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Preliminary Findings: RIEF - Understanding pedagogically motivating 
factors for under-represented and non-traditional students in online 

engineering learning modules 

 

Abstract 

The quest to incorporate digital games into US classrooms has been pervasive in educational 
communities over the last two decades. Educational video games have been studied as a 
mechanism for enhancing the engagement and performance of underrepresented groups (UGs) in 
spatial learning, physics, computer science, general engineering, software and electrical 
engineering, mechanical engineering (ME) computer aided design, and aerospace engineering. 
Less than a handful of these studies have explored games’ appeal, efficacy or UG performance as 
a function of gender.  Preliminary findings on a study that explores the appeal, efficacy, and 
performance of UGs in engineering-based educational video games as a function of gender and 
those of intersectional backgrounds is discussed.  Emphasis is placed on elucidating these students' 
perceptions of serious game structure, design and content, and how these factors motivate their 
learning of engineering concepts and self-identification as engineers.  This work builds upon the 
Technology Acceptance Model. 

 

I. Introduction 

The quest to incorporate digital games into US classrooms has been pervasive in 
educational communities over the last two decades. Educational video games have been studied 
as a mechanism for enhancing the engagement and performance of underrepresented groups 
(UGs) in spatial learning [1], physics [2], computer science, general engineering [3], software 
and electrical engineering [4] – [17], mechanical engineering (ME) [18] – [25] computer aided 
design [26], and aerospace engineering [27]. Less than a handful of these studies have explored 
games’ appeal, efficacy or UG performance as a function of gender. For example, Joiner et al., 
[19] who studied a population of 138 ME UGs (15/138 female) found that there was no 
difference in “motivation towards engineering” (4.2 + 0.5, pre- and post-survey results) or in 
“perceived engineering competence” (3.4 + 0.7, pre-survey to 3.3 + 0.4, post-survey) after video 
game use for female students. Few engineering undergraduate studies examine games’ impact as 
a function of other engineering subgroups, e.g. race/ethnicity, student age, sexuality, or the 
intersection of the subgroups. Race and gender are not mutually exclusively, but rather can 

intersect in various ways, affecting the experiences of women in multiple settings according the 

Crenshaw [28] - [29]. Crenshaw began to use the term intersectionality to describe the social injustice 

that African-American women were experiencing because of their dual racial and gender identities. 

In engineering, intersectionality has been used to explore how diverse students navigate the culture 

of engineering [30]. This works exposes a diverse population of engineering undergraduate 
students an online engineering educational game that focuses on trusses that are part of a 
traditional statics class.  The perceptions of these students are described as a function of their 
gender and racial/ethnicity. 

 



 
 

The research questions addressed in this work are the following: 
1. What aspects of the engineering educational game motivate/demotivate students?  
2. Does playing the game influence students’ confidence in their engineering abilities? 
3. Are engineering topics introduced in the game understood by and transparent to the 

student? 
 

II. Description of the engineering educational tool  

Undergraduate engineering students (Freshman through senior level) participated in the 
on-campus study that focused on an engineering educational game that emphasized truss 
structural stability topics covered in the traditional undergraduate Statics curriculum.  The goal 
of the game is to assist students in developing engineering intuition on how truss structures 
behave when subjected to loads.  The software tool is based on finite strain theory that enables 
the user to visual material and geometric nonlinearities and dynamic movement of failed 
structure.  Users play the game by positioning bars and joints to construct a truss structure that is 
able to support an external mass and the weight of the truss structure itself.  The structure the 
player builds must consist of joints and bars, where the bars are connected via the joints.  The 
players win nut(s) based the player’s ability to create a structure of minimal weight and structural 
stability. Participants manipulate the weight of the truss by adjusting the thickness of the bars. 
Participants visualize the success or failure of their structure real time, as the structures visibly 
collapse or maintain their position at the completion of the truss.  The collapse of the structure is 
punctuated with clanging sounds associated with the collapse of the structure.  The tool is 
designed to give engineering intuition, which may be interpreted as incorporation of inquiry-
based learning elements to develop student insight into how structures behave under mechanical 
loading. No visual or auditory hints or clues are provided during the game.  And, no instruction 
pertaining game rules are provided. 

