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Abstract

The Center for Pre-College Programs at New Jersey Institute of Technology offers a variety of summer programs in science, technology, engineering and mathematics.  One of the programs, sponsored by ExxonMobil and The Harris Foundation, the ExxonMobil Bernard Harris Summer Science Camp, is designed to increase academically talented students’ skills in math and science and introduce them to the world of engineering.  The camp recruits students from underserved and typically underrepresented populations, including young women who would not otherwise be exposed to engineering during their middle school years, because this is an important time for students to begin thinking about future careers.  The Middle School Students’ Attitude to Science, Mathematics and Engineering Survey, developed to measure middle school students’ overall attitudes to mathematics, science and engineering; their knowledge about engineering careers; and their self-efficacy in relation to engineering and technology-related skills found significant increases in students’ attitudes toward science, mathematics and engineering and their knowledge about careers in engineering from the beginning to the end of the their summer camp experience.  The Draw an Engineer Test was also used to examine students’ perceptions of engineers, what they believe engineers actually do, and how their perceptions may have changed as a result of attending the camp.  Preliminary analyses of the relationship(s) between the purely quantitative measures derived from the Attitude to Engineering, Science and Mathematics Survey and the more qualitative evaluations made possible using the Draw an Engineer Test have been conducted.
1.
Introduction
The demand for more engineers in the workforce is expected to continue increasing into the next decade [1].  Even though the number of students pursuing careers in engineering has begun to increase [2] it does not appear to be adequate enough to meet the increasing demand [3, 4].  The chronic under representation of women in engineering is one contributing factor [5].  Another important factor is that many students do not really know what engineers do, are unaware of the benefits that engineering provides people in their daily lives, and have few adults discussing careers in engineering with them [6-9].  Unlike many professions, engineers are rarely depicted in movies and television shows.  The engineers in the Dilbert® comic strip may be funny, but they do not reflect the typical engineering workplace and do not inspire students to explore engineering or other technical fields as a career option. Most students are not exposed to engineering topics in their K-12 science and mathematics classes because engineering has not been incorporated into the curriculum and instruction [10].  As a result, most students never develop an interest in engineering nor are they prepared academically to study engineering in college.  Increasing the presence of engineering in K-12 education, especially through the application of science and mathematics, has become a high priority for educators [10-11].
The Center for Pre-College Programs (CPCP) at New Jersey Institute of Technology (NJIT) offers a variety of summer programs designed to increase academically talented middle school students’ interest in the fields of science, technology, engineering and mathematics (STEM).  Programs such as these can be instrumental in informing young students about careers STEM, especially engineering and help ensure they receive the academic background required for college study [12-13].  One of the programs, sponsored by ExxonMobil and the Harris Foundation, the ExxonMobil Bernard Harris Summer Science Camp (EMBHSSC), recruits fifth, sixth and seventh grade students from traditionally underserved and typically underrepresented populations, including young women who would not otherwise be exposed to engineering during their middle school years, because this is an important time for all students to begin thinking about future careers.  Because boys and girls do not differ much in technical abilities until the later high school years but rather in their attitudes toward technological careers including engineering, programs like EMBHSSC can be particularly effective in reaching young students, particularly girls before they develop negative impressions about careers in STEM [14, 15].   
The academic curriculum for the EMBHSSC at NJIT has a space theme and is aligned with New Jersey Core Curriculum standards.  Students study the properties of space, analyze and calculate how objects move on earth and in space and investigate how people live and survive in space.  In addition to classroom lessons students participate in hands-on activities, laboratory experiments, group activities including team-build exercises and go on field trips.  The students visit research facilities where they are introduced to engineers and have the opportunity to see first-hand the career options available to them.  On the first day of camp they attend a mock “NASA Press Conference” during which they are presented the following scenario; 

“NASA has announced that in the year 2012 families will begin living in space aboard the space station for extended periods of time. This means that for the first time even children will be living in space. Since these children and adults will need toys to take along, NASA has made an announcement that challenges all toy manufactures in the United States to design a toy that will work in space. Whichever company designs the best toy and develops the most effective marketing presentation will be granted an exclusive contract with NASA to begin manufacturing all the toys for the people who will be living in the space station. Each Toy Company not only has to design a toy that will function in space, they must provide a proof of concept prototype and develop a marketing plan to sell their toy to potential space families.”

