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Abstract
In Kenya, secondary schools have a great role in preparing learners for career progression. In order to realize industrial 
growth, it is important to prepare more students for careers in STEM. There is relatively little research that exists on 
the impact of prior exposure to Engineering through pre- STEM subjects. In 
addition, Industry 4.0 requires that the 21st century student be exposed to current trends in the industry. The purpose 
of this research is to investigate the impact of the pre-college sessions as a mode of prior exposure to Engineering to
secondary school students on learning STEM subjects. The pre-college exposure course entailed introducing the 
students to green energy through Solar photovoltaic systems, automation using Arduino, advanced manufacturing 
through 3D printing and robotics. The research was conducted in secondary school students from Kangema sub-
county. The target population is Form 1 and Form 2. In this research, the first cohort entailed 30 students who were 
selected from 3 secondary Schools through stratified, systematic and purposive sampling. The students were taken 
through the pre-college sessions.  The study explored the impact of the precollege sessions to the attitude learning of 
STEM subjects. The study established that the students exhibited an improved attitude in learning of the STEM 
subjects.
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1. Introduction
1.1 Background information

The Kenyan vision for the education sector for 2030 is to have globally competitive quality Education, 
training and research for sustainable development. Science, technology and innovation have been identified as part of 
strategic areas for support based on their impacts on the economic, social and political pillars (Kenya vision 2030).

Improving the STEM (Science, Technology, Engineering, and Mathematics) workforce is a top priority for 
policy makers, practitioners, and researchers who need to recruit and retain more students to work in STEM-related 
fields (Heilbronner 2011), prepare students to compete in the global market, and improve STEM literacy for all 
students (Bybee 2010).

Research has shown that student dispositions toward disciplines such as mathematics and science are shaped 
ttitudes toward STEM are an important factor 

influencing their motivation to learn STEM subjects and to pursue a STEM career (Maltese and Tai 2011).
Bringing engineering to Secondary school is one method of increasing the numbers in the STEM field, 

resulting in an increase of formal and informal pre-college engineering programs (National Academy of Engineering 
& National Research Council, 2009). The support for these programs is based on the assumption that prior exposure 
to engineering will encourage students to pursue careers in engineering and help them succeed in these pursuits (Fantz, 
Siller, & Demiranda, 2011).

There is a need for more students to be interested in pursuing degrees in STEM fields in order to meet the 
growing demand for STEM workers, a strong focus has recently been placed on programs designed to increase the 
attainment of STEM degrees at both the bachelor and graduate levels (Augustine, 2005).

The prior exposure to Engineering can be achieved through invention education, explore café and pre-college 
sessions.

Students who have participated in pre-college engineering programs tend to perceive lasting benefits of 
participation in their university engineering studies. These perceived benefits include increased technical knowledge 
and abilities, increased comfort with engineering design, and improved professional skills such as the ability to work 
on a team or communicate technical ideas (Salzman and Strobel 2010).

A pilot project conducted in Tanzania to examine the use of solar powered toys was shown to enhance 

perceived the use of green and renewable energy were also sustainability-conscious. (Juliana Machuve* and Edward 
Mkenda, 2019)

(Recayi (Reg) Pecen , Jill L. Humston, Faruk Yildiz, 2012) indicate in their research that students in rural 
areas are less likely to pursue engineering. However, collaboration with institutions of higher learning and exposure 



to renewable energy technologies through their curriculum and camps increases the interest of students towards 
engineering. 

This study focuses on the effects of prior exposure to Engineering on secondary school students to choose 
engineering and Technology as a career.  Understanding the effect of these pre-college engineering activities may 
guide education stakeholders to provide the best environment for secondary school students and help them to be more 
successful in their engineering career.
1.2 Pre-college engineering activities

There is increased focus on STEM education globally which includes engineering as part of their education 
standards for both students and teachers, and the popularity of co-curricular and extracurricular engineering activities, 
young people have unprecedented ability to explore engineering. The activities both promote outcomes that benefit 
all students regardless of career aspirations such as increased math and science achievement and greater technological 
literacy and can also serve as an effective approach to recruiting, preparing, and retaining undergraduate engineering 
students.

Engineering and Technology Research indicated that students tend to hold stereotypical views of engineers, which 
would hinder engineering as a career choice. The purpose of this study was to measure how participating in a week-

nd their 
conceptions of engineering and technology. Results indicated that participation in the programs had a positive impact 

The growth of pre-college engineering programs means that incoming university engineering students will 
increasingly have had some exposure to engineering prior to matriculation into undergraduate engineering programs. 
However, the effects of pre-college engineering experiences on undergraduate engineering students are relatively 
unexplored. In some cases undergraduate engineering programs may take into account pre-college engineering 
experiences when placing students in first-year engineering sections or forming design teams, most undergraduate 
programs assume little to no formal exposure to engineering prior to matriculation.

