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A Gateway to Educational Research: Development of a Toolkit to Make 
Statistical Analysis Accessible 

 
Abstract: 
 
Engineering education currently struggles to recruit technical engineering faculty to perform 
educational research in their classrooms. A few common barriers for technical engineering 
faculty in improving their classroom are access to introductory educational research tools, lack of 
time and energy to dedicate towards extracurricular activities, and lack of incentive to participate 
in and publish research. Many technical instructors tend to monitor the students’ success using 
grades (a measure of more technical skills), but there is a need to measure student impact beyond 
the technical. One method for conceptualizing these technical and non-technical skills is through 
entrepreneurially-minded learning (EML), a pedagogical approach to supporting the 
development of engineering students’ attitudes, habits, and behaviors. This paper details the 
development and testing of a statistical toolkit that any engineering instructor, regardless of their 
experience with statistics, can use to measure student development of an entrepreneurial mindset 
(EM). The completed resource will include three survey instruments (developed as part of an 
ongoing KEEN grant to measure EM using the 3Cs), an excel worksheet which automates 
introductory statistical analysis, and written documentation describing how to use the survey and 
worksheet with appropriate rigor. The documentation describes each step of the process, starting 
from deploying the survey in a classroom and ending with reporting results to a conference 
venue such as ASEE. The statistical toolkit is currently being designed and improved through 
think aloud sessions with graduate teaching assistants and teaching faculty at a large R1 
university in the Midwest. The statistical toolkit currently walks users through descriptive 
statistics and a paired-sample t-test, with plans to incorporate an ANCOVA model using 
regression analyses for student learning gains. The development team aims to disseminate this 
statistical toolkit broadly via conference publications and workshops, hopefully creating a 
user-friendly gateway into the world of educational research. 
 
Introduction: 
 
As part of an ongoing effort to introduce entrepreneurially-minded learning (EML) into first-year 
engineering classrooms, there has been a push to find methods for quantitatively measuring 
student outcomes [1]. Many researchers have turned to the “3Cs” framework developed by the 
Kern Entrepreneurial Engineering Network (KEEN). This framework posits that an 
Entrepreneurial Mindset (EM) “consists of three key elements: Curiosity, Connections, and 
Creating Value—the 3Cs” [2],[3]. While this framework provides a solid basis for qualitative 
evaluation of student outcomes [4]-[6], only one of the 3Cs had an existing validated tool that 
could be used for quantitative evaluation: the Five-Dimensional Curiosity Scale (5DC) [7]. As 



such, there existed a strong motivation to develop validated tools for measuring the remaining 2 
Cs, a task undertaken by a research team at the Ohio State University [8]. 
 
These instruments are now in their final stages of development, with contextual validation for 
undergraduate engineering attained and plans to more widely test and validate the instruments in 
a variety of contexts [9]. A key upcoming step in this project is identifying appropriate 
dissemination strategies for the instruments. While many similar survey instruments are shared 
via traditional publication routes, an important part of the motivation behind the instrument 
development was to make EM and EML research more accessible. In that case, traditional 
publishing routes were likely to place the instruments at a disadvantage [10],[11]. In addition to 
publishing accessibility, the research team wished to find a way to ensure that performing the 
research was, in itself, as accessible as possible—that anyone, regardless of experience level, 
could pick up the instruments and use them not only to observe their own classroom, but to 
publish their work. 
 
This paper details the development and testing of a statistical toolkit intended to accompany the 
validated 3Cs instruments—the 5DC and the 2Cs instruments developed by the OSU research 
team. 
 
Background: 
 
The following section will give a more detailed overview of the instruments the statistical toolkit 
builds on, as well as more depth in the need the statistical toolkit will fulfill. 
 
The Validated 3Cs Instruments 
 
KEEN’s 3Cs framework describes the entrepreneurial mindset as being composed of three key 
competencies: Curiosity, Connections, and Creating Value. The research team’s goal was to 
identify or develop a validated instrument to measure each of these elements independently. 
 
Curiosity is defined by KEEN as the “insatiable” drive to “investigate a rapidly changing world” 
[2]. As a psychological concept, curiosity has been thoroughly explored; in 2018, a team of 
psychologists conducted a series of studies to reconcile existing theoretical frameworks of 
curiosity, leading to the formation of the Five-Dimensional Curiosity Scale (5DC) [7]. This 
instrument has been used in many contexts, including engineering education, and was 
determined by the research team to appropriately capture curiosity within KEEN’s definition [8]. 
The instrument consists of 25 prompts across 5 factors, each of which is scored by the student on 
a 7-point Likert scale. 
 



