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1. Introduction 

There are challenging problems in STEM research that can be solved by using different 
technologies. STEM students are usually expected to have a good grasp of the paper-pencil 
solution to calculus questions to demonstrate critical thinking ability while they are also expected 
to use technology to determine solutions to these questions. The strategic use of technology by 
STEM majors enhances their engineering and mathematics learning. Technology education of 
students for making right decisions to pick the right technology for solving calculus questions is a 
crucial component of calculus education. There are many challenging problems that might require 
the use of one of the following technologies:  

 Computer programming languages: Matlab, Excel, etc. 
 Calculators: Texas Instruments 83, 83+, 84, 86, 89, 89-Titanium, etc. 
 Online resources: Wolfram Alpha, Symbolab, Desmos, etc. 

The research results shared in this work received IRB approval for data collection. Qualitative and 
Quantitative data were collected during the research period. The goal of the following question 
was to investigate participating students’ technology choice to graph a given function. 

 

The goal of the question below is to investigate whether students would choose to use a technology 
to calculate a definite integral or prefer to solve a given definite integral by hand. This question 
was particularly designed to investigate engineering students’ interest to use a software or prefer 
to solve a problem by using the integral techniques they learn in calculus. 



 
A calculus question that might require the use of technology is the calculation of numerical values 
or error terms for a given power series; The following question targeted determining the 
participants technology background and knowledge to determine such values.  

 
In this work, the quantitative data analysis consisted of the statistical analysis of the participants’ 
responses to the research questions and the qualitative nature of the data is the transcription of the 
20 participants’ video recorded interviews at a university located on the Northeastern side of the 
United States. The focus of this research is different from majority of the other existing research 
that focuses on the learning preferences of students to solve engineering problems; (see for 
example Felder and Silverman (1988) and Rosati (1998).) Students’ preferences on using paper-
pencil versus technology to solve the research questions are also investigated in [Article of one of 
the authors, year] for improving technology education of STEM students with the impact on their 
calculus educational experience.  

2. Nature of the Research & Collected Data  

The data collection methodology received Institutional Review Board (IRB) approval prior to the 
collection of the data. There were two phases of data collection: pre- and post-interview phases. 
Pre-interview phase required the participants to answer a set of questions in which the three 
research questions analyzed in this work took placed. The post-interview phase consisted of video 
recorded interviews of the participants to investigate the details of their written responses to the 
written questionnaire. Each participant got compensated by the lead researcher for participating 
each one of the two phases of the data collection periods. The data is collected at a Northeastern 
university in the United States. Twenty undergraduate engineering majors participated in this 
research completed two of the 4-credit calculus course sequence in a 12-credit calculus sequence. 



The lead researcher hired three undergraduate students that participated in the data collection and 
helped to derive the results attained in this work. Each participant is interviewed approximately 
20-30 minutes to further investigate the details of the written responses. The following were the 
main objectives of the three research questions analyzed in this article: 
 

 Technology preferences of undergraduate engineering students for solving function 
graphing, definite integral, and mathematical series questions; 

 Technology variation of participating engineering students’ technology preferences when 
calculus concepts change. I.e. Do the students prefer a different technology (or not prefer 
at all) when calculus questions change? 

 Engineering students’ interest in determining the solution to a calculus problem by using 
paper and pencil rather than technology; 

 The engineering majors’ consistency in using the same technology as calculus problems 
change. 

The following are investigated for engineering educators and researchers to benefit from the data 
displayed in this work: 

 Undergraduate engineering students’ reasons and believes for choosing various 
technologies. 

 The technological shortcomings that arise in engineering education for solving 
mathematics problems. 

 The limitations of engineering students’ technology knowledge.    
 Correlation of participants’ technology choices for a variety of calculus questions. 

Next three sections are organized section-by-section for qualitative and quantitative analysis of 
participants’ technology preferences to the three research questions related to function graphing, 
solving definite integrals, and calculating power series or error terms. The sixth section is 
devoted to correlation analysis of participants’ technology preferences for the three research 
questions. The last section presents an overview of the analysis of the results displayed in this 
work. 

3. Analysis of Technology Choices for Function Graphing 

Qualitative and quantitative analysis of the research participants’ technology choices to solve the 
function graphing question are presented in this section. Participants’ handwritten responses to 
the research question, interview transcriptions, and statistical analysis are the key elements 
displayed in this section. 

Majority of the participants’ responses, 80%, indicated calculators to be the most popular 
technology choice for graphing a function as displayed in Figure 1 below; Texas Instrument (TI) 
calculators were the top choice of majority of the participants. The other technologies preferred 
to be used by the participants included Excel and Matlab. Some of the participants chose web-
based graphing calculators (such as the one offered by Desmos.com) as the secondary choice 
while their primary choice was the use of a calculator. 



 

                     Fig 1. Participants technology preference distribution to graph a function 

The primary reason for participants’ technology choices for function graphing was “experience” 
with the calculator during the completion of their university level courses and high school years 
as indicated by one of such participants below in Figure 2.  

