) video tutorial, 

(c) in-application tutorial, (d) boat model, (e) toy car model. 



  

Data Analysis 
To analyze the gathered data, we used an inductive analysis 
approach, drawing on methods from grounded theory [15]. 
Screen and audio recordings were reviewed by the primary 
experimenter to identify (1) instances where participants 
faced challenges (with the software, tutorials, or help-seek-
ing approaches), (2) instances of problem-solving strategies 
employed to overcome challenges, and (3) instances where 
particular help-seeking approaches were used. The resulting 
observations were labelled using an open coding approach, 
and clustered using affinity mapping to identify common 
themes for each of the above areas. This process was led by 
the primary experimenter, with ongoing input from the other 
researchers in interpretation and synthesis sessions. Input 
from the other researchers included independent examina-
tions of the data to help refine the coding scheme, and 
discussions of emerging themes, which led to additional 
ideas on how to cluster the data, or ideas on new themes that 
may explain the observed data. Through the above process, 
all of the researchers collaboratively developed the resulting 
coding scheme and clustering, while checking its legitimacy 
throughout the process. Over several iterations, the themes 
presented in the following sections emerged. 

Challenges Following Instructional Tutorials 
We start by presenting a comparison of the challenges we 
observed in participants using the three tutorial types, as well 
as broader themes we observed in how participants ap-
proached the tutorials. Overall, we did not observe any one of 
the tutorial types to be clearly superior to the others, though 
there were differences in how each was used by the partici-
pants. Table 1 summarizes the most common challenges we 
observed for the three tutorials. 

Challenges in locating referenced UI elements 
Participants struggled to locate user interface elements refer-
enced in tutorials, such as buttons or panels, an issue that has 
been previously documented in the context of learning fea-
ture-rich software [35]. This was particularly a problem for 
Tinkercad’s in-application tutorials, which at the time of this 
study did not provide screenshots or other visuals that could 
aid in locating referenced user interface elements. 

Overlooking instructions, or performing them incorrectly 
Several of the challenges that we observed relate to how par-
ticipants consumed tutorial steps, and how this led them to 
overlook instructions, or perform instructions incorrectly. 

In the video tutorial, there was no explicit demarcation of in-
dividual steps, but there were pauses after individual actions, 
occurring every 10–15 seconds. Three of the five video par-
ticipants watched several of these “steps” before switching 
back to the application and attempting to perform all of them 
together. This frequently led to these participants omitting 
required actions, or performing actions incorrectly. 

This suggests that these participants overestimated their ability 
to recall and carry out the actions they had observed. It may 
also suggest that the explicit grouping of actions into steps (in 
the non-video tutorials) provides natural break points that 

prompt the participant to return to the application and carry out 
a set of actions. However, formats that included explicit steps 
were challenging for participants as well, as we discuss next. 

In the text-and-image tutorials, 7/15 steps described multiple 
actions, and participants frequently overlooked some of the in-
cluded actions. For example, one tutorial step read: “To give 
some unique touch for the boat, let’s drag a Star shape on the 
Workplane. Push the Star a little bit into the cabin. Choose the 
Hole feature in the up right corner of the editor.” Six of the 
fifteen participants performed the first action (dragging the 
Star shape onto the workplane) then moved on, overlooking 
the remaining two actions. In other cases, participants missed 
helpful tips at the end of a step. For the step: “To create smoke-
stacks, drag a Cylinder shape on the Workplane. Scale it 
smaller to size of 8×8×8mm by pressing and holding down the 
shift button! This makes the Cylinder scale nicely without los-
ing its shape”, nine of fifteen participants missed the faster 
method of holding shift documented at the end of the step, and 
manually scaled all three axes of the cylinder individually. 

Finally, for the text-and-image and in-application tutorials, 
some participants stopped attending to the written instruc-
tions altogether, and instead focused on the images (in the 
case of the text-and-image tutorials), or in-workspace guides 
(in the case of the in-application tutorials). In the case of the 
in-application tutorials this was a particular source of diffi-
culty. The in-workspace guides—semi-transparent outlines 
in the workspace that indicate where to position elements—
frequently led participants to position objects so they looked 
correct from the current camera perspective, but were in fact 
not lined up correctly in 3D space. 

