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abstract
Mississippi ranks 48th in U.S. education and 47th in the production of technical staff. To address
this issue, Mississippi State University’s Bagley College of Engineering has developed and
implemented two week-long residential summer academies for students in Grade 5 to Grade 9 to
increase their engineering readiness, transferable technical skills, creativity and interest in the
pursuit of engineering careers. The two academies used mini-lectures and team-oriented handson projects to engage 43 student participants in different engineering disciplines and their design
processes. College staff placed student participants in either the Batmen Academy or Wonder
Women Academy based on their gender. Researchers gave each student participant a Likert
Scale survey to test their expectations and experience. The surveys provided insight into
students’ knowledge of various engineering disciplines, their interests to pursue engineering
careers, their interests to take more math and science high school courses post completion of the
academies, and their perception of the college environment. Further research assessed the
differences in student perceptions towards pursuing an engineering degree by grade level, race,
and gender post taking part in a week-long residential academy. Results show that majority of
the participants’ interests and knowledge of engineering increased because of taking part in the
week-long academies. More boys (84.3%) planned to take more math and science courses in
high school than girls (60%) post completing the academies. Also, highlighted in the findings
were the representations of groups who are traditionally under-represented in the fields of
engineering. The academy tailored for girls were very successful in recruiting African American
students. Overall, the week-long academies and instructors on the university campus were
effective in increasing student perceptions and experiences in engineering.
introduction
There is currently a demand in the United States for the development of skilled K-12 and
post-secondary students with transferable technical skills, a knack for scientific exploration, and
the ability to drive innovation through engineering design processes [1]. Scientific exploration
and engineering education enable students to develop 6C skills (critical thinking, collaboration,
communication, creativity, citizenship, and character) vital to problem-solving and growth of the
United States economy [2]. To help students become qualified, many institutions have offered
STEM pipeline programs at the middle and high school levels to build equity and encourage girls
to consider STEM careers [3].
Several studies have found that middle-school students’ participation in activities plays
an important role in their self-development and formation of values [4][5][6]. Further research
has shown that more exposure to a variety of STEM opportunities is likely to have a long-term
impact on individuals and the overall STEM education community [7], and students who express
interests in STEM by Grade 8 are three times more likely to pursue STEM degrees [8]. In 2015,
Hammack et al. found that the attitudes of middle school participants towards engineering
significantly increased post participating in a four-day long engineering camp [9]. The results of
an informal week-long STEM camp at the University of Kentucky's Engineering School

indicated that there was an overall increase in students' interest in STEM content and STEM
fields as a career, and that students found hands-on sessions fun and engaging [10].
Compared to boys, attitudes towards STEM subjects for middle-school girls are
becoming more negative between the seventh and ninth grades and are declining at a faster pace
[11]. The current gender gap in girls' attitudes and interests most likely affects their performance
in the STEM study and their lifestyle choices associated with important life phases [12]. In terms
of career participation, women are less interested in STEM subjects and occupations than men
[13]. Post a 2017 five-day all girls STEM camp at West Virginia Institute of Technology, 81%
(26/32) of the students indicated that their interests to pursue STEM careers increased [14].
Following a one-week long STEM program at Texas A&M University-Kingsville, girls showed
a 65% interest in pursuing an Engineering degree which demonstrates the effectiveness of the
summer camp [15]. The literature review provided a good basis for implementing two
engineering academies, one for boys and the other for girls in grades 5-9.
camp background
To increase participants’ knowledge and interest in STEM fields and to increase their
likelihood to pursue STEM careers, Mississippi State University’s Bagley College of
Engineering K-12 Outreach Office implemented two week-long residential academies. The two,
week long academies catered to students in grades 5-9. The Batmen Academy provided hands
on activities that represented eight different fields of engineering (mechanical, civil, chemical,
biomedical, electrical, computer science, industrial, and aerospace). Activities included but not
limited to:
1. Civil Engineering (Balsa Wood Bridge)
2. Electrical Engineering (Solar Rover Robot Activity)
3. Aerospace Engineering (Mars Robot Build)
4. Computer Engineering (Robotic Coding)
5. Biomedical Engineering (Pill Coating Activity)
6. Chemical Engineering (Bath Bomb Activity)
7. Mechanical Engineering (Roller Coaster Activity)
8. Industrial Engineering (Cookie Design/Manufacturing Activity)
The Wonder Women Academy were taught the same concepts from the eight different
engineering disciplines; however, the girls were taught by a female engineer from industry along
with female engineering students. The girls also did extracurricular activities such as face masks
painting and spa treatments.
methods
The findings of this paper were generated from a Likert-scale survey that was completed
by the summer academies participants post their participation in the week-long residential
academies in July of 2018. The survey was designed to assess participants’ perceptions of the
academies in terms of their enjoyment of the academy and the benefit of their attendance. The
survey had two sections in addition to two demographic items (grade and ethnicity). The first
section included six Likert-scale items (Strongly Agree to Strongly Disagree) designed to
determine the participants’ perceptions of how their attendance at the academy benefitted them.
The second section included seven, 3-point, Likert-scale items (Yes, very much; A little; and
Not at all). The survey responses yielded a 100% response rate.