 
III. Research Design 

The overall goal of this project is to understand how engineering educational games and 
apps may inherently embed 
elements of engineering norms of 
knowing, thinking and doing that 
reflect and perpetuate climates and 
cultures of inequality, which 
preclude or stifle the formation of 
under-represented minority women 
engineers.  Towards achieving this 
goal, a Mixed Method Sequential 
Exploratory Research Design was 
proposed and approved by the 
Institutional Review Board at a 
Tier 1 institution of higher 
education, located in the 
Northeastern region of the US.  
The data described herein is the 

Figure 1: Gender demographics of the participants in the 
initial phase of the engineering education software 
study. 



 
 

work-in-progress of a multiple-year study.  All participants in the study are undergraduate 
engineering students from this diverse institution within the School of Engineering.  Students 

provided 
demographical 
information such as 
age range, gender, 
sexual orientation, 
ethnicity, 
undergraduate major 
and experience with 
online learning tools 
within an 
engineering 
classroom. This 
information was 
correlated to 
questionnaire 
questions.  The 
gender and 
racial/ethnic 
diversity of the 

participants are provided in Figure 1 and Figure 2. Thirty-nine students who participated in the 
study first played the engineering game for 20 minutes, then completed a Likert-type scale 
questionnaire, and finally participated in a focus group to discuss their perceptions of the game 
as an engineering educational learning and motivational tool.  During the focus group 
questionnaire questions were discussed in more detail and the preliminary discussion of topics 
described in the Technology Acceptance Model (TAM) [31] – [33], i.e. perceived usefulness and 
ease-of-use of the game were discussed.  The Likert-scale ranges included: Strongly Agree (1), 
Agree (2), Somewhat Agree (3), Neither Agree nor Disagree (4), Somewhat Disagree (5), 
Disagree (6) and Strongly Disagree (7).  Focus group participants were assigned into groups 
based on gender and availability of schedule date/time, where each group consisted of 4 – 6 
participants.    

 
The questions from the questionnaire are provided in Table 1.  All survey questions were 

examined as a function of race/ethnicity and gender with the aim of elucidating differences in 
trends associated with student perception as a function of these groups. 

 
Table 1: Representative questionnaire questions. 

Q1: Which topics of engineering were explored in this game? (Select all that apply) 
- Statics 
- Dynamics 
- Thermodynamics 
- Mechanics of Materials 
- Composite structures 

Q2: Were there any aspects of the game that you found distracting to your learning of the concepts? 
Explain. 

- Strongly agree.  

Figure 2: Race and ethnicity demographics of the student participants. 



 
 

- Agree.  
- Somewhat agree.  
- Neither agree nor disagree.  
- Somewhat disagree.  
- Disagree 
- Strongly disagree 

Q3: The learning lessons or goals of each challenge are defined in enough detail to play the game. 
- Strongly agree.  
- Agree.  
- Somewhat agree.  
- Neither agree nor disagree.  
- Somewhat disagree.  
- Disagree 
- Strongly disagree 

Q4: Playing the game made me feel like an engineering. 
- Strongly agree.  
- Agree.  
- Somewhat agree.  
- Neither agree nor disagree.  
- Somewhat disagree.  
- Disagree 
- Strongly disagree 

Q5: Playing the game increased my confidence in my engineering skills. 
- Strongly agree.  
- Agree.  
- Somewhat agree.  
- Neither agree nor disagree.  
- Somewhat disagree.  
- Disagree 
- Strongly disagree 

Q6: I understood the engineering topics each level of the game was teaching me. 
- Strongly agree.  
- Agree.  
- Somewhat agree.  
- Neither agree nor disagree.  
- Somewhat disagree.  
- Disagree 
- Strongly disagree 

Q7: I got frustrated playing this game. 
- Strongly agree.  
- Agree.  
- Somewhat agree.  
- Neither agree nor disagree.  
- Somewhat disagree.  
- Disagree 
- Strongly disagree 

Q8: I would improve this game by (complete the sentence). You may select more than one option. 
- Adding a story line. 
- Adding avatars/characters. 
- Making the images look more like real life. 
- Adding opportunities to compete against other players while playing. 
- This game is fine the way it is. 
- Adding more explanation to the challenges. 
- Changing the rewards from nuts to something else. 
- Give any other feedback. 



