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The Continued Development and Validity Testing of an Engineering Design 
Value-Expectancy Scale (EDVES) for High School Students 

1. Introduction 

Since their release in 2013, the Next Generation Science Standards advocate the implementation 
of numerous engineering and engineering design practices into the K-12 learning space [1]. With 
engineering design becoming so prevalent in this space, educators readily acknowledge it has 
benefited higher institutions. In particular, students pursuing engineering after high school are 
more acclimated to the engineering design curriculum they encounter in first-year engineering 
courses [2]. However, before one begins to understand how engineering design in the K-12 space 
affects students continuing on to collegiate engineering programs, one must understand how this 
exposure to engineering design in the high school setting influences their collective attitudes and 
beliefs towards engineering. With this recognition, educators will be better able to understand the 
motivations of student learning, the subsequent impact on skill mastery, and the difference between 
engineering self-efficacy and value-expectancy for students on a pre-engineering track versus 
those who are not. Building off this recognition, educators can also dynamically develop a 
curriculum that ensures all students understand how to apply engineering design and why it is 
applicable in a range of situations, even if they don’t find much value in it or intend to pursue 
engineering. 

To begin achieving this end, the Engineering Design Value Expectancy Scale (EDVES) was 
created and resulted from the analysis of several tools already in existence: the Value-Expectancy 
STEM Assessment Scale (VESAS), the Value-Expectancy Model of Motivation, Carberry’s 
Design Self-Efficacy Instrument, and the STEM Career Interest Survey (STEM-CIS) [3-6]. This 
work builds upon initial presentation and validity testing of the EDVES in the first-year 
engineering setting by Hylton et. al. [7]. Here, the 2014 Standards for Educational and 
Psychological Measurement were applied as the basis for evidence gathering and Cook’s evidence 
validation model was used for instrument validity [8]. Preliminary reliability testing depicts the 
EDVES having reasonable reliability in this general population based on computed inter-item 
correlations, item-to-scale total correlations, and Cronbach’s alpha with few items being removed 
from analysis due to poor correlation values. With the validity of the instrument assessed by Hylton 
et. al. in the first-year engineering context, this work observes the validity of the EDVES in the K-
12 space through the same evidence gathering process and application of Cook’s evidence validity 
model. 

1.1 Literature & Background 

As previously noted, the EDVES arose from previously documented instruments and models to 
meet an unmet need. Derived from the Expectancy-Value Theory proposed by Eccles and 
Wigfield, the VESAS observes student motivation, values, and expectations that influence their 
desire to stay or transfer out of university STEM programs [3] [9-10]. Building upon the original 
Expectancy-Value Theory proposed by Eccles and Wigfield, the Expectancy-Value-Cost Model 
of motivation observes the importance of expectancy of success, the perceived value for engaging 
in a task, and the cost of doing such for an individual [4]. Carberry’s instrument focuses on 



measuring an individuals’ beliefs towards engineering design activities and specific steps of the 
engineering design process [5]. Lastly, the STEM-CIS analyzes student desire to pursue a STEM-
related career [6]. 

While all of the noted tools juxtapose our motivation for this work, none concretely aid our pursuit 
and ultimately required the creation of a new tool to do so. The EDVES is comprised of 38 items 
across three sub-scales: expectancy of success in, perceived value of, and identification with 
engineering and various engineering-related tasks. With these sub-scales, one can assess student 
attitudes toward engineering and how they may change as they are exposed to and practice 
engineering ideas. 

Numerous instruments were influential in the creation of the EDVES, however, the Expectancy-
Value Model of Motivation by Eccles and Wigfield served as our primary basis for development 
[9-10]. More recently, a third factor in the model was introduced by Barron and Hulleman: the 
cost associated with partaking in a given task [4]. For the purpose of our work, cost was not 
included when creating the various EDVES items as it did not relate very well into our current 
context. This model of motivation was the primary basis for the EDVES as it relates closely to 
other motivation theories such as Self-Efficacy Theory proposed by Bandura and Self-
Determination Theory proposed by Deci and Ryan [11-12]. 