summer academies participants
According to the surveys submitted, a small percentage (20%) of the Wonder Women
Academy participants were in elementary school (Grades 5 and 6), 65% were in middle school
(Grades 7 and 8) and the remaining percentage (15%) were in high school (Grade 9). Grade
level data recorded for the Batmen Academy was incomplete as only 17 of the 23 participants
completed the grade level survey item. However, based on the 17 responses, the majority
(82.3%) of the participants were in middle school (Grades 7 and 8) and the remaining 17.7%
were in elementary school (Grades 5 and 6). The data recorded did not list any high school
students for the Batmen Academy. Tables 1 and 2 display the grade level data for the Wonder
Women and Batmen Academies respectively.
Table 1: Grade Level of Wonder Women Academy Participants
Grade Level Statistics for Wonder Women
Grade

5
6
7
8
9
Total

Frequency Percent
2
10
2
10
8
40
5
25
3
15
20
100

Table 2: Grade Level of Batmen Academy Participants
Grade Level Statistics for Batmen
Frequency Percent
Grade 5
1
5.9
6
2
11.8
7
9
52.9
8
5
29.4
Total
17
100
Missing System
6
Total
23
The only other demographic data collected was that of ethnicity. In the fields of
engineering, ethnicity is an important variable to examine due to the paucity of diversity found
in the field. A review of the literature revealed that both women and African Americans are
underrepresented in the fields of STEM in general and engineering specifically. While the
Wonder Women Academy was designed to address the under-representation of women in the
engineering workforce, the variable of ethnicity was not specifically targeted. In fact, African
Americans represented the largest percentage of participants of the Wonder Women Academy
with 70% of participants being African American, which addresses the need for more African
American women in engineering careers. The largest percentage of participants for the Batmen

Academy were Caucasian (65.0%), but African Americans were well represented at 30.0%.
Tables 3 and 4 display data for the ethnicity of the participants of the two academies.
Table 3: Ethnicity of Wonder Women Academy Participants
Ethnicity of Wonder Women
Participants
Valid
Percent
14
70.0
5
25.0
1
5.0
100
20

Frequency
African American
Caucasian
Hispanic
Total
Table 4: Ethnicity of Batmen Academy Participants

Ethnicity of Batmen Participants
Frequency
Black
White
Asian
Total
Missing System
Total