Wilson, 2019, studied the impact robotics inspired science education and noted that many nations have shifted 
focus to science, technology, engineering, and mathematics (STEM) education and critical thinking has been a major 

learning activities creates problem-solving skills in them, that robotics can be leveraged to simplify complex 
engineering problems and also that robotics inspires students to pursue higher education in STEM related courses 
including those which employs and deploys high end technology.

Utley et al., 2019 investigated the Effect of Project Lead the Way Participation on Retention in Engineering 
Degree. The researchers conducted a transcript analysis in order to compare the retention of entering engineering 
majors at a university based on whether or not they participated in Project Lead the Way (PLTW) in high school. They 

degree completion. Their findings suggest some support for the impact of PLTW participation
Cunningham et al., 2019 investigated the impact of engineering curriculum design principles on elementary 

curriculum that addressed the same learning goals but did not include several critical components. Results showed 
that students who used the Engineering is Elementary treatment curriculum regardless of demographic characteristics 
outperformed students in the comparison group on outcome measures of both engineering and science content 
learning. The results show that curriculum design affects student-learning outcomes.

Most of the researchers do not follow up on the choice of the career made after exposure to the pre-college 
engineering activities.

2. Methodology
This research investigated the effects of pre-college exposure to engineering. Secondary school students were 

taken through a three day workshop where they were exposed to educational robots, Green energy, 3D design and 
printing. The activities were integrated in the STEM subjects they learn which include Physics, Mathematics, 
Chemistry and Computer studies.  To evaluate the effects of these activities, a mixed-method approach was used to 
collect data quantitatively from an analysis of student responses on a Student Interests towards Engineering Career 
Questionnaire (SIECQ).
2.1 The Project

on, while Ischoolclimate 



Ltd was the partner. Through the grant, the University aims to promote engineering at degree level and TVET level 
through hands on exercises that will inspire high school students to choose engineering oriented programmes.
2.2 Participants

university staff and Students in the School 
of Engineering students participated in this precollege program. There were 30 secondary school students who came 
to Murang'a County, Kangema Sub-county. The workshops were carried out on Saturdays.
2.3 Precollege Sessions for Secondary Schools (PSSS)

This PSSS program has two surveys: an opening survey on the first day and an end of program survey on the 
last day. Coupled with demographic information collected at the student recruitment stage, these two surveys provide 

can help education stakeholders to develop curriculum activities that match the preferences and learning styles of high 
school students, thus stimulating greater interest in STEM.

The precollege sessions included the following areas: green energy activities, education robotic activities, 
programming and 3D printing activities. The activities were integrated in the STEM subjects.

The sessions were designed to have the students introduced to the following main aspects:
2.3.1 General Introduction and career progression pathways

The first lesson was designed to introduce the high school students to engineering and the pathways for career 
progression as enshrined in the Kenya National Qualifications Framework Act 2014 (KNQA, 2014). Here the different 
pathways towards attaining a career in engineering were explained as portrayed in Figure 1A in the Appendix 1.
Further to this, the engineering career was introduced as the key driver for the Industry 4.0 revolution, the ongoing 
automation of traditional manufacturing and industrial practices, using modern smart technology.
2.3.2 Solar Photovoltaic - Introduction to Green energy concepts

Introduction of green energy concepts was done using Solar photovoltaic panels. A 30 W panel was selected 
for the experimental part. The current levels of this panel and the voltage are within safe levels for use by the high 
school students. The students were exposed to solar energy generation, measurement of electricity and the use of 
various measuring tools. The students were also introduced to the process of sizing of the panels for a solar home 
system. The students then assembled a system as shown in Figure 1.

Figure 1. Solar PV system



2.3.3 3D printing - Introduction to advanced manufacturing
The students were exposed to computer aided design and 3D printing. The project selected a locally 

manufactured 3D printer based on Arduino mega as the main controller. The local manufacturer trained our staff and 
our students and guided them very well on all the functions of the 3D printer.
2.3.4 Arduino - Introduction to programming and automation

Arduino is selected for this project, being an open source microcontroller, because it can be easily 
programmed, erased and reprogrammed at any instant of time. The Arduino platform was designed to provide an 
inexpensive and easy way for hobbyists, students and professionals to create devices that interact with their 
environment using sensors and actuators.
2.3.5 Educational Robot activities- Introduction to machine to machine communication

Using the STEM robots, learners were taken through various robots and their applications. Students were 
exposed to the education of robots and their application in learning concepts in Mathematics (Geometry, calculation 
of speed among others), Physics (Forces, Motion, Conversion of energy, Electronics), Computer application (Arduino 
microcontroller, programming). The robotics they engaged it can be categorized to the following activities:

a. Line follower robot
This robot uses three infrared based tracking sensors. The sensors send information about the robot's present 

location to the Arduino microcontroller. The microcontroller on the other hand instructs the motors to move the robot 
to the required location. The wiring diagram is illustrated in Figure 2.