1.2 EDVES Development and Analysis Guidelines 

In terms of developing the individual items that comprise the EDVES, the VESAS, Carberry’s 
Engineering Design Self-Efficacy Scale, and the STEM-CIS were the primary contributors to item 
content and wording in the EDVES while Eccles’ Expectancy-Value Theory grounded the attitude-
focused items [3-6] [9-10]. Note that the three scales exhibited their own validity and reliability 
by their creators, and subsequently allowed us to ensure EDVES items were created with 
established, high-quality practices in mind. Upon assembling and finalizing all items, the 
instrument was reviewed by two engineering faculty members and a psychometrician. Additional 
revision of the instrument was conducted upon receiving their feedback and gave rise to the current 
form of the EDVES (see Appendix 1) where items measure expectancy of success, perceived 
value, and identity with engineering in three separate sub-scales. 

Within these sub-scales are sub-sections that further classify the topic of each EDVES item (see 
Table 1 in Appendix 1). The first sub-scale (expectancy of success) contains three sub-sections as 
so: expectancy of success in science, expectancy of success in engineering, and expectancy of 
success in problem framing. The second sub-scale (perceived value) contains three new sub-
sections: engineering intrinsic value, engineering attainment value, and identification with 
engineering. The final sub-scale (identification with engineering) has three sub-sections as well: 
engineering extrinsic utility value, problem framing skill extrinsic utility value, and engineering 
career interest. Each item is assessed via 1-7 Likert type scale with 1 indicating “strongly disagree” 
and 7 indicating “strongly agree” with the item. 

The 2014 Standards for Education and Psychological Measurement along with Cook’s evidence 
validation model serve as the primary means for content validity of the EDVES [6] [8]. In 
particular, the former was used as the primary means for gathering validity evidence while the 



latter was used as the guideline for establishing validity. The various evidence types and the 
manner in which verification for the EDVES occurred is presented in Appendix 2.  

2. Research Methods 

2.1 Deployment of EDVES 

At the onset of the 2021-2022 academic year, the EDVES was deployed to students (N = 569) 
enrolled in the Olathe City School District located in Olathe, Kansas. With the goal to explore the 
effects of engineering content interventions across the high school population, the project was 
made available to all high school science teachers in the district. This was to ensure a wide range 
of subjects and grade levels were exposed to the project content and as so, 12 science teachers 
agreed to participate and gave rise to this population size. Grade levels ranged from 9th to 12th 
grade with course subjects including Advanced Biotechnology: Cellular & Molecular I, Biology, 
Honors Biology, Chemistry, Honors Chemistry, AP Physics I, Physics, and Physical Science. Of 
these course subjects, 36 students were enrolled in Advanced Biotechnology: Cellular & Molecular 
I, 86 were enrolled in Biology, 52 were enrolled in Honors Biology, 13 were enrolled in Chemistry, 
95 were enrolled in Honors Chemistry, 111 were enrolled in AP Physics I, 134 were enrolled in 
Physics, and 36 were enrolled in Physical Science. Three of these courses (Honors Biology, 
Honors Chemistry, and AP Physics I) are part of an engineering academy in the school system 
while the remaining five courses are part of the traditional science curriculum. Note that six 
students did not complete the EDVES in its entirety and were removed from the dataset prior to 
analysis. Also, the EDVES was deployed prior to the coverage of any engineering related content.  

All student responses to every EDVES item were recorded in an Excel workbook for descriptive 
statistical analysis, correlation analyses, and the calculation of Cronbach’s alpha to determine the 
instrument’s internal reliability. Every calculation was conducted via IBM SPSS software. EDVES 
items completed by all participating students were first analyzed for excessive skewness and 
kurtosis where the former held true for values greater than 3.0 and the latter for values greater than 
10.0 [13]. Any item exhibiting either trait was subsequently removed from analysis. From there, 
item-to-scale total correlations were calculated and correlations less than 0.30 were removed from 
analysis. Inter-item correlations were then calculated for each sub-section of the three sub-scales 
against a 0.30 threshold. Lastly, Cronbach’s alpha was computed using all completed responses 
for each of the three sub-scales and their corresponding sub-sections.  

