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The First-Year Engineering Student Entrepreneurial Mindset: A Longitudinal 

Investigation Utilizing Indirect Assessment Scores 

1. Introduction 

Since the turn of the century, global and national calls have been made to develop a more 

innovative and entrepreneurial society to support economic growth [1]. Such calls have 

emphasized the development of entrepreneurial concepts and skills in addition to the 

foundational mathematical and scientific expertise required within engineering [2], [3]. Inclusion 

of these concepts and skills support the growth of an entrepreneurial mindset (EM) which is a 

collection of mental habits that target one’s impact on society and the value they create for it [4]. 

Methods to implement an EM in education emphasize one’s approach to critical thinking, 

innovation, and value creation as both a learning activity and outcome (i.e., [5], [6]). The 

execution of EM-focused curricula and the subsequent outcomes have resulted in student-

centered benefits, namely, the growth of their professional skills [7]. Students report that such 

education contributes to their ability to communicate professionally and influences their ability 

to collaborate with others [7]. Moreover, entrepreneurial coursework has been linked to student 

ability to recognize customer and social aspects of designs [8]. In addition, the development of 

an EM has shown to prepare entry-level engineers with a global awareness and intention to 

create value economically, socially, and environmentally [9], [10]. 

To meet these global and national calls, the Kern Entrepreneurial Engineering Network (KEEN) 

formed with the mission of instilling an EM in current and future engineering students [11]. With 

an EM, engineers will be prepared to work in our increasingly global market, understand their 

local and global impact, and translate their technical work to a business context [12], [13]. KEEN 

is a collaborative network of 61 universities dedicated to integrating an EM into technical 

engineering education via entrepreneurial minded learning (EML) and the 3Cs: Curiosity, 

Connections, and Creating Value [4]. Through the 3Cs, EML develops and promotes skills 

related to information gathering, concept connections, and product or service valuation. KEEN 

has emerged as an EML leader in higher education, supporting faculty members across 

partnering institutions in the creation, implementation, and sharing of engineering and EM-

focused course content.  

Although each of the 3Cs have varying applications within an educational context, each center 

around key ideas. Curiosity refers to one’s ability to explore new ideas and perspectives, question 

opinions or beliefs, and test new ideas [4]. Connections refers to one’s ability to synthesize 

information from a variety of sources, recognize interactions and interdependencies, and to think 

outside of the box [4]. Creating Value refers to positively impacting others through one’s work, 

creatively think through and solve problems, and to possess and articulate a clear vision of one’s 

end goal [4]. Through KEEN’s partnership with universities, countless faculty working towards 

this shared mission have applied EML in their classrooms and supported the growth of an EM in 

engineering students nationwide [4]. 

Through our research, we examined results from our implementation of 3Cs indirect assessments 

for students enrolled a first-year engineering honors course sequence over the 2021-2022 and 

2022-2023 academic years to determine the effect of EM-focused instruction and first-year 

design projects on EM growth. We analyzed responses in a pre/post manner within these 

academic years and holistically analyzed across academic years. We used the cross-year analysis 



to address the impact of curricular changes. Finally, we provide implications and pedagogical 

approaches that can support the development of an EM in the future.  

2. Background 

The Ohio State University (OSU) partnered with KEEN in 2017 and has since integrated EML 

across several courses in its engineering curriculum. This initiative first began with the redesign 

of the First Year Engineering Program (FYEP) standard course sequence. Alterations to the 

standard sequence were developed with the best practices garnered from a multi-institution 

investigation of formal learning approaches of EM in first year engineering courses [14]–[17]. 

The incorporation of the EML framework led to an increase in student performance, encouraging 

the institution to integrate EML into its engineering capstone courses and the FYEP honors 

course sequence. EM-focused learning outcomes and curricular assessments of these outcomes 

were created to support their integration into these courses [18]. Institutionally, EML has been 

incorporated into Professional Learning Communities (PLCs) and training efforts to support the 

implementation of EM instruction [19], [20].  