Students are assigned to teams which become their “Toy Company”.  Students are introduced to the Engineering Design Process (EDP) and are taught how to apply the EDP in designing a prototype of their toy.  Each team is required to make a presentation about their toy to camp staff and parents as part of the closing ceremony using MSPowerpoint.  Presentations include a demonstration of their toy, a marketing plan, and students are expected to respond to questions.  
2.
Prior Evaluations of Summer Enrichment Programs
Prior evaluations of the summer programs at CPCP used the Middle School Attitude to Mathematics, Science and Engineering Survey (MATE) [9].  The MATE has seven subscales; Interest in engineering: stereotypic aspects (Stereotypic) (e.g. designing machinery), Interest in engineering: non-stereotypic aspects (Nonstereotypic) (e.g. designing devises to help people walk better), Negative opinions and stereo types of STEM  (Negative) (e.g. engineering is boring), Positive opinions of STEM (Positive) (e.g. engineers help protect the environment), Problem Solving (Problems), Technical Skills (Technical) and Gender Equity (Gender) (e.g. boys make better engineers than girls).  The MATE also measures knowledge of engineering careers with a multi-part open-ended question that requires students to “Name five different types of engineers” and to “give an example of the work done by each type”.  Each type is coded “1’ for correct and “0” for incorrect.  Possible total scores range from zero to five.  Each example of the work they do is coded “2” for completely correct, “1” for partly correct, and “0” for incorrect.  Possible total scores range from zero to ten.  
Students who attended summer programs at CPCP have been found to have significantly more positive attitudes toward mathematics, science and engineering and significantly more knowledge of careers in engineering compared to other male and female students from similar backgrounds [16].   But results of evaluations to measure changes in students’ attitudes toward science, mathematics and engineering from the beginning to the end of the summer programs have not necessarily been as informative as had been expected [17].  In order to attend any of the enrichment programs at CPCP, including the EMBHSSC students must have a B average in school which means they already have positive school habits and probably like math and science but may not know about engineering.  Therefore changes in the purely quantitative measures of their attitudes toward mathematics, science or engineering and knowledge of engineering careers are often small although prior results have shown some significant changes in attitudes. For example girls’ tend to more strongly agree with the notion that “girls are just as good as boys in the areas of mathematics and science” and disagree more strongly that “boys are better at engineering than girls” particularly after attending one of the all girl programs, but no overall strong conclusion have been made about how students’ perceptions of engineers and engineering may have changed as a result of participation in any of the programs [18].

3.
Methodology
The Draw an Engineer Test (DET) [19-20], adapted from the Draw a Scientist Test [21], has been developed as a tool to more fully evaluate young students perceptions of who engineers are and what they actually do.   Students are asked to draw a picture of an engineer at work and provide a short sentence to describe what the engineer in the picture is doing.  A checklist has been developed to quantify the appearance (gender, color, attire, etc) and location of the engineers (in vs. outdoors, laboratory, space) in the picture as well as summarize other objects and or people in the picture and inferences of action about the engineer is doing [22].   
Further research has been conducted at CPCP using the Draw an Engineering Test to more fully explore young students’ perceptions of engineers, what they believe engineers actually do, and how their perceptions may have changed as a result of attending the EMBHSSC.  During the summers of 2009 and 2010 a total of 103 students attended the EMBHSSC and completed the MATE and the DET at the beginning and the end of the camp experience.  Results of the DET have been examined not only to explore the students’ perceptions of engineers and how their perceptions may have changed as a result of their experiences at the camp but to attempt to examine the relationship between the purely quantitative measures derived from the MATE and the more qualitative evaluations made possible using the DET and the checklist.
4.
Results

4.1
Attitudes toward Mathematics, Science and Engineering
Students’ attitudes (MATE) showed few statistically significant changes from the beginning to the end of camp (See Table I). At first this seems disappointing and one might conclude that the experience did not have much of an impact on the students’ attitudes toward mathematics, science and engineering but their average scores at the beginning of camp were already higher than for other middle school students from similar backgrounds [9, 16].  
Table I

Changes in Students’ Attitudes to Mathematics, Science and Engineering Scale and Subscales From the Beginning to the End of the Summer Science Camp
     
