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Abstract 
This paper will present preliminary results from a 4 year collaboration of 13 electrical and computer 
engineering (ECE) programs in the USA that are working collaboratively on the development, 
implementation, and expansion of Experimental Centric based instructional Pedagogy (ECP) in 
essentially all engineering courses in which electronics plays a significant role. ECP consists of 
instructional methods that allow students to use portable laboratory instrumentation to learn through 
hands-on practices, experiential learning, and group work from anywhere at anytime. The authors 
have also implemented a similar technology and pedagogy at several universities in Africa, including 
Ethiopia (5 universities), South Africa, and Nigeria. ECP is being implemented in such a large number 
of educational environments both in the USA and in Ethiopia, that most practical barriers are being 
identified and addressed. This paper will report on how the partners have created unique versions of 
pre-tested modules, experiments, units etc. that address a small number of fundamental concepts in 
circuits and electronics. It will discuss the short and long-term outcomes of this project based on 
assessment data that has been collected over a three year period. The study concludes on the 
implications of these influences and the need for further research on how students, faculty, and 
instructional practices change when using experimental centric learning.  

Keywords: Portable Laboratory Instrumentation; Hands-on Experiments; Mobile Learning; 
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1 INTRODUCTION 
Research has shown that higher education has to change the way it promotes the interaction between 
students and technology in order to improve the way students access new knowledge both online and 
offline [1], [2].  Today’s undergraduate students have grown using technology starting from a very 
young age and come from an education system that encourages hands-on learning, team work, and 
experiential learning. This approach is very important in Science, Technology, Engineering, and 
Mathematics (STEM) education because technology is changing at a faster rate and both higher 
education institutions and their students have to quickly adapt to the new challenges and take 
advantage of new opportunities.  Several research papers [3], [4],[5], and [6] have indicated that 
technology based hands-on learning that is similar to experimental centric pedagogy (ECP) can be 
used to allow students to more deeply understand the relationship between theory and practice when 
working on engineering related projects.  

The authors and their colleagues from the 13 Historically Black Colleges and Universities (HBCUs) 
have found that hands-on learning via mobile studio platforms, such as the Mobile Studio Board 
(MSB), the Analog Discovery Board (ADB), and the recently released ADALM 1000 board (ADALM 
1K), can be used to improve the learning of students with diverse learning styles, demographics, and 
academic backgrounds. The use of the new technology combined with innovative pedagogy allows 
students more flexibility to learn at their own pace in different settings without the need to use old-
fashioned and bulky laboratory instruments, which are limited by time and space. Students can easily 
use the new portable laboratory instrumentation to improve their hands-on skills by working with their 
peers and practicing outside the classroom.  The authors and their colleagues have written several 
papers outlining the impact of using ECP to engage engineering students both inside and outside the 
classroom ([7], [8], [9], [10]). 

The purpose of this paper is to share preliminary results of the work being conducted at the 13 HBCUs 
using the ADB and 5 universities in Ethiopia using the MSB. The 13 HBCUs have used the ADB to 
implement ECP in different learning settings including, traditional classrooms (where it is used for 
instructor led demonstrations of new concepts), laboratory settings (where students are encouraged to 
take ADB boards at home to continue work on their laboratory experiments), and as part of homework 
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(where students are given simple hands-on experiments in addition or sometimes in place of 
traditional written homework).  The MSB have been used at 5 universities in Ethiopia for two main 
purposes. First, to improve the way traditional laboratory experiments are conducted by increasing the 
number of laboratory stations that are available in the classrooms. Second, by allowing senior ECE 
majors working on their capstone design projects to borrow the MSB and engage in more advanced 
and hands-on projects with real world applications. The goal of the project undertaken by the 13 
HBCUs and the 5 Ethiopian universities is to increase the number of highly qualified engineering 
students that have a better understanding of technology and its role in STEM education. This paper 
concludes by showing that the use of portable hands-on instrumentation such as the MSB, ADB and 
ADALM 1k has positively impacting the learning of ECE students both in the USA and in Ethiopia.  