In addition to collectively analyzing all recorded responses, responses were divided by course 
subject and analyzed for basic statistics, excessive skewness, kurtosis, item-to-scale total 
correlations, inter-item correlations, and Cronbach’s alpha. The same process was carried out for 
responses in each course subject where items that exhibited excess skewness/kurtosis or poor item-
to-scale total or inter-item correlations were removed from analysis. Analysis of such statistics 
was also observed between courses on the engineering track versus those that are not. This 
subsequent analysis allowed for exploration of whether early interest in engineering affects the 
responses supplied on the EDVES and serves as another basis to satisfy Cook’s evidence validation 
model [8]. 

3. Results 



3.1 Validity Results Over Aggregate EDVES Responses 

Upon collection of all EDVES responses from the participating courses, analysis over the 
aggregate data was conducted and while no items exhibited excessive skew or kurtosis, two items, 
items 4 and 10, exhibited poor item-to-scale total correlations. These items were thus removed 
from analysis and are highlighted red in Appendix 1. All remaining item-to-scale total correlations 
and inter-item correlations were above 0.30 and used for Cronbach’s alpha calculation. 

Descriptive statistics, the number of items analyzed by sub-scale and sub-section, and resultant 
alpha values are presented in Table 2. Assuming the safest range for alpha values to indicate 
internal reliability is 0.60-0.80 [14], all sub-scales and their corresponding sub-sections exhibited 
alpha values above 0.60, thereby indicating the items within each are well-related for this general 
population and measure the specific concepts of interest as intended. However, many of these 
values are above the upper threshold of 0.80, and while that does not immediately mean the items 
used to compute those alpha values do not measure the same concept or factor very well, they 
should be taken with caution and will be elaborated upon in the following section. 

Table 2: Descriptive statistics and Cronbach’s alpha values for aggregate EDVES responses 

Sub-scale & Sub-section Number of Items Avg (St. Dev.) α 

Sub-scale: Expectancy of Success 9 4.670 (1.375) 0.874 
Expectancy of Success in Science 3 4.982 (1.419) 0.846 

Expectancy of Success in Engineering 4 4.781 (1.405) 0.859 
Expectancy of Success in Problem Framing 2 5.194 (1.161) 0.730 

Sub-scale: Perceived Value 15 4.631 (1.783) 0.939 
Engineering Intrinsic Value 5 4.882 (1.639) 0.888 

Engineering Attainment Value 6 4.946 (1.603) 0.886 
Identity Engineering 4 3.944 (2.022) 0.788 

Sub-scale: Identity with Engineering 9 4.579 (1.754) 0.938 
Engineering Extrinsic Utility Value 4 4.785 (1.624) 0.900 

Problem Framing Extrinsic Utility Value 3 5.212 (1.388) 0.824 
Engineering Career Interest 5 4.065 (1.893) 0.889 

In terms of the basic statistics presented in Table 2, the averages and corresponding standard 
deviations of student responses for items in each sub-scale and section indicate not that they have 
a lack of confidence in any one section, but rather a slight confidence in each (recall the 1-7 Likert 
scale applied where 1 translates to “strongly disagree” while 7 becomes “strongly agree”). This 
indicates that in the high school setting, students expect to have some success using their science, 
engineering, and problem framing abilities, generally value the offerings of engineering design, 
and somewhat identify with engineering and the extrinsic value it offers. 

3.2 Validity Results of EDVES Responses Divided by Course Subject 

Similar to the analysis conducted over the aggregate data, EDVES responses were divided by the 
course subject students were enrolled in and subsequently analyzed for excessive skewness, 
kurtosis, low item-to-scale and inter-item correlations. All course subjects exhibited values within 
the set acceptable ranges for these statistics aside from the Honors Biology course. In this course, 



excessive kurtosis was found with EDVES item 27 and was removed from further analysis. Note 
that item 27 has also been highlighted red in Appendix 1 to denote this. 