 
 

 

IV. Results and Discussion 
 

The preliminary results for this work-in-progress are presented herein.  Thirty-nine 
undergraduate engineering students participated in this study.  The demographical information 
pertaining to gender, intersectionality and race/ethnicity of the populations studied are presented 
in Figure 3 and Figure 4.  The data presented is an initial step towards the exploration of 
perceptions of intersectional groups’ perceptions and experiences of engineering educational 
serious games, juxtapose student populations traditionally represented in the US engineering 
educational system.  The responses of this population to an online engineering educational game 
were recorded and a focus group was held to understand their experiences and observations 
regarding the game.  A questionnaire was developed to address aspects of each of the research 
questions.   

 
Research Question 1: What aspects of the engineering game motivate/demotivate students? 
 
Students were asked if there were any aspects of the game that they found to be distracting on the 
questionnaire and during the focus group.  The responses were quantified on a scale of Strongly 
Agree (1), Agree (2), Somewhat Agree (3), Neither Agree nor Disagree (4), Somewhat Disagree 
(5), Disagree (6) and Strongly Disagree (7).The female and male responses to this question are 
presented in Figure 3 and Figure 4.   
 

 Over 64% and 100% of the Asian and African American female participants, respectively 
responded that there were aspects of the game that they found to be distracting (somewhat agree 
or higher) as opposed to their Caucasian and Latina counterparts.  42% of the women (8 put of 

Figure 3: Male responses to the general 
question of distracting elements of the game. 

Figure 4: Female responses to the general 
question of distracting elements of the game. 

Were there any aspects of the game that you found 
distracting to your learning of the concepts? Explain. 
(Male responses) 

Were there any aspects of the game that you 
found distracting to your learning of the 
concepts? Explain. (Female responses) 



 
 

19) and 40% of the men (8 out of 20) who were distracted by components of the game 
highlighted in the focus group discussions that the clanking sounds distracted them. In particular, 
structures that failed the loading conditions crashed (visibly on the screen) and a clanging crash 
sound accompanied the crash (auditory sound).  Many respondents stated that the clanging 
sounds associated with failed attempts heightened their feelings of frustration when they were 
unable to achieve the next level in the game (3 out of the 8 who cited sound).  Similarly, male 
respondents noted distraction from sound impacted their ability to focus on the game, wherein 
some indicated that this may be a factor that influenced their game performance (3 out of the 8).  
In Table 2, the minimum, maximum, mean, standard deviation, variance and count of responses 
as a function of gender are presented.  This table indicates that on average male respondents 
found aspects of the game to be more distracting (3.25+1.64) than their female counterparts 
(4.16+1.9). 
 
Table 2: Overview of the responses pertaining to game distraction. 

 
 

Minimum Maximum Mean
Std 

Deviation
Variance Count Gender

1 7 4.16 1.9 3.61 19 Female

1 6 3.25 1.64 2.69 20 Male

Were there any aspects of the game that you found distracting to your learning of 
the concepts? Explain. 

Figure 5: Female responses to the question of 
whether playing the game made them feel like 
an engineer. 

Figure 6: Male responses to the question of 
whether playing the game made them feel like 
an engineer. 

Playing the game made me feel like an engineer 
(Female responses) 

Playing the game made me feel like an engineer 
(Male responses) 



 
 

Participants were also asked to rank whether the game made them feel like an engineer using a 
Likert scale to elucidate possible links between game play and perception of one’s self as an 
engineer.  The responses to this question are provided in   Figure 5 and Figure 6.   
 
In Table 3, the minimum, maximum, mean, standard deviation, variance and count of responses 
as a function of gender are presented.  This table indicates that on average male respondents 
found that the game made them feel more like an engineer to a lower degree (3.25+1.51) than 
their female counterparts (2.84+1.31). 
 

Table 3: Overview of the responses pertaining to whether the game impacted respondents’ feelings of 
being an engineer. 

 

 
Students were also asked to rank their level of frustration while playing the engineering 
educational game. The results are shown in Table 3.  Many participants cited issues with game 
structure and layout that prohibited them from making structural designs that they knew would 
be more successful but, were unsuccessful in drawing on the screen.  Both groups described this 
as frustrating and as a limitation in their overall performance.  Student focus group responses 
regarding frustration level was attributed to three primary themes: 1) lack of instruction or hints 
to indicate rational for failed engineering structure (stated 32 times in focus group); 2) successful 
designs that rendered more nuts but were unrealistic/unsafe (stated 6 times in focus group) and 3) 
game design that limited ease of drawing design structures on the screen (stated 10 times during 
focus group).  Of these themes, students expressed concern over an engineering tools that did not 
directly engage the student with guidance while playing.  Students linked these categories to 
feelings of being demotivated or detrimental to their ability to learn from the game due to these 
obstacles (10 times in the focus group discussions).  