2 METHODOLOGY  

2.1 Background information on the Mobile Studio Project 
The Mobile Studio project’s major goal is to enable hands-on exploration of STEM education 
principles, devices, and systems that have historically been restricted to expensive laboratory facilities. 
The Mobile Studio I/O Board shown in “Fig. 1(a)” is a small, inexpensive ($150 USD) hardware 
platform for use in a home, classroom or remote environment. When coupled with the Mobile Studio 
Desktop software, the system duplicates a large amount of the hardware valued at around $10,000 
USD. By implementing the inexpensive option of the Mobile Studio, most ECE departments allow their 
students to conduct laboratory experiments for the cost of a single lab setup with conventional 
instrumentation. A generic experimental configuration for a Mobile Studio based activity is shown in 
“Fig. 1(b).” The laptop, USB cable and Mobile Studio I/O Board and Desktop software provide the 
necessary measurement capabilities usually provided by an oscilloscope, a computer interface, and a 
computer to store and analyze the data. The Mobile Studio Desktop software can save any data to a 
useful file format for spreadsheet or other analysis tools.  After experimenting with the MSB for five 
years at four different institutions in the USA, it was replaced by a commercial version called the 
Analog Discovery Board (ADB) in 2013.  The ADB has most of the features that are available in the 
MSB, but it implements it using a smaller and more user friendly package. The ADB has been followed 
by other similar boards that have a price range from USD $150 to USD $300. The latest potable board 
is the ADALM 1000 board, and it costs less than $50 USD.  

 
Figure 1: (a) MSB vs Traditional Workbench; (b) Typical MSB based set-up 

2.2 Overview of ADB use at 13 HBCUs 
The ADB and supporting learning modules were initially piloted at two institutions in 2010-2012 and 
then expanded at 11 other HBCUs from 2013-2016. The findings discussed in this paper represent 
data that was collected between 2013-2015 and discussed in our previous papers ([9],[10], [11],[12]).  
Our internal and external assessment teams have been able to collect and analyze data from more 
than 600 students enrolled in more than 30 courses across the 13 institutions. The assessment team 
also conducted observations, interviews with faculty, administrators, and students at nine HBCU sites 
over a 3 year period. The assessment results indicate that more than 75% of the respondents are 
students who are male that have self-reported their ethnicity as “Black or African Americans.” The 
survey results indicate that more than 35% of the students were in their first or second year of 
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undergraduate education, and approximately 65% were in years 3, 4, or 5. On the average, the ADB 
was used at least 2 to 3 times in the classroom setting, 3 to 5 times in the laboratory and HW settings 
each semester. The survey results indicate that the use and expansion of the ECP using the ADB to 
change a traditional teacher-centered classroom into a student-centered classroom was based on the 
experience and comfort level of the instructors who participated in the project.  

The authors have published several papers related to the results of the use and impact of the ADB on 
the ECE curriculum of the participating HBCUs at several American Society for Engineering Education 
(ASEE) annual and regional conferences. The results indicate that both the setting and type of use of 
the ADB have had a positive impact on the overall implementation of the ECP in the ECE programs of 
the participating HBCUs ([11], [12]).  Some of the settings that were evaluated in our studies are: 
traditional classrooms with instructor led hands-on sessions, studio based classrooms, integrated 
laboratories that use both traditional and portable laboratory instrumentation and homework sessions 
that use the ADB. Our results indicate that each of the settings that were evaluated had both short 
term and long term transferable outcomes. For example, the use of the ADB and ECP in the 
laboratory and HW settings helped students easily acquire new content within the same course. 
Students also indicated that the more they had the time to “tinker” and practice their hands-on skills 
using the ADB outside of the classroom, the better they felt about tackling new and more advanced 
hands-on laboratory experiments both inside and outside of the laboratory classrooms. Our 
assessment results also indicated that the various types of use had a positive impact on the learning 
outcomes of the students. Three types of use were evaluated in our study are:  instructor 
demonstrations inside the classroom, peer interactions during collaborative team work, and 
independent with minimal guidance from the instructors both inside and outside of the classrooms. 
Students indicated that the hands-on instructor led demonstrations significantly reduced their 
frustrations in using different types of equipment.  Peer interactions during collaborative team work 
showed some impact in increasing student motivation and confidence in learning new content. Finally, 
independent use of the ADB showed increase in self-responsibility towards learning by the students. 

2.3 Impact of MSB and ECP in ECE programs at 5 Universities in Ethiopia 
ECP was also implanted at 5 universities in Ethiopia since 2009 using the MSB. Developing nations, 
especially those located in Sub-Saharan Africa have realized that higher education (also known as 
tertiary education) is critical for their future economic development. For decades, government and 
private sector executives have learned that people are their most important assets. In today’s global 
and highly competitive world, human capital has been so important that finding, developing, and 
retaining highly qualified workers, that can function in high demand and high growth sectors such as 
science, technology, engineering and mathematics (STEM) is very critical. Since the resources for 
hands-on activities are very limited, large numbers of students must share a single experimental setup 
so most students watch, few students do experiments. The ECE department at Morgan State 
University (MSU), in collaboration with Rensselaer Polytechnic Institute (RPI) and other partner 
institutions in the USA has been testing the Mobile Studio I/O Board technology and innovative 
pedagogy to conduct and teach ECE laboratory experiments from anywhere at any time at two 
universities in Ethiopia, Addis Ababa Institute of Technology (AAiT) and Hawassa Institute of 
Technology (iO-Tech HU) starting in 2009. The authors conducted two hands-on and intensive 
workshops in 2010 and 2012 in Addis Ababa Ethiopia to expand the use of the MSB from two 
universities to five universities between 2010 and 2016 by adding Debre Berhan University (DBU), 
Bahir Dar University (BDU) and Jimma University (JU).  

