
Sketching Instruction in Engineering Design with an Intelligent Tutoring Software 

Abstract 

Engineers who learn to sketch develop many essential skills, such as spatial visualization, design 

idea representation and fluency, and communication. However, most engineering programs focus 

on digital design tools and no longer teach freehand sketching. In addition, large engineering 

classrooms make it challenging for instructors to provide personalized teaching and immediate 

feedback on sketching assignments. We developed an intelligent tutoring system for teaching 2D 

and 3D sketching fundamentals in perspective. The system has been deployed at three 

universities for 4 years in undergraduate and graduate mechanical engineering and design 

graphics courses. It has also been used by undergraduate instructors outside of engineering. 

While our research has demonstrated the impact of classroom instruction with the software on 

student learning, self-efficacy, sketching skills, and design ideation, there has been little research 

into instructors’ experiences teaching freehand sketching with the system. 

This study evaluates how instructors implemented an intelligent tutoring system for sketching in 

their classrooms. We hypothesize that course level, subject area, and class size can be sources of 

variety in instructors’ teaching approaches. Our research is guided by the following question: In 

what ways do engineering and design instructors teach freehand perspective sketching with an 

intelligent tutoring software? 

This study follows a qualitative research methodology that included interviews to capture details 

on instructors’ use of the intelligent sketching tutoring software. Three instructors who 

implemented the system in their mechanical engineering and design visualization courses at both 

undergraduate and graduate levels, one instructor of first-year engineering, and one industrial 

design instructor were purposefully recruited. Three instructors taught with the software for 

multiple semesters. We follow a semi-structured interview protocol asking how instructors 

introduce the software into their course, how student work with the software is incorporated into 

the course learning objectives, what benefits instructors saw with using the software to their own 

instruction and to students’ learning, and what difficulties and areas for improvement they 

identified at the end of each semester. Thematic analysis was performed on the interview 

responses by two researchers using a qualitative data analysis tool namely MAXQDA. Our 

results will examine each instructor’s practices in detail. We will report the degree to which the 

intelligent tutoring software was integrated with lessons and assignments and the ways that 

instructors scaffold student use of the software. We will also identify key design strengths and 

weaknesses of the system which helped or hindered its use. We will discuss instructors’ opinions 

on the software’s support in reaching each course’s learning objectives and compare experiences 

by level (undergraduate or graduate), subject area (engineering, design, or integrated), and class 

size. These findings will pinpoint future design features and functions for the software, and 



generate wider recommended best practices for sketching instruction in engineering and design 

courses when using intelligent systems. 

1. Background & Literature Review 

Engineers who learn to sketch develop many essential skills, such as spatial visualization, design 

idea representation and fluency, and communication. Spatial visualization has been linked 

positively to the retention of engineering students and also improved performance. Research has 

been ongoing for the past four decades, indicating the importance of spatial visualization in 

STEM education. Spatial visualization skills in students can be improved with training, and 

training students in sketching is a significant contributor to improving spatial visualization skills 

[1].  Engineering design is an integral part of all engineering disciplines. There are various steps 

in engineering design, and sketching can contribute in various ways at the various stages of 

engineering design. At the early stages of engineering design, where ideas are being 

brainstormed, sketching significantly helps in representing ideas and sharing those ideas visually 

among the team members. Since the nature of sketches is rough, it supports changeability and 

encourages the generation of new ideas leading to increased creativity. Graphical communication 

is yet another skill that is critical to engineering students; by learning to sketch, students gain a 

tool to communicate.  

Sketching benefits engineering students in diverse ways that also contribute to enhancing the 

creativity of engineering students [2, 3]. Creativity is critical to engineering design; creative 

engineers are a necessity for solving the complex challenges of the 21st century [4].  However, 

most engineering programs focus on digital design tools and no longer teach freehand sketching 

[5]. In addition, large engineering classrooms make it challenging for instructors to provide 

personalized teaching and immediate feedback on sketching assignments. Sketching instruction 

is very rarely included as part of the engineering curriculum, while CAD instruction has been 

integrated into the engineering curriculum. Many engineering instructors have called for 

sketching to be reintegrated into the classroom so that students may develop essential 

visualization, communication, and creative skills. 

