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Abstract - The results of a beginning of semester survey of 
students’ current abilities in engineering graphics and 
computer programming in an introductory engineering 
design course were compared to their homework 
assignment and test grades in engineering graphics and 
computer programming. The graphics unit consisted of 
four weeks of manual drafting followed by three weeks of 
computer-aided drawing (CAD) with Autodesk Inventor. 
The programming unit, lasting six weeks, consisted of 
review and expansion of MatLab skills and tools. The 
course also included a semester-long design project, along 
with instruction and practice in technical communication 
and teamwork.  

With respect to the graphics and programming 
knowledge area, the researcher categorized the 
participants as Beginner, Average or Experienced, 
depending on their descriptions of their exposure and 
perceptions of either subject.  The distribution for initial 
graphics ability was approximately 30% Beginner, 40% 
Average and 30% Experienced. For programming, the 
distribution was approximately 35% Beginner, 45% 
Average and 20% Experienced.  

A final reflective survey asked students to identify the 
most important areas of knowledge learned in the course, 
and why they were important to learn, as well as what 
areas were still difficult for them. Many students 
identified graphics and programming as among the most 
important areas for them to learn, as well as areas that 
they continued to find to be difficult.  

Results revealed noticeable differences among the 
average grades, frequency of the most important area of 
knowledge and frequency of remaining difficulty between 
the two knowledge areas, with lower average grades and 
greater frequencies of importance and difficulty for 
programming than for graphics. These differences can be 
traced to participants’ initial and final impressions of both 
knowledge areas in terms of certain elements of self-

efficacy, namely performance accomplishment, 
physiological state, and extrinsic utility value.  
  
Index Terms – Self-efficacy, reflection, first-year design. 

INTRODUCTION 

Students’ perceptions of their abilities in fundamental 
engineering skills such as graphics and computer 
programming may be influenced by their familiarity with 
these skills, as well as their assessment of how well they were 
able to perform them upon exposure and practice. While some 
students may doubt their ability to master these skills, others 
possess a sufficient level of confidence and persistence to 
overcome any doubt about their current or future ability.  The 
similarity between belief in one’s ability to acquire a 
particular skill that is practiced in a specific context (self-
efficacy), and the belief that one can be successful (self-
confidence) may also lead some students to conclude that they 
can’t become “good” at something if they can’t be successful 
at it on the first or second attempt.  This threatens their self-
confidence and may affect self-efficacy.  Lack of sufficient 
prior exposure to, or extent of experience with, a particular 
engineering tool, such as graphics or computer programming, 
may, or may not, lead to conclusions that particular students 
can, or cannot, become adept at using them. Other students, 
however, may be surprised to find that they can be more 
successful at acquiring and even mastering a technical skill 
than they originally imagined, where their initial impression 
belies their eventual achievement.  

Because of the variations between students’ initial 
perceptions of their ability to acquire skills in engineering 
graphics and computer programming, based on prior 
experience or the lack of it, this study is intended to answer 
this research question: 
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• How do first year engineering students’ perceptions 
of their abilities to solve engineering graphics and 
computer programming problems align with their 
eventual proficiency as measured by homework 
grades and test grades? 

PROJECT BACKGROUND AND PURPOSE 

Self-efficacy among engineering students has been 
studied widely, especially with respect to retention in 
engineering programs among under-represented groups, such 
as women. 1-6 It has been further related to retention through 
the application of expectancy-value theory with several 
constructs: intrinsic interest value, attainment value and 
extrinsic utility value. 1 These constructs apply to both men 
and women students, and embody a number of attitudes that 
first year students develop as a result of their current and prior 
exposure to various technical and non-technical aspects of 
engineering. Specific experiences that influence these 
attitudes may arise from individual exposures to technical 
knowledge areas that students often associate with 
engineering, such as graphics and computer programming. 

