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Abstract. The benefits of possessing problem-solving skills cannot be over-emphasised. 9 
From fresh graduates to industry employees, this skill is pivotal in achieving one’s goals as 10 
well as functioning effectively in the construction industry. Several researchers have 11 
suggested that industry employers value graduates who possess practical problem-solving 12 
competencies and can deliver timely and implementable solutions to arising industry 13 
problems. Hence, this paper focuses on the benefits of possessing problem-solving abilities 14 
and possible ways to foster them in higher education. This study was conducted via a review 15 
of relevant literature from peer-reviewed journals and conference articles from databases 16 
including EBSCO Host, ProQuest, SciVal, Springer, Taylor and Francis online, Emerald, 17 
amongst others. Notable findings from this study revealed that brainstorming, Root Cause 18 
Analysis, Cause and Effect Diagram, Pareto chart, Flowcharting and decision matrix are 19 
among some of the ways by which problem-solving skills are developed in higher education 20 
institutions (HEIs). The study also found that problem-solving skills could be developed 21 
among students by moving from teacher-centred approaches to student-centred approaches. 22 
These range from case-based teaching, discovery learning, problem-based and project-based 23 
learning amongst others. It is recommended that present-day HEIs engage built-environment 24 
students even more by integrating project-based activities into their curricula, to holistically 25 
prepare the next generation of industry professionals.  26 
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1 Introduction 29 

The present-day construction industry remains an integral part of the global economy 30 
and shapes the built environment and quality of life for people around the world. It is a 31 
sector that has become dynamic, uncertain and continuously evolving and has increased 32 
the need for adequately skilled professionals such as architects, engineers, surveyors, 33 
town-planners amongst others to handle its activities [1]. In meeting the needs of the 34 
construction industry, graduates are required to possess several non-academic skills and 35 
competencies apart from their academic knowledge. These skills include 36 
communication skills, leadership skills, time-management skills, decision-making 37 
skills, teamwork skills, critical thinking skills, leadership skills, organisational skills, 38 
numeracy skills and problem-solving skills [2]. Hence, this study primarily focuses on 39 
problem-solving skill, which has become a critical requirement for industry employers 40 
in recent times. 41 

The capacity to proffer solutions to arising problems has been identified as a 42 
desirable attribute of graduates across various studies. The study by [3] and [4] 43 
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describes problem-solving as the ability to be creative and practical in handling industry 44 
problems. The study by [5] also listed problem-solving as one of the critical attributes 45 
to be possessed by graduates heading into the construction industry. They describe it as 46 
the ability to strive towards achieving positive results despite a steep path in identifying 47 
and analysing problems. Problem-solving is also identified as various ways of thinking 48 
outside the box, improving one’s thinking skills and providing alternative solutions to 49 
arising industry problems [6]; [7]; [8]; [9]. The benefits of possessing problem-solving 50 
skill cannot be overstated. The current and incessant demands of the industry, coupled 51 
with an increasingly complex society have increased the need for higher education to 52 
develop critical thinking and problem-solving abilities among students [10]. The 53 
uncertain and continuously changing nature of the industry has prompted graduates to 54 
become more proactive in taking initiatives, acting responsibly and thinking critically 55 
on various ways to solve problems and proffer solutions. Against this backdrop, this 56 
paper examines the importance of possessing this skill and different ways that 57 
universities can develop this competency among students before they graduate. 58 

2 What does Problem-solving entail? 59 

Several researchers and academia facilitators have adequately discussed what problem-60 
solving entails. Problems are merely needs or goals that must be met [11]. In a case 61 
where the path towards achieving that goal looks uncertain, the process of moving 62 
towards that goal despite the uncertainties is a perfect picture of what problem-solving 63 
entails [12]. This explanation mirrors the definition posited by [13], [14], and [15],  who 64 
describe problem-solving as an activity that enables an individual to achieve a coherent 65 
process seeking solution even when not clear on how to reach the desired state.  66 

