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Abstract: This study aimed to find out whether learner’s ability to construct, appropriate and relate scientific knowledge to problems in 
different contexts could be enhanced by using Klopfer’s taxonomy of learning objectives. It was designed around the concept that the 
properties of organisms, events and phenomena observe in nature represent solutions to problems and therefore by identifying and 
characterizing them, one can brainstorm through a deductive thinking model to decipher the underlying problems manifested by such 
properties. To investigate this hypothesis, a quasi-experimental design of 245 respondents was used. Results showed remarkable 
improvement in mean performances between pre- and post-test scores with a significant difference on a t-test analysis of t(235) = -30.82, 
ρ < .001 and a slightly positive correlation of (r = .31, ρ < .001). Further Investigation of the possible effects of confounders revealed no 
influence on the post- and confirmatory post-test performances. Within limits of the study it was concluded that the improvement in 
performances observed was due to the use of Klopfer’s taxonomy in guiding lesson preparation and teaching.  
  
Keywords: Construction and reinvestment of scientific knowledge, Klopfer’s taxonomy, Reproduction in flowering plants, teaching, 
deductive thinking. 
 
1.Introduction 
 
Most educators agree that academic success is not just 
measured in terms of what learners can remember, but what 
they can do with their knowledge. Hence the knowledge 
acquired in schools should be a tool for problem-solving 
through creative and innovative thinking approaches. Today 
in Cameroon and elsewhere in most African countries, the 
reverse is the case with most stakeholders and learners in the 
educational enterprise believing that the knowledge acquired 
at school is an end in itself and not a means to an end. The 
recall of facts is a lower order cognitive skill that requires 
only a minimum level of understanding, whereas critical 
thinking and the application of knowledge in problem-
solving are higher-order cognitive skills that require deep 
conceptual understanding [1].  
 
Developing the learner’s intellect takes into consideration 
the development of knowledge acquisition and 
comprehension capacities, attitude, practice and their 
application to problem-solving in different contexts. In 
Cameroon, improving education through the development of 
problem-solving competencies has been a high point on the 
political agenda since 1960. In 1995, this effort culminated 
in the National Forum on Education which drew particular 
attention to learning by doing aimed at promoting the 
development of critical, creative and inferential thinking 
skills and the taking of informed decisions. However, policy 

level commitment in this direction has met with little or no 
success. This is particularly so because of a prevailing 
educational environment that does not inspire ambition and 
hard work and the absence of an implementation framework 
for policies [2, 3].  
 
Klopfer’s taxonomy, though little known, used and cited in 
scientific literature provides an alternative vision which 
should transform the teaching of science from a traditional 
discipline to a general scientific education with the goal of 
solving social problems [4, 5, & 6].  
 
The study aims to investigate ways and means of improving 
the acquisition, understanding, construction, elaboration and 
appropriation of scientific knowledge, methods and 
competencies by learners in Cameroon schools using 
Klopfer’s taxonomy as a guide for teaching.  
 
Hypothesis of the study: 
Ho: Using Klopfer’s taxonomy to guide teaching does not 
improve the learner’s ability to acquire knowledge and 
understanding, construct, elaborate and appropriate scientific 
knowledge, methods and competencies for reinvestment to 
seek solutions to problems in new contexts. 
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2.Methodology 
 
2.1 Materials 
 
Lessons: Three lessons of fifty minutes duration each on 
sexual reproduction in flowering plants were prepared 
according to Klopfer’s taxonomy of learning objectives and 
taught. Each lesson contained three parts, namely: 
 the operational teaching and learning objectives defined 

according to the categories and subcategories of Klopfer’s 
taxonomy. These were carefully selected to integrate the 
acquisition of knowledge and comprehension, observation 
and measurement, perception of a solution and 
deciphering the problem underlying it [7, 3] and the 
application of the knowledge learned in new contexts in 
problem solving;  

 pedagogic activities including the inductive and deductive 
approaches to thinking as mechanisms for creating, 
elaborating and appropriating new knowledge for 
problem-solving; and  

 the consolidation of the key competencies developed. 
 