3 RESULTS 

3.1 ECP use results at 13 HBCUs 
One of the courses where ADB and ECP have been extensively implemented is “Electric Circuits.” All 
13 HBCUs used the ADB boards in various settings both inside and outside the classrooms (see 
Table 1, obtained from [12]).  The student satisfaction as reported by various end of course surveys 
and in person interviews were very positive. 
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Table 1.  Use of ADB in Electric Circuits Courses (Source [12]) 

Instructional Modality Median Response  

Location/Setting of Use* 

    In a class setting 3 times 

    In a lab setting 5+ times 

    As part of homework assignment 5+ times 

Method of Use* 

    Instructor Demonstration 3-5 times 

    Cooperatively with a peer >5  

    Independently  >5 

*selection of multiple responses allowed (source [12]) 

Table 2.  Student Perceptions of the Process of Use (Source [12]) 

Instruction and Supplementary Materials* % Agree 

The ADB provided opportunities to practice content  80 
The use of the ADB reflected course content  78 
The use of the ADB reflected real practice.  77 

The time allotted for ADB use was adequate.  72 
The use of ADB suited my learning needs.  70 

Introduction to the ADB/Supplemental Materials  

Instructions on ADB use were relevant.  70 
Instructions on ADB use were helpful.  68 
Handouts necessary for ADB use were provided.  69 

*Number represents percentage of participants who responded “Strongly Agree”/“Agree”;  
n ranged from 265 to 268 (source [12]) 

The survey results outlined in Tables 2-5, indicate that the majority of students enrolled in circuits’ 
related courses reported general satisfaction with the instruction using ADB and ECP and the 
availability of the supplemental materials.  However, this satisfaction depended on the familiarity and 
expertise of the faculty member. Students at several HBCU sites also indicated that they need to have 
access to more content specific videos and introductory materials.  Positive outcomes that are both 
long term and short term were observed in the Electric Circuits and other ECE courses that 
implemented the ECP using the ADB. They are presented in Tables 3 4 and 5.  

Table 3.  Initial Changes Reported by Students after using ECP and ADB (Source [10],[11]) 

 Perceived Changes % Agree* 

Immediate Learning My knowledge has increased as a result of use. 78 

Pre-requisite to Learning The hands-on ADB is important in my preparation as an engineer.  77 

Pre-requisite to Learning My confidence in the content area has increased because of use. 73 

Pre-requisite to Learning Using the ADB motivated me to learn the content. 71 
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Table 4.  How using ECP and ADB Supported Learning (Source [10],[11]) 

 Areas of Growth %* 

General Outcome Helped me to learn more 84 

Immediate Learning Develop skills in problem solving in the content area. 78 

Immediate Learning Think about problems in graphical/pictorial or practical ways.  75 

Immediate Learning Learn how AC and DC circuits are used in practical applications.  74 

Immediate Learning Recall course content.  73 

Immediate Learning Improve grades 70 

Pre-requisite to Learning Develop confidence in content area 75 

Pre-requisite to Learning Become motivated to learn course content.  71 

Pre-requisite to Learning  Develop interest in the content area.  69 

Pre-requisite to Learning Confidently complete lab assignments.  69 

Table 5.  Initial Long-term Outcomes of using ECP and ADB (Source [10],[11]) 

General Effects of Use of the ADB % Agree 

Work collaboratively with fellow students. 77 

Enhanced my professional abilities 76 

Develop different ways of solving problems 75 

Apply course content to new problems. 74 

Transfer knowledge/skills to problems outside the course 74 

Develop attitudes of self-direction and self-responsibility  73 
*Number represents percentage of participants who responded  