One explanation for the above observations is that the children 
read the first part of the step, or observed the images or in-
workspace guides, and assumed that they understood what 
they needed to do to perform that step, causing them to start 
acting without considering the instructions more carefully. 
This could also be based on a presumption that individual tu-
torial steps will represent one action each. 

Participant comments also suggested a high initial 
confidence with tutorials, but later disappointment, as 
explained by one participant: “[The tutorial] should have 
had somebody new doing it, because then it would show how 
it could actually be hard. They made it look easy, but it’s 
disappointing when you don’t get it right.” (P13) 

 Text/Image Video In-app. Total 

Overlooking instructions 
or details of a step 

4/5 2/5 2/5 8/15 

Locating referenced user 
interface elements 

2/5 1/5 4/5 7/15 

Not moving the camera 1/5 2/5 4/5 7/15 

Attempting to perform 
multiple steps together 

0/5 3/5 0/5 3/15 

Ignoring written instruc-
tions altogether 

1/5 N/A 2/5 3/10 

Table 1. Common challenges observed for the three tutorial 
types, and the number of participants that exhibited each. 



  

Imitating actions in tutorials 
Another phenomenon we observed was that the children 
would mimic actions they had observed in tutorials, even 
without a full understanding of why those actions were nec-
essary. This was apparent when participants imitated actions 
from tutorials in contexts where these actions were not re-
quired, suggesting the participant had formed an incorrect or 
incomplete understanding of the tool. While imitation often 
resulted in unnecessary actions, we did observe cases where 
this imitation behavior was beneficial and promoted best 
practices, as we describe below. 

We observed that children who had seen camera movement 
in video or text-and-image tutorials would more frequently 
move the camera to look at the model from different views, 
imitating the behavior they had seen in the tutorials. This im-
itation behavior helped the participant observe problems 
with alignment in the model they were creating. The tutorials 
contained no explicit instruction to move the camera, and the 
discovery of alignment issues often came as a surprise to the 
participants, further suggesting that they were not using the 
camera movement to explicitly check that shapes were 
aligned properly, but were instead simply imitating camera 
adjustments observed in the tutorials. This behavior is im-
portant, because not moving the camera to look at a model 
from different angles is a well-documented source of diffi-
culty for novice users of 3D design tools [41]. Moreover, we 
observed this challenge in our study as well, with four of the 
five children in the in-application tutorial condition experi-
encing challenges stemming from not moving the camera to 
view the scene from multiple angles. 

While imitation of camera movement tended to yield positive 
results, we observed other cases where imitation behavior led 
to difficulties, such as with use of the workplane tool. The 
boat tutorial performed by all participants included several 
steps that required moving the workplane, but when asked, 
eight of eleven1 children reported not understanding the pur-
pose of the workplane tool. Despite this lack of 
understanding, five of the ten participants who performed the 
car task moved the workplane in situations where there was 
no advantage or clear reason for doing so. These participants 
reported that they were attempting to mimic best practices, 
and expressed that “the tutorial said that’s the right way to 
do things” (P8). These imitation attempts would often create 
new difficulties for these participants, as it would cause ob-
ject transformations to happen in unexpected ways. 

In summary, participants struggled with all the types of tuto-
rials we tested, with many of their challenges stemming from 
overlooking actions in tutorial steps or choosing to attend to 
only parts of the full guidance provided. Participants also 
mimicked actions or perceived best practices they had ob-
served in tutorials, which was sometimes beneficial but led 
to difficulties as well. 

 

Individual Help-seeking Behaviors 
We next present our observations of participants’ use of online 
help-seeking methods, the challenges that participants faced in 
locating and evaluating help resources, and a general negativ-
ity bias that we observed toward online help-seeking by the 
participants in the study. Before we present these findings, we 
start by summarizing the triggers for help-seeking episodes, 
which provide context for the subsequent findings. 

Types of Questions Asked by Participants 
As summarized in Table 2, the most common questions that 
we received from participants were requests for procedural 
help (57%). In these instances, the participant was aware of 
what they needed to do, and that the software had the capa-
bility to accomplish that goal, but they were not clear on the 
specific actions they needed to take. For example, one par-
ticipant read the instruction “Drag the workplane on top of 
the Boat’s body”, then asked for help with how to accom-
plish this in the software. 