SketchTivity is an intelligent tutoring system for teaching 2D and 3D sketching fundamentals in 

perspective to engineering students that was developed at Texas A&M University [6-11]. The 

system has been deployed at three universities for 4 years in undergraduate and graduate 

mechanical engineering and design graphics courses. It has also been used by undergraduate 

instructors outside of engineering. Students receive real-time feedback on their speed, precision 

and smoothness and also an additional tip to help them improve. SketchTivity has repeatedly 

improved the sketching self-efficacy of students along with sketching skill development. A 

survey instrument that measures the self-efficacy of students was developed and validated as part 

of the project that helped us [12]. 



A few years ago, an instructor who used SketchTivity as part of his instruction collected 

feedback from students about their experiences with the tool [13]. Instructors have been willing 

to continue using the tool for instructional purposes in their classes for teaching sketching. 

Recently, as part of our commitment to improving the tool, we examined the experience of 

undergraduate and graduate engineering students from three institutions regarding their use of 

SketchTivity to learn sketching and their perspectives on improving the intelligent tutoring 

system [14]. 

1.1. Research Motivation 

While our research has demonstrated the impact of classroom instruction with the software on 

student learning, self-efficacy, sketching skills, and design ideation, there has been little research 

into instructors’ experiences teaching freehand sketching with the system. This study evaluates 

how instructors implemented an intelligent tutoring system for sketching in their classrooms.  

1.2. Research Questions 

We hypothesize that course level, subject area, and class size can be sources of variety in 

instructors’ teaching approaches. Our research is guided by the following question: In what ways 

do engineering and design instructors teach freehand perspective sketching with an intelligent 

tutoring software? 

2. Methods 

This study follows a qualitative research methodology that included interviews to capture details 

on instructors’ use of the intelligent sketching tutoring software. Thematic analysis was 

conducted using an inductive approach to find patterns across data [15].   

3.1. Interview Protocol 

We followed a semi-structured interview protocol with 10 initial questions about instructors’ use 

of SketchTivity in their teaching. Nearly all main questions had at least one probing question to 

follow up with participants and gain more detail into their experiences. Table 1 contains the full 

list of interview questions. 

  



Table 1. Semi-structured interview questions and follow-up probing questions. 

 

Interview Question Probing Questions 

1. Which course(s) did you implement it in? Was it an undergrad/grad course? If undergrad, 

what classification of students took the course? 

What was the major of students enrolled in those 

courses?   

2. How many semesters did you use SketchTivity? Over the course of time (if they have repeatedly 

used SketchTivity), are there any specific changes 

that have stood out to you?  

3. How did you introduce the software into your 

course?  

What point in the semester was SketchTivity 

introduced? Was SketchTivity introduced as part 

of their graded HW or was it ungraded HW? 

4. How long did students practice sketching using 

SketchTivity? 
Does the instructor think students should use the 

tool for even longer duration or shorter?  

5. How did SketchTivity support your course(s) 
learning objectives? 

Was there any learning objective that was specific 

to students learning 2 point perspective sketching 

or were the learning objectives broader than just 

gaining sketching skills?  

6. What suggestions do you have for us to 

improve SketchTivity so that we could better 
support your course learning objectives?  

 

7. What benefits, if any, did SketchTivity provide 
to your teaching? 

Benefits in not having to grade individual 

sketches? Benefits in saving time by not having to 

spend one on one with a large number of students?   

8. What benefits, if any, did SketchTivity provide 

to student learning? 
Did it encourage self-regulated learning?  

9. What difficulties or areas for improvement, if 

any, did you identify at the end of your teaching 

with SketchTivity? 

 

10. What areas for improvement, if any, did you 

identify at the end of your teaching with 

SketchTivity? 

 

Interviews were conducted and transcribed via Zoom and lasted around 15 minutes. The 

researchers cleaned Zoom transcripts for clarity and compiled all responses by question. Not all 



probing questions were asked to all instructors; however, all instructors provided responses to 

Questions 1-8 and provided general reflections for Questions 9-10.  

3.2. Participants 

Three instructors who implemented the system in their mechanical engineering and design 

visualization courses at both undergraduate and graduate levels, one instructor of first-year 

engineering, and one industrial design instructor were purposefully recruited. The first-year 

engineering instructor had previous experience teaching with the software at the high school 

level (see Table 2). As experienced instructors who were experts in their fields and had taught 

multiple semesters with SketchTivity, we were interested in discovering their long-term 

perspective on teaching with the software. 