6
13
1
20
3
23

Valid
Percent
30.0
65.0
5.0
100.0

overall academy experience
The 43 participants of the Batmen and Wonder Women Academies completed the
surveys as a means of assessing their perceptions of the academies. The first section of the
survey consisted of six, 5-point Likert scale (ranging from Strongly Agree to Strongly
Disagree) items and assessed participants’ perceptions of academy benefits. The final part of
this section consisted of one question used to assess participants’ overall perceptions of their
academy experience.
The results of the analysis of data for the first section of the survey revealed that, on
average, the participants perceived the academy to be very beneficial. For the six positive
statements on this section of the survey, the vast majority of respondents (ranging from 67.5%
to 92.5%) indicated that they either strongly agreed or agreed with the statement. For five of
the six items in Table 5, the largest percent of participants strongly agreed with the statements
provided. Only one item, Item 2 (At the Batmen/Wonder Women Academy, I learned about
careers that I didn’t know about before) had a higher percentage of participants agreeing with
the statement than strongly agreeing with the statement. As displayed in Table 5, while “Not
Sure” responses ranged from 5% to 27.5% across items, very few of the responses recorded can
be interpreted as negative (Strongly Disagree and Disagree). The majority of responses
recorded by the participants indicated that the academies were beneficial in terms of increasing

their interests in and knowledge of engineering. The responses also indicated that the
participants’ experiences at the academies would have positive effects on their school
behaviors and outcomes as they relate to math and science courses. Table 5 displays the items
(statements) and the results of data analysis for the participants’ responses to the items for the
first section of the survey.
Table 5: Perceptions of Impact of the Batmen and Wonder Women Academies
Perceptions of Impact of the Batmen and Wonder Women Academies
Level of Agreement
Percentage (Number)
Strongly
Agree

Agree

Not
Sure

Disagree

Strongly
Disagree

1. The Batmen/Wonder
Women Academy made me
realize that an engineering
career could be interesting.

62.5%

30.0%

5.0%

2.5%

0.0%

(25)

(12)

(2)

(1)

(0)

2. At the Batmen/Wonder

41.0%

46.2%

5.1%

5.1%

2.6%

(16)

(18)

(2)

(2)

(1)

45.0%

22.5%

27.5%

0.0%

5.0%

(18)

(9)

(11)

(0)

(2)

65.0%

25.0%

7.5%

2.5%

0.0%

(26)

(10)

(3)

(1)

(0)

Women Academy, I learned
about careers that I didn’t
know about before.
3. After Batmen/Wonder
Women Academy, I'm
thinking about going into an
engineering career more
than I was before attending
the Batmen Academy.
4. The Batmen/Wonder Women
Academy helped me realize
that the math and science I
take in high school will affect
my career options.

5. I'm planning to take more
math and science courses in
high school than I was before
attending the
Batmen/Wonder Women
Academy.

46.2%

25.6%

20.5%

5.1%

2.6%

(18)

(10)

(8)

(2)

(1)

6. I'm planning to work harder
in my math and science
courses.

72.5%

17.5%

7.5%

0.0%

2.5%

(29)

(7)

(3)

(0)

(1)

In addition to the statements above the participants were asked to rate their overall
academy experience on a scale of 1 to 5 with 1 being very bad and 5 being very good. For this
item, all the participants except one recorded an overall rating for the academies. The mean
score across all 42 surveys was 4.43 with a mode of 5 and a standard deviation of less than 1.
These scores indicate that on average, the participants thought the overall academy experience
was good. Moreover, the mode score of 5 indicates that most of the participants thought the
academies were very good. Table 6 displays the results of data analysis for this item of the
survey.
Table 6: Overall Academy Experience
Overall Academy Experience
Very Bad
Bad
O.K.
Good
Very Good
Total
System Missing
Total

2

4.8

0
1
14
25
42
1
43

0.0
2.4
33.3
59.5
100.0

The second section of the survey, consisting of seven Likert scale items and one multiple
response item, gathered the participants’ perceptions of their enjoyment of the academy and their
reasons for attending the academy. For each Likert scale item, the participants had three choices
for their response. The “Yes, very much” response is considered positive and the “A Little”
response is considered somewhat neutral. The least favorable response and considered negative
was the “Not at all” response.
Identical to the results of the analysis of data for the first section of the survey, the vast
majority of participants recorded a positive response to each of the seven items. For each item,
from 51.2% to 97.7% of the participants recorded the “Yes, very much” response. Very few, if
any, of the participants selected the “Not at all” response. For five of the seven items, one
participant selected the “Not at all” response. More specifically, examination of individual