 
Research Questions 2: Does playing the game influence students’ confidence in their engineering 
abilities? 
 
Participants were also asked whether the game influenced their confidence in their abilities as an 
engineer, which has been shown to be a factor in the formation of engineers, and women and 
under-represented engineers.  The responses from both male and female respondents are 
provided in Figure 7 and Figure 8.  There were no obvious trends regarding student’s assessment 
of their increase in confidence in the engineering abilities as shown in Table 4.     

 

Minimum Maximum Mean Std 
Deviation Variance Count Gender

1 6 3.25 1.51 2.29 20 Male
1 6 2.84 1.31 1.71 19 Female

Playing the game made me feel like an engineer.



 
 

Table 4: Overview of students’ assessment of the increase in confidence in their engineering skills after 
playing the game. 

 

 

Research Questions 4: Are engineering topics introduced in the game understood by and 
transparent to the student? 
 
Students were asked several questions to understand whether the salient engineering topics 
where clearly articulated in the game.  For example, students were asked to select each of the 
engineering topics, e.g. Statics, Dynamics, Thermodynamics, Mechanics of Materials and 
Composite Structures were incorporated in the game.  The responses of the students are detailed 
in Figure 9 and Figure 10.  In addition, a comprehensive overview of selected engineering topics 
is provided in Table 5.  Although all respondents correctly indicated that aspects of Statics were 
depicted in the game, some erroneously indicated that composite structures were included as 
topics.  These responses may be indicative of students’ level of education or discipline in 
engineering, which could have limited the exposure to more advanced topics. 
 

Minimum Maximum Mean Std 
Deviation Variance Count Gender

1 6 4 1.38 1.89 19 Female
2 7 3.9 1.51 2.29 20 Male

Playing the game increased my confidence in my engineering skills.

Figure 8: Female responses to whether the 
game influenced their confidence in their 
engineering skills. 

Figure 7: Male responses to whether the game 
influenced their confidence in their engineering 
skills. 

Playing the game increased my confidence in my 
engineering skills. (Male) 

Playing the game increased my confidence in my 
engineering skills. (Female) 



 
 

 

Table 5: Responses of participants assessment of engineering topics covered in the game. 

 
  

Students were also asked to rank on a Likert-scale whether the learning lessons or goals of each 
challenge level were defined in enough detail to play the game and whether the understood the 
engineering topics each level of the game presented.  The responses to this question are provided 
in Figures 11 – 14 and the statistical data is presented in Table 6. 

 

Answer % (Female) Count (Female) % (Male) Count (Male)

Statics 19.00% 19 100.00% 20

Dynamics 15.79% 3 0.00% 0

Thermodynamics 0.00% 0 0.00% 0

Mechanics of Materials 15.79% 3 15.00% 3

Composite structures 15.79% 3 10.00% 2

Engineering Topics Covered in the Game

Figure 9: Description of the topics covered in the 
game as a function of female responses and 
race/ethnicity. 

Figure 10: Description of the topics covered in 
the game as a function of male responses and 
race/ethnicity. 

Which topics of engineering were explored in this 
game? (Female) 

Which topics of engineering were explored in this 
game? (Male) 



 
 

 

 

 

 

 

Figure 14: Male response to the question of 
whether the learning goals were defined in 
enough detail. 

Figure 13: Female response to the question of 
whether the learning goals were defined in 
enough detail. 

The learning lessons or goals of each challenge are 
defined in enough detail to play the game. (Female) 

The learning lessons or goals of each challenge are 
defined in enough detail to play the game. (Male) 

Figure 11: Female response to the question of 
whether they understood the engineering topics 
that the game was designed to teach. 

Figure 12: Male response to the question of 
whether they understood the engineering topics 
that the game was designed to teach. 

I understand the engineering topics each level of the 
game was teaching me. (Female) 

I understand the engineering topics each level of the 
game was teaching me. (Male) 



 
 

 

 

Table 6: Statics pertaining the student’s assessment of the game’s instruction on learning lesson 
presentation and their ability to understand. 

