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Aim 

The aim of this study was to investigate the 
influence of a Problem-Based Learning (PBL) 
instructional model on a group of biology 
students' thinking skills in dealing w i th 
environment-related issues and also to assess 
their feelings about PBL. 

Introduction/Rationale for the Evaluation 

Science teachers should be concerned about 
the lack of explicit attent ion to problem 
solving in classrooms. Learning in traditional 
science classrooms clearly involves students' 
not having to understand or use critical 
thinking, which requires reasoning and the 
ability to apply learnt concepts to real-life 
situations. 

Instead, students in science classrooms are 
predominantly involved w i th memorising 
scientific facts and figures which teachers 
drill. These kinds of activit ies dampen 
students' thinking abilities. The results f rom 
a longitudinal study of U.S. youth show that 
few young adults have the requisite 
knowledge to be considered "scientif ical ly 
l i terate" and that pre-college education has 
almost no sustained impact on the building 
blocks for scientific l iteracy, namely: 

an understanding of basic science 
concepts, 
an understanding of scientif ic processes, 
an ability to make decisions, using 
information and skills f rom the sciences, 
and 
an understanding of the impact of science 
on society (Miller, 1989). 

As Stepien (1995) has put it, most young 
people leave science classrooms wi thout ever 
having been actually engaged in "doing 
science", putt ing learnt concepts and skills 
into practice in real-world problem situations. 
Problem-based learning addresses to a large 
extent the issues in science discussed earlier. 
It involves complexit ies that cannot be 
understood or resolved through simple 

formulae, but requires the application of 
reasoning if real progress is to be made. 

Problem-based learning is initiated in a 
classroom when students meet a situation or 
scenario containing an undefined problem 
they must ult imately identi fy, describe fully 
and resolve by way of an appropriate solution 
(Stepien, 1995) . 

Problem-based learning explicit ly requires 
students to construct substantial knowledge 
through vigorous inquiry into il l-structured 
problems and deepen their understanding of 
important concepts as they sharpen bases 
through experiences that foster transfer of 
information and skills to new settings 
(Steihen, 1995) . Therefore, an effort has 
been made in this study to evaluate the 
impact of this unique approach on students' 
thinking skills in a biology class. 

Evaluation Procedures 

An environment-related issue, pollution, f rom 
the sixth form biology curr iculum, was 
designed as a problem-based learning 
situation, as shown in Figure 1 . 

Over a period of three weeks, a sample of 20 
biology students in a sixth form biology class 
were given 10-15 minutes during the normal 
biology class to work on the exercise. They 
worked in pairs but later handed in individual 
wr i t ten responses. 

The students' responses to the problem-based 
exercise were analysed as fo l lows: 

a) demonstrat ion of crit ical thinking/ 
reasoning 

b) application of problem-solving/scientif ic 
process skills 

c) application of learnt concepts to real-life 
situations 

d) ability to construct and organise 
knowledge around themes and concepts 

e) having a sense of ethical consideration in 
reaching a solut ion. 



Figure 1 

PROPOSED DEVELOPMENT PLAN FOR THE SITE 

You are in the role of an environmental consultant 
assigned to a village in the interior of Vit i levu. 
The area, a designated national park reserve with 
rich floral and faunal diversity is owned by the 
villagers. Government backed multi-national 
companies promising financial returns are 
encouraging villagers to give up the area in favour 
of them developing i t into an industrial/agricultural 
site, generating millions of dollars in revenue. 

A plan of the proposed development is shown 
above. 

I n your role as an environmental consultant, you 
are required to: 

1. List the potential impacts of such a 
development. Explain the evidence for each of 
these impacts. 

2. Put forward a proposal to convince the 
villagers not to go ahead with such a 
development and retain the area as a national 
park reserve. Your arguments/justifications 
will then be used by the villagers to convince 
the government and the multi-nationals. 



The second part of the evaluation involved 
interviewing the students to analyse their 
feelings about problem-based learning as a 
strategy in terms of its effectiveness in 
enhancing the teaching/learning of science 
concepts such as environmental issues. Some 
of the specific questions included: 

How do you feel/respond to PBL as a tool 
for learning science/environment-related 
issues as compared to traditional 
approaches? 
Do you feel science should be taught 
using more problem-based leaning 
exercises? Explain. 
Did the problem-based learning exercise 
help you to : 

think critically 
use reasoning 
solve and relate problems to real-life 
situations 
use problem-solving skills 
construct and organise knowledge 
around themes concepts and 
take ethical issues into consideration 
when deriving solutions? 

What do you feel are the strengths and 
weaknesses (if any) of problem-based 
learning? 

Results 

Analysis of wr i t ten responses to the PBL 
exercise: 

a) Demonstration of critical thinking/ 
reasoning The responses clearly indicated 
that critical thinking, in terms of logical 
reasoning and linking of ideas, was 
involved. For example, all the students 
were able to explain and give evidence of 
the impact the proposed development 
would have on the environment. 

b) Application of problem-solving skills 
One third of the students were able to 
apply some of the problem-
solving/scientif ic process skills. They 
were able to hypothesise, analyse data, 
communicate, just i fy, argue their response 
and come to a conclusion. 

c) Application of learnt concept to real-life 
situations 

Only a few students, 4 out of 2 0 , were 
able to link ideas to potential impacts in 
real-life situations. This is clearly an area 
needing at tent ion. 

d) Ability to construct and organise 
knowledge around themes and concepts 
More than half, 13 out of 20 students, 
showed the ability to construct and 
organise knowledge around themes and 
concepts. For example, different types of 
pollution were recognised. 

e) Demonstrating a sense of ethical 
consideration in reaching a solution 
All of the students demonstrated a sense 
of ethical consideration whi le trying to 
just i fy their responses in their proposals. 
They acknowledged the fact that there 
were a lot of financial gains f rom the 
proposed development but the cost in 
terms of environmental degradation was 
greater. 