surveys revealed that all “Not at all” responses were recorded by three boys attending the
Batmen Academy. While knowing that there were some participants who did not enjoy certain
aspects of the academies is noteworthy, the negative perception(s) of these three individuals were
certainly not the norm (outliers) nor indicative of most participants overall academy experience.
In fact, the finding that only five of the 301 total responses collected for this section of
the survey were negative is quite admirable and indicates that less than 2% of responses were
negative. However, there were three items (Did your attendance at the Batmen/Wonder Women
Academy increase your interest in engineering?; Were you pleased with the housing that was
provided for you at the Batmen/Wonder Women Academy?; and Were you pleased with the
meals that were provided for you at the Batmen/Wonder Women Academy?) with significant
percentages (ranging from 25.6% to 39.5%) of participants recording “A Little” responses. As
previously stated, the “A Little” response is considered somewhat neutral, not bad, but not
positive. Table 7 displays the Likert scale items (statements) and the results of data analysis for
the participants’ responses for this section of the survey.
Table 7: Perceptions of Batmen and Wonder Women Academy Participants
Question
Response
Percentage (Number)
Yes, very much

A Little

Not at all

1. Did you enjoy the Batmen/Wonder Women
Academy?

88.4%

9.3%

2.3%

(38)

(4)

(1)

2. Was what you learned during the
Batmen/Wonder Women Academy
helpful to you?

86.0%

11.6%

2.3%

(37)

(5)

(1)

3. Were the Batmen/Wonder Women
Academy instructors helpful to you?

97.7%

2.3%

0.0

(42)

(1)

(0)

4. Did you learn exciting new things at the
Batmen/Wonder Women Academy?

86.0%

11.6%

2.3%

(37)

(5)

(1)

5. Did your attendance at the Batmen/Wonder
Women Academy increase your interest
in engineering?

72.1%

25.6%

2.3%

(31)

(11)

(1)

6. Were you pleased with the housing that
was provided for you at the
Batmen/Wonder Women Academy?

51.2%

46.5%

2.3%

(22)

(20)

(1)

7. Were you pleased with the meals that were
provided for you at the

60.5%

39.5%

0.0%

(26)

(17)

(0)

Batmen/Wonder Women Academy?

The multiple response item of the survey was used to determine reasons why the
participants attended the Batmen and Wonder Women academies. The survey listed six reasons
for attending the academy and participants were asked to check all the reasons why they
attended the camp. The most common reason recorded for attending the academy was that the
participants thought they would have fun (selected 40 times) followed by I thought I would
learn something (selected 37 times) and wanting to learn more about Mississippi State
University (selected 28 times). According to participants’ responses, teacher’s recommendation
to attend the academy was the least common reason for attending. Only two participants
indicated that their teacher told them to attend the camp. Table 8 displays the reasons provided
for academy attendance and the number of times that reason was selected.
Table 8: Reasons for Batmen/Wonder Women Academy Attendance
Reason for Attendance
I thought it would be fun.
I thought I would learn something.

Number of Times
Selected
40
37

My teacher told me to attend.

2

My friends were attending the Batmen/Wonder Women
Academy.

8

9
My parents made me attend the Batmen/Wonder Women
Academy.
28
I wanted to learn more about Mississippi State University.