“Strongly Agree”/“Agree” on post-survey; n=267 

3.2 MSB use results at 5 Ethiopian Universities 
The MSB has been implemented at the five universities in Ethiopia for two different applications. First, 
it served as a replacement or in support of regular laboratory equipment for universities with limited 
funding. Second, it was used by 5th year graduating seniors to complete their capstone design projects 
by working on more advanced and complex designs.  The pictures in “Fig. 2” indicate students 
enrolled in the ECE departments at iO-Tech HU conducting regular laboratory experiments in groups 
of 3 to 5 students (pictures on the left and the middle). Prior to using the MSB, ECE instructors at iO-
Tech HU conducted laboratory experiment demonstrations for groups of 10 to 20 students due to the 
shortage of laboratory instrumentations (see “Fig. 2” right side). This implied that the majority of 
students did not get the opportunity to practice and improve their hands-on laboratory skills until they 
became seniors and engaged in their capstone design projects.  The shortage of laboratory 
instrumentation also impacted the students working on their final year capstone design projects. Prior 
to using the MSB technology, senior ECE students resorted on choosing capstone design projects that 
focused on theory and simulation, because it was difficult to have access to laboratory instrumentation 
if they engaged in more hands-on and hardware based projects. After the implementation of the MSB 
technology, students were allowed to borrow the portable instrumentation boards for the whole 
semester to conduct more advanced and hardware based capstone projects. The availability of the 
MSB technology encouraged the students to think about more complex projects that have real-world 
applications. Some of the projects completed by AAiT students using the MSB are shown in “Fig. 3.” 
Some examples are:  a wireless health monitoring system for hospitals (left), an autonomous toy cars 
for landmine detection (center), and a solar inverter for a small scale water pump (right side).   
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Figure 2: Students conducting ECE experiments using the MSB and traditional instrumentation. 

Encouraged by the availability of the MSB for the whole semester, senior ECE students at AAiT took 
the initiative to engage in more open ended projects such as redesigning the Windows based Mobile 
Studio Desktop software so that it also works on android devices including mobile phones. Another 
team of ECE students at DBU took the challenge to the next level by designing and successfully 
implementing their own version of the Mobile Studio hardware and software in less than two years 
(2015-2017). They have called their system “My Electronics Kit” and the hardware/software is fully 
functional (see “Fig. 4”). Their next step is to assemble their hardware into a single package and 
include some additional functional into their software. The DBU students think that their system will be 
ready to be fully packaged and ready for distribution in their ECE department within one year to two 
years with a potential to distribute it to other universities in Ethiopia within 3 years.  

 
Figure 3: Students in Ethiopia using the MSB to complete their capstone design projects 

 
Figure 4: Students in Ethiopia implementing their own version of MSB technology 

The availability of new and inexpensive portable electronic instrumentation has also fostered 
multidisciplinary collaboration between different departments in universities in Ethiopia. One exciting 
and promising project is the collaboration between ECE and agricultural engineering students at DBU 
to design and build an “Aquaponics” system that uses waste water from a fish tank to grow vegetables 
in a soilless environment without the need to use chemical fertilizers or pesticides (see “Fig. 5”). 
Aquaponics systems have become a popular way of growing food around the world because they can 
easily be implemented in small spaces including on rooftops and garages in urban environments such 
as cities.  The students have been able to improve the system in the past three years and have now 
designed and built a small scale “Smart-Aquaponics” system that can be implemented in a space that 
is 6ft X 6ft (“Fig.  6”). Their goal is to develop a turnkey solution that can be distributed to farmers in 

5678



the countryside so that they can use the income from the Aquaphonics system (by selling the fish and 
vegetables) to feed their family in case there is a drought in the region and the crop yields are very 
low.  Once it is successfully implemented, this approach will dramatically improve the lives of the 
engineering students and the farmers for years to come. The engineering students will be able to 
expand their entrepreneurial skills after graduation because they will be able to create a new business 
that can be implemented in farmlands and cities around Ethiopia. Ethiopian farmers that have been 
constantly impacted and decimated by irregular rainy seasons and droughts for the past 40 years will 
now have an extra source of income to support their families.  

 
Figure 5: Students in Ethiopia implementing an Aquaponics system to help farmers 

 
Figure 6: Prototype “Smart Aquaponics” system design 

4 CONCLUSION 
This paper has presented different examples to show that the use of ECP using the ADB and MSB 
has significantly improved the learning of ECE majors at universities in the USA and Ethiopia. We plan 
to expand our work in the next three years by using the new ADALM 1K boards to implement ECP at 5 
new universities in Ethiopia. The primary author received a $10,000 USD grant from Airbus by 
becoming the 2016 Global Engineering Deans Council (GEDC)/Airbus Diversity Award winner.  We 
are grateful that the work we started 6 years ago in support of 2 universities in Ethiopia has now 
expanded to 5 universities and is positively impacting the engineering education of thousands of ECE 
majors every year. Finally, we are very encouraged to witness students in Ethiopia adopting the new 
technology and pedagogy to enhance their knowledge and engage in entrepreneurial ventures that will 
improve their lives and the lives of farmers throughout the country for years to come. Our approach of 
supporting higher education institutions with a focus on STEM education has the potential to engage 
and empower their students to pursue entrepreneurial activities. We believe that this model can be 
implemented at other universities throughout Africa.  
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