Tables 3 and 4 below supply the descriptive statistics and Cronbach’s alpha values computed for 
each course subject where Table 3 contains courses on the engineering track and Table 4 contains 
those that are not. Much like with the aggregate dataset, the alpha values computed are for each 
sub-scale and the corresponding sub-sections in each scale. While many of the alpha values remain 
above the minimum value for adequate internal consistency (0.60 [14]), several were below this 
range. With respect to courses on the engineering track, Problem Framing Extrinsic Utility Value 
and Engineering Career Interest for students enrolled in Honors Biology were below this threshold. 
This indicates the items in the corresponding sub-scales and sub-sections do not measure the ideas 
of interest as well for this sub-population. Also, among all three courses on the engineering track, 
the alpha values computed for Honors Biology were consistently the lowest and closest to the 
lower threshold. Therefore, the EDVES items did not measure the intended ideas for this particular 
sub-set of students as well as it did for those in AP Physics I or Honors Chemistry. Although this 
is the case among the engineering track courses, note that the EDVES still collectively measured 
the specific ideas for Honors Biology in a reliable manner for many items and all three sub-scales 
based on the overall alpha values computed. 

Table 3: Descriptive statistics and Cronbach’s alpha values for courses on the engineering track 

Sub-scale & Sub-
section 

AP Physics I Honors Biology Honors Chemistry 
α Avg. (St. Dev.) α Avg. (St. Dev.) α Avg. (St. Dev.) 

Sub-scale: Expectancy 
of Success 0.867 5.135 (1.333) 0.806 5.168 (1.313) 0.833 5.149 (1.321) 

Expectancy of Success 
in Science 0.830 5.041 (1.459) 0.695 5.168 (1.313) 0.782 4.913 (1.541) 

Expectancy of Success 
in Engineering 0.851 4.865 (1.378) 0.660 5.505 (1.077) 0.793 5.176 (1.259) 

Expectancy of Success 
in Problem Framing 0.741 5.544 (0.955) 0.640 5.718 (0.856) 0.768 5.428 (0.985) 

Sub-scale: Perceived 
Value 0.938 5.513 (1.693) 0.854 5.791 (1.351) 0.928 5.354 (1.604) 

Engineering Intrinsic 
Value 0.866 5.207 (1.586) 0.749 5.935 (1.149) 0.885 5.499 (1.333) 

Engineering Attainment 
Value 0.874 5.498 (1.425) 0.825 6.141 (0.945) 0.871 5.718 (1.358) 

Identity Engineering 0.778 4.565 (2.010) 0.689 5.087 (1.778) 0.783 4.846 (1.921) 

Sub-scale: Identity 
with Engineering 0.946 5.209 (1.667) 0.780 5.708 (1.325) 0.918 5.339 (1.533) 

Engineering Extrinsic 
Utility Value 0.928 5.457 (1.486) 0.723 6.045 (0.986) 0.863 5.474 (1.383) 

Problem Framing 
Extrinsic Utility Value 0.854 5.673 (1.248) 0.515 5.872 (1.157) 0.830 5.719 (1.119) 

Engineering Career 
Interest 0.875 4.733(1.891) 0.524 5.408 (1.520) 0.850 5.004 (1.775) 



With respect to the participating science courses not on the engineering track (see Table 4), two 
alpha values were below the 0.60 threshold as well. Specifically, Expectancy of Success in 
Problem Framing for students enrolled in Advanced Biotechnology: Cellular & Molecular I and 
Engineering Extrinsic Utility Value for students enrolled in Chemistry were below 0.60 and 
ultimately indicate items in these sub-sections could have measured the intended ideas better for 
these sub-populations. 

While there is one alpha value below the 0.60 threshold for the Expectancy of Success in Problem 
Framing sub-section, the differential from the computed value to 0.60 is very minor and 
encourages one to believe this sub-section measures the intended ideas well enough as is with 
room for future improvement. Beyond this sub-scale, the perceived value sub-scale was the sole 
scale where all course subjects had alpha values greater than the 0.60 threshold [14]. As such, the 
items consisting of this scale relate and measure the intended idea (perceived value) most reliably 
of all three sub-scales. However, note the expectancy of success sub-scale follows close behind 
with only one alpha value slightly below 0.60. Lastly, the third sub-scale (identity with 
engineering) contained the largest number of alpha values below 0.60 among all course subjects 
which is not expected considering the high alpha value found in the aggregate set. 