Data was collected and used previously from the standard and honors course sequences to create 

an assessment toolkit of the 3Cs. This was completed via the development of direct and indirect 

assessments for each of the 3Cs by researchers on our team over the years [21]–[24]. Each 

assessment was formulated for individual student assessment. Since this paper targets responses 

from students in our FYEP honors course sequence to our indirect assessments, all discussions 

will focus on our 3Cs indirect assessments. However, additional information on the direct 

assessments, including the direct assessment prompts, scoring rubrics, and some implementation 

results, can be found elsewhere [22]–[24]. 

The implementation of EML and the resultant student outcomes have been of high interest within 

the FYEP. Within this program are the first-year engineering courses which are offered as a two-

semester sequence with an optional sequence for honors designated students. The first course 

focuses on problem solving through computational tools, specifically Excel, MATLAB, and 

C/C++ programming. This course ends with a software design project where students work in 

groups to create a game of their choosing in C++ [25], [26]. Students engage with the design 

process and consider the audience of their game in this project, but significant instruction on 

stakeholders and value creation is not included. 

The second semester course targets design and SolidWorks via two options for an overarching 

design project. The first is an autonomous robot design/build project while the second is an 

alternative, research-based design project. Both project options require students to work in teams 

of four throughout the semester. In the robot design/build project, students are tasked with 

building and programming a robot to complete a set of defined tasks on a course. The scenarios 

of the courses and the tasks change year to year, but the assignments remain similar. In 2021-

2022, students were asked to design a robot to help with automation tasks in a diner while in 

2022-2023 they were asked to create a robot to help with tasks at an airport. There is a built in 

“customer” to the project, but the customers’ needs and the tasks the robot must perform are 

well-defined. 

The research-based project over the 2021-2022 academic year was to design a medical 

nanotechnology device for disease detection and complete a microfluidics lab on a chip 

experiment. Students read journal articles and used newfound knowledge from these articles to 

inform their designs throughout the project. Much like the robot design/build project, the 



stakeholder needs and tasks for the alternative were well-defined. The research-based project for 

the 2022-2023 academic year was redesigned to be more open ended and to expand the themes 

of the course. Specifically, it asked students to identify an opportunity and problem within the 

themes of either medical nanotechnology or sustainability. The course still focused on research 

and reading journal articles but also expanded assignments to consider value creation, needs, and 

the impact of their projects. The end of both design projects reserved one day to focus on EM 

and asked them to reflect on questions they had about engineering, to create a concept map as a 

group about EM, and to identify the value they had created for stakeholders in their projects. In 

2021-2022, this was the first introduction to EM for both projects and was designed as a 

reflection. In 2022-2023, it was the first introduction to EM for the robot project, but the 

research-based project had heavily focused on EM and value creation throughout the semester. 

Student workload across the design projects was reduced in 2022-2023 compared to the year 

prior. For example, students were given additional time to brainstorm their designs and create 

them, reducing the overall number of tasks they needed to complete during the semester. 

Additionally, more faculty who taught these courses in 2022-2023 had more exposure and 

practice implementing EML through PLCs at our institution.  

3. Methods 

3.1 Assessment Development and Implementation 

To assess first-year engineering students’ ability to demonstrate an EM, indirect assessments for 

each of the 3Cs were implemented into the FYEP honors course sequence during the 2021-2022 

and 2022-2023 academic years. The suite of assessments was administered to students as a part 

of their routine coursework via Qualtrics surveys and was implemented near the beginning and 

end of the academic year to measure changes in students’ EM in response to the FYEP 

curriculum. All assessments except for the Curiosity indirect assessment that uses Kashdan et 

al.’s [27] 5-Dimensional Curiosity Scale were developed by a previous team of OSU researchers 

[21].  

