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This article discusses the possibilities and challenges of carrying out chemistry teaching, with the 

help of problem-based learning (PBL). It is possible to bring out the utility of applying problem-

based learning in laboratory work in higher education of chemistry. The developed activities in 

environmental chemistry support the promotion of teaching about sustainable development.  

  

Problem-based learning (PBL) is one alternative for a meaningful realization of chemistry 

teaching. It has been used widely in higher education both in Finland and abroad, especially in 

medicine (e.g.  Aarnio, Nieminen, Pyörälä & Lindblom-Ylänne, 2010; Ram, 1999) and in 

biochemistry (e.g. Dods, 1996). In chemistry teaching, a problem-based method of learning has 

been in use among students working on their basic degree studies (e.g. Cancilla, 2001; Dolmans 

& Schmidt, 1996; Ram, 1999). 

  

Problem-based learning is a pedagogical approach (Perrenet, Bouhuis & Smits, 2000) in solving 

practical problems (Kelly & Finlayson, 2009), where communal problem solving is emphasized 

and it builds a connection between learning and observations (e.g. Dolmans, De Graeve, 

Wolfhagen, & Van Der Vleuten, 2005; Girault et al., 2012). 

  

In problem-based learning, a student’s activity in data acquisition, interaction between a group, 

learning requirements determined by the group, a personal experience in learning, 

coordination and the role of the teacher shifting into the instructor, are emphasized 

(Vesterinen, 2001; Väisänen, 2000). 

  

Differing from the traditional way of learning, problem-based learning tries to avoid learning 

things by heart. Its aim is to also develop learning skills, and in problem solving, students’ prior 

knowledge is exploited and new information is searched (Boud & Feletti, 2000; Engel, 1997; 

van Kampen, Banahan, Kelly, McLoughlin, & O`Leary, 2004). 

  

A problem-based way of learning teaches us to solve real life problems, instead of just 

theoretical handling. At the same time, understanding of the specific thing, the ability to plan  

one’s own learning as well as attitude towards own learning is developed (Capon & Kuhn, 2004;  

Poikela & Poikela, 2005; Williams, Woodward, Symons, & Davies, 2010). 

  

 

The benefits and possibilities of problem-based teaching 

  

Problem-based teaching answers better to the needs of the working life (Woelk, 2008) than the 

traditional lecture teaching and it is thought of as a more motivational way to learn. Problem-



basedness also develops a student’s ability to solve problems (Boud & Feletti, 2000; Norman & 

Schmidt, 2000; Woltering et al., 2009). 

  

Through good guiding, problem-basedness creates a possibility to do co-learning, where the 

learners can be there to support each other during the entire learning process (Poikela & S. 

Poikela, 2005). The development of skills in group work is thought of as one of the best sides of 

the problem-based way of learning. With the help of active discussions in group work, learners 

are able to learn better. The learners can freely tell about their own ideas and opinions, without 

having to be afraid of being wrong. Problem-based learning has been observed to develop the 

ability to acquire and use data (Margetson, 1991; Kelly & Finlayson, 2009; Ferreira & Trudel, 

2012). 

  

 

Problem-based chemistry teaching 

  

Problem-based learning has been researched as a part of the laboratory work in chemistry in 

university of applied sciences and in university levels, where inquiry-based pupils’ work in 

environmental chemistry, which supports sustainable development, was developed research-

oriented (Rautiainen, 2012). It was observed in the research that a problem-based learning 

environment trains first year students in university of applied sciences into project-oriented 

work. When planning a learning environment for older students, however, the prior ways of 

learning should be taken into consideration. For university students, a problem-based, inquiry-

based learning environment may bring a change to studying and to the practical problems in 

application. A problem-based learning environment has been observed to develop skills in team 

work as well (Koh, 2008) and the interest increases with solving practical problems (Kelly, 

Finlayson, 2007). Problem-based learning has increased university of applied sciences 

students’ interest as well as increased motivation towards a studied topic (Ram, 1999; 

Renninger, 2000) and then the topic being studied sticks better into a student’s mind. 

  

Research-based development of higher education is needed. Good-quality higher education is 

student-centered (Nevgi & Lindblom-Ylänne, 2009) and it supports a student’s deep-oriented 

approach (Biggs, 2003). It has to promote learning and know-how which aims at profound 

understanding (Lindblom-Ylänne & Nevgi, 2003). A problem-based way of learning as a 

student-centered way of learning promotes learning and know-how that aims at profound 

understanding (Capon & Kuhn, 2004; van Kampen et al., 2004; Väisänen, 2000). 