[16] and [17] describe problem-solving as "the self-directed cognitive-behavioural 67 
process by which a person attempts to identify or discover effective and adaptive 68 
solutions for specific problems encountered in everyday living.” This description 69 
supports their definition of 'problem' that describes it as any "life situation or task that 70 
demands a response for adaptive functioning, but no effective response is immediately 71 
apparent or available to person or people confronted with the situation because of the 72 
presence of one or more obstacle.” The explanation by [18] describes problem-solving 73 
as a goal-oriented systematic approach that requires a mental capture of the problem 74 
and the adoption of strategies to achieve a desired goal or outcome. Several researchers 75 
have distilled problem-solving strategies into several steps. The four steps presented by 76 
[19] includes locating and defining the problem, hinting at possible solutions, 77 
ascertaining the implications of the solution and result observations [19]. [20]  problem-78 
solving strategy also involves four steps including understanding the problem, 79 
formulating a plan, executing the plan and reflecting on the process and results. A 80 
further six problem-solving steps were presented in [21] model. They include 81 
identifying the problem, gathering and accumulating pertinent facts, defining the 82 
problem, drawing up possible and alternative solutions, identification and selection of 83 
the best solution and execution of the solution. The first three steps highlight the 84 
problem definition phase while the next three steps deal with the solution identification 85 
and implementation phase.  86 

Problem-solving further involves several interdependent and interactive capacities 87 
and a wide range of human process and abilities as shown in Figure 1. The diagram 88 
also illustrates various interchangeable concepts of problem-solving that include 89 
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memory, intelligence, reasoning/logic, meta-cognition, motivation, learning, creativity 90 
and intuition.  91 

 92 
Figure 1: Capacities relating to Problem-solving (Adams et al., 2008). 93 

As seen in Figure 1, there is a strong correlation between problem-solving and several 94 
human processes and cognitive abilities. Several studies have suggested that students 95 
who possess a higher level of metacognitive competencies quickly master the art of 96 
problem-solving [22]; [23]. This is because the problem-solving process involves 97 
several operations that deals with planning, analysing, monitoring, organising and 98 
monitoring strategies in solving problems. These operations require one to employ 99 
creativity, reasoning, logic and memorising that constitute several elements of 100 
metacognition. 101 

3 Problem-solving skill tools in higher education 102 

Over time, numerous researchers have proposed several techniques adopted by higher 103 
education in stimulating the critical thinking and problem-solving abilities of students. 104 
[24] insists these proficiencies are critical competencies students have to develop to 105 
experience industry success after graduation.  106 

One of the techniques used to develop these competencies is Brainstorming (BS). 107 
This technique involves the spontaneous exchange of ideas among team members to 108 
proffer solutions to practical problems, hence leading to increased productivity [25]; 109 
[26]. Also known as a technique that stimulates the ability to generate ideas and creative 110 
solutions thoughtfully, brainstorming fosters the development of problem-solving 111 
competencies among students [27] ; [28] ; [29] ; [30]. 112 

Another problem-solving technique is the deployment of the Root Cause Analysis 113 
(RCA). The objective of this method is to determine the fundamental cause of a setback, 114 
problem or incident [31]. Unlike other methods that address problematic symptoms, 115 
RCA advocates that problems can be resolved by addressing their root causes from the 116 
onset. Considered as an iterative process, RCA addresses the underlying causes of a 117 
problem to prevent the problem from reoccurring [32]. 118 
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During a team-approach in problem-solving, establishing the relationships between the 119 
identified problem and its potential cause is valid through the adoption of a Cause and 120 
Effect Diagram.  121 

Also known as a fishbone, educators visually display various potential causes for a 122 
particular problem that can stimulate innovative ideas among students. This method is 123 
suitable for group settings during brainstorming sessions in which there is limited 124 
quantitative data available for analysis. The fishbone also provides a platform for 125 
students to demystify issues thoroughly, resulting in a more robust solution [33]; [34]. 126 