Table 4: Descriptive statistics and Cronbach’s alpha values for courses not on engineering track 



The general agreement students have with the various EDVES items is readily tracked with the 
average and standard deviations computed for the sub-scales and corresponding sub-sections. 
Recall the Likert scale used for this instrument where 1 corresponds to “strongly agree” while 7 
corresponds to “strongly disagree”. As seen in Table 3, many averages for the courses on the 
engineering track are at least a 5 which translates to students primarily agreeing with the items 
presented in the given sub-scales and sub-sections of the instrument. However, with Table 4, most 
averages reside around a 4, translating to the response option “neither agree nor disagree”. Here, 
students seem less inclined in one way or the other with respect to the success and value they attach 
to engineering design, and overall interest in pursuing engineering. The differences seen in 
computed averages for the identity with engineering subscale verifies that students enrolled in 
courses on the engineering track are more interested in pursuing an engineering career than those 
who are not. 

4. Discussion 

4.1 Aggregate EDVES Responses 

In this work, the EDVES was deployed to students ranging from grades 9-12 enrolled in several 
science courses: AP Physics I, Advanced Biotechnology: Cellular & Molecular I, Biology, 
Chemistry, Honors Biology, Honors Chemistry, Physical Science and Physics. To begin 
determining the validity of the instrument with this general population, responses to the EDVES 
were analyzed for excessive skewness or kurtosis and for low item-to-scale total correlations or 
inter-item correlations. Any such items were subsequently removed before calculating Cronbach’s 
alpha for each sub-scale and sub-section of the instrument.  

In the aggregate dataset, all sub-scales and sub-sections exhibited high alpha values, indicating 
items may closely relate to one another and measure the idea of interest for particular scale or 
section well. In other words, for the general population of 9th-12th grade students, the EDVES does 
appear to reliably measure their expectancy of success in, perceived value of, and overall identity 
with engineering and engineering design as desired. These alpha values were generally higher than 
those exhibited by first-year undergraduate engineering students enrolled in a Foundations of 
Design course that also completed the EDVES where few alpha values exceeded 0.80 [7]. Also, a 
total of five items were removed prior to analyzing the first-year engineering data whereas only 
two were removed in this work, indicating the EDVES is reliable in this aggregate group and 
perhaps even more than for the first-year engineering students [7]. While high alpha values 
typically suggest internal consistency of sub-scales in a given instrument and is desired, some of 
these values may be too high, particularly those above 0.80. Recently, researchers have been 
questioning whether alpha values can be too high and no longer convey items are measuring 
juxtaposing ideas under the umbrella of a particular sub-scale, but rather are redundant, eliciting 
answers for the same question and measuring the same single idea posited in one item [15]. To 
more readily conclude this as the case, exploratory factor analysis should be carried out and will 
allow us to determine if each EDVES item explains one factor and one factor only rather than 
multiple factors simultaneously. If the latter is found to be true, then this implies redundancy 
among EDVES items much like extraordinarily high alpha values. Preliminary work on 
exploratory factor analysis has been completed with the aggregate data set and found items to 



explain several factors simultaneously, indicating a re-wording of items may be needed to better 
establish a one-factor-to-one-item relationship with the instrument.  

4.2 EDVES Responses by Course Subject 

When dividing the dataset by course subject, many sub-scales and sub-sections exhibited similarly 
high alpha values and may indicate interrelatedness of the EDVES items in their sub-scales and 
sections. While this is the preferred outcome, it may also be indicative of redundancy across items 
in the instrument, and therefore needs extensive exploratory factor analysis to further establish if 
items need to be re-worded and re-deployed. As previously noted, the alpha values found below 
0.60 for Honors Biology (in the Problem Framing Extrinsic Utility Value and Engineering Career 
Interest sub-sections), Advanced Biotechnology: Cellular & Molecular I (in the Expectancy of 
Success in Problem Framing sub-section), and Chemistry (in the Engineering Extrinsic Utility 
Value sub-section) explicitly indicate the items in these particular sections do not measure the 
desired ideas well for these specific sub-populations and there are two possibilities for why this 
disparity occurred. First, it’s possible they resulted from students having issues with some of the 
items themselves and what is being asked of them. Second, the sample sizes for these three courses 
were among the lowest of all courses surveyed (52 students in Honors Biology, 13 students in 
Chemistry, and 36 students in Advanced Biotechnology: Cellular & Molecular I in particular vs 
134, 111, 95, 86, and 36 in the remaining courses) and may have ultimately impacted the computed 
alpha values. However, before such conclusions can be reliably drawn, further work must be 
discussed and completed to identify if this is truly the case. 