In other cases, participants’ questions were about awareness of 
functionality [35], including whether a particular task was pos-
sible or whether particular features existed (25%). For 
example, one participant asked if there was a tool in Tinkercad 
to “round over” shapes (typically known as a “fillet” in 3D 
software, a capability that Tinkercad did not have at the time). 

Other common types of questions concerned locating spe-
cific user interface elements in the application (14%), or 
requests for help with understanding terminology (5%). 

Challenges with Online Help-seeking 
Although adults can often benefit from making coordinated use 
of online resources when working with feature-rich software 
[23, 30], none of the children in our study used web search or 
forums without being prompted. In our entry interviews, only 
two of the children reported having used web search in re-
sponse to software difficulties in the past, and only one reported 
having used a forum to troubleshoot software. 

When we received a request for help from a participant we 
directed them to two help resources—Google Search, and the 
Tinkercad Knowledgebase—alternating between the two on 
a per-request basis. Web searches led participants to a variety 
of resources, including text-and-image tutorials (32%), blog 
posts (25%), video tutorials (18%), forums (14%), and other 
resources (11%). In general, we observed that none of these 
resources were broadly effective at helping participants to 
accomplish their goals. If we define success as cases where 
the participant found the information they needed and ap-
plied it successfully in the application, Google Search was 
successful in 17% of cases, and the Tinkercad Knowledge-
base was successful in 5% of cases (Figure 3). 

1Initially, we did not realize that the workplane tool would be a point of
difficulty for participants, so not all participants were asked about it. 

Question Type Count 
Procedural Help (e.g., How do I do this…) 67 (57%) 
Determine Possibilities (e.g., Can I do this…) 29 (25%) 
Locate in Interface (e.g., Where is this…) 17 (14%) 
Terminology (e.g., What does this mean…) 5 (4%) 

Table 2. Most common types of help requested. 



  

We observed two main ways that help-seeking failed – the 
participant failed to locate content that contained a solution 
for the challenge they were facing; or participants located a 
solution, but failed to recognize its relevance or how it could 
be put into action. To quantify this behavior, we recorded the 
webpages participants visited and had a member of the re-
search team who was familiar with Tinkercad evaluate 
whether each page contained a relevant solution. We ob-
served that even though participants’ search queries varied 
widely in quality (discussed below), Google returned rele-
vant results 80% of the time (Figure 3). However, 
participants only recognized and successfully applied the in-
formation they found in 17% of help-seeking instances. 
Participants were even less successful when using the Tink-
ercad Knowledgebase, only locating potentially helpful 
resources in 42% of instances, and successfully using this in-
formation in 5% of instances. 

Below we provide a more detailed discussion of the chal-
lenges that the children faced in formulating effective search 
queries for technical help and evaluating returned resources. 

Challenges in Locating Relevant Help Resources 
Over the study, participants issued 53 search queries in total 
(an average of 4 per participant). Consistent to what prior 
studies have found about how children search online in other 
contexts [19], the participants in our study tended to search 
using natural language questions such as “Does command z 
work on tinker cat” (sic) for technical help queries as well. 

Participants experienced difficulties with terminology and 
spelling while formulating queries, which is consistent with 
prior work [19]. However, we were surprised by how 
Google’s autocorrect feature frequently caused terminology 
problems for participants as they tried to describe applica-
tion-specific commands and features. For example, one 
participant who had previously correctly used the term 
“workplane” in conversation, issued the search query “tink-
ercad move the workplne”, which google corrected to 
“tinkercad move the workplace”. The participant accepted 
the suggested incorrect terminology without question, and 
then began to use the incorrect term when speaking with the 
experimenter. This suggests that this child viewed search re-
sults, or this spelling correction feature more specifically, as 
trustworthy or an authority, and that extra caution is needed 
around the use of generalized autocorrect for children when 
they work with domain-specific terminology. 