The remaining 2 Cs—Connections and Creating Value—could not be measured using existing 
validated instruments. KEEN defines “connections” as a behavior wherein students “habitually 
pursue knowledge and integrate it with their own discoveries,” and “creating value” as the ability 
to "persistently anticipate and meet the needs of a changing world” [2]. The research team 
developed prompts using the KEEN framework [2], as well as learning objective statements 
developed from KEEN materials [12]. The final validated surveys use a 7-point Likert scale 
(aligning with the 5DC’s design). The “connections” instrument includes 18 items across 4 
factors, and the “creating value” instrument includes 21 items across 3 factors. 
 
Statistical Competency and Educational Research 
 
While the details of the statistical toolkit’s design and goals will be further described in the 
methods, it is important to contextualize the tool as a potential introduction to statistics for 
educational research. 
 
Statistical literacy has been defined as “the ability to understand and critically evaluate statistical 
results that permeate our daily lives,” [13, p. 1] as well as the ability to use statistics to 
communicate [14], both important components of reading and publishing research. Despite this, 
instilling statistical literacy in undergraduate and graduate students remains an ongoing challenge 
[15],[16]. Research has repeatedly demonstrated low statistical literacy amongst pre-service 
teachers [17], indicating a lack of statistical education at the undergraduate level. Undergraduate 
and graduate engineering students have also been found to have low exposure to statistics 
[18],[19]. Previous research warns that “collective quantitative proficiency” is waning even in 
doctoral-level research education [20],[21]. Therefore, it cannot be assumed that those who may 
be interested in improving their classrooms through quantitative research have the statistical 
foundation necessary to do so in a critical, rigorous manner. 
 
Bridging this gap is challenging. It is not the assumption of this research team that such a gap 
can be spanned by this statistical toolkit alone. However, the toolkit aims to accurately and 
completely educate independent researchers on some basics of statistical analysis, while 
hopefully providing a vocabulary for such individuals to seek further statistical education. 
 
Methods 
 
The following section describes the overall statistical toolkit “outline” that was developed in 
conjunction with the survey validation team, as well as the process for testing the statistical 
toolkit with its intended audience. 
 
Statistical Toolkit Criteria and Constraints 
 



As with any engineering design project, it is critical to outline the criteria (what the product must 
do) and constraints (what the product must not do). The toolkit criteria were developed as a joint 
effort between the instrument validation team and the toolkit development team. The instrument 
validation team outlined the following criteria for a “version 1.0” of the toolkit: 
 

I.​ The toolkit must use all three instruments (the existing 5DC and the 
newly-validated 2Cs) 

II.​ The toolkit must, in some way, specify to the user the specific context the 
surveys were validated in (first-year engineering undergraduate classes) 
and encourage users to apply the instruments in this context 

III.​ The toolkit must at least be capable of performing a pre-post t-test 
 
While the final version of the toolkit will include more statistical tests, this was considered a 
“bare minimum” for the first iteration. 
 
The constraints for the toolkit were developed from a variety of sources, including conversations 
with teaching faculty and published recommendations for statistical education [22]-[25]. They 
are as follows: 
 

I.​ The toolkit must be built in free-to-use software to ensure the greatest 
accessibility 

II.​ The toolkit must have a clear linear progression through the data analysis 
process, rather than displaying all results at once 

III.​ The toolkit must be accompanied by example data that can be used to 
practice the process [22] 

IV.​ The toolkit must explain the conceptual meaning behind its methods, 
results, and terminology [22] 

V.​ The toolkit must require users to make at least some selections, so as to 
actively engage them in the analysis process [22] 

VI.​ The toolkit must highlight the figures necessary for proper statistical 
reporting (p-value, effect size, power, etc.) [23],[24] 

VII.​ The toolkit must emphasize that statistical testing cannot identify causal 
relationships between variables [25] 

 
With these in mind, a rough outline of the toolkit’s various modules was developed in Excel. 
This “low-res” prototype was then tested with the target audience. 
 
Process for Testing 
 



A think-aloud protocol was used to explore the toolkit with a graduate student lecturer at the 
Ohio State University. Think-aloud protocols are common in both educational research [26] and 
engineering design [27]; it requires a participant (in this case, the graduate student lecturer) to 
verbalize their thought process while completing a task or set of tasks (in this case, completing a 
statistical analysis), allowing an observer to understand the source of mistakes and 
miscommunications. Here, the think-aloud protocol allowed the researcher to identify areas 
where more explanation might be needed, or where incorrect inferences were made about the 
meaning of various statistical terms and outcomes. 
 
The graduate student lecturer had minimal experience with statistics for educational research. 
They had deployed the 3Cs instrument twice in an electrical and computer engineering course for 
undergraduate juniors, seniors, and graduate students—once before an EM-related intervention, 
and once after. 
 