Furthermore, another problem-solving tool is the Pareto chart. Named after Vilfredo 127 
Pareto, the Pareto chart consist of bars and graphs depicting the contributing factors to 128 
the more significant problem. When adopted by educators, it provides students with the 129 
various grey areas that need full focus to achieve results. Pareto charts are utilised when 130 
the need to focus on the most significant problem out of several of them is required 131 
[35]. 132 

Flowcharting is another technique by which problem-solving skill can be fostered 133 
among students. Flowcharts are easy-to-understand maps or diagrams that illustrate the 134 
various sequential steps or stages in achieving a process. They provide students with 135 
the ability to understand the various processes, hence improving their organisational 136 
competencies, an attribute of problem-solving [36] ; [37]. 137 

Finally, when students face a conundrum of multiple choices and many variables, a 138 
decision matrix can provide pivotal pointers in making a best or final option or decision. 139 
This quantitative method is designed by arranging the alternatives decisions on the left-140 
hand rows and the selection criteria on the column sections. The rows are rated and 141 
examined against the columns to arrive at the best or final option or decision [38] ; [39]. 142 

4 Implications for higher education 143 

From the above discussion, the process of displaying attributes and competencies in 144 
proffering solutions to arising industry problems and challenges can be regarded as a 145 
critical non-academic skill. Problem-solving skills refer to the ability of students to 146 
define the problem, think critically, display credibility and accuracy, reflect on ideas, 147 
be organised and efficient, exhibit flexibility, generate potential solutions, analyse 148 
results and apply solutions. Simply put, students with problem-solving skills tend to 149 
exhibit self-confidence and can think creatively and work independently. In developing 150 
these abilities, the traditional lecture-room approaches are just not enough. By moving 151 
from a teacher-centred approach to a student-centred approach, these set of skills could 152 
be enhanced among students. These approaches range from case-based teaching, 153 
discovery learning, problem-based and project-based learning amongst others. When 154 
deployed and adopted by higher education educators, these student-centred approaches 155 
engage students in the learning process via exposure to real-life (real-world) projects. 156 
Apart from spicing up the learning process, these student-centred approaches provide 157 
students with multi-step problems to stimulate their creativity and critical thinking 158 
abilities, hence improving their problem-solving skills. 159 
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5 Lessons learnt and conclusion 160 

The benefit of possessing problem-solving skills is a critical requirement for graduate 161 
success in the world of work. The current and incessant demands of the industry, 162 
coupled with an increasingly complex society have increased the need for higher 163 
education to develop thinking and problem solving among students. As a collection of 164 
required skills, problem-solving is the ability to determine what problem exists and 165 
gaining critical insights to suggest possible solutions. It also deals with identifying 166 
realistic outcomes and alternative solutions in a given problematic situation. From the 167 
study, problem-solving skills involves several attributes. They include the ability to - 168 
defining the problem, think through a plethora of ideas, emphasise credibility and 169 
accuracy, reflect on the thought-process, be organised and efficient, exhibit flexibility, 170 
generate potential solutions and analyse results. From this study, Problem-solving skills 171 
are developed through various tools including brainstorming, Root Cause Analysis, 172 
Cause and Effect Diagram, Pareto chart, Flowcharting and decision matrix. 173 
Furthermore, students can be fully equipped with problem-solving skills if higher 174 
education establishes collaboration with the construction industry. The exposure to 175 
industry equipment and access to up-to-date technical information further develops this 176 
repertoire of skills among built environment students.  177 

6 Acknowledgements 178 

This research was supported by grants received from the Global Excellence and Stature 179 
(GES) Postgraduate Scholarships and supported by the Faculty of Engineering and the 180 
Built Environment, University of Johannesburg, South Africa.   181 

7 References 182 

1. Aliu, O.J., 2017. Upscaling construction education to meet the needs of the Nigerian 183 
construction industry (Masters dissertation, University of Johannesburg). 184 

