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Abstract 
As the number of afterschool technology-rich maker learning programs for youth increases, it is 
important to investigate effective assessment tools that can be used to assess program impact at 
scale. We studied results from a series of surveys using two deployment modes with 94 youth 
who participated in programs at an afterschool maker learning center. We found that 
retrospective surveys that ask youth to reflect on shifts in their attitudes after completing a 
program are more effective than the same surveys deployed twice, pre- and post- a program. 
These results confirm input from youth interviews in which they expressed dislike of repeating 
the same surveys before and after a program and difficulty with answering self-assessment 
questions without a point of reference.  
 
1. Introduction 
Afterschool maker programs provide opportunities for engaging youth in hands-on projects that 
require creative problem solving, teamwork and the acquiring and application of technical skills 
[1][2][3]. These programs can introduce participants to engineering concepts and skills before 
college [1][4]. As more organizations offer maker programs to hundreds, if not thousands, of 
youth, it becomes increasingly important to identify valid and scalable evaluation methods by 
conducting assessments that capture the impact of participation on youth. 
 
Previous research has proposed different qualitative and quantitative approaches to assessing the 
learning outcomes of maker programs. While most existing research has focused on developing 
qualitative tools [5], there is also a need for developing and adopting context-aware quantitative 
assessment tools that can be deployed broadly in maker programs [1][6][7]. Previous research on 
assessment tools for youth in maker programs showed that youth had negative attitudes towards 
surveys in this context and generally preferred methods that required creativity and self-
expression [6][7]. Building on these results, in this project we focused on comparing different 
survey deployment modes in maker settings: (1) a pre-post mode, where we deployed surveys 
before and after a program, and (2) a retrospective mode, where we deployed a single survey at 
the end of a program and asked participants to reflect on their abilities and attitudes before and 
after the program. In this evaluation paper, we report the results of investigating the impact of an 
afterschool maker program on 94 youth. Three times over 12 months, we collected data using a 
series of survey tools including two Upper Elementary School and Middle/High School Student 
Attitudes toward STEM (S-STEM) Surveys (Technology and Engineering and 21st Century 
Skills) [8] and the Alternative Uses Test (AUT) [9][10]. Additionally, we conducted interviews 
with representative youth about their perceptions and attitudes towards the surveys.  
 
While the AUT results showed a positive change in the youth, initial results from pre-post 
STEM-S evaluations showed insignificant and sometimes negative shifts in youth's interests 
towards Technology and Engineering, and 21st Century Skills. Interviews showed that youth 
struggled to accurately assess changes in themselves due to the time lapse between pre-post 
program surveys. Additionally, they did not see the value of completing the surveys. We 
subsequently changed the format of the surveys to a retrospective form to help youth better 
reflect on their attitudes and skills. The results of the retrospective surveys showed significant 



positive shits in youth interest in technology and engineering, and 21st century skills. We present 
detailed results and recommendations on how to apply these surveys in other, similar programs.     
 
2. Literature Review 
Interest in using maker and DIY approaches to engage youth and adults in Science, Technology, 
Engineering and Mathematics (STEM) topics has received considerable interest in the past few 
decades [1]-[5]. Previous research has shown that maker programs can support self-directed 
learning, collaboration with others on group projects and the acceptance of failure and support 
diverse participants to learn technical, as well as, interpersonal skills [5]. Studies have further 
shown that participating in hands-on making activities can positively impact self-efficacy 
[1][11], technological awareness and confidence [13], and general and declarative knowledge of 
technical systems [5][14].  Additionally, previous research has shown that maker activities can 
be presented in different configurations and formats in informal settings, including after-school 
programs, workshops, and summer camps, attracting a wide range of participants [1]-[7]. 
 
A recent systematic literature review has shown that the number of empirical studies of learning 
outcomes of maker workshops and programs has significantly increased in the last few years [5]. 
The review further showed that most of the empirical studies of the outcomes of maker activities 
(57%) employed qualitative methods [5]. The qualitative assessments included open portfolios 
[12] and peer- and self-assessments [11].  
 