Results and Discussion 
 
The following section details the result of the think-aloud protocols, the edits made following 
these think-alouds, and next steps for continuing development of the toolkit. 
 
First Think-Aloud 
 
As previously discussed, the first think-aloud protocol centered around an “outline” of the tool’s 
various modules. It was not capable of actually performing any statistical analysis in this form. 
Rather, the participant was provided a list of steps, and the researcher acted in place of the tool, 
performing the requested statistical tests on demand in Excel. This process took approximately 
90 minutes.  
 
The purpose of this think-aloud protocol was to understand exactly what needed to be done, in 
what order, and how much extraneous information was requested by the user. Beyond these 
primary goals, three major pieces of feedback were identified: 
 

I.​ The tool could not stand alone—enough additional information was 
requested by the participant that it was determined the interactive Excel 
sheet must be accompanied by a document with supporting information 
and direction. 

II.​ This documentation needed to be explicit in its explanation of what could 
and could not be concluded from the statistical analysis. 

III.​ The participant notes that some students had not completed the survey 
instrument, and asked whether these students should be removed from the 



set. The final toolkit’s supporting documentation would need to include 
information on data cleaning procedures. 

 
From this information, a preliminary, independently-operating version of the toolkit was created. 
It was composed of six tabs: a blank tab titled “Raw Data” where users could paste their 
collected data; a static tab labeled “Cleaned Data” which could sense repeated survey-takers and 
organize data into “time 1” and “time2”, as well as removing extraneous information; a 
suppressed tab labelled “Filtering” which hosts background procedures; two tabs labelled 
“Descriptive t1” and “Descriptive t2” displaying descriptive statistics for before and after the 
intervention; and, finally, an interactive tab labelled “t-test”, where users could explore the 
results of the pre-post t-test. A screen capture of the original descriptive statistics tab can be seen 
in figure 1. 
 

 
Figure 1: Descriptive statistics tab from version 1.1 of the toolkit. Note the drop-down menus 
(highlighted in purple) which would allow users to view descriptive statistics for subfactors of 

each C. 
 

A document was also developed to accompany the toolkit. Given the current state of the tool, the 
document focused on the data analysis only, not the set-up or proper application of the survey 
instruments in a classroom environment. These sections will be developed later when the toolkit 
is tested with new participants.  
 
Version 1.1 of the document contained the following sections: Descriptive Statistics, which 
reviewed interpreting measures of centrality (mean, median, and mode), determining normality 
(using skewness and kurtosis), and reading histograms; Running a t-Test, which reviewed the 
selection the user needed to make in the tool, as well as the data the tool provided in the output 
(pp-values, effect sizes, and power); and Reporting the Results, which provided a template for 
writing up the results the toolkit gave, referencing specific cells where information could be 



located. The template was written as follows, with additional marginalia to explain how the 
bracketed statements should be filled in: 
 

“A paired-samples t-test was conducted to compare [C / factor] before and after 
the intervention. Normality of the continuous outcome variable was checked and 
found to be within range. There was [a statistically significant difference / a 
difference approaching statistical significance] in [construct] before and after the 
intervention (p=[p value]). The effect size for this analysis was η2 = [effect size], 
indicating that __% of the difference in [construct] can be explained by the 
intervention. This is a [small / medium / large] effect size. Post hoc power 
analysis suggests the test was [adequately powered / underpowered] (1-� = 
[power]).” 
 

With this version finalized, the development team moved to the second think-aloud protocol. 
 
Second Think-Aloud 
 
During the second think-aloud protocol, the researcher took a backseat and allowed the 
participant to self-direct through the analysis process using the toolkit and documentation. This 
process took approximately 30 minutes, less than half the time of the initial think-aloud. 
 
The purpose of this think-aloud was to gather more granular feedback: understanding pain and 
pinch points, hearing where the user’s eye was drawn when viewing the sheet, observing where 
the user felt they should be able to interact and where information became too overwhelming, 
etc. From this process, three additional major pieces of feedback were identified: 
 

1.​ Lack of familiarity with histograms: While histograms are the standard for visualization 
data spread in statistics, they were not immediately intuitive to the user. Presenting 
multiple methods for visualizing/holistically understanding the data could improve this 
[28]. 

2.​ Data Handling “Safe Mode”: while the supporting documentation described the 
assumptions for running a t-test and when to discard data, the tool would still run a t-test 
with data that did not meet these assumptions. The tool should be edited to check 
assumptions automatically, and to suppress results for tests run on non-normal data. 