As noted earlier, the perceived value scale resulted in the most alpha values above 0.60 while the 
identity with engineering scale resulted in the most below 0.60. This encourages us to believe the 
perceived value scale reliably measures the intended ideas not only in the aggregate set, but along 
the course subjects in this work as well. Moreover, this may be due to students generally finding 
importance with the ideas associated with engineering design and subsequently connect to them. 
However, with the identity in engineering scale, there is consistent evidence with the noted alpha 
values below 0.60 that these items are not measuring reliably the identity students hold with 
engineering, and should be re-worded to more accurately measure this concept. If these particular 
alpha values are below 0.60 upon re-wording of items and re-deploying the EDVES, then it’s 
possible the students in the sub-populations of interest have a general lack of interest in engineering 
and do not connect well to the ideas presented in the items. 

5. Conclusions & Future Work 

The application of an Engineering Design Value Expectancy Scale (EDVES) grounded in 
Expectancy-Value theory as proposed by Eccles and Wigfield and synthesized from several pre-
existing instruments readily allows evaluators of such an instrument to reflect on their self-
efficacy, value-expectancy, and identity with engineering and engineering design [3-6] [9-10]. 
Such an instrument also allows educators to determine where students stand and dynamically teach 
relevant concepts in a manner that enhances all three of these facets for students. In particular, 
applying this tool in the K-12 space is vital as students are actively shaping their identity and 
beliefs relative to the primary subjects being taught. While the value of this tool is readily 



identified, reliability and validity of it must be established to ensure the results obtained from it 
are viable. To ground the EDVES in terms of its validity, Cook’s validation evidence model was 
applied in this analysis. 

In this work, the EDVES was deployed to students ranging from 9th-12th grade enrolled in one of 
eight science courses: Advanced Biotechnology: Cellular & Molecular I, Biology, Honors 
Biology, Chemistry, Honors Chemistry, AP Physics I, Physics, and Physical Science. Descriptive 
statistics were carried out for both the aggregate dataset and course subject-based dataset. In the 
validity scope, excessive skewness, kurtosis, low item-to-scale total correlations, and low inter-
item correlations were computed for both datasets. Any items found to exhibit such characteristics 
were removed from analysis. From here, Cronbach’s alpha was calculated for the three sub-scales 
and their corresponding sub-sections of the overall instrument. 

Overall, alpha values were typically above 0.60 and indicated strong inter-reliability of the sub-
scales for both the entire population and sub-populations divided by course subject. However, 
many values were potentially too high (above 0.80), and may indicate redundancy of items in the 
instrument. Another point of observation regards the Honors Biology dataset which had the most 
alpha values under 0.60 and in the identity with engineering sub-scale across all course subjects. 
This indicates the EDVES did not measure the various ideas of interest in the instrument for 
Honors Biology sub-population of student well and may be remedied by re-wording items. 
However, the perceived value sub-scale of the EDVES resulted in all alpha values above 0.60, 
potentially indicating that students may find the concepts highlighted in the corresponding EDVES 
items of importance and generally connect to them. 

While there are some preliminary conclusions to draw from this work, there is ample room for 
future work that can further verify or determine changes that should be made to the instrument to 
ensure it is viable. One way to move forward from here is to re-word the EDVES items that 
exhibited high alpha values. Currently, it is possible that some items measure or ask the same one 
idea rather than juxtaposing ideas that reside under one umbrella, and this may be remedied by re-
wording some items. A second way to move forward is to conduct extensive exploratory factor 
analysis with the data. If items are found to simultaneously explain multiple factors at once rather 
than solely one factor, then one can conclude the presence of redundancy in the EDVES and further 
verify that items must be re-worded before moving forward. Although there are several points to 
improve upon with the EDVES, we readily identify the value it brings to the K-12 learning space 
as it will support educators in understanding what their students are thinking and how that impacts 
their performance and motivation to thrive. The EDVES can actively shape how educators deliver 
the important concepts of engineering design to students and ultimately enhance their learning. 