The Curiosity indirect assessment applies Kashdan et al.’s [27] Five-Dimensional Curiosity Scale 

(5DC) which has been validated and previously used within an engineering education context 

[27]. The five dimensions or constructs of Curiosity in this scale are Joyous Exploration (JE - the 

elements of curiosity that spark joy,) Deprivation Sensitivity (DS – curiosity that causes tension), 

Stress Tolerance (ST – curiosity that associated with the unknown), Social Curiosity (SC – 

curiosity with interpersonal interactions), and Thrill Seeking (TS – risky behaviors or situations 

one partakes in due to curiosity with associated experiences). The Connections and Creating 

Value indirect assessments [21] were developed and validated for use in a first-year engineering 

context. Explanatory Factor Analysis (EFA) was conducted for both indirect assessments and 

lead to four Connections factors: Integrate Outside Information (CF1), Consider Social, 

Economic, and Environmental Factors (CF2), Define Connections (CF3), and Make Connections 

within Engineering Design (CF4). EFA on the Creating Value indirect assessment gave rise to 

three factors: Create Value within Engineering Design (CVF1), Attitude and Approach Toward 

Value Creation (CVF2), and Create Value for Others (CVF3). These indirect assessments apply 

7-point, Likert-type scales constructed around KEEN’s EML context and institutionally 

developed EM learning outcomes [21]. 

Indirect assessments corresponding to each of the 3Cs use a 7-point Likert-type scale which 

required students to rate statements using the following: (1) Does not describe me at all, (2) 



Barely describes me, (3) Somewhat describes me, (4) Neutral, (5) Generally describes me, (6) 

Mostly describes me, and (7) Completely describes me. Note that the ST construct on the 

Curiosity indirect assessment was reverse coded with the following 7-point Likert-type scale: (1) 

Completely describes me, (2) Mostly describes me, (3) Generally describes me, (4) Neutral, (5) 

Somewhat describes, (6) Barely describes me, and (7) Does not describe me at all. Items 

associated with this construct were negatively worded such that low ratings indicated negative 

responses to stress. 

3.2 Indirect Assessment Analysis 

The 7-point Likert-type scale data from each of the indirect assessments were extracted from 

Qualtrics and cleaned to eliminate participants who did not complete the ratings across all scale 

items. Indirect assessment data from 103 students in the 2021-2022 cohort and 127 students 

belonging to the 2022-2023 cohort were included for analysis.  

Upon cleaning the data, averages were computed for each of the Curiosity, Connections, and 

Creating Value constructs identified from prior work [21]. Construct averages were computed per 

participant following the scoring instructions defined by Kashdan et al. [27]. Q-Q plots for the 

pre- and post-data of each construct for both cohorts were constructed and analyzed for 

normality. Normal data was found in all datasets, giving rise to the use of parametric testing in 

our analysis. As such, paired t-testing was used to compare pre- and post- assessment responses. 

The change in score over the course of the year was also calculated for each student for each of 

their indirect scores, separately, by subtracting the student’s post- score from their pre- score for 

each of the Curiosity, Connections, and Creating Value constructs. Accordingly, a positive 

change in score indicates that a student scored higher at the end of the academic year than at the 

beginning and a negative score indicates that a student scored lower at the end of the academic 

year than at the beginning. This directionality of calculations was chosen to clearly identify if 

post-assessment responses increased from students’ pre-assessment responses. 

3.3 Longitudinal Analysis 

We compared the change in average response within both cohorts to begin identifying the EM 

growth seen across them. Additionally, the normality of the data allowed us to conduct 

independent samples t-testing to assess the difference in average assessment performance across 

cohorts. The post data obtained from both cohorts was used to conduct this testing.  

4. Results 

4.1 2021-2022 Indirect Assessment Findings 

The pre and post descriptive statistics and significance testing completed for all five Curiosity 

constructs are presented in Table 1 and visually represented in Figure 1. Students exhibited an 

increase in their average JE responses and decreases in their average DS and ST responses. 

These changes were not statistically significant while significant increases were seen in their 

average responses to SC and TS items.  