2.2 Researcher-made achievement test [8] 
 
Twenty multiple choice test items, each with four alternative 
answers of which only one was the most correct were used 
to test the operational learning objectives in the three 
lessons.  The test items were arranged in the pre-test 
according to Klopfer’s[9] taxonomy of learning objectives as 
follows: 
 seven questions on “knowledge and comprehension”, four 

of which were based on “knowledge of facts” 
(subcategory A1) – Q1, Q3 and Q9; one on “knowledge of 
scientific terminology” (subcategory A2) – Q2; two on 
“knowledge of classifications, categories and criteria” 
(subcategory A6) – Q7 and Q12; and one on 
“comprehension” (subcategory A10) – Q8; 

 three questions on “process of scientific inquiry I – 
observing and measuring”, all testing skills in 
“observation of objects and phenomena” (subcategory B1) 
and “description of observations using appropriate 
language” (subcategory B2) – Q4, Q5 and Q6; 

 four questions on “process of scientific inquiry II – seeing 
a solution and deciphering the problem behind it all 
testing the “recognition of a solution” and “formulation of 
a working hypothesis” (subcategories C1 and C2) – Q10, 
Q11, Q17 and Q18; and 

 finally, six questions on “application of scientific 
knowledge and methods”, with one question testing the 
“application of scientific knowledge and methods to new 
problems in both the same field and different fields of 
science” (subcategories F1 and 2) – Q13; and five others 
testing the “application of scientific knowledge and 
methods to problems in new contexts” (subcategory F3) – 
Q14, Q15, Q16, Q19 and Q20. 

The roots and position of the distracters were altered and the 
question numbers shuffled to minimise familiarity effect due 

to pre-exposure in the post- and confirmatory post-tests. The 
validity and reliability of test items were assured by regional 
pedagogic inspectors of science education in the Ministry of 
secondary education.  
 
a) Questionnaire: A questionnaire of seven questions was 

designed to collect categorical data on confounding 
variables: sex of respondents; age (≤13, 13 – 14, and >14) 
and socio-economic backgrounds.  

 
b) Sampling: A sample of 245 second year students of 

general secondary education drawn from two public and 
two lay private schools in Yaoundé was used. Sampling 
was by a combination of cluster and simple random lottery 
methods, [10, 11].  

 
c) Data collection: Data were collected between September 

and the second week of December, 2013. In each class the 
questionnaire on the confounding variables was first 
administered, followed by the pre-test, and then teaching. 
Immediately after this the post-test was administered with 
the confirmatory post-test coming six weeks after.  

 
d) Data treatment and analyses: Descriptive and analytical 

data were generated by SPSS v.20.0. Categorical data on 
confounding variables were sorted, coded and keyed into 
the SPSS variable view spreadsheet. Codes on respondent 
performances were also defined on the SPSS variable 
view spreadsheet followed by keying-in of the marks 
against the corresponding codes. Both data were verified 
for errors and corrected accordingly. Statistical analysis 
was by use of a within-subjects paired-sample t-test. The 
mean performances between treatments (pre-test, post-test 
and confirmatory post-test) were correlated and compared 
for levels of significance within the lower and upper 
bound limits of the confidence interval of 95%. A one-
way Analysis of Variance followed by a Post Hoc Least 
Significant Difference multiple comparisons were used to 
confirm or refute the changes observed between the mean 
pre- and post-test performances [12].  

 
3.Results and Discussions 
 
From Table 1, mean performances significantly increased 
from the pre- to the post-test in the different categories of 
Klopfer’s taxonomy. A similar change was observed when 
all the categories were taken together. Conversely, the 
standard errors of the mean and standard deviations all show 
slight decreases between the pre- and post-test performances 
in the different categories. An interesting result is the 
occurrence of a moderate significantly positive correlation 
between mean pre- and post-test performances in all the 
categories except in that of seeing a solution and identifying 
the problem underlying it which shows no significant 
correlation; r = .12; ρ = .06. 
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Table 1: Descriptive data, t-critical values and levels of significance for correlated means between pre- and post-test 
performances grouped by Klopfer’s taxonomic categories 