While using these qualitative measures have been effective in maker settings, as the scale of 
maker programs increase and assessments have to be conducted for larger numbers of 
participants, it is important to study the possibilities and challenges of quantitative measures that 
may complement existing tools. According to the systematic literature review discussed 
previously, the majority of the quantitative measures used in the studies of maker programs 
focused on assessing knowledge of school concepts and the impact of participating in maker 
programs on academic school performance [5].  There was a lack of empirical data measuring 
the interest and creativity of participating youth. Previous research has also identified challenges 
with deploying quantitative assessments in maker settings. For example, Hamidi et al. observed 
that youth participating in afterschool maker programs had negative attitudes towards 
quantitative surveys and self-assessments due to their similarity to school assessments and their 
administration interrupting hands-on maker activities [6][7]. These attitudes could lead to a lack 
of motivation in participation and decreased survey completion rates.   
 
In recent years, researchers have explored the possibility of incorporating maker activities in 
formal school classrooms [1]. In a year-long study with 121 middle-school students (ages 8-11) 
who participated in weekly maker activities incorporated into school days, Chu et al., found 
significant impacts on students’ science self-efficacy and identity, as well as, making self-
efficacy and interest. The researchers developed a series of survey instruments for the project 
that they deployed in a pretest-posttest mode to measure youth’s interest, self-efficacy and self-
identity with respect to making and science [1].    
 
In addition to the type of assessment and the specific tools used, the mode of deployment can 
also impact results. The majority of previous studies in this context have utilized a pretest-
posttest mode where assessment tools are deployed before and after the completion of a program, 



workshop and activity. A comparison of the results can then show shifts in outcomes. An 
alternative to the pre-post deployment mode is the retrospective mode, where participants are 
asked to reflect on an aspect of their interest, learning or perspective [17]. Previous research has 
shown that this mode is effective at improving completion modes, reducing the amount of time 
needed for assessment, and providing a better frame of reference for comparison to participants 
[18][19].   
 
To date, the majority of previous research on assessing maker outcomes for youth have focused 
on using qualitative tools. Given the increasing number of youth and adults in maker programs, 
more research on potentially effective methods and modes for deploying them in this setting is 
needed. In this project, we used empirical data to study different quantitative assessment tools 
and modes of deployment to determine suitable configurations for use in maker contexts.  
 
3. Research Setting 
This project took place at a non-profit organization, the Digital Harbor Foundation (DHF), that 
provides afterschool informal maker learning and training programs to youth (grades 1-12). DHF 
is located a large American city and serves youth from a wide range of socio-economic 
backgrounds. A key goal of DHF is to use technology to provide engaging and hands-on learning 
and creative experiences for inner-city youth. Thus, the organization offers a range of STEM-
based courses, including programs that focus on digital fabrication and computer science, on a 
pay-what-you-can basis.   
 
Most DHF programs take the form of 7 or 14-week courses. Classes meet for two-hour sessions 
twice a week and cover a variety of topics and activities. These programs operate on a workshop 
structure that provides significantly more flexibility than a traditional classroom setting. DHF’s 
14-week introductory course, Maker Foundations, introduces incoming middle and high school 
youth to key maker concepts and practices including 3D printing, circuitry, graphic design, game 
development, and coding. Upon completion, youth become DHF Members and can register for a 
variety of more advanced, focused courses. DHF programs are offered using a Fall, Spring and 
Summer trimester model. While the Fall and Spring sessions are very similar, Summer programs 
are often much shorter and differ in content and format.  
 
DHF prioritizes self-directed learning, with programs designed to encourage participants to 
explore online and offline resources independently and continue work beyond face-to-face time. 
Programs also emphasize interdisciplinary projects that combine art, science, and technology. 
Once program staff present technical material, youth work on self-directed projects that they 
come up with themselves. These projects are supported by DHF staff who answer questions and 
help youth find resources to address problems. DHF also highly values teamwork, and small 
teams of youth often complete and present projects. Figure 1 shows a typical DHF course setting. 