Figure 2: Line follower wiring diagram

b. Obstacle avoiding robot
This robot uses an ultrasonic based sensor. The sensor has four pins. Two for power (GND and VCC) and 

two for signals. (Echo and trigger). The wiring diagram is illustrated in Figure 3.

Figure 3: Wiring diagram for an obstacle sensor robot.



c. Robot arm
This robot uses four servo motors to pick a load at a particular point and drop it at another point. The wiring 

diagram is illustrated in Figure 4.

Figure 4: Wiring diagram for robot arm

2.4 Data description
The primary data sources for this study are the opening and closing surveys conducted at the beginning and 

the end of the programme. Survey instruments were developed based on educational robots and robotic arms designed 
and were tested 6 months before the data used in this article were collected. In two surveys, students were asked to 
self-report their academic backgrounds, evaluate their STEM knowledge improvements, assess program educational 
instruments, and provide written comments. A total of 30 high school students participated in this PSSS program.

3. Results and Discussion
3.1 Solar photovoltaic

After introducing the students to green energy concepts using solar photovoltaic panels, they were able to 
perform various measurements.

The students also managed perform some sizing procedure of panels for solar home systems.  
3.2 3D printing

The student were able to do some basic 3D shapes. They were able to design and print parts of a robotic arm 
used in this research. Figure 5 and 6 illustrate the 3D printed arm as used both by a stationery arm, Figure 5, and 
mounted in a robot car, Figure 6.

Figure 5: Robotic arm



Figure 6: Robot Truck

3.3 Programming and robotics
The students did some simple programmes successfully. Some of the programmes written include;
Programming of an LED 
Programming servomotor
Programming a dc motor
As a result they were able to programme the robotic arm to move in different directions and angles.
They were also able to programme a robotic car to move generally, avoid an obstacle and follow a line.

3.4 Educational robotic activities
Using the STEM robots designed, learners carried out various activities. In Mathematics, they were able to 

do some geometry, determination of circumference, revolutions of wheels of the robotic car, measurement of distance 
and speed. In Physics the students worked on forces, Motion, Conversion of energy, and basic Electronics.
3.5 The General perception of the pre-college programme

Overall, this PSSS program was well received and considered useful by program participants. Of the 
participants, 80% (24 out of 30

asked whether they agreed that this program gave them better understanding of STEM subjects and what Engineering 

The above is also verified from the quizzes we gave the students, and as indicated, as we moved from Day 1 
to Day 3, Figure 7 and 8, the awareness level increased.

Figure 7: Solar Photovoltaic Awareness Chart
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Figure 8: Robotics Awareness Chart

4. Conclusion
The Pre-college Sessions for Secondary Schools (PSSS) program presented in this article takes an integrated 

University of Technology, Royal Academy of Engineering and Ischool climate made significant contributions to the 
program development and implementation. This integrated approach is effective at convincing students that a STEM 
college education is feasible and rewarding by providing them with diverse perspectives. Many prior studies have 
examined the impacts of pre-college outreach programs, but a quantitative approach to measuring the effectiveness of 
such programs for participants with diverse backgrounds and different program experiences is lacking. This article 
fills in this knowledge gap by examining multiple factors affecting a PSSS programmes effectiveness at promoting 
engineering career choice. The students acquired the following gains:

a) A fuller, lasting grasp of science, technology, engineering and mathematical concepts
b) The ability to think critically to solve problems
c) Resilience which builds confidence.
d) Collaboration skills through distributed tasks
e) The ability to communicate clearly in speech, writing and drawing

The unique features of the MUT pre-college course are:
1. General introduction of what engineering entails, who can do engineering and the career paths as established 

under KNQ framework.
2. Introduction to renewable energy Solar Photovoltaic Systems in easy to understand notes and 

experiments.
3. Introduction to the building blocks of robots: Arduino programming, sensors, motors, 3D drawing and 3D 

printing.
4. Hands-on experience on each component in the building process and integrating each lesson to topics in 

Mathematics, Physics, Chemistry, Geography etc.
5. Using a locally designed 3D printer (Arduino mega) to print robot parts leading to cost reduction. 
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Appendix 1 Career Progression Pathways

Figure 1A Career Pathways, retrieved from https://www.knqa.go.ke/