Category 
Mean Score 

Pre-Test 

Mean 
Score 

Post-Test 

Std Error of 
Mean Pre-

Test 

Std Error 
of Mean 
Post-Test

Std Dev 
Pre-Test

Std Dev 
Post-
Test 

Var 
Pre-
Test

Var 
Post-Test 

R and Ρ-
Values 

T-Critical and Ρ-
Values 

Knowledge & 
Comprehension 

3.67 4.78 .084 .079 1.31 1.21 1.72 1.46 
r = .20;  
ρ = .002* 

t(235) = -10.68;  
ρ = .000* 

Observing/ 
Measuring 1.33 2.08 .055 .052 .87 .81 .75 .65 

r = .30;  
ρ = .000* 

t(235) = -11.85; 
 ρ = .000* 

Seeing a solution & 
identifying the 
corresponding problem 

1.32 2.53 .065 .064 1.02 .98 1.03 .96 
r = .12;  
ρ = .06 

t(235) = -14.00;  
ρ = .000* 

Application of scientific 
knowledge/methods 

1.31 3.89 .071 .075 1.11 1.15 1.22 1.33 
r = .20;  
ρ = .002* 

t(235) = -27.84; 
 ρ = .000* 

Overall performance 
7.60 13.29 .151 .159 2.38 2.44 5.66 5.93 

r = .32;  
ρ = .000* 

t(235) = -30.82;  
ρ = .000* 

*Statistically significant, ρ < .05 
 
Comparisons between paired performances in the oval tests, 
namely: pair 1 –overall post- and overall confirmatory post-
tests; and pair 2 –overall pre- and overall confirmatory post-
tests revealed a slight drop in performance between overall 
post- and confirmatory post-tests. Despite the slight drop 
there is no significant difference between the two, t(235) = 
1.69; ρ = .09. This goes along with a very strong positively 

significant correlation of r = .55; ρ = .000. However, when 
mean overall pre- and confirmatory post-test performances 
were compared there was a very significant improvement in 
performance between the pair representing t(235) = - 31.59; 
ρ = .000. This goes along with a moderately positive and 
significant correlation. These results are represented in Table 
2. 

 
Table 2: t-critical values and levels of significance for correlated means between overall pre-, post-and confirmatory post-test 

performances taken together 

Pairs Category Compared Mean Performance Std Error Mean Std Dev Var R And Ρ-Value T-Critical And Ρ-Value 

1 
Overall post-test & 13.29 .159 2.44 5.93

r = .55; ρ = .000* t(235) = 1.69; ρ = .09 
Overall confirmatory post-test 13.05 .135 2.08 4.31

2 
Overall pre-test & 7.60 .152 2.38 5.66

r = .30; ρ = .000* t(235) = -31.59; ρ = .000*
Overall confirmatory post-test 13.05 .135 2.08 4.31

*Statistically significant, ρ< .05 
 
Table 3 reveals that analysis of variance on the possible 
effect of confounders on the post-test performances of 
respondents showed no significant difference, ρ>.05. A post-
hoc multiple comparison further confirms this finding at all 
the levels of the confounders. These results confirm that the 
changes observed in the post-test performances of 
respondents were due to the use of Klopfer’s taxonomy in 
guiding teaching and not to the confounder. 
 

Table 3: ANOVA statistic and post-hoc multiple 
comparison of the possible effect of confounders with mean 

overall post-test performances 

Confounder 
Anova Statistic and Level 

of Significance 

Post-Hoc Multiple 
Comparison Level 

of Significance 
Age  F(2, 233) = 0.520; ρ = .60 

ρ > .05 

Sex  F(1, 234) = 3.960; ρ = .05 
Sponsor  F(4, 231) = 1.003, ρ = .41 
Profession of 
sponsor 

F(4, 231) = 0.643; ρ = .63 

Educational level of 
sponsor 

F(4, 231) = 0.844; ρ = .50 

Marital status of 
sponsor 

F(2, 233) = 0.362; ρ = 70 

 
Results in the knowledge and comprehension category 
demonstrate that acquired knowledge makes more sense and 
can be better conserved if understood. For example, most 
young people in Cameroon today can reproduce verbatim 

the wordings of several songs in Lingala by Congolese 
musicians. This is an indication of knowing, but when asked 
to explain the meaning of the song, they confess not 
knowing what it means. In Klopfer’s taxonomy, the 
identification of a fact, concept, procedure or theory in a 
different context as well as its translation from one symbolic 
form to another constitutes understanding. During the 
experiment, we combined the acquisition of specific, clear 
and precise knowledge with their identification in different 
contexts. For example, “The most important difference 
between a simple and a compound flower is...” This question 
is based on Klopfer’s subcategory A10, which is 
Identification of a fact, term, concept, trend, principle or 
theory in a new context. Learning about the characteristics of 
different types of flowers in subcategory A.06 and extending 
the knowledge to identify the most important difference 
between different categories of flowers is evidence of 
understanding. Hence, knowing without understanding does 
not make sense and understanding favours greater 
conservation of knowledge. This justifies the bivalent nature 
of Klopfer’s taxonomy. 
 