Sources for these factors can be found from studies 
drawing on self-efficacy theory, as first identified by Bandura 
and applied often since that time. 7-9 Bandura identifies four 
major influences on self-efficacy: performance 
accomplishments, vicarious experiences, verbal persuasion 
and physiological states.2 The first is the direct result of what 
a student does to practice a skill such as graphics or 
programming, and how much they are able to accomplish 
toward a solution to a homework or test problem in these 
knowledge areas. An example of the second influence, 
vicarious experience, is found in modeling, where an example 
problem is worked out and the student recognizes that they 
understand what was done to the extent that they could 
replicate it with another problem.2 Verbal persuasion may be 
given by an instructor, exhorting the student to try a problem 
by showing the instructor’s confidence in the student’s ability 
to solve it, or by self-instruction, where the student 
successfully figures out how to solve the problem on their 
own. 2 Finally, the physiological state of emotional arousal 
can affect self-efficacy when a student feels a positive sense 
of accomplishment when a problem is solved, or dismay when 
they struggle with a problem until they give up on it due to a 
perceived sense of diminishing return.  Since many 
engineering students consider their past experience as 
predictive of continued success or failure, performance 
accomplishments are expected to be the strongest influence 
on engineering students’ self-efficacy. 

METHODOLOGY 

Our institution is a large university in the eastern United 
States, where the introductory engineering course sequence is 
organized into sections of 30 students each. While the first 
course is concentrated in the formation of an engineering 
identity and plan of study, a selection of professional and 
technical skills, including an introduction to computer 
programming, the second course serves as an introduction to 

engineering design, with a semester-long design project, and 
instruction and practice in a wider variety of professional and 
technical skills, including engineering graphics and an 
expansion of computer programming knowledge. The design 
project requires to use of both graphics and programming in 
its solution. All graphics and programming instruction and 
practice were conducted using a problem-based format. 

This study design is primarily quantitative, since it 
contains an initial survey about perceived abilities in graphics 
and programming, treatment in the form of instruction, 
practice and grading in these knowledge areas, and a final 
reflective survey. Results from these surveys enabled us to 
identify aspects of self-efficacy that may have influenced 
final proficiency in graphics or programming.  
Study Context 

This study involved the second of two one-semester 
introductory engineering courses, in which students pursued 
a design project in teams for 15 weeks, coupled with 
individual development in engineering graphics and computer 
programming.  On the first day of the course, students were 
asked to provide feedback, through a numeric scale and 
written comments, about their current abilities in graphics and 
programming. A total of 10 graphics-related and 7 
programming-related combinations of homework and tests 
were then completed, sequentially within each knowledge 
area, over Weeks 1-13 of the course, with 7 weeks devoted to 
graphics and 6 weeks to programming in MatLab. The 
reflective survey asked students to identify the most important 
areas of knowledge learned in the course, and why they were 
important to learn, as well as what areas were still difficult for 
them. Many students identified graphics and programming as 
among the most important areas for them to learn, as well as 
areas that they continued to find to be difficult.  
Participants 

The participants were first year engineering students in 
three sections of the second semester introductory 
engineering design course, who had completed the initial and 
final surveys and course assignments and tests described 
above. Relatively few of the participants had prior experience 
with engineering graphics, while the majority had some 
experience with MatLab and/or other programming 
languages. 
Data Collection 

Student-derived data were collected and de-identified in 
accordance with Institutional Review Board policy. For each 
knowledge area, participants were grouped into three 
categories: Beginner, Average and Experienced, depending 
on their previous experience in these skill areas and expressed 
attitudes toward them. These categories are described as 
follows: 
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Table 1: Students’ Perceived Ability in Graphics and 
Programming 
 

Perceived Ability Graphics Programming 

Beginner No prior 
experience 

with sketching 
or CAD 

No prior 
experience, 
low comfort 
level, and/or 

dislikes it 
Average Some 

exposure to 
sketching 

and/or CAD; 
may have 

forgotten it 

Moderate 
comfort level 
with one or 

more 
programming 

languages 
Experienced One or more 

semesters of 
previous CAD 

experience 
and/or CAD 
certification 

High comfort 
level with 

MatLab and 
one or more 

other 
programming 

languages 
The distribution for initial graphics ability was 

approximately 30% Beginner, 40% Average and 30% 
Experienced. For programming, the distribution was 
approximately 35% Beginner, 45% Average and 20% 
Experienced.  