 
Figure 1: Typical setting for DHF’s courses: Classes take place in a large, open-plan space 
where youth work on self-directed projects and learn about design thinking, digital fabrication 
and computer science.  
   
Key components of many DHF courses, including Maker Foundations, are digital fabrication, 
circuitry, coding and web development. The fabrication modules consist of 3D modeling and 
printing, as well as, laser cutting exercises and the use of a variety of materials including metal 
and wood. The fabricated objects are often combined with interactive electronic components, 
such as Makey Makey’s and Arduinos. A typical youth project might include the design and 3D 
printing of an interactive customized controller for a game developed by the youth on an entry-
level coding platform, such as Scratch.  
 
DHF has delivered programs to more than 5000 youth since 2013. In the past few years, the 
organization has experienced increased demand for the growth of their youth intake numbers and 
also for helping program staff in other locations and cities develop and implement similar 
programs. This surge in interest has motivated the organization to investigate the implementation 
of effective, efficient, and sustainable ways to assess program outcomes at scale.  
 
4. Methods and Analysis 
4.1.   Participants 
The data presented in this paper was collected from four groups of youth participants (total n = 
94) who were completing programs at DHF. The data was collected during Fall’18 and 
Spring’19 semesters. At each semester, a group of incoming youth and member youth 
participated in the data collection. The incoming youth who completed the surveys were between 



11-15 years old (grades 6-10) and the experienced youth members were between 11-18 years old 
(grades 6-12). Table 1 shows an overview of participants and data collection procedures. 
 
During the Fall’18 semester, we deployed AUT and STEM-S Surveys for the incoming youth 
(n=20) and STEM-S surveys for the member youth (n=16). We deployed all surveys using the 
pre-post mode. Following the initial data analysis phase, we conducted interviews with 2 youth 
from the member group. In Spring’19, we deployed STEM-S surveys for both incoming (n=19) 
and member youth (n=39) using the retrospective mode.  
 

Participants Number Age Procedures 

Incoming Youth -Fall’18 20* 11-15 STEM-S Surveys (Pre-Post), 
AUT (Pre-Post) 

Member Youth – Fall’18 16 11-18 STEM-S Surveys (Pre-Post) 
Member Youth – Fall’18 2 11-18 Interviews  

Incoming Youth – Spring’19 19 11-15 STEM-S Surveys 
(Retrospective) 

Member Youth – Spring’19 39 11-18 STEM-S Surveys 
(Retrospective) 

Table 1. Participants and Data Collection Procedures. *One of the Incoming Youth-Fall’18 
group did not complete AUT.   

4.2.   Procedures 
4.2.1. Surveys 
We analyzed results from two quantitative assessment tools used at DHF, the Upper Elementary 
School and Middle/High School Student Attitudes toward STEM (S-STEM) Surveys, and 
Alternative Uses Test (AUT). The STEM-S surveys measure youth’s interests towards a set of 4 
validated constructors each corresponding to Science, Technology and Engineering, Math, and 
21st Century Skills areas [8]. 21st century skills refer to critical-thinking, communication and 
collaboration. The surveys also include a section on interests towards STEM careers. Interest in 
each topic is measured using a series of 8 to 11 self-reported Likert style items (Table 2). Each 
item has to be rated on 5 levels ranging from “Strongly Disagree” to “Strongly Agree”. The 
STEM Careers survey consists of 12 items that are rated across 4 levels of interest, ranging from 
“Not at All Interested” to “Very Interested”.  
 
After reviewing the contents of each survey and taking into account findings from previous 
research that shows youth prefer short assessments [6][7], we decided to only deploy surveys 
relating to two topics relevant to DHF’s learning objectives. These included the Technology and 
Engineering (9 items) and 21st Century Skills (11 items). The original paper survey was 
converted to a digital online survey that was completed by youth in DHF.   
 