Table 2. Institutional Characteristics of Interviewed Instructors 

 University Course 
Number of semesters 

teaching with SketchTivity 

Instructor 1 Western urban public 

university 

Mechanical engineering 

Design and Graphics 

3 

Instructor 2 Southwestern public land 

grant university  

Freshman engineering 

computer-aided design 

5 

Instructor 3 Southern public research 

university 

Undergraduate 

industrial design 

4 

3. Results 

4.1. Courses where SketchTivity was implemented 

The first instructor was a mechanical engineering professor who taught a freshman-level 

computer-aided design-based class. This course was one of the first courses taken by primarily 

freshman students in the mechanical engineering program, more than 80%; but also by civil and 

aerospace engineering majors, including those who plan to change majors in the future. The 

second instructor taught a three-course sequence in first-year engineering mechanics, which 

included a lecture and a lab. The third instructor taught in a first-year industrial design two-

course sequence of labs in the fall and spring semesters, which met for two hours per week and 

were primarily for industrial design majors. 

4.2. Significant changes in implementation and instruction over time 

For the mechanical engineering instructor, who taught the course with a graduate teaching 

assistant, course lecture content became more specific towards the application of the software 

over time. They reported becoming more confident over time in answering questions about 



software functionality and adapting lectures from other team members towards the needs of their 

students. 

“With respect to the implementation I think as we went from one semester to the other, we were 

a bit more confident in how the software works, and we were able to answer the questions 

ourselves. And also, we tailored the lectures a little bit more towards the application of the 

software.  

Throughout the implementation, the mechanical engineering instructor focused on teaching areas 

which could be easily sketched by students with SketchTivity. 

The first-year engineering instructor reported the benefit of prior experience teaching with 

SketchTivity at the high school level in structuring their teaching at the university level. They 

affirmed that this had helped them understand how students engage with the software, which 

informed their design of a program structured around their interest. The first-year instructor 

described starting with all seven sketching items and focusing on those which they observed to 

have the strongest impact on students’ skill development. 

According to the industrial design instructor, SketchTivity was not a standalone learning 

platform, and therefore was not developed to take the role of an instructor. Instead, the software 

was meant to monitor student learning and provide feedback: 

“... [SketchTivity’s] intent was to help monitor or assess students’ ability to do certain things in 

perspective drawing. It was meant as a supplement, at least the way we used it in our class, as a 

supplement to a physical in person instruction. If we take that as a basis for that answer, it 

served that purpose quite well.” 

Specific features supported the industrial design professor’s teaching over time, such as 

dashboards which indicated number of attempts and logins, achievement metric scores, and 

progress over time. These data helped the instructor with grading and judging student effort, as 

well as showing improvement throughout the semester. The instructor cited this as providing 

insight into student motivation, with one expected motivator being the line drawing practice 

game. 

4.3. Introduction of SketchTivity with course homework and grades 

The mechanical engineering instructor taught perspective sketching lessons during the same 

week as implementing SketchTivity in the lab section of the course. The instructor-reported 

changing one computer-aided design assignment to a freehand sketching assignment, paired with 

a “more detailed lecture on perspective sketching and how the software can help students,” 

which the instructor felt was a natural connection between instruction and software. 



Approximately halfway through the semester, the first-year engineering instructor integrated 

SketchTivity into lab weeks where students were learning with hands-on measurement activities 

as well as online simulations. In these weeks, SketchTivity was presented as an intelligent 

tutoring system that could help develop sketching capabilities. As most students in these courses 

did not have any sketching experience and were primarily using CAD design, the instructor 

emphasized the value of sketching: 

“I just wanted to introduce them to say, ‘you’re going to have time in your career where you 

may not have technology available, or you may be more effective just to sketch out [a] design, so 

we’re going to make sure you have at least know-how to do that effectively.” 

Students in the first-year engineering courses were free to use SketchTivity as available on 

laptops or tablets during this time as they continued into the labs. 

4.4. Length of time for student practice with SketchTivity 

Most instructors reported using SketchTivity for anywhere from 15-45 minutes in class. The 

mechanical engineering instructor assigned homework in addition to the free time during labs 

where students could practice with the software. The first-year engineering instructor reported 

that many students wanted to try more activities than were assigned, especially when ZenSketch 

was a feature of the software that motivated them to play. At the same time, the first-year 

engineering instructor reported that some students were limited by tactile issues when sketching 

with a tablet and digital pen compared with paper. The industrial design instructor advised their 

students to practice with SketchTivity for a minimum of 15-20 minutes per day for 5 days, with 

one hour spent on the system being sufficient. However, the instructor realized that logins were 

not the only indicator of engagement, as students could log in but not complete the lessons, 

which caused them to use “a mixture of how long they were on it, and how many attempts they 

had.”  