 

 

Table 2 and Figure 2 present the descriptive statistics and significance testing for all four 

Connections factors in the same manner as those of the Curiosity constructs. Students exhibited 

an increase in average response to items in all four Connections factors, with significant 

increases for both CF1 and CF4.   

 

 

 

 

Table 1: 2021-2022 Curiosity Constructs Descriptive Statistics and Paired t-testing; **α = 0.05 

Figure 1: 2021-2022 Curiosity Construct Findings 

n=103 paired responses

p<0.05, t-test paired

JE: Joyous Exploration

DS: Deprivation Sensitivity

ST: Stress Tolerance

SC: Social Curiosity

TS: Thrill Seeking

Pre Data (AU 21)

Post Data (SP 22)



 

 

Lastly, the descriptive statistics and significance testing computed for all three Creating Value 

factors are presented in Table 3 and visually presented in Figure 3. Students exhibited a 

significant increase in average response to all three factors. 

 

 

 

 

 

Table 2: 2021-2022 Connections Factors Descriptive Statistics and Paired t-testing; 

**α = 0.05, * α = 0.10 

Figure 2: 2021-2022 Connections Factors Findings 



 

 

4.2 2022-2023 Indirect Assessment Findings  

Much like for the 2021-2022 findings, Table 4 presents the pre and post descriptive statistics and 

significance testing of all five curiosity constructs while Figure 4 depicts the same findings 

visually. Average scores for all five constructs increased where those of JE and TS increased 

significantly. 

 

 

 

 

 

Table 3: 2021-2022 Creating Value Descriptive Statistics and Paired t-testing; **α = 0.05 

Figure 3: 2021-2022 Creating Value Factor Findings 



 

Table 5 and Figure 5 present the descriptive statistics and significant findings regarding the four 

Connections factors. The average score for all four Connections factors significantly increased 

over the academic year. 

 

 

 

 

 

Table 4: 2022-2023 Curiosity Construct Descriptive Statistics and Paired t-testing; 

**α = 0.05, * α = 0.10 

Figure 4: 2022-2023 Curiosity Construct Findings 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Lastly, Table 6 and Figure 6 present the descriptive statistics and significance testing for all three 

Creating Value factors. The average score for all three factors increased significantly over the 

academic year. 

 

 

 

 

 

 

Table 5: 2022-2023 Connections Factors Descriptive Statistics and Paired t-testing; **α = 0.05 

Figure 5: 2022-2023 Connections Factors Findings 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3 Cross-Cohort Indirect Assessment Findings 

Independent Samples t-testing was conducted with the post data from both cohorts due to the 

normality found within both sets of data. Two-sided p-values were calculated and are presented 

in Table 7. Equal variances were assumed in this analysis since all significance values computed 

via Levene’s Test for Equality of Variances were above 0.05. A significant difference in the 

average responses to items between cohorts was found among the ST and TS construct only.  

Table 7: Significance Testing Across Cohorts; **α = 0.05 

Table 6: 2022-2023 Creating Value Descriptive Statistics and Paired t-testing; **α = 0.05 

Figure 6: 2022-2023 Creating Value Construct Findings 



5. Discussion 

5.1 Broader Impacts on Students’ Curiosity 

Across the two years of implementation, differences arose between average responses for our 

3Cs indirect assessments, with most of the differences occurring in our Curiosity indirect 

assessment. In the 2021-2022 academic year, increases in average responses for the JE, SC, and 

TS constructs were observed with the latter two being significant changes. The increases seen 

may be attributed to the collaborative nature behind all second semester projects and the unique 

scenarios that guided students’ work. Students must purposefully engage with their groups 

regularly, work together, coordinate roles and task, and communicate regularly to create a 

functional final deliverable by the end of the semester [28], [29]. In these pursuits, teammates 

help each other to grow and develop the social skills entry-level engineers need [30]. 

Additionally, the unique scenarios guiding both design projects may offer students a new 

perspective as they realize that engineering has a broad impact on society beyond what is 

traditionally known as engineering work. 