 

 

 

 

 

 

 

  

 
 
 
 
 
 

 
On average, both student groups did not deem the level of information presented to be enough to 
adequately play the game.  In addition, majority of them were not convinced that the game was 
teaching them the topics it was designed to cover. perception of their score being related to the 
level at which they achieved in the game.  During the focus group discussion student attributed 
their success in the game to learning how to “game the game” versus development of 
engineering skills in cases where students reached high challenge levels (10 stated during focus 
group discussion).  In addition, 9 out of the 39 participants asserted that some people without an 
engineering background at all would be able to achieve some level of success in going to higher 
levels by trial and error (8 participants out of 39). 

  
Students were asked how they might improve the game and asked to select from the options 
provided below. 

• Adding a story line. 
• Adding avatars/characters. 
• Making the images look more like real life. 
• Adding opportunities to compete against other players while playing. 
• This game is fine the way it is. 
• Adding more explanation to the challenges. 
• Changing the rewards from nuts to something else. 

 

Minimum Maximum Mean
Std 

Deviation
Variance Count Gender

2 7 4.32 1.59 2.53 19 Female

2 6 3.8 1.57 2.46 20 Male

Minimum Maximum Mean
Std 

Deviation
Variance Count Gender

7 12 9.63 1.66 2.76 19 Female

8 12 9.6 1.28 1.64 20 Male

The learning lessons or goals of each challenge are defined in enough 

detail to play the game. 

I understood the engineering topics each level of the game was teaching 

me. 



 
 

Table 7: Comprehensive overview of the responses from students regarding how they would improve the 
game. 

 
 

The most salient finding from Table 7 is that over 80% of both male and female participants 
deemed inclusion of explanations to game challenge descriptions are needed.  In addition, male 
students (~55%) and female students (37%) thought that the game would be improved if there 
were opportunities to compete again other players.  While 26% of the female participants 
thought that nuts as a reward should be changed to something else, several participants in the 
focus group did not realize they could obtain more than one nut per challenge (6 out of 39 
participants), while others did not know why some designs rendered more nuts than other 
designs (over 15 statements recorded from transcriptions).  This further illustrated the fact that 
participants were not completely sure in how the game was scored or points (nuts) rewarded. 
Hence, some students who did not achieve higher levels attributed their lower score levels to 
issues pertaining to the lack of clearly articulated game rules for game (20 statements based on 
transcriptions).   However, many suggested that inclusion of thematic levels and story lines may 
have illustrated and enhanced their understanding of technical material, as this could influence 
aspects of boundary conditions and possible solutions to problems (21% of females on the 
questionnaire and 6 statements recorded in transcripts from the focus group discussion).   
 

V. Conclusions and Next Steps 
 

This work-in-progress summarizes the findings of a small sample size of participants (39) 
regarding their assessment of an engineering education tool.  Both the focus group discussion 
and questionnaire were used to glean preliminary answers to the research questions.  Due to the 
limited number of participants, concrete conclusions cannot be made.  However, the responses 
obtained will be used to modify the questionnaire and design method to better understand the 
rationale behind aspects of distraction and motivation in game design.  In addition, inclusion of 
additional students in the study is needed to ascertain how specific parameters influence the 
formation of engineering students as they engage in educational gaming.  These preliminary 
findings suggest that students expect reinforcement and introduction of technical content when 
using video and serious games as educational tools.  In addition, preliminary findings suggest 

Suggested Improvement to the Game %Male Count 
(Male) %Female Count 

(Female)

Adding a story line. 10% 2 21% 4
Adding avatars/characters. 15% 3 21% 4

Making the images look more like real life. 10% 3 21% 4
Adding opportunities to compete against other players 

while playing. 55% 11 37% 7

The game is fine the way it is. 0% 0 5% 1
Adding more explanation to the challenges. 80% 16 84% 16

Changing the rewards from nuts to something else. 10% 2 26% 5
Give any other feedback. 35% 7 21% 4



 
 

that inquiry-based instruction is most effective when incorporated with a multifaceted schema of 
tools, e.g. additional sources of information, feedback on successful and failed attempts, 
opportunities to review evidence, provision of explanations to explain predictions and 
communication of results and findings.  In addition, preliminary results indicate that students 
have different expectations of engineering educational serious games versus games design for 
entertainment.  Insights such as these will be used to further develop and modify the 
questionnaire. 
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