                              Before Camp
             End of Camp

   

  
                   Mean (SD)                  Mean (SD)        p-value

    Total Scale



        3.2   (.5)
                 3.8   (.4)
    <.05

      Subscales:  
Stereotypic                3.3   (.7)
                 3.5   (.6)
    >.05

           

Non-stereotypic         3.1   (.6)
                 3.8   (.7)
    <.05
       

Positive                      3.4   (.6)
                 3.7   (.7)
    >.05
         

Negative*                   2.9   (.8)
                 2.4   (.6)
    <.05
         

Problems 
        3.1   (.7)
                 3.2   (.7)
    >.05
         

Technical  
        3.2   (.7)
                 3.2   (.8)
    >.05
         

Gender

        4.1   (.5)
                 4.2   (.6)
    >.05
* Subscale items are phrased negatively, so a lower mean score is desirable. 
Significant increases were found in students’ attitudes toward non-stereotypic aspects and significant decreases were found in negative opinions and stereo-types.  The gender equity subscale did not show a significant change.  A comparison of the boys and girls responses showed that although not significant the boys’ attitudes actually changed more than the girls from which one might conclude that the camp experiences did not have much of an effect on girls’ attitudes toward engineering which would be disappointing.       
More promising were the significant increases found in students’ responses to the knowledge of engineering question (See Table II).  Sixty percent of the students were not able to correctly name even one type of engineer before attending camp but by the end of camp most could name at least one of two and more than half could name three or more types which is significant (See Table II, Part 1).  Only a small proportion of the students were able to give even partly correct examples of the kind of work that engineers do before attending camp and by the end three quarters of them were able to give at least three correct or partly correct examples of the kind of work a specific type of engineer does (See Table II, Part 2), which is also significant. 
Table II
Changes in the Response to the Knowledge of Engineering Question From the Beginning to the End of the Summer Science Camp

                                                   Part 1                         
                     Part 2
                                        Name five different                     Give an example of the kind of 

                                        types of Engineers                    work each type of engineer does                     

                                    # of Correct Responses
                     Total number of Points 
                   0       1-2       3-4      5                  0         1-2        3-4      5-6      7-8*

       Before Camp        60%    28%     7%      5%              82%     12%      5%       1%      0
       End of Camp          9%    27%    51%   13%              11%     14%     56%     17%    2%

                             23 = 74.6, p<.01

               23 = 113.2, p<.01**
* No student scored more than 8 points out of the possible 10.   **  Categories 5-6 and 7-8 were collapsed for the test.
As in prior research [16-18] analysis of students’ responses to the MATE showed small increase in students’ attitudes toward stem along with a seemingly significant increase in knowledge of careers in engineering suggesting that although objective measures such as those provided by the MATE are useful measures of the effectiveness of most pre-engineering curriculum materials [16] or STEM enrichment programs [16] they are not necessarily effective measures of change that results from programs designed for high achieving students such as those who attend the EMBHSSC that require good grades and teachers recommendations [17, 18].     

3.2
Draw an Engineer Test

Students’ drawings of Engineers at Work from EMBHSSC were summarized using the DET checklist.  The checklist begins with an examination of the engineer to check the gender, skin color, and other attributes like glasses, lab coats, crazy hair or other cloths.  Then the location of the engineer (inside, outside, in space, underwater) is coded and there is a list of inferred actions that can be indicated like, fixing vs. designing, or teaching or even NO action can be indicated.  The types of other objects in the drawing are also coded, for instance the presence of other people, animals, symbols that would indicate math or chemistry, airplanes, computers, car, trains, signs of thinking, etc.  For the current study “Named a Type of Engineer” was added to the attributes and “signs of communicating with others” was added to the list of actions.  
       A basic summary is shown in Table III.  Almost 30% of the engineers appeared to have no gender or clothing, they were only stick figures.  If the gender of the engineer was identifiable most were male even though the MATE indicated that a large proportion of the students agreed that “Girls are just as good as boys in the areas of math and science” and disagreed that “Boys are better at being engineers than girls”. 
Table III

Summary of Attributes from the Draw an Engineer Checklist 


                                            Before Camp
       End of Camp

        Engineer had no gender


29%


 10%

        Female Engineer 

         

 7%

             22%
 

 
  Fixing a car 

         