results by academy
As a means of determining if there were any differences in the perceptions of the
academies by the participants of the Wonder Women Academy and the Batmen Academy, the

survey responses were examined and analyzed by academy. The analysis of Wonder Women
Academy data revealed, similar results to the overall combined results, that the majority of
participants found the academy to be both beneficial and enjoyable. Analysis of survey
responses from Section 1 of the survey yielded very positive scores. In fact, for the six Likert
scale items on this section of the survey, from 60% to 100% of the participants strongly agreed
or agreed with the positive statements presented to them. Across all surveys and survey items,
there were only six disagree or strongly disagree responses.
Data analysis of Section 2 from the survey also revealed very positive findings. Across
all seven items on this section of the survey, none of the participants recorded a “Not at all”
response and in most cases, very few “A Little” responses were recorded. However, on item 6
of this section, over half of the participants (60%) recorded the “A Little” response when asked
if they were pleased with the housing provided for them. Nevertheless, the overall results of the
analysis of Wonder Women Academy data indicated that the participants were pleased with the
academy. Tables 9 and 10 display the results of the analysis of data for Sections 1 and 2,
respectively, of the Wonder Women Academy survey.
Table 9: Perceptions of Impact of the Wonder Women Academy
Perceptions of Benefit of the Wonder Women Academy
Level of Agreement
Strongly
Agree
The Wonder Women Academy made

15

me realize that an engineering career
could be interesting.

(75%)

At the Wonder Women Academy, I

8
(40%)

learned about careers that I didn’t
know about before.
After Wonder Women Academy, I'm
thinking about going into an
engineering career more than I was
before attending the Wonder Women
Academy.
The Wonder Women Academy
helped me realize that the math and
science I take in high school will
affect my career options.

8
(40.0%)

14
(70.0%)

Agree
4
(20%)

9
(45%)

Not
Sure

Disagree

Strongly
Disagree

1

0

0

(5.0)

(0.0)

(0.0)

1
(5.0%)

2
(10.0%)

0

7
4
(35.0%) (20.0%)

6
(30.0%)

(0.0)

0

1

(0)

(5.0)

0

0

0

(0.0)

(0.0)

(0.0)

I'm planning to take more math and
science courses in high school than I
was before attending the Wonder
Women Academy.
I'm planning to work harder in my
math and science courses.

6
(30.0%)

16
(80.0%)

6
6
1
(30.0%) (30.0%) (5.0%)

2
(10.0%)

1
(5.0%)

1
(5.0)

0

1

(0.0)

(5.0)

Table 10: Perceptions of Enjoyment of Wonder Women Academy Participants
Question

Response

Yes, very much
Did you enjoy the Wonder Women Academy?

19
(95.0%)

Was what you learned during the Wonder
Women Academy helpful to you?

Were the Wonder Women Academy instructors
helpful to you?

Did you learn exciting new things at the Wonder
Women Academy?

Did your attendance at the Wonder Women
Academy increase your interest in engineering?

17
(85.0%)
19
(95.0%)

18
(90.0%)
14
(70.0%)

Were you pleased with the housing that was
provided for you at the Wonder Women
Academy?

8
(40.0%)

Were you pleased with the meals that were
provided for you at the Wonder Women
Academy?

15
(75.0%)

A Little

Not at
all

1
(5.0%)

0
(0.0%)

3
(15.0%)

0
(0.0%)

1
(5.0%)

0
(0.0%)

2
(10.0%)

0
(0.0%)

6
(30.0%)

0
(0.0%)

12

0
(0.0%)

(60.0%)

5
(25.0%)

0
(0.0%)

The responses recorded on the surveys of the Batmen Academy participants were very
positive and similar to those recorded on the surveys of the Wonder Women participants. In
fact, from 60-90% of all responses were strongly agree or agreed. Only five responses on

Section 1 of the survey were responses where one participant either disagreed or strongly
disagreed to the supplied statement. Table 11 displays the supplied statements and the analysis
of the recorded responses for the surveys submitted by the participants of the Batmen Academy.
The responses recorded on section 2 of the survey for the Batmen participants were
consistent with those recorded by the participants of the Wonder Women Academy. Of the 23
surveys submitted, 19 of the participants indicated that they enjoyed the Batmen Academy very
much, three indicated that they enjoyed it a little, and one participant indicated that he did not
enjoy the academy at all. This was the same participant who recorded all five of the disagree or
strongly disagree statements. However, this participant agreed with the other 22 participants
when asked if their instructors were helpful. For this item, all 23 participants recorded the “yes,
very much” responses when asked if their instructors were helpful. Similar to the overall results
and the results of the Wonder Women Academy survey analysis, the responses recorded by the
Batmen Academy participants indicated that they enjoyed the academy and that the academy
was beneficial to them. Table 12 displays the results of the analysis of data for section 2 of the
survey.
Table 11: Perceptions of Impact of the Batmen Academy
Perceptions of Impact of the Batmen Academy
Level of Agreement
Strongly
Agree
The Batmen Academy made me

10

realize that an engineering career
could be interesting.