Technology and Engineering 

1. I like to imagine creating new products. 
2. If I learn engineering, then I can improve things that people use every day. 
3. I am good at building and fixing things. 
4. I believe I can be successful in a career in engineering. 



21st Century Skills 
1. I am confident I can lead others to accomplish a goal. 

2. I am confident I can encourage others to do their best. 

3. I am confident I can produce high quality work. 

4. I am confident I can respect the differences of my peers. 
Table 2. Example items from the two surveys of S-STEM Survey [8], Technology and 

Engineering and 21st Century Skills, used in the pre-post mode  

We collected the STEM-S survey twice from youth participating in two courses, an introductory 
course and an DHF members course. The first time the measure was used in a pre-post mode 
where the same questions were presented to the youth before and after course completion. The 
second time, we deployed the survey using a retrospective mode where the youth were asked 
about their interests only once after the completion of the course. However, in this mode youth 
were asked to answer each question twice, once reflecting their interest before and once after 
completing the course. Table 3 shows sample questions from the survey subsections and the 
accompanying text that was used in this mode.  
 

Technology and Engineering 

Please tell us how much you agree with each statement based on your experience in this 
course. You will select two answers for each item.  

The first answer should tell us how much you would have agreed BEFORE THIS COURSE. The 
second answer should tell us how much you agree now AFTER THIS COURSE. 

1a. I like to imagine creating new products - BEFORE this course. 
1b. I like to imagine creating new products - AFTER this course. 
2a. If I learn engineering, then I can improve things that people use every day- BEFORE this 
course. 
2b. If I learn engineering, then I can improve things that people use every day - AFTER this 
course. 
3a. I am good at building and fixing things - BEFORE this course. 
3b. I am good at building and fixing things - AFTER this course. 

4a. I believe I can be successful in a career in engineering - BEFORE this course. 
4b. I believe I can be successful in a career in engineering - AFTER this course. 

21st Century Skills 

1a. I am confident I can lead others to accomplish a goal - BEFORE this course. 
1b. I am confident I can lead others to accomplish a goal - AFTER this course. 

2a. I am confident I can encourage others to do their best - BEFORE this course. 

2b. I am confident I can encourage others to do their best - AFTER this course. 

3a. I am confident I can produce high quality work - BEFORE this course. 

3b. I am confident I can produce high quality work - AFTER this course. 
4a. I am confident I can respect the differences of my peers - BEFORE this course. 

4b. I am confident I can respect the differences of my peers - AFTER this course. 

Table 3. Example items from the two surveys of S-STEM Survey [8], Technology and 
Engineering and 21st Century Skills, used in the retrospective mode  



The Alternative Uses Test (AUT) is a well-established tool for measuring Divergent Thinking, a 
type of thinking process used in problem solving. Divergent thinking involves identifying and 
considering multiple related but distinct concepts or solutions [9]. It is viewed as highly 
correlated with creativity and problem-solving [9]. To take AUT, facilitators present participants 
with a series of common object names (e.g., pencil, tire, …) and instruct them to identify as 
many different but practical uses as possible for each object. A common or primary use is 
provided for each object and participants are instructed to “list as many as six other uses for 
which the object or parts of the object could serve.” For example, for a newspaper that is 
commonly used for reading, alternative uses can include, starting a fire, wrapping garbage, 
swatting flies, etc. Previous research has shown that youth attitudes in maker settings towards 
AUT are generally more positively than other assessments [6][7]. When conducting AUT, DHF 
staff followed instructions standardized and distributed by the Mind Garden organization [20]. 
for deploying the tool and scoring the results. Based on previous deployments of the test, the 
staff developed an electronic version of AUT that youth could complete on a computer. The test 
consisted of two identical parts. In each part, youth received 3 prompts and a 4-minute timer 
While youth completed the activities, an instruction slide with a timer and pictures of the items 
was projected on an overhead display. Figure 2 shows a screenshot of the instruction slide.  