                     
Fig 2. Experience based technology preference of Participant 5 for choosing graphing calculator 

The following participant, Participant 8, in Figure 3 had a conditional choice to graph a function. 
The response was based on points to plot versus a function given in a closed form with the 
corresponding variable. 

 

Fig 3. Preference based response of Participant 8 to sketch the graph of a function 
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The following participant, Participant 9, preferred to use Desmos graphing calculator to sketch 
the graph of a function over the TI-84 calculator “to ensure a more reliable answer.” 

 

Fig 4. Reliability based response of Participant 9. 

Excel and Matlab were chosen by few participants for this question. The reason for choosing this 
option, as stated by Participant 16 below, was based on the “familiarity” even though the 
graphing of a function is Excel is not as simple as some of the online resources such as the 
graphing calculator offered by Desmos.com. 

 

Fig 5. Participant 16 chose Excel because of “most familiarity” with Excel to graph a function. 

In a nutshell, the participants technology choices were based on the following categories for 
graphing a function: 

 Experience with the technology. 
 Preference. 
 Reliability. 
 Familiarity. 

Some of the participants with multiple technology preferences for graphing a function clearly 
indicated a certain knowledge on knowing how to use these technologies. All the responses of 
the participants were based on the idea “I am familiar and know how to solve it.”  



4. Technology Choice Analysis of Engineering Majors for Calculating Integrals 

The research participants’ choices to solve the integral approximation question will be analyzed 
qualitatively and quantitatively in this section. Participants’ handwritten and interview responses 
to the research question and statistical analysis were the key elements of the analysis. Figure 5 
below outlines the percentage distribution of the research participants’ preferences to solve an 
integral question. The most interesting result is half of the engineering majors preferring to solve 
a definite integral by hand rather than using a technology. This is a consequence of participants’ 
calculus course education without using a software. This fact appears to overrule the technology 
preference of the participants to solve definite integrals even though most of them learned 
several technologies to solve definite integrals.  

 

       Fig 5. Statistics on participants technology preferences to calculate integral approximation 

Several examples of participant responses are displayed below to show their preferences. 
Response of Participant 5 in Figure 6 was based on “the training” method to solve definite 
integrals; the participant didn’t consider using Matlab to solve the problem even though the 
participant learned how to program Matlab in the past to an extent. 

 

Fig 6. Participant 5 chooses to use a combination of a calculator and by hand to solve an integral.  
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Response of Participant 16 displayed in Figure 7 is based on the “step-by-step” calculation 
capability of Symbolab.com that is chosen by 20% of the participants. This website is 
particularly helpful to view the theoretical method applied to calculate the integral along with the 
details of the algebraic steps taken to calculate the integral. 

 

Fig 7. Participant 16 chooses Symbolab to calculate definite integrals. 

Participant 17 chooses Matlab due to its’ “calculation capabilities” in Figure 8 and user interface 
(i.e. basic input screen) which is one of the rare options chosen to calculate a definite integral 
among the research participants.  

 

Fig 8. Participant 17 chooses to use Matlab to solve definite integrals. 

Participant 19 (in Figure 9) chose to use a calculator program and “by hand” solution to calculate 
definite integrals which depends on the “ease of integration of the function.” 

 

Fig 9. Participant 19 chooses a combination of calculator, by hand and Matlab to determine 
definite integral. 



The participants’ technology choices were based on the following categories for calculating 
definite integrals: 

 Experience with the technology. 
 Fast calculation. 
 Ease of integral calculation. 
 Step-by-step calculation display capability. 
 Preference. 
 Familiarity. 

Some of the participants with multiple technology preferences for graphing a function clearly 
indicated a certain knowledge on knowing how to use these technologies. All the responses of 
the participants were based on the idea “I am familiar and know how to solve it.” For instance, 
some of the participants chose to use Excel to graph a function even though Excel does not 
provide a single step solution to graph a function. 

5. Analysis of Participants’ Technology Choices for Power Series Calculations 

Technology choices of research participants to calculate power series terms or error values are 
analyzed in this section qualitatively and quantitatively. Participants’ handwritten responses to 
the research question and statistical analysis are the key elements displayed in this section. 

Calculator is the most popular choice (by 65% of the participants) to calculate error terms or 
power series of functions. Figure 10 below summarizes the percentage distribution of the 
participants to solve the research question. The second popular choice appeared to be the use of 
Excel.  

 

Fig 10. Probability distribution of participants’ responses to solve series/error terms 

Participant 6 with the response displayed in Figure 11 below chose to use Excel based on the 
“most familiarity” with the program. This participant didn’t know how to calculate the numerical 
values by using Excel. 
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Fig 11. Familiarity based response of Participant 6 to the numerical value calculations. 

Responses of Participants 12 and 13 displayed in Figures 12 and 13 are based on the availability 
of shortcuts in Excel and calculators. 

 

Fig 12. Response of Participant 12 based on “Function availability” in Excel.  

 

Fig 13. Participant 13 preferred to “use programs in calculator.” 

Participant 19 chose Matlab because of its’ “ease of use” as a programming language. The 
participant didn’t necessarily know how to calculate such numerical values however chose to use 
the program to solve such problems.  