(50.0%)

At the Batmen Academy, I learned
about careers that I didn’t know
about before.

8
(42.1%)

After Batmen Academy, I'm
thinking about going into an
engineering career more than I was
before attending the Batmen
Academy.

10
(50.0%)

The Batmen Academy helped me

12

realize that the math and science I
take in high school will affect my
career options.

(60.0%)

Agree

Not
Sure

Disagree

8
(40.0%)

1
(5.0%)

1
(5.0%)

0
(0.0%)

9
(47.4%)

1
(5.3%)

0
(13.0%)

1
(5.3%)

2
7
0
(10.0%) (35.0%) (0.0%)

4
3
(20.0%) (15.0%)

1
(5.0%)

Strongly
Disagree

1
(5.0%)

0
(0.0%)

I'm planning to take more math and
science courses in high school than I
was before attending the Batmen
Academy.
I'm planning to work harder in my
math and science courses.

12
(63.2%)

13
(65.0%)

4
2
1
(21.1%) (10.5%) (5.3%)

0
(0.0%)

5
2
0
(25.0%) (10.0%) (0.0%)

0
(0.0%)

Table 12: Perceptions of Enjoyment of Batmen Academy Participants
Question

Response

Yes, very much
Did you enjoy the Batmen Academy?

19

Were the Batmen Academy instructors helpful to
you?

Did you learn exciting new things at the Batmen
Academy?

Did your attendance at the Batmen Academy
increase your interest in engineering?

Were you pleased with the housing that was
provided for you at the Batmen Academy?

Not at
all

3
(13.0%)

1
(4.3%)

2
(8.7%)

1
(4.3%)

23

0

(100.0%)

(0.0%)

0
(0.0%)

19

3
(13.0%)

1
(4.3%)

5
(21.7%)

1

(82.6%)

Was what you learned during the Batmen
Academy helpful to you?

A Little

20
(87.0%)

(82.6%)
17
(73.9%)

14
(60.9%)

8
(34.8%)

(4.3%)

1
(4.3%)

Were you pleased with the meals that were
provided for you at the Batmen Academy?

11

12

(47.8%)

(52.2%)

0
(0.0%)

conclusion
The results of data analysis for all completed surveys indicated that the academies
designed, developed, and provided by Mississippi State University Bagley College of
Engineering were perceived to be not only enjoyable, but also beneficial to the participants. The
results indicate that participants’ interests in and knowledge of engineering increased because of
their participation in the academies which agrees with the literature found by White et. al.
(2017), Kager and Kager (2019), as well as Hargraves (2015). Also highlighted in the findings
were the representations of groups who are traditionally under-represented in the fields of
engineering. In addition, to the academy designed specifically for girls, the academies were very
successful in recruiting African American students. Successful recruitment of minority students,
namely girls and African Americans for programs such as the Wonder Women Academy and the
Batmen Academy is one significant means of increasing diversity in the fields of engineering and
STEM. Interestingly, when examining the perceptions of impact for the Batmen and Wonder
Women Academies, the results showed that girls found engineering careers 25% more
interesting which contradicts the work of LTO Brien et. al. (2017) and Wang (2018) for middle
school girls. Instruction led by female industry engineers and female student engineers likely
increased girl participants’ interest to pursue engineering careers. Female engineering students
and female industry representatives provided professional development sessions that focused on
women in technical leadership roles and confidence building exercises.
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