  

In chemistry teaching, problem-basedness can be exploited in several different degrees. For 

example problem-based teaching material in teaching how to recycle plastics has been 

developed for upper secondary level teaching (Asikainen, 2016). In a university of applied 

sciences, it has been used in first year students’, who are in the laboratory field, project work in 

the orientation to laboratory work. In university level chemistry teaching, problem-basedness 

has been a part of teaching of laboratory work in chemistry during the first year of university 

(Rautiainen, 2012). 



Jukka Rautiainen                                                   
Ph.D. 
jukka.an.rautiainen@gmail.com 

 

Specialization: problem-based chemistry teaching. Defended his doctoral dissertation in The Unit of 

Chemistry Teacher Education in 2012. The topic of the doctoral dissertation concerns problem-based, inquiry-

based teaching in institutions of higher education. 

 

  

 References 

  

Aarnio, M., Nieminen, J., Pyörälä, E. & Lindblom-Ylänne, S. (2010). Motivating medical students to learn teamwork 

skills. Medical Teacher, 32, 199-204. 

Asikainen, T. (2016). Kehittämistutkimus: Muovien kierrätyksen opettaminen ongelmalähtöisen oppimisen avulla 

lukio-opetuksessa (Pro gradu -tutkielma). Luettu osoitteesta:  

http://www.helsinki.fi/kemia/opettaja/ont/Asikainen_T_2016_progradututkielma.pdf  

Biggs, J. (2003). Teaching for quality learning at university. What the student does. 2nd edition. Buckingham: Society 

for research into higher education & Open university press. 

Boud, D. & Feletti, G. (toim.) (2000). Ongelmalähtöinen oppiminen. Uusi tapa oppia. Helsinki: Hakapaino. 

Cancilla, D. A. (2001). Integration of environmental analytical chemistry with environmental law: the development 

of a problem-based laboratory. Journal of Chemical Education, 78(2), 1652-1660. 

Capon, N. & Kuhn, D. (2004). What´s so good about problem based learning. Cognition and Instruction, 22, 61-79. 

Dods, R. F. J. (1996). A problem-Based learning design for teaching biochemistry. Journal of Chemical Education, 

73(3), 225. 

Dolmans, D. & Schmidt, H. (1996). The advantages of problem-based curricula. Postgrad. Med. J., 72, 535-538. 

Dolmans, D. H. J. M., De Graeve, W., Wolfhagen, I. H. A. P. & Van Der Vleuten, C. P. M. (2005). Problem-based learning: 

future challenges for educational practice and research. Medical Education, 39, 732-741. 

Engel, C. E. (1997). Ei vain menetelmä vaan oppimistapa. Teoksessa Boud, D. & Feletti, G. (toim.), Ongelmalähtöinen 

oppiminen. Uusi tapa oppia. Helsinki: Hakapaino, 33-39. 

Ferreira, M. M. & Trudel, A. R. (2012). The impact of problem-based learning (PBL) on student attitudes toward 

science, problem-solving skills, and sense of community in the classroom. Journal of Classroom Interaction, 

47(1), 23-30. 

Girault, I., d`Ham, C., Ney, M., Sanchez, E. & Wajeman, C. (2012). Characterizing the experimental procedure in 

science laboratories: a preliminary step towards students experimental design. International Journal of 

Science Education, 34(6), 825-854. 

Kelly, O. C. & Finlayson, O. E. (2007). Providing solutions through problem-based learning for the undergraduate 

1st year chemistry laboratory. Chemistry Education Research and Practice, 8(3), 347-361. 

Kelly, O. C. & Finlayson, O. E. (2009). A hurdle too high? Students’ experience of a PBL laboratory module. Chemistry 

Education Research and Practice, 10(1), 42-52. 

Koh, G. C.-M., Khoo, H. E., Wong, M. L. & Koh, D. (2008). The effects of problem-based learning during medical 

school on physician competency: a systematic review. CMAJ, 178(1), 34-41. 

Lindblom-Ylänne, S. & Nevgi, A. (2003). Oppimisen arviointi – laadukkaan opetuksen perusta. Teoksessa 

Lindblom-Ylänne, S. & Nevgi, A. (toim.), Yliopisto- ja korkeakouluopettajan käsikirja. Vantaa: WSOY, 253-267. 