The responses f rom the interviews were 
analysed as fo l lows: 

Feeling/response to PBL for teaching/learning 
science 
All students felt PBL was a more effective 
tool for teaching than the tradit ional lecture-
type approach. They felt PBL was interesting, 
required them to think critically and provided 
them w i th an opportunity to be actively 
involved. All the students felt very strongly 
that the traditional lecture-type approach was 
not interesting since it did not involve active 
participation or logical th inking. 

PBL as an exercise which helped influence 
students' thinking skills 
In one way or another all the students in 

varying degrees felt that PBL as an exercise 
helped them to think crit ically, use reasoning, 
solve and relate problems to real-life 
situations, use problem solving skills, 
construct and organise learnt knowledge 
around themes and concepts whi le creating a 
sense of ethical awareness when deriving 
solutions. The students fel t that such was 
not the case in the tradit ional lecture-type 
approach to wh ich they were exposed, 
making the learning of science not so 
interesting. 



The major strength of PBL was seen as 
allowing students to work independently, w i th 
the teacher as a guide, to think critically and 
to express personal v iews. The major 
weakness of PBL was that it was t ime-
consuming and demanding, though a majority 
of students disagreed w i th this. 

Discussion/Implications for the Study 

The findings strongly suggest that PBL did 
have a very positive influence on the 
students' learning in terms of both their 
participation and their thinking skills. 

In v iew of this, PBL has a lot of implications, 
especially for the teaching and learning of 
science (as well as other curriculum areas) as 
fo l lows: 

Generating an interest in the learning of 
science - as opposed to being passive 

recipients of scientific facts/ information. 
PBL encourages active participation in 
learning by providing relevant, interesting 
and challenging learning situations. 

Helping learners become more productive 
thinkers - PBL requires the use of critical 
thinking, involving logical reasoning, and 
justif ications for derived solutions, 
encouraging productive thinking. 

Helping develop problem-solving skills -
PBL scenarios demand the use of process 
skills like making observations, building 
hypotheses, defining issues, conducting 
searches to collect information, evaluating 
earlier hypotheses and just i fying solutions 
ethically. These help students construct 
knowledge as opposed to rote learning. 

Helping relate learnt concepts to real-life 
situations - real wor ld problems 
developed as PBL exercises allow 
students to relate to and tackle real life 
issues. 

Helping learners relate and connect ideas 
- PBL involves constructing knowledge 

bases through inquiry and investigation 
that stress connections between facts, 
using information to build concepts, 
organise ideas and use information in a 

meaningful context (Stepien, 1995). This 
helps learners improve their understanding 
and ability to transfer information and 
skills to new sett ings, illuminating 
interdisciplinary connections. 

Creating ethical awareness - PBL 
exercises require justifiable solutions to 

problem situations, wh ich are ethically 
acceptable. This helps to develop a sense 
of ethics in science, which is of 
importance to other curriculum areas as 
wel l . 

All of the implications of PBL mentioned 
above, to varying degrees, are also relevant to 
other curriculum areas. Concepts can still be 
taught using traditional methods if need be 
and then PBL can be used to evaluate or re-
enforce these ideas or specific tasks. PBL 
allows for more student-centred learning and 
helps to probe students ' understanding, 
making it an important tool to be used for 
teaching and learning of science and other 
curriculum areas. 
Reporting the Evaluation 

First, the students who took part in the 
evaluation were informed about the results. 
This was done by way of a cartoon strip 
featuring a conversation between t w o 
students discussing the benefits of PBL as 
opposed to the lecture-type science lesson. 

Secondly, the staff were informed about the 
evaluation and challenged to use PBL 
exercises in their own subject lessons. 

Conclusion 

In response to set objectives, it was found 
that PBL does have a positive influence on the 
students' thinking skills. It was found to 
encourage critical th inking, use problem-
solving or science process skills, help relate 
learnt concepts to real life situations, help in 
constructing and organising knowledge 
around themes and concepts and help 
students to take ethical issues into 
consideration. 

Apart f rom these, students felt very 
motivated and interested to work on the PBL 



and suggested it as a very effective tool for 
teaching and learning of science. 

PBL is an innovative way in which scientific 
literacy as well as skills in other curriculum 
areas could be developed. 

Some of the l imitations of this study included: 

1 . Small sample of students, n = 20 . A 
larger sample would have been 
appropriate. 

2. Only one aspect of the curriculum was 
used as a PBL exercise; other aspects 
need to be looked at. 

3. The study only looked generally at the 
influence of PBL on students' thinking 
skills. A pre-test/post-test control group 
designed to detect any significant change 
would be more appropriate. 
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