The average response for all five Curiosity constructs increased in 2022-2023 implementation, 

with significant increases occurring within student responses to JE and TS items. These changes 

may be attributed to the increased number of faculty teaching this course who participated in our 

institution’s PLCs. PLC participation teaches faculty about the EM and how to integrate EML 

into their courses via the 3Cs [19], [20]. We suspect the guidance our instructors received on 

instilling curiosity in their students translated into measurable growth in students’ curiosity 

mindset.  

Findings across cohorts indicate that the average responses for ST and TS items were significant 

in distinct ways. In Table 7, students’ ST response noticeably increased while that of their TS 

response did not. This change in ST translates to reduced feelings of stress in the second cohort 

compared to the first. The reduced workload students in the second cohort may have positively 

contributed to the smaller stress response exhibited. As previously highlighted, students in this 

cohort were given more time to gather information, brainstorm designs, and create their design 

protypes. Providing students more time to complete these steps vital to EM and engineering 

design allows for students to engage deeply with the process, think critically, and ask questions 

that are vital to solving the problem at hand [31]. These aspects of EM and engineering design 

align with foundational ideas and behaviors associated with curiosity [32]. The decrease in TS 

response found across cohorts coupled with the significance denoted in Table 7 may indicate that 

the instruction students received in 2022-2023 had less emphasis on TS-behavior than that of the 

year prior, giving rise to this result. 

5.2 Broader Impacts on Students’ Connection-Making Skills 

Students’ ability to make connections within both the 2021-2022 and 2022-2023 academic years 

increased, with significant increases occurring for CF1 and CF4 in the first cohort and all four 

factors in the second cohort. All four factors relate closely to the work required of students in 

both types of second semester design projects. CF1 (Integrate Outside Information) directly 

aligns with the work students complete in both projects. Specifically, students read journal 

articles and used newfound knowledge to inform their project designs in the research-based 

project and use knowledge gained from class and their constraints in the robot design/build 

project to create their final prototypes. CF2 (Consider Social, Economic, and Environmental 

Factors) relates to their work in both projects as students receive social, economic, and 



environmental considerations in the robot design/build project through their constraints and must 

identify such factors on their own in the research-based project. CF3 (Define Connections) aligns 

with both projects as students must use concepts and ideas from sources and knowledge gained 

from class to create their projects. CF4 (Make Connections within Engineering Design) relates to 

both project options as students needed to connect concepts and ideas to develop tangible and 

functional final deliverables.  

Across cohorts, no significant changes were detected in student responses to all four Connections 

factors, indicating the instruction tactics implemented in both cohorts did not noticeably improve 

students’ ability to integrate outside information into their work. Both 2021-2022 and 2022-2023 

curricula and instruction may be effective in growing students’ connection-making skills. 

5.3 Broader Impacts on Students Creating-Value Skills 

Much like the first cohort, students in the second cohort exhibited significant increases in their 

ability to create value within engineering design (CVF1), their overall attitude and approach 

towards value creation (CVF2), and their ability to create value for others (CVF3). These 

findings may be due to the work and skills students engaged with during their design projects. 

Work conducted by Youssef et al. [33] found both open-ended and bounded first-year 

engineering design projects to positively contribute to students’ ability to create value. We 

suspect both curricula and design projects had a lasting impact on students’ ability to create value 

within engineering design, informed their attitude and approach towards value creating, and their 

ability to create value for others. 

Additionally, our across cohort analysis indicated the EM instruction and structure of the design 

projects implemented in both academic years did not noticeably change students’ ability to create 

value as described by all three factors. Therefore, instruction tactics used to develop students’ 

value-creation skills in both years may be similarly effective. Similar results for the Connections 

and Creating Value indirect assessments were found where responses to each factor increased 

over the year. This aligns with a relationship found by Streiner et al. [34] where an increase in 

one’s ability to make Connections is complemented with an increase in their ability to Create 

Value. 