3.​ An “At a Glance” Tab: The t-test tab in version 1.1 only displayed the results of one t-test 
at a time. While this effectively cut down visual clutter and kept the tab focused, the user 
complained that running all of the t-tests (a total of 15—3 for Cs overall and 12 for the 
3Cs’ subfactors) became repetitive. A new tab should be added that will display all t-test 
results in brief, reducing necessary clicks to fully understand the data. 

 



These feedback points were processed into version 1.2 of the toolkit. Feedback point 1 was 
addressed by adding tables of values accompanying all histogram visualizations. This supported 
the visual in such a way that made it easy for the user to understand the histogram’s 
visualization, effectively teaching a user to read histograms at a glance. Feedback point 2 was 
addressed by coding in assumption checks—if the data does not meet an assumption (for 
example, the data was non-normal), the sheet displays an error message specific to the 
assumption that was not met (for example, “Error: Data is Non-Normal”). These error messages 
are explained further in the supporting documentation. Feedback point 3 was addressed by 
adding a new tab to the tool which displays all possible pre-post t-test results in a table, as seen 
in figure 2. 
 

 
Figure 2: A segment of the “At a Glance” t-test results table. 

 
The table employs color-coded cells to indicate mean difference (where a red cell indicates a 
negative change after the intervention, and a green cell indicates a positive change). It also 
highlights the cells in the three rightmost columns to indicate statistical significance, practical 
significance, and power; orange cells represent low significance/power, yellow cells indicate 
medium significance/power, and green cells (not pictured) indicate high significance/power, 
while gray cells indicate a result which did not meet established significance/power thresholds 
[30]. All data in the sample used for the think-aloud protocols met t-test assumptions, and so no 
results were suppressed. 



 
Figure 3 shows the detailed t-test results tab. Note the inclusion of the table of values beside the 
histogram, as well as the complete sentences (with color-coding) the sheet generates to aid in 
proper interpretation of the results. 
 

 
Figure 3: The detailed t-test output tab for version 1.2 of the toolkit. Note the drop-down menu 

(highlighted in purple) which allows the user to select which C/factor they are interested in 
analyzing. 

 
At this point, version 1.2 of the toolkit is ready for another round of think-aloud feedback. 
 
Next Steps 
 
An immediate next step for the toolkit is to recruit other users to test it in think-aloud settings. 
This would ideally involve users gathering data in their own classrooms, exclusively using 
guidance from the toolkit documentation to do so; however, to ensure that data is collected 
properly, the research team has determined it necessary to train undergraduate and graduate 
teaching assistants in proper use of the survey instrument. This way, a teaching assistant is able 
to catch and correct any issues in real time, ensuring data is always collected. 
 
Version 2.0 of the toolkit will include an additional statistical test: the ANCOVA (analysis of 
covariances), as requested by the survey validation team. An ANCOVA analysis is capable of 
capturing greater nuance in student learning gains [30],[31], and would therefore require more 
in-depth educational resources to explain proper use [32]. 



 
Finally, to ensure dissemination of the toolkit is accessible as possible, the development team 
aims to distribute it via a faculty development workshop. To properly prepare the toolkit for this 
audience, a lesson plan and accompanying slide deck will need to be developed. This will 
hopefully see use beyond workshop settings, and could even be turned into an educational video. 
 
Conclusions 
 
The goal of this project was to develop a toolkit that could support independently-led research 
projects by technical engineering faculty with little to no experience in statistics. By addressing 
common barriers such as a lack of time, incentives, and introductory tools, this toolkit serves as a 
user-friendly gateway into the world of quantitative educational research, specifically through 
the lens of entrepreneurially-minded learning (EML). While the toolkit is still in its earliest 
stages of development, the development process has been illuminating; it has revealed the 
knowledge gaps between those formally trained in educational research and those not formally 
trained. During the think-aloud protocols, the design team observed the following consumer 
needs: (1) documentation explicitly guiding users through the process and demonstrating proper 
vocabulary to aid in interpreting outcomes; (2) methodological safeguards preventing the toolkit 
from generating results for statistical tests which do not meet assumptions; and (3), intuitive 
visuals and other ways for users to understand the data “at a glance”. 
 
The current version of the toolkit (version 1.2) provides a foundation for performing descriptive 
statistics and paired-sample t-tests using validated instruments for the 3Cs. Moving forward, the 
team will focus on creating version 2.0, which aims to incorporate ANCOVA models for a more 
nuanced measurement of student learning gains. Future work also includes broader dissemination 
through faculty development workshops, lesson plans, and educational videos. Ultimately, it is 
the hope of the design team that this tool will provide faculty with a non-intimidating 
introduction to statistical analysis, empowering them to independently pursue further educational 
research and improve student outcomes beyond technical skill acquisition. 
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