 

Figure 14. Participant 19 chose Matlab and calculator to calculate numerical values. 

Technology choices of the participants were based on the following categories for calculating 
numerical values of power series or error terms: 

 “Function” or “Program” availability. 
 Ease of use. 
 Preference. 
 Familiarity. 

Most of the participants chose to use the technology that they are the most familiar with or ease 
of the use of technology for calculating numerical values of power series or error terms. The 
responses obtained for this research question was similar to the responses attained for function 
graphing research question. 

6. Correlation Analysis of the Research Question Responses 

The correlation of the responses to the three technology related questions are analyzed in this 
section. The purpose of the following correlation analysis was establishing a connection between 
different questions that are individually analyzed above.  

 Only 5% the research participants chose to use the same technology (calculator) to solve 
all three questions based on the primary choices.  

 The highest correlation is determined to be the use of the same technology for Q5 and 
Q11 with 60% correlation; This meant 60% of the participants preferred to use the same 
technology to solve these two questions.  

 91.67% of these participants chose to use calculator while 8.33% preferred to use Excel 
to solve Q5 and Q11.  

 Only 5% of the participants correlated to solve Q5 and Q9 by using the same technology, 
calculator.  

 Only 5% of the participants correlated to solve Q9 and Q11 by using the same 
technology, Matlab. 

 If we consider only the participants that chose technology as the second option to solve 
Q9, 15% of the participants had all three picked to be solved by using a calculator.  



 There is a high correlation, 75%, between the participants who preferred to use a calculator 
for graphing a function and solving the definite integral of a function by hand. 

 The participants were mainly inconsistent in their software/program choices for solving the 
three research questions analyzed in this work.   

 
7. Conclusion 

The objective of this work was to investigate undergraduate engineering students’ technology 
choices to solve calculus questions related to function graphing, function integral and power 
series concepts. Pre- and post-interview data were collected from 20 research participants after 
attaining IRB (Institutional Review Board) approval at a mid-sized Northeastern university in the 
United States. Research participants were compensated for responding to a written questionnaire 
and interviewed by the lead researcher to explain their responses more in depth. The main 
objectives of the three research questions analyzed in this article were to observe the following: 
 

 Technology preferences of undergraduate engineering students for solving function 
graphing, definite integral, and mathematical series questions; 

 Technology variation of participating engineering students’ technology preferences when 
calculus concepts change. i.e. Do the students prefer a different technology (or not prefer 
at all) when calculus questions change? 

 Engineering students’ interest in determining the solution to a calculus problem by using 
paper and pencil rather than technology; 

 The engineering majors’ consistency in using the same technology as calculus problems 
change. 

In conclusion, the following are the highest statistics observed: 
 The highest correlation is determined to be the use of the same technology for Q5 and 

Q11 with 60% correlation; This meant 60% of the participants preferred to use the same 
technology to solve these two questions.  

 91.67% of these participants chose to use calculator while 8.33% preferred to use Excel 
to solve Q5 and Q11. 

 Most of the participants, 80%, preferred to use a calculator to sketch the graph of a 
function.  

 65% of the participants preferred to use a calculator for solving Q11. 

Engineering educators and researchers are expected to benefit from the data displayed in this work 
in several different ways: 

 Categorization of participants’ technology choices to understand and improve their 
methods to solve calculus problems. 

 An understanding of undergraduate engineering students’ cognitive technology 
preferences for solving calculus questions. 

 Recognize the shortcomings that arise in engineering and mathematics education for 
solving mathematics problems by using technology. 

 Recognize the limitations of engineering students’ technology knowledge and improve 
their knowledge accordingly. 

 



The following four common approaches were observed in responses to all three research 
questions: 

 Experience with the technology. 
 Preference. 
 Reliability. 
 Familiarity. 

Some of the participants had knowledge in most recent web-based available calculators to 
calculate definite integrals (Symbolab.com) and function graphs (Desmos.com). Calculator 
appeared to be the most popular response for solving function graphing (Q5) and power series 
calculation (Q11) questions while “by hand” was the most popular response to calculate definite 
integrals. Calculator, Matlab, Excel and web-based resources appeared to be the technology 
elements that the participants’ preferred for solving the three research questions; Texas 
Instruments appeared to be the most popular response among all the technologies that can be 
used to solve the research questions.  

Educators and researchers can use the information shared in this work in several different ways. 
Some of the web-based resources such as Symbolab.com and Desmos.com can be utilized more 
by the educators to help undergraduate students to improve their technology knowledge. 
Students can be introduced to use several different technologies in addition to paper pencil 
solutions. The same technology can be used in different engineering courses for students to build 
a strong foundation on the corresponding technology to be able to use it for solving different 
problems in engineering. Several technologies can be taught comprehensively by flipping 
calculus or engineering courses to incorporate more technologies to solve calculus questions 
since calculus questions are at the heart of engineering questions. Further investigation by other 
researchers and educators along the line of this research is essential to learn and improve 
engineering students’ technology preferences to solve calculus questions.  
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