5.4 Across Year Analysis Key Findings and Future Work 

The items found in each indirect assessment ask students to rate how much they agree or 

disagree with each statement. In other words, the results from these indirect assessments describe 

students’ self-perceptions of their ability and/or confidence to apply EM-oriented curiosity, 

connection-making, and value creating skills. Broadly speaking, the findings that arose from this 

study indicate that both the robot design/build and research-based design projects positively 

informed students’ perceptions and confidence in performing skills related to each of the 3Cs. In 

other words, similar EM benefits may exist for students who complete first-year design projects 

in both an ill-defined manner with direct EM instruction and a bounded manner with one 

reflective day of EM instruction. However, future work is needed to investigate the effects of the 

curriculum change for the 2022-2023 research-based project before any claims can be made. A 

study conducted by Kemppainen et al. [35] found the implementation of open-ended or ill-

defined design projects to improve students’ creativity, which is positively correlated with 

curiosity [32], [36]. The findings that arose from both our work and that of Kemppainen et al.’s 

[37] support the need to investigate the effect of such projects on students’ EM growth. Although 

value creation was also an explicit component of this re-designed research-based project, the 



average responses to creating value items did not differ greatly from one cohort to the other, 

indicating both paths of creating value instruction are similarly effective. Olawale et al. [37] 

found similar findings with their two-semester course sequence where the second course was 

largely focused on a team-based design project. EM instruction and foundational ideas associated 

with EM were covered in the first course of this sequence. Specifically, they found that hands-on 

design and fabrication projects with end users was more instrumental in the development and 

ability to apply EM than the instruction they received in the first course.  

Future work may consider redesigning EM targeted instruction in such a way that elicits more 

findings in the cross-cohort analysis, namely, significant findings indicative of greater EM 

growth. One way to engage in this course redesign would be to include more interactive 

activities associated with real life applications of each of the 3Cs. For example, such an activity 

may have students work in teams to generate a list of end users affected by a noise pollution 

problem in a greater metropolitan area, the questions they would ask them, and the sources to 

consult when gathering information. In this example, students may exercise their curiosity while 

seeking out ways in which they may create value. They may also make connections in this 

activity as they identify key ideas, situate them within engineering design, and consider other 

factors that can inform their design solutions. In Andalibi’s [38] work, students were interested in 

using an EM with technical skills to solve real-world problems. It led to more enjoyment in the 

coursework among students, reinforced prior knowledge and skills obtained, and fostered a sense 

of self-determination. Providing students more explicit interaction and engagement with 

foundational aspects of an EM in this manner can support their comprehension of EM and help 

grow their skills applying it in realistic scenarios. Such practices can help students identify when 

and where to apply specific EM elements to create meaningful and impactful solutions for 

societal problems. In addition, an investigation into the specific instructional strategies 

implemented by instructors can contribute to a greater understanding of their effect on students’ 

growth with respect to each of the 3Cs. Dissemination of such findings can positively contribute 

to practitioners’ efforts to integrate EML in their courses and further foster EM among their 

students. 

6. Conclusion 

Indirect assessments for each of the 3Cs were deployed to students in the first-year engineering 

honors course sequence over both the 2021-2022 and 2022-2023 academic years to determine 

how course instruction between the two years informed students’ knowledge and growth in 

mastering skills related to each of the 3Cs. The primary differences between the curricula over 

these years were how the EM instruction was applied and the amount of training faculty had 

implementing EML through our institution’s PLCs.  

Our findings indicate that the curricula and instruction used within both years positively 

contributed to students’ EM growth via the 3Cs. Students from the 2021-2022 academic year 

exhibited significant increases among the SC and TS constructs, CF1 and CF4, and all three 

Creating Value Factors. Students in the 2022-2023 academic year exhibited significant increases 

with their JE and TS construct responses and all Connections and Creating Value factors. 

Significant findings were detected in our cross-year analysis for the ST and TS constructs. This 

coupled with the changes seen within cohorts may indicate that both curricula supported 

students’ skill development among these three constructs and factors similarly.  
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