Search-query suggestions during query formulation were also 
a source of distraction for children as they tried to complete 
the 3D design tasks. For example, autosuggest results such as, 

“how to be single” and “how to play Pokemon Go” prompted 
fits of laughter from the children, and the experimenter often 
had to discourage them from following these suggestions. This 
aligns with what we heard from the workshop facilitators, who 
suggested that online resources were more a “source of dis-
traction” than of help for children in their 3D design 
workshops. (In contrast, this distraction was less of an issue on 
the application-specific knowledgebase, likely due to the more 
focused nature of the content it contained). 

Finally, as seen in other studies with children and keyword 
search [19, 20], our participants also had difficulty formulat-
ing abstract help queries for technical help. In several cases 
participants issued queries that were overly specific to their 
problem with an application feature or functionality (e.g., 
“how to resize a cylinder to 6mm by 6mm by 6mm in tinker-
cad”). In many cases the wording of these specific queries 
was copied directly from the tutorial. The specificity of these 
queries limited the quality of the returned results. This was 
particularly problematic when using the less sophisticated 
search system provided by the knowledgebase. 

Challenges in Evaluating Help  
In addition to challenges with query formulation, we ob-
served that children had difficulty evaluating the relevance 
of help resources, a problem that has been identified in other 
contexts for children [38]. Although in many cases the chil-
dren located web pages that contained a relevant answer, 
they often failed to recognize that a page did contain a solu-
tion to their application-specific problem. 

False rejection was particularly problematic when using the 
knowledgebase, as deciphering the back-and-forth forum 
discussions would often leave participants confused or irri-
tated. One participant expressed frustration with the forum 
posters, saying “Why would I want to use a forum? […] It’s 
just people arguing with each other.” (P5) Other children 
refused to use the community help resources altogether, as 
their parents had warned them not to trust what strangers say 
online, as in the following comment: 

Oh, [the knowledgebase] is just people. I don’t want this. […] 
My dad said not to trust people [online] unless they’ve got [cre-
dentials] that says that they’re smart. (P15) 

In many cases, false rejection occurred when search results re-
turned introductory tutorials (both official tutorials associated 
with Tinkercad, and community-created). The children also 
had difficulty skimming longer pages to find information, and 
would often reject such pages as being unhelpful. 

Conversely, children would often spend considerable time 
evaluating search results that contained no useful information, 
but contained potentially-relevant keywords and images. For 
example, API documentation, very old documentation, and 
documentation for other software would often contain 
keywords relevant to Tinkercad and images that would lead 
participants to believe that they may be helpful. One 
participant, while trying to determine how to move objects 
vertically, spent several minutes trying to decipher the 
“Tinkercad Shape Generator Overview”, which is a developer 

 
Figure 3. Summary of outcomes for help-seeking instances.  



  

API allowing for new shapes to be programmed using a 
specialized scripting language. She pointed to an image 
containing arrows overlaid on a cube, and the word 
“overview”, as evidence that the page must contain 
information about how to move objects. 

Negativity Bias Toward Help-seeking Methods 
Due to their lack of success, participants quickly formed neg-
ative opinions of the help-seeking methods we prescribed as 
part of our study method. In several cases, participants made 
exclamations such as “Oh dammit, I don’t want to do this 
again!” (P8) when directed to these resources a second time. 
The participant who made this comment went on to ignore 
the experimenter’s suggestion to seek help online, and con-
tinued to try and find a solution in the software’s interface 
instead. This may suggest that a bad experience caused by 
one of the factors discussed above can cause children to 
quickly form a negative opinion of a given help-seeking 
method, or decide to reject its usefulness entirely. 

DISCUSSION 
Our key results (summarized in Figure 4) indicate that chil-
dren struggle with effectively utilizing common online 
learning and help-seeking resources, such as tutorials, web 
search, and community forums, which could potentially sup-
port them in independently learning 3D design software. 

Below, we contextualize our key findings in terms of existing 
theoretical and empirical results on children’s help-seeking be-
haviors, and discuss our study’s new insights into how children 
seek help and learn software for recreational and creative use. 
We discuss several directions for future work to explore the de-
sign of next-generation help and learning systems for children 
using 3D design software and beyond. 