 
Figure 2: A slide shown to youth while they complete the Alternative Uses Test (AUT) on 
computers. It includes pictures of three items they need to brainstorm alternative uses for and a 
timer.  
 
4.2.2. Interviews with Representative Youth  
We conducted short semi-structured interviews (between 11-17 minutes) with 2 member youth 
who had participated in the first series of pre-post surveys. In the interviews, we asked youth for 
their perspectives on the surveys and any difficulties in responding to them. We recorded and 
analyzed the interviews to identify elements of the survey youth found rewarding or difficult.  
 
5. Findings 
5.1. Survey Results    
Results from the STEM-S surveys show a marked difference between pre-post and retrospective 
modes. Table 4 shows an overview of the survey outcomes. We conducted paired t-tests for all 
groups to determine significant shifts. For all survey results, we calculated and used the 



interquartile range to find and remove outliers. Using this method, we found and removed one 
outlier from the Member Youth, Spring’20 group.   
 
The pre-post mode showed statistically insignificant shifts for the Technology and Science 
Interest of both incoming, t(19) = 2.07, p=ns, and member youth, t(15) = 0.34, p=ns. The pre-
post mode also showed insignificant shifts in 21st Century skills for both incoming, t(19) = 1.28, 
p=ns, and member youth, t(15) = 0.74, p=ns). The shifts were negative for the incoming youth 
and positive for the member youth.  
 
In contrast, the retrospective mode captured statistically significant shifts for both surveys and 
groups. Paired t-test showed significant positive shifts for the Technology and Science Interest of 
incoming youth, t(18) = 3.77, p<.005, and member youth, t(37) = 4.58, p<.0001). There were 
also significant shifts for the 21st Century skills of both the member youth, t(37) = 3.06, p<.005, 
and the incoming youth, t(18) = 2.35, p<.05), groups.  Additionally, the percentage of increased 
interest as reflected by the retrospective surveys was much higher both for Technology and 
Engineering survey (43.21%), and the 21st Century Skills survey (13.96%). for incoming youth 
than member youth.  
 

              
Survey (Mode)

 

 

Rate of Change  

Technology and 
Engineering 
(Pre-Post) 

21st Century 
Skills 

(Pre-Post) 

Technology 
and 

Engineering  
(Retroactive) 

21st Century 
Skills 

(Retroactive) 

 
Population Incoming Youth – Fall’18 Incoming Youth – Spring’19 
% of youth with 
increased interest  

20% 20% 78.95% 57.89% 

% of overall increase or 
decrease   

-8.56% -3.65% 81.03% 35.43% 

 
Population Member Youth – Fall’18 Member Youth – Spring’19 
% of youth with 
increased interest  

41.17% 62.5% 56.26% 57.89% 

% of overall increase or 
decrease  

1.38% 2.27% 37.82% 21.47% 

Table 4. Overview of STEM-S Survey Results for incoming and member youth.   

With respect to AUT, there were considerable gains across pre-post results for the incoming 
youth (68.42% of youth had increases in their score, with an overall increase of 30.43%). 
However, a paired t-test did not show a statistically significant difference between the pre and 
post results, t(18) = 1.99, p=ns.  
 
5.2. Results from Youth Interviews   
In the youth interviews, participants identified several reasons why they struggled with the pre-
post mode of deploying STEM-S surveys. Youth especially struggled because they lacked a clear 
frame of reference for assessing their current level of confidence or interest towards a topic. 
Participants mentioned that having a way to compare their interest to other youth or to 
themselves at another time would be helpful in answering self-reported measures. They 



described the self-reported assessments as “pointless” because they could not interpret the results 
and compare them with other similar results. Additionally, youth disliked repeating the exact 
same assessments necessary to the pre-post deployment mode. Consistent with previous research 
[6][7], the youth expressed that self-reported assessments detract from valuable hands-on activity 
time and greatly resemble school evaluations.  
 