6. Appendices 

6.1 Appendix 1 

--- Section One: Thinking About What You Can Do Right Now --- 

Expectancy for Success in Science 

1. Compared to other students in my class, I usually do better in science courses. 



2. (R) Compared to other students in my class, I usually do much worse in science courses. 
3. Generally, I think I do well in science courses. 
4. (R) Generally, I find science courses to be difficult. 

Expectancy for Success in Engineering 

5. Compared to other students in my class, I usually do better on engineering activities. 
6. (R) Compared to other students in my class, I usually do much worse on engineering activities. 
7. Generally, I think I do well on engineering activities. 
8. (R) Generally, I find engineering activities to be difficult. 

Expectancy for Success in Problem Framing 

When doing engineering activities in class…. 
9. I am confident in my ability to identify problems which could be solved through design. 
10. I am confident in my ability to identify individuals who are affected by a situation/problem.  
11. I am confident in my ability to identify conditions for a design to be successful. 

--- Section Two: Thinking about Learning and Doing Engineering --- 

Engineering Intrinsic Value 

12. In general, I find working on engineering activities to be interesting. 
13. (R) I do not like working on engineering activities. 
14. I lose track of time working on engineering activities. 
15. I have fun working on engineering activities. 
16. I enjoy talking about engineering outside of class. 

Engineering Attainment Value 

17. I feel that the amount of effort it takes to do well on engineering activities is worth it. 
18. It is important to me to be good at solving engineering-related problems. 
19. It is important to me to get good grades on engineering-related assignments. 
20. (R) I would rather learn about something else instead of engineering. 
21. (R) Learning about engineering is a waste of my time. 
22. I would be successful working in an engineering-related career. 

Identification with Engineering 

23. Being good at engineering is an important part of who I am. 
24. I have a role model who is an engineer. 
25. I know of someone in my family who is an engineer. 
26. I can see myself as an engineer. 

--- Section Three: Thinking About the Future --- 

Engineering Extrinsic Utility Value 

27. Learning about engineering will be useful to me in my work after I finish school. 
28. Learning about engineering will be useful to me in my daily life after I finish school. 
29. If I learn about engineering, it will help me succeed in many different types of careers. 
30. (R) I do not think that learning about engineering will help me achieve my career goals. 

Problem Framing Skill Extrinsic Utility Value 



When I finish school and go to work, it will be useful for me to be able to… 
31. Identify problems which could be solved through design. 
32. Identify individuals who are affected by a situation/problem. 
33. Identify conditions for a design to be successful. 

Engineering Career Interest 

34. Someone close to me (e.g. relative, mentor) is encouraging me to pursue an engineering career. 
35. I feel like I am expected to pursue an engineering career. 
36. I plan to use engineering skills in my future career. 
37. (R) I do not think engineering will be the right career for me. 
38. I would enjoy working in an engineering-related career. 

Table 1: General EDVES Format 

 

 

 

 

 

 

 

 

 

6.2 Appendix 2 

Evidence Type Definition Evidence Used in this Work 
Content The relationship between the content of a 

test and the construct it is intended to 
measure 

- Built on previously validated 
assessments 

Internal Structure Relationship among all data items within 
the assessment and how these relate to the 
overarching construct 

- Test item statistics 
- Internal consistency reliability 

Relationship with 
Other Variables 

Degree to which these relationships are 
consistent with the construct underlying 
proposed score interpretations 

- Comparison of sub-populations on 
engineering track vs. not on 
engineering track 

Response Process The fit between the construct and the 
detailed nature of performance actually 
engaged in 

- Pre-deployment survey with subjects 
similar to study population 

Consequences The impact, beneficial or harmful and 
intended or unintended, of assessment 

- Assuming little consequence present 
due to nature of assessment made with 
instrument 
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