Margetson, D. (1991). Miksi ongelmalähtöinen oppiminen on haaste? Teoksessa Boud, D. & Feletti, G. (toim.), 

Ongelmalähtöinen oppiminen. Uusi tapa oppia. Helsinki: Hakapaino, 53-62. 

Nevgi, A. & Lindblom-Ylänne, S (2009). Opetuksen linjakkuus-suunnittelusta arviointiin. Teoksessa Lindblom-

Ylänne, S. & Nevgi, A. (toim.), Yliopisto-opettajan käsikirja. Helsinki: WSOY, 138-155. 

Norman, G. & Schmidt, H. (2000). Effectiveness of Problem-Based Learning Curricula: Theory, Practice and Paper 

Darts. Luettu osoitteesta: https://www.kunst.uni-

frankfurt.de/fb/fb16/lehre/literatur/container_journal_club/Effectiveness_Norman_Volltext.pdf  

mailto:jukka.an.rautiainen@gmail.com
http://www.helsinki.fi/kemia/
http://www.helsinki.fi/kemia/
http://www.helsinki.fi/kemia/opettaja/ont/Asikainen_T_2016_progradututkielma.pdf
https://www.kunst.uni-frankfurt.de/fb/fb16/lehre/literatur/container_journal_club/Effectiveness_Norman_Volltext.pdf
https://www.kunst.uni-frankfurt.de/fb/fb16/lehre/literatur/container_journal_club/Effectiveness_Norman_Volltext.pdf


Perrenet, J. C. Bouhuis, P. A. J. & Smits, J. G. M. M. (2000). The suitability of problem-based learning for engineering 

education: theory and practice. Teaching in Higher Education, 5(3), 345-358 

Poikela, E. & Poikela, S. (toim.) (2005). Ongelmista oppimisen iloa – ongelmaperustaisen pedagogiikan kokeiluja ja 

kehittämistä.  http://tampub.uta.fi/tup/951-44-6410-9.pdf  

Ram, P. (1999). Problem-based learning in undergraduate education. Journal of Chemical Education, 76(8), 1122-

1126. 

Rautiainen, J. (2012). Kehittämistutkimus: Ongelmalähtöinen kokeellinen kemian korkeakouluopetus (Väitöskirja). 

Helsinki: Yliopistopaino. 

Renninger, K. A. (2000). Individual interest and its implications for understanding intrinsic motivation. Teoksessa 

C. Samsone, C &  J. M. Harackiewicz (toim.), Intrinsic and Extrinsic Motivation: the Search for Optimal 

Motivation and Performance. New York: Academic. 

van Kampen, P., Banahan, C., Kelly, M., McLoughlin, E. & O`Leary, E. (2004). Teaching a single physics modele 

through Problem based Leatrning in a lecture-based curriculum. American Journal of Physics., 72(6), 829-

834. 

Vesterinen, P. (2001). Projektiopiskelu ja – oppiminen ammattikorkeakoulussa (Väitöskirja). Jyväskylä: Jyväskylän 

yliopisto. 

Väisänen, P. (2000). Ongelmaperustainen opiskelu verkossa. Luettu osoitteesta: 

http://sokl.joensuu.fi/verkkojulkaisut/kipinat/PerttiV.htm. 

Williams, D. P., Woodward, J. R., Symons, S. L. & Davies, D. L. (2010). A tiny adventure: the introduction of problem 

based learning in an undergraduate chemistry course. Chemistry Education Research and Practice, 11, 33-42. 

Woelk, K. (2008). Optimizing the use of personal response devices (clickers) in large-enrollment introductory 

courses. Journal of Chemical Education, 85(10), 1400-1405. 

Woltering, V., Herrler, A., Spizer, K. & Spreckelsen, C. (2009). Blended Learning Positively Affects 

Students´Satisfaction and the Role of the Tutor in the Problem-Based Learning Process: Results of a Mixed-

Method Evaluation. Advanced in Health Sciences Education 14(5). 

 

http://tampub.uta.fi/tup/951-44-6410-9.pdf
http://sokl.joensuu.fi/verkkojulkaisut/kipinat/PerttiV.htm
http://sokl.joensuu.fi/verkkojulkaisut/kipinat/PerttiV.htm
http://sokl.joensuu.fi/verkkojulkaisut/kipinat/PerttiV.htm
http://sokl.joensuu.fi/verkkojulkaisut/kipinat/PerttiV.htm