The Larger Context of Children’s Help-Seeking Behaviors  
One of the key challenges that children faced with tutorials was 
that they tended to overestimate their understanding of the in-
tent of individual tutorial steps, causing them to overlook 
required actions, or in the case of video tutorials, watch a large 
amount of tutorial content and then attempt to switch back to 
the application to try and carry it all out. They rarely asked for 
help in such situations, even when they were visibly stuck. This 
could be explained by results from past research that suggest 
that a learner must engage in higher-order metacognitive func-
tions in recognizing the difficulty of completing the task and 
monitoring task progress before the need for help can be as-
sessed [32, 57]. As children’s meta-cognitive abilities are still 
in development, they can struggle in monitoring and reflecting 
on their performance, and their need to seek help [10].  

When children were prompted to search for help, some of their 
struggles were similar to issues known to be faced by adults 
trying to describe software problems (e.g., formulating queries  
using appropriate vocabulary [31]). However, such issues 
appeared to be more acute for children. For example, we found 
that search features such as query suggest and autocorrect could 
mislead children or become a source of distraction, 
corroborating previous findings on children’s struggles with 
information-seeking in other contexts [19, 20]. In instances 

where children did locate a relevant help resource, we found 
that they faced challenges with evaluating the usefulness of the 
resource, and with putting the found knowledge into practice.  

Another key observation of children’s help-seeking behaviors 
was their quick formation of negative opinions of help re-
sources, or tendency to reject them entirely in response to an 
unsuccessful help-seeking experience. This behavior is con-
sistent with other studies of help-seeking where children ignore 
or do not make effective use of on-demand help in classrooms 
[67] and integrated learning environments [3]. This behavior is 
also consistent with more theoretical explanations on how chil-
dren may avoid seeking help due to the additional cognitive 
load it imposes (i.e., they find it difficult to simultaneously 
work on an unfamiliar task and engage in help-seeking [71]). 

Given the help-seeking challenges our study uncovered, future 
work should investigate the extent to which help-seeking 
evolves with age, particularly in recreational and individual use 
of feature-rich software. 

Design Implications 
Several research projects have been undertaken to make 3D 
design more accessible to children, through novel interfaces 
for 3D modeling, or new interactions with 3D environments 
(e.g., [29, 43, 51]). Our study complements this work, identi-
fying additional opportunities to support children learning 3D 
design software by rethinking the design of help and learning 
systems. Furthermore, many of our results are likely general-
izable to children's interactions with software beyond 3D 
design. We discuss several of these opportunities below.  

Reactive and Integrated Tutorials 
Given that children’s challenges with help and learning re-
sources may be related to higher-order metacognitive 
functions, it would be valuable to investigate systems that help 
develop these metacognitive abilities, or that stand-in for them 
while they are developing. For example, an integrated tutorial 
system could provide feedback on steps the user has com-
pleted in a tutorial, helping the user to reflect on their progress. 
This approach could address the tendency for the children to 
attempt to perform multiple tutorial steps together, to skip 
steps, and to overlook instructions within a given step. Along 
similar lines, reactive tutorial systems that enforce pacing, 
such as the Pause-and-Play video tutorial system [61], could 
be beneficial, as could tutorials that only reveal the next step 
once the previous step has been completed. 

 
Figure 4. Summary of the key challenges faced by children 

learning 3D design, based on our study observations. 



  

More broadly, tutorial systems could be developed that 
model the learner’s knowledge, and generate or adapt tutorial 
content accordingly—an approach that has been investigated 
in the programming domain [36]. For 3D design, this could 
operate by identifying specific skill deficits (e.g., in 3D nav-
igation or Boolean operations) and providing tasks designed 
to practice or improve these skills. 

One potentially valuable application of this approach would 
be to encourage best practices. We observed that children 
would often imitate practices they viewed in tutorials, even if 
they did not always understand the intent of the practice. 
Moreover, not following best-practices was a source of diffi-
culty for participants. Adaptive tutorial systems [26] could be 
designed to recognize when a user is not following best prac-
tices (e.g., an extended period of not moving the camera in 3D 
design software, or not checking for compile errors in program-
ming tasks), and dynamically insert steps that prompt the 
learner to perform these actions. Likewise, the tutorial system 
could hide or de-emphasize such instructions once a learner has 
demonstrated that they have acquired the relevant skill. 