4.5. Support of course learning objectives by SketchTivity 

Instructors had mixed responses regarding SketchTivity’s support of their course learning 

objectives, which originated from the larger role of sketching in the curriculum. The mechanical 

engineering professor noted that teaching with SketchTivity allowed them to bring sketching into 

focus alongside computer-aided design: 

“The way the course is organized, it’s more focused towards computer-aided design. And that’s 

something we are struggling with, students are more comfortable with CAD models than hands-

on sketches. So hands-on sketches are much easier to make and communicate with somebody 

else, but students are not comfortable with sketching, right? So that’s one of the reasons why I 

wanted to incorporate SketchTivity so the students could practice sketching a little bit more.” 



The mechanical engineering instructor observed that students became more confident freehand 

sketchers with practice, which they believed was an essential skill for engineers. Similarly, the 

first-year engineering instructor did not have specific course objectives for sketching and used 

SketchTivity as a way to incorporate the sketching skills which they felt were missing from the 

course: 

“I was able to carve out a week to focus on some things that weren’t necessarily elicited as 

learning objectives for the course, but [I] knew to be underlying things that are good for 

engineers to know.” 

The industrial design instructor listed three objectives for introducing SketchTivity into 

classroom instruction: documenting and monitoring students’ effort and participation in the 

course, measuring learning progression for sketch accuracy or fluidity, and finding ways to 

support students’ extrinsic motivations “to spur them to try to continue to work by introducing 

the level of competition. There was something there about having a leaderboard or gamifying it 

that turned it into something there that helps spur the students to work on their own.”  

4.6. Benefits provided by SketchTivity to teaching 

In the mechanical engineering instructor’s courses, the syllabus did not include sketching in 

regular instruction and left them little time to teach perspective sketching principles. Therefore, 

the mechanical engineering instructor reported that SketchTivity was helpful for giving students 

the opportunity to practice outside the course: 

“ It's not really changing anything with respect to the course learning objectives. But I do see 

personally, the benefits of SketchTivity as a tool that can help students to get that experience in 

sketching.” 

The first-year engineering instructor referenced their prior experience implementing the product 

of a teacher professional development training in their own course, and how SketchTivity 

benefited students in different learning teams: 

“I could see when I put them in teams to work through the EDP [engineering design process]. 

and I don't have a concurrent control group to compare that to, but thinking through when I've 

done some EDP work prior, I noticed that there was, within the groups, a lot more sketching of 

ideas as they're coming, especially the brainstorming element.” 

In this context, the first-year engineering instructor observed that students who were familiar 

with SketchTivity were able to provide visual drawings for their quick brainstorms to help other 

students understand their ideas. Compared to the prior semesters before the first-year engineering 

instructor taught with SketchTivity, they observed students involved in engineering design 

projects sketched more frequently. 



For the industrial design professor, SketchTivity provided value to their teaching by using real-

time assessment about student sketching activity to streamline many of the one-on-one 

interactions between students and teachers. Compared to traditional art or trade schools where 

instructors monitor students’ work individually, having intelligent tutoring system provided the 

instructor with a resource to alleviate the repetition in large classes: 

“In essence, that is quite good. Because then you could just log into the dashboard, and at a very 

quick glance see your entire classroom, and see the kind of progression and kind of ability at 

that point in time of students doing certain exercises. That’s kind of the best impact from a 

tedium teaching kind of standpoint. It's real time assessment, and it’s instant, and constantly 

updates. So that says it's a great read on to your students.” 

4.7. Benefits provided by SketchTivity to student learning 

Overall, the mechanical engineering instructor reported that students were increasingly 

comfortable with relying on sketching to communicate their ideas, rather than immediately 

relying on CAD models: 

“In general, I notice students are getting more comfortable with the art of sketching. So instead 

of like when I ask them a question. Show me a system instead of just creating a CAD model 

immediately. The students are sketching more, especially some of these students who came to my 

follow up classes like dynamics.” 