2. OECD. (2013). OECD skills outlook 2013: first results from the survey of adult skills. Paris: 185 
OECD. 186 

3. Archer, W. & Davison, J. 2008. Graduate Employability. What employers want. London: 187 
The Council for Industry and Higher Education. 188 

4. Kilgour, M. & Koslow, S. 2009. Why and how do creative thinking techniques work? 189 
Trading off originality and appropriateness to make more creative advertising. Journal of 190 
the Academy of Marketing Science, 37(3), pp. 298-309.  191 

5. Wickramasinghe, V. & Perera, L. 2010, Graduates', university lecturers' and employers' 192 
perceptions towards employability skills. Education Training, 52(3), pp. 226-244. Available 193 
online at http://dx.doi.org/10.1108/00400911011037355. 194 

6. Conrad, D. & Newberry, R. 2012. Identification and instruction of important business 195 
communication skills for graduate business education. Journal of Education for Business, 196 
87(2), pp. 112-120.  197 

7. Jackson, D. & Chapman, E. 2012. Non-technical competencies in undergraduate business 198 
degree programs: Australian and UK perspectives. Studies in Higher Education, 37(5), pp. 199 
541-567. DOI - 10.1080/03075079.2010.527935. 200 



6 
8. Ahn, Y.H., Annie, R.P. & Kwon, H. 2012. Key competencies for US construction graduates: 201 

Industry perspective. Journal of Professional Issues in Engineering Education and Practice, 202 
138, no. (2), pp. 123-130. DOI: 10.1061/(ASCE)EI.1943-55410000089. 203 

9. Reid, J.R. & Anderson, P.R. 2012. Critical thinking in the business classroom. Journal of 204 
Education for Business, 87(1), pp. 52-59.  205 

10. Yunus, A.S.M., Hamzah, R., Tarmizi, R.A., Abu, R., Nor, S.M., Ismail, H., Ali, W.Z.W. 206 
and Bakar, K.A., 2006. Problem-solving abilities of Malaysian university students. 207 
International Journal of Teaching and Learning in Higher Education, 17(2), pp.86-96. 208 

11. Ritzs, J. M., Deal, W. F., Hadley, F., Jacobs, J.A, Kildruff, T.F, & Skena, K.G. (1986). 209 
Problem-solving. The Technology Teacher, 46 (2), 15-22. 210 

12. Martinez, M. E.. What is problem-solving? Retrieved July 1, 2005, from 211 
http://www.poseidon.gse.uci.edu/faculty/michael_p roblemSolving.php. 212 

13. Charness, N. (1998). Ageing and problem-solving performance. In N. Charness (Ed.), Aging 213 
and human performance (pp. 225-259). Chichester, U.K: John Wiley and Sons. 214 

14. Reiss, K. and Törner, G., 2007. Problem-solving in the mathematics classroom: the German 215 
perspective. ZDM, 39(5-6), pp.431-441. 216 

15. Voyer, D., 2011. Performance in mathematical problem solving as a function of 217 
comprehension and arithmetic skills. International journal of science and mathematics 218 
education, 9(5), pp.1073-1092. 219 

16. D'Zurilla, T. J., & Nezu, A.M. (2001). Problem-solving therapies. In K.S. Dobson (Ed.), 220 
Handbook of cognitive-behavioural therapies (2nd ed., pp. 211-245). New York: Guilford 221 
Press. 222 

17. D’Zurilla, T.J., Maydeu-Olivares, A. and Gallardo-Pujol, D., 2011. Predicting social 223 
problem solving using personality traits. Personality and Individual Differences, 50(2), 224 
pp.142-147. 225 

18. Metallidou, P. (2009). Pre-service and in-service teachers’ metacognitive knowledge about 226 
problem-solving strategies. Teaching and Teacher Education, 25, 76-82. 227 