27%

               7% 



  Driving a Train
        


19%

               5%


  
  Alone with a computer     


21%
                           2%
  
  Alone in an office\Laboratory 

18%
                           7%

  Identified a specific type of engineer              1%


 20%  

        Experimenting\Doing Research                      3%                                30%

        Others present, Communicating                    21%


 32% 


  Fixing\operating 



 73%


 21%


  Designing\Experimenting 


 11%


 57%
Before camp, almost 50% of the students drew a man fixing a car (27%) (see Figure 2) or driving a train (18%), one train operator was female (1%) (see Figure 1), both of which have been found to be common misconceptions [9, 16].  Another 21% drew a person alone with a computer (see figure 3) which is another common misconception measured by the MATE “Engineers spend most of their time working on computers”. 
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   Figure 1. Female driving a Train          Figure 2. Male fixing a Car         Figure 3.  Working on Computer
Another item on the MATE requires students to agree or disagree with “I think I know what engineers do.”  Whether students agreed or disagreed with this was compared with students’ drawings in which it was clear the students held a common misconception about engineers.  Students who strongly agreed they thought they knew what engineers did more often drew pictures indicating misconceptions than students who disagreed or indicated they did not know.  Students who did not agree they knew what engineers did tended to draw pictures of people at a desk thinking (see Figure 4) or fixing something (see Figure 5) which indicates more of a lack of knowledge about engineers rather than a misconception.  A bi-serial correlation was not significant but future research will continue to examine relationships such as this. 
For example, the relationship between students’ responses to the two gender items mentioned previously and the gender of the engineer in their respective drawing was also examined.  Students’ responses to the items on the MATE did not change much from the beginning to the end of camp, but more students drew female engineers at the end of camp than the beginning, even some of the boys.  Figure 6 shows a “female chemical engineering designing a new shampoo” drawn by a male student.  Currently it appears he was impressed by the presentation given by a female chemical engineer.  Larger samples with more varied responses are necessary to characterize relationships with correlation coefficients or chi-square tests.
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    Figure 4.  Thinking                       Figure 5. Fixing a broken wire          Figure 6.  Chemical Engineer
5.
Discussion and Conclusion

The Draw an Engineer Test was much more informative in terms of capturing changes in students’ perceptions of engineering and what engineers actually do.  In general the theme of students’ drawings changed from depicting misconceptions, fixing things, people alone or other non-active themes at the beginning of camp to more dynamic pictures with signs of thinking, communicating with other people (see Figure 7) or conducting research (see Figure 8) by the end of camp.  For example, the engineer in figure 9 “designed a vacuum to clean pollution out of lakes and rivers”.    
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   Figure7.  A team Designing            Figure 8. Studying Fish                    Figure 9.  “Cleaning Up”          
Some students even labeled their engineers as robotic engineers or chemical engineers.  Although one of the least colourful, the drawing of the robotic engineering in Figure 10 is one of the most telling.  The student indicated the engineer is thinking about the “Steps for Design loop”, there is a “sketch” and a prototype robot.  Figures 11 and 12 are a great example of the transformation of one male students’ misconception that “Bob, a guy fixing his car” is an engineer to “Engineers working as a team to test a NASA rocket before take-off”.

Although fairly strong conclusions can be drawn about the effects participating in the ExxonMobil Bernard Harris Summer Science Camp had on students’ perceptions of engineers and what they actually do, more research is needed to fully examine the relationships among students responses to more objective attitudinal and informational type surveys like the Middle School Students’ Attitudes to Mathematics, Science and Engineering and Knowledge of Engineering Careers Survey and more qualitative and dynamic measures like the Draw an Engineer Test.  Evidence of changes in students’ perceptions and misconceptions of engineers, clearly obvious from their drawings, was not evident in their responses to the MATE.  
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    Figure 10.  Robotic Engineer             Figure 11.  Bob, fixing car           Figure 12. Team testing Rocket

Future research with students participating in all types of engineering enrichment programs, including the 2011 EXBHSSC, is planned to obtain a large sample of drawings and survey responses.  More work should be done to further develop the Draw an Engineer Checklist.  Use in the current study required the addition of two items and use with a larger sample is sure to identify more conceptions in students’ drawings requiring new codes.  
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