Similarly, the first-year engineering instructor noticed that students who previously had low self-

efficacy in their beliefs that they could draw improved in their confidence: 

“Some students would go into the SketchTivity saying, ‘I really don't draw well at all.’ And 

actually saw how you can learn how to draw better. And by the end of that they were much more 

comfortable with their sketching and their ability to sit down and just kind of sketch out 

something pretty quickly, where I don't think they would have tried that before.” 

4.8. Areas for improvement with SketchTivity instruction 

To maintain student interest in using the software outside of lectures, the mechanical engineering 

professor preferred to have more gamification features in SketchTivity. Features such as puzzles 

or games would keep students interested in playing, as students “are very interested in game-

based platforms, so maybe that’s a way to go, so they will continue using that, and they develop 

their hands-on sketching abilities.” The first-year engineering instructor felt that animated 

tutorials were helpful and agreed that additional gamification features would help reinforce 

standalone principles of primitive shapes, to “actually see it in a particular environment that 

works on improving the skill sets.”  



The industrial design instructor described two limitations with SketchTivity that could be 

improved. First, they wished to see software support for more complex primitive combinations to 

help students advance beyond drawing basics. Second and conversely, the industrial design 

instructor recognized that students need motivation to perform the repetition necessary to 

become skilled in the basics, which SketchTivity could not always provide: 

“Drawing, like art and creativity, or acting, or painting, or music, it is something that requires 

practice, something that requires 10,000 hours of doing rote things, or doing the thing same 

things over and over again in order to get good enough so that it unlocks your creativity, 

because you're no longer thinking consciously about doing something. So in that sense, right? 

You know, the software has a limitation on its motivation.” 

The industrial design instructor noted that gamified features were motivating to a certain extent, 

but that small changes such as digital avatars and star ratings did not fully tap into students’ 

deeper intrinsic motivations to sketch. Compared to experts who were intrinsically motivated, the 

instructor felt that the software being tailored towards beginners was more based on extrinsic 

motivation of competition and rewards. Because of this, the instructor concluded that “We never 

really got into what would encourage someone to do this type of drawing exercise. But I think 

that's one that we could probably look into, or at least talk about.” 

Discussion 

Instructor Scaffolding and Classroom Integration 

Instructors of all courses were intentional in how they incorporated sketching into their classes. 

In particular, they considered gaps in the curriculum where sketching could be used to teach 

essential skills which would benefit students in their future practice. Instructors provided 

students with both structured and unstructured opportunities to practice sketching with 

SketchTivity, including in-class free use and out-of-class homework assignment hours 

requirements. Instructors had learning objectives which they aimed for students to accomplish 

with SketchTivity. Outcomes of sketching included improving motivation to sketch, increased 

confidence to use sketching during engineering design, and willingness to sketch for informal 

communication.While each instructor taught with SketchTivity for a different length of time and 

in different courses, each leveraged their professional experience and teaching goals for helping 

students use SketchTivity effectively. 

System Design Strengths and Weaknesses 

The software had strengths and weaknesses identified by the instructors. While its design 

supported repetition and practice of sketching fundamentals, it was not able to provide feedback 

on advanced sketching technique, which made it more suitable for beginners. One feature which 

all instructors agreed was beneficial for engagement and motivation was the game for line 



drawing practice. However, they acknowledged that gamification also has limitations, and 

further research is needed to know what can motivate students to continue sketching long-term. 

Software Support of Learning Objectives 

In large courses, SketchTivity software supported instructors in scaling instruction to provide 

individualized feedback, while in smaller courses instructors created open-ended opportunities 

for students to practice independently. It also supported formative assessment through real-time 

updates on student performance and a dashboard of metrics for an entire class. While some 

instructors felt that the metrics were limited, they were useful for teaching fundamentals and 

provided a starting point for students with little experience or confidence in sketching. 

Conclusions and Future Directions 

As this software continues to be improved and implemented in other engineering design 

contexts, we plan to support more advanced learning objectives and explore features that can 

support motivation and engagement. These findings can help pinpoint future design features and 

functions for the software, and generate wider recommended best practices for sketching 

instruction in engineering and design courses when using intelligent systems. In addition to 

improving gamification features for student engagement, there is potential for greater alignment 

between curriculum objectives and sketching practice. Further, we hope to continue developing 

the pedagogy around the software to systematically teach sketching fundamentals in engineering 

design, using it to build on basics and support more advanced technique. 
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