Homework grades and test grades were combined into 
overall percentages, on a 100% scale for each knowledge 
area, respectively. The percentages were then ordered from 
highest to lowest within each perceived ability category.  

Finally, the reflective survey contained the following 
questions, for which a number of students mentioned graphics 
and/or programming: 

 What were the most important areas of knowledge 
that you learned in this course? 

 What did you learn in our course that you still find 
difficult? 

Data Analysis 
Graphics-based and programming-based data were 

analyzed separately, since it was our intent to reveal aspects 
of self-efficacy that might differ between these two 
knowledge areas. This assumption was informed by a greater 
amount of student feedback about programming than about 
graphics, and specifically about MatLab, at the end of the 
course. The average percentage grade was calculated in all 
three perceived ability categories for both knowledge areas, 
and the student responses were scrutinized for indications of 
any applicable Bandura factors of self-efficacy, i.e., 
performance accomplishments, vicarious experiences, verbal 
persuasion or physiological states. 2  

The numbers of responses identifying graphics or 
programming as one of the most important knowledge areas 
in the course were tabulated, along with responses indicating 
difficulty in either knowledge area. Specific skills that were 
difficult were noted for additional reinforcement or emphasis 
in future semesters. 

RESULTS 

When each student’s survey results were compared to 
their combined homework and test percentage grades in 
graphics and in programming, we found that students with 
prior experience usually earned higher grades on graphics 
homework and tests than those with no experience.  However, 
prior experience with MatLab did not guarantee success in our 
programming unit, and prior experience with Java, C++ or 
Python, without MatLab, yielded mixed results at best.   

Results for percentage grades among the three ability 
categories, as well as the percentages of students in each 
category who identified graphics or programming as most 
important and/or still difficult, are summarized in Tables 2 
and 3 below: 
 
Table 2: Final Perceptions and Grades for Graphics 
Among Three Initial Perception Categories 
 

Description Beginner Average Experienced 
Number of 
participants 

19 23 15 

Average % grade 
for all 

assignments and 
tests 

86.8 83.4 91.1 

% of participants 
for whom 

graphics skills 
were most 

important in the 
course 

89.5 39.1 33.3 

% of participants 
for whom 

graphics is still 
difficult 

31.6 13.0 6.7 

 
Table 3: Final Perceptions and Grades for Programming 
Among Three Initial Perception Categories 
 

Description Beginner Average Experienced 
Number of 
participants 

19 26 12 

Average % grade 
for all 

assignments and 
tests 

73.2 80.1 82.8 

% of participants 
for whom 

programming 
skills were most 
important in the 

course 

42.1 50.0 25.0 

% of participants 
for whom 

programming is 
still difficult 

68.4 30.8 25.0 
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On an overall basis, only Average participants considered 
programming to be a Most Important knowledge area more 
often than for graphics, although a greater percentage of 
participants in all three categories considered programming to 
still be difficult than those for whom graphics was still 
difficult.  

Participants classified as Beginners in graphics stated 
that they had little to no exposure in any form of graphics (i.e., 
manual sketching or CAD), and therefore were not expected 
to have any positive or negative impressions of it. These 
participants were also much more likely to identify graphics 
as one of the most important knowledge areas in the course.  
Conversely, programming Beginners often expressed 
negative impressions, in that they were uncomfortable with or 
loathsome toward whatever programming language they had 
encountered. 

Participants classified as Average were similarly open-
minded about graphics, based on little to no opportunity to 
form a negative impression, although their final average 
percentage grade was 
lower than that for Beginners.  Participants who were Average 
in programming expressed a moderate comfort level due to 
prior experience with MatLab and/or other programming 
languages that was positive in nature. 

The Experienced participants in graphics had substantial 
experience with CAD programs compared to those in the 
other two categories, and were less likely to identify graphics 
as a Most Important knowledge area than other participants. 
Their average percentage grade was higher than those in the 
other two categories for both graphics and programming, 
although those Experienced in programming achieved 
considerably lower overall percentage grades than those 
Experienced in graphics.  