A similar approach could be applied to the challenge of un-
familiar vocabulary and terminology, which we observed in 
our study, and which is likely occur in many other complex 
software domains as well. The user’s knowledge of domain-
specific terminology could be modelled by the system, and 
tutorial content could be dynamically adapted to show or 
hide supplementary help and explanations of key terms. 

Social Help-seeking for Individual Learning Settings 
Given the enthusiasm we observed among children engaging 
in social help-seeking and learning during group workshops, 
it would be interesting to try and recreate these benefits for 
children learning in individual settings, potentially by con-
necting individual learners with a broader community of 
users. However, our one-on-one study indicated that children 
had difficulty establishing trust in online help resources or 
accessing information from forums. Thus, any community-
based help system for children should be developed with 
mechanisms for establishing trust as a primary design goal.  

The Scratch community [44, 63] has had impressive success 
with connecting children with each other when learning pro-
gramming, and best practices from that project may be 
applicable to the 3D design domain as well. 

Improving Search Systems for Finding Help 
Natural language search  has proven to be challenging for 
children in a range of contexts [19, 20, 34, 38], and our 
findings confirm that it is a challenge for children seeking 
software help as well. To address these challenges, a range 
of search systems have been developed to help children 
formulate queries (e.g., visual query formulation systems 
[45, 65]), which may be able to be applied to help children 
formulate queries when seeking help with 3D design or other 
visual software. Automatic query expansion [14, 16] is 
another approach that could be applied to this challenge. 

Beyond formulating queries, a key challenge faced by the chil-
dren in our study was recognizing that they had found relevant 

help, and successfully applying the found information. Thus, 
it may be valuable to explore systems that could assist children 
in evaluating relevant help and learning materials. For exam-
ple, a system that integrates the user’s web browser with the 
3D design application being used could help them evaluate the 
relevance of resources in the context of the document being 
worked on in the application. Similar ideas have been explored 
in past work [23, 30], but we are unaware of this idea being 
applied to children or the 3D design software domain. 

One caution with the above is that the children who partici-
pated in our study did not use search tools to seek help unless 
prompted, and typically had little or no prior experience using 
the web as a source of technical help. Unlike adults [5, 9, 66], 
children in our study did not perceive search as a fruitful me-
dium for seeking troubleshooting or learning help. This may 
suggest a need for systems that explicitly introduce and teach 
search skills, or suggest search as a strategy to the user (e.g., 
by detecting that the user is struggling). Another potential ap-
proach is to monitor use of the application, and automatically 
present help and learning resources to the user as they work. 
This idea has been explored in prior work targeted at profes-
sional users of 3D design software [55], but may be more 
effective for children who are used to receiving ambient help 
and instruction from teachers, parents, and caregivers. 

Limitations 
Our sampling methods may have introduced bias by over-
sampling from specific communities, or children of parents 
who are interested in technology. It is also possible that we 
recruited participants with low intrinsic motivation to learn 3D 
design, and this impacted their help-seeking effectiveness 
(past work has provided some evidence for a connection be-
tween motivation and help-seeking effectiveness in children 
[17]). However, in our observations participants were eager to 
complete the study tasks, and we do not believe that motiva-
tion alone can explain all the challenges we observed. 

Beyond issues of sampling, running studies with children is 
complex, and the presence of the researcher may have influ-
enced their behavior, as may have the lab setting in which the 
studies were carried out, and the specific design of our study. 
Finally, while we made our best efforts to construct tutorials 
representative of those found online for 3D design tools, we 
only tested tutorials for one application. 

CONCLUSIONS  
As 3D design tools are increasingly being used by non-profes-
sional users, including children, hobbyists, and casual makers, 
there is a need to refine and update our understanding of how 
to design software help and learning tools to accommodate 
these new user populations. This paper provides a first step to-
ward establishing a better understanding of children’s learning 
and help-seeking behaviors with 3D design software, and we 
believe that our findings can serve as a foundation for devel-
oping next-generation help and learning systems to enable 
children to learn and improve 3D design skills. 
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