6. Discussion and Lessons Learned 
The findings presented in the previous section show that using the retrospective mode when 
deploying self-reported surveys, such as S-STEM, can effectively measure perceived learning 
outcomes for youth. This mode of conducting surveys provides a better reference point than a 
pre-post mode for youth to reflect on changes in their abilities and attitudes. Additionally, 
conducting a retrospective survey once decreases the frequency of survey deployments which 
can improve youth’s attitudes towards assessment in maker contexts. Following, we will share 
several lessons learned based on the findings presented above.  
 
Using Retrospective Self-Reported Surveys to Assess Youth’s Attitudes. Our findings show that 
adopting a retrospective mode when deploying self-reported surveys in a maker setting can better 
assess shifts in youth attitudes and interests. These results concord with previous research that 
indicates this mode of deployment effectively measures self-reported shifts in behavior change. 
It can also help alleviate incomplete data sets by reducing the number of times data needs to be 
collected from the same participants [18][19].  
 
Conducting Meaningful Assessments. Our findings indicate a need to contextualize self-reported 
assessments for youth in informal learning, and specifically maker, settings. When completing 
these assessments, youth need support to reflect critically on shifts in their attitudes and 
performance through assessment designs that support self-evaluation and critical thinking. 
Without a clear point of reference, youth struggle to identify whether shifts in their attitudes have 
occurred and understanding the relevance of these shifts for them going forward. These concerns 
primarily existed in self-reported measures (i.e., STEM-S surveys) and did not arise in relation to 
the AUT. These results align with previous research that showed the youth had more positive 
attitudes towards AUT since it requires participants to exercise their problem-solving and 
creativity skills rather than self-report to complete the assessment [6][7].  
 
Participatory Approaches Towards Youth Assessment. While the idea of using a retrospective 
mode of deployment originated from DHF staff’s observations of youth performances during 
pre-post assessments, asking representative youth about their feedback towards the assessment 
tools helped identify some causes of youth’s negative attitudes towards assessment tools. We 
recommend including youth, especially youth with experience completing assessments, in the 
design and re-design of context-aware tools and procedures. This participatory approach can help 
avoid creating negative attitudes towards assessment and lead to innovations informed by youth 
perspectives.  
 
7. Limitations and Future Work 
In the current study, we focused on a relatively small number of participants over a short period 
of time. In the future, we plan to continue collecting retrospective STEM-S survey data, as well 
as, AUT data from DHF youth to track any longitudinal changes in the current results. 



Additionally, we will deploy these assessment tools at collaborating sites that are running similar 
maker learning program to validate the current results across sites and with larger number of 
participants. We are also planning to explore how to extend assessment tools for use by 
elementary age children in similar contexts.   
 
In the current study, we conducted a small number of interviews with youth participants. In the 
future, we would like to use focus groups with a larger number of youths to collect input about 
youth perspectives on assessment tools and procedures in this context. Findings would inform 
the future creation of collaboratively designed tools for youth assessment.   
 
8. Conclusion  
Maker programs in afterschool settings can introduce youth to engineering, technology and 
design concepts and processes early on and engage them in hands-on collaborative learning 
experiences. As interest in these programs grows, researchers and practitioners must identify 
effective assessment tools and strategies to determine the impact of these programs on youth. We 
studied two assessment modes, a pre-post mode and a retrospective mode, at an organization that 
provides youth maker learning programs. Using two assessment tools, Alternative Uses Test 
(AUT) and Upper Elementary School and Middle/High School Student Attitudes toward STEM 
(S-STEM) Surveys, we found that the pre-post mode showed insignificant and sometimes 
negative changes in youth creativity and interest. Interviews with youth found that they 
considered self-reported measures meaningless and struggled identifying a frame of reference for 
self-assessment. Subsequent results from the S-STEM surveys deployed using a retrospective 
mode that asked youth about their interests before and after completing a program showed 
significant positive gains for both incoming and more experienced, member youth, at DHF. In 
light of these results, we recommend program staff consider deploying similar self-reported 
surveys using a retrospective mode.   
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