Since the final reflective survey was intended to invite 
consideration of all of the acquired knowledge of the course, 
not just graphics or programming, approximately 40% of the 
participants did not mention graphics as among their most 
important items of knowledge. Similarly, 30% of the 
participants did not mention programming (i.e., MatLab). We 
were not able to determine if there was a correlation between 
any student’s intended engineering major and their 
identification of either technical area as a “most important” 
response.  

This study is further limited in that a complete suite of 
descriptive statistics was not employed to further describe the 
distribution of graphics and programming assignments and 
test grades. Instead, we sought to identify an overall trend 
toward low or high grades among the Beginner, Average and 
Experienced cohorts.  

DISCUSSION 

 The participants in the Beginner, Average and 
Experienced categories are more or less distributed as we 
would expect for both knowledge areas, based on our criteria 
for assigning participants to their respective categories.  It is 
also logical to expect students to be more highly skilled in 
certain technical areas than others, based on aptitude, 

experience and preference, and there could be multiple 
reasons why a participant with high proficiency in graphics 
may not be equally skilled in programming. Students could 
also easily justify the importance of mastering graphics within 
the context of a design project that required its use. They 
could also recognize this area of knowledge as being useful to 
their career in the long term, because they identify graphics 
with engineering. This is an example of extrinsic utility as a 
value-related construct for self-efficacy.1 A similar 
identification was not found for programming, mainly 
because fewer participants considered programming to be 
among the most important knowledge areas in the course.  
 However, we believe that there are certain Bandura-
based aspects of self-efficacy that could explain the 
noticeable difference in average percentage grades between 
graphics and programming, as well as the higher percentages 
of students who still found programming to be difficult by 
the end of the course, compared to those who still found 
graphics to be difficult. 2 The two most notable self-efficacy 
factors found in participant responses about programming 
were performance accomplishments and physiological 
states.2 Beginner participants were more likely than either 
Average or Experienced participants to be uncomfortable 
with programming or even to dislike it (emotion as a 
physiological state), because they had concluded that they 
could not be successful at it (performance accomplishment).  
By contrast, Average participants might not necessarily 
enjoy programming, but had likely experienced some level 
of success with it, and therefore did not dislike it 
(performance accomplishment).  While vicarious 
experiences and verbal persuasion might have had an effect 
on some participants in either of these categories, it is 
doubtful that either factor would have influenced participant 
self-efficacy toward programming.  
   

CONCLUSIONS AND RECOMMENDATIONS 

Further application of Bandura’s theory by Chemers, Hu 
and Garcia reveals a relationship between high self-efficacy 
and lack of stress or anxiety about completing tasks, to the 
point of readily using metacognitive strategies such as 
planning and self-regulation.3 Goal-setting is also an 
important aspect of planning and self-regulation, as goals 
provide a means to measure what has been accomplished, 
which contributes to performance accomplishment.8-9 A 
common goal for students is to perform well enough in a 
knowledge area to receive an A grade on a test, while a 
longer-term goal could be to understand the concepts behind 
specific compositional or computational steps in order to 
apply them to an ill-defined problem that does not have just 
one “right” answer.  First-year students may already have an 
idea about what they want to achieve, but not necessarily how 
to achieve it. 

Additional insight may be gained from a more detailed 
analysis of assignment and test grades as functions of 
perceived difficulty and importance in the course.  This may, 
or may not, reveal to what extent a student’s perception of 
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their abilities in graphics and/or programming would affect 
their performance in these areas, or if there is a correlation 
between performance and importance.  

It is up to instructors to employ instructional methods 
emphasizing performance accomplishment, especially in 
programming, in part by encouraging whatever progress can 
be made. An improvement in students’ self-efficacy with 
programming is a potential example of persistence and 
tangible accomplishment leading to the acceptance of more 
complex and less-well-defined challenges such as open-ended 
problem solving.  While programming-based careers seem to 
be appealing in the current economy, and information 
management grows in importance, these are not enough to 
overcome lingering student disappointment with their lack of 
early success in programming proficiency. In fact, these 
factors may also contribute to a general lack of self-efficacy 
among our students with proficiency in computer 
programming, which appears to be of less concern than the 
lack of self-efficacy with proficiency in engineering graphics.  
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