19. Dewey, J. (1910). How we think. London: D. C. Heath & Company. 228 
20. Polya, G. (1945). How to solve it. New Jersey: Princeton University Press. 229 
21. Kneeland, S. (1999). Effective problem solving: How to understand the process and practice 230 

it successfully. How to Books. 231 
22. Cornoldi, C., Carretti, B., Drusi, S. and Tencati, C., 2015. Improving problem-solving in 232 

primary school students: The effect of a training programme focusing on metacognition and 233 
working memory. British Journal of Educational Psychology, 85(3), pp.424-439. 234 

23. Safari, Y. and Meskini, H., 2016. The effect of metacognitive instruction on problem-solving 235 
skills in Iranian students of health sciences. Global journal of health science, 8(1), p.150. 236 

24. Egan, A., Maguire, R., Christophers, L. and Rooney, B., 2017. Developing creativity in 237 
higher education for 21st-century learners: A protocol for a scoping review. International 238 
Journal of Educational Research, 82, pp.21-27. 239 

25. Gogus, A. (2012). Brainstorming and learning Encyclopedia of the sciences of learning. 240 
Springer484–488. 241 

26. Unin, N., & Bearing, P. (2016). Brainstorming as a way to approach student-centred learning 242 
in the esl classroom. Procedia-Social and Behavioral Sciences, 224, 605–612. 243 

27. Drapeau, P. (2014). Sparking student creativity: Practical ways to promote innovative 244 
thinking and problem solving: ASCD. 245 

28. Schlee, R. P., & Harich, K. R. (2014). Teaching creativity to business students: How well 246 
are we doing? Journal of Education for Business, 89(3), 133–141. 247 

29. Michinov, N., Jamet, E., Métayer, N., & Le Hénaff, B. (2015). The eyes of creativity: Impact 248 
of social comparison and individual creativity on performance and attention to others’ ideas 249 
during electronic brainstorming. Computers in Human Behavior, 42, 57–67. 250 



7 
30. Fu, K., Murphy, J., Yang, M., Otto, K., Jensen, D., & Wood, K. (2015). Design-by-analogy: 251 

Experimental evaluation of a functional analogy search methodology for concept generation 252 
improvement. Research in Engineering Design, 26(1), 77–95. 253 

31. Okes, D., 2019. Root cause analysis: The core of problem-solving and corrective action. 254 
ASQ Quality Press. 255 

32. Serrat, O., 2017. The five whys technique. In Knowledge solutions (pp. 307-310). Springer, 256 
Singapore. 257 

33. Coccia, M., 2018. The Fishbone diagram to identify, systematise and analyse the sources of 258 
general purpose Technologies. Journal of Social and Administrative Sciences, 4(4), pp.291-259 
303. 260 

34. Shinde, D.D., Ahirrao, S. and Prasad, R., 2018. Fishbone Diagram: Application to Identify 261 
the Root Causes of Student–Staff Problems in Technical Education. Wireless personal 262 
communications, 100(2), pp.653-664. 263 

35. Arnold, B.C., 2015. Pareto distributions. Chapman and Hall/CRC. 264 
36. Hooshyar, D., Ahmad, R.B., Yousefi, M., Yusop, F.D. and Horng, S.J., 2015. A flowchart‐265 

based intelligent tutoring system for improving problem‐solving skills of novice 266 
programmers. Journal of Computer Assisted Learning, 31(4), pp.345-361. 267 

37. Hooshyar, D., Ahmad, R.B., Yousefi, M., Fathi, M., Horng, S.J. and Lim, H., 2016. 268 
Applying an online game-based formative assessment in a flowchart-based intelligent 269 
tutoring system for improving problem-solving skills. Computers & Education, 94, pp.18-270 
36. 271 

38. Shih, H.S., Shyur, H.J. and Lee, E.S., 2007. An extension of TOPSIS for group decision 272 
making. Mathematical and computer modelling, 45(7-8), pp.801-813. 273 

39. Proctor, T., 2014. Creative problem solving for managers: developing skills for decision 274 
making and innovation. Routledge. 275 