The observing and measuring category has important 
significance as biology is essentially an observational 
science. Effective observation and measurement makes 
learning more meaningful as the learner explores what is 
real and concrete before moving onto the abstract which can 
only be perceived by logical and rational reasoning. The 
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learner must be helped to make effective use of the five 
senses. Bachelard [13] holds that a child from its first contact 
with life finds itself confronted by a world that poses a lot of 
questions and proceeds to find answers to these questions 
either individually or through interaction with his entourage. 
Due to the lack of scientific orientation in the learner’s 
initial observations, Bachelard refers to knowledge acquired 
this way as “common knowledge”. Effective interaction with 
the surrounding requires effective observation and 
measurement which promotes the development of thinking. 
Such is the scenario demonstrated by the respondents’ 
performances in the post-test. This implies that Klopfer’s 
taxonomy can help learners to restructure their observations 
and therefore learn in a scientific.  
 
In perceiving a solution and identifying the problem behind 
it, the post- and confirmatory post-test results consolidate 
the fact that Klopfer’s taxonomy contributes to the 
acquisition of problem identification and solution skills. 
During the experiment, questions like: Some small and dull 
coloured flowers produce many light pollen grains. 
Producing many light pollen grains is know-how to solve a 
problem.  Identify the problem... Answering this question 
requires skills in linking observations of events and 
phenomena to their possible causes or contributing factors. 
After the introduction of Klopfer’s taxonomy, learners 
acquired skills that enabled them to start linking solutions 
observed in nature to the possible problems behind such 
solutions. This was possible because we combined the 
introduction of Klopfer’s taxonomy with the deductive way 
of thinking which enabled respondents to associate solutions 
to problems and vice versa. Problem identification through 
association with their solutions contributes to the 
development of the learner’s critical thinking skills, [7]. The 
absence of a significant correlation between the mean 
performances before and after experimentation (r = .12, ρ > 
.05) in this category further confirms this. The foundational 
basis of this approach is that if learners can identify 
solutions in nature and build on such solutions to decipher 
the problems underlying them, then they can equally 
reinvest such knowledge to identify problems in the human 
society and apply similar procedures to think out possible 
solutions to them. Benyus[14] describes this type of thinking 
as bio-inspiration – learning inspired by nature’s know-how.   
 
In the application of scientific knowledge and methods 
category, we associated a rubric that emphasised the 
reinvestment of the knowledge acquired to other areas in 
order to establish the linkages between them. Identifying 
problems in nature and the way nature sets about solving 
them can also be reinvested to seek explanations to similar 
problems in different areas including the human society. 
With the use of Klopfer’s taxonomy to guide lesson 
preparation and teaching, the learner is systematically helped 
to establish links in his knowledge with other fields and the 
society. This constitutes the associative basis of learning as 
posited by Pavlov and Skinner [15, 16] in their behavioural 
theories of learning. Such skills and competencies enable 
learners to handle abstractions and logical operations as a 
result of interaction with their physical and the socio-cultural 
environments, [17, 18].  
 
 

4.Conclusion 
 
The results of this study led to the following key inferences:  
 
Firstly, Klopfer’s taxonomy can facilitate the construction 
and elaboration of new knowledge. For example, in 
flowering plants, reptiles, birds and mammals, the male and 
female reproductive cells are very wide apart and this 
imposes the necessity to bring them close enough to one 
another for copulation to occur. In insect and bird pollinated 
flowers, bringing reproductive cells together for copulation 
involves attraction and baiting. The plant develops large 
brightly coloured petals and sweet scented nectar. The bright 
colours of the petals and the sweet scent of the nectar play 
the role of bait, attracting pollinators to the flower. In the 
process pollen grains are transferred between anthers and the 
stigma. This phenomenon of attraction by bright colours 
finds its counterpart in animals such as the bright colours of 
male Agama lizards, and peacocks that attract their female 
counterparts for copulation. The sweet scented nectar in 
flowering plants also finds parallels in male dogs, goats and 
sheep that produce strongly scented pheromones to attract 
females for copulation. Secondly, constructed and elaborated 
knowledge can be appropriated to seek solutions to problems 
in new contexts. Striking similitude exist between baiting in 
flowering plants and the baiting of hooks with earthworms 
to catch fish as well as baiting hunting traps to catch game. 
Rat and mice poisons are prepared by baiting poisonous 
substances with crayfish or fish to attract them. By 
reinvesting knowledge learned in one context to other 
contexts, it is possible to appropriate such knowledge to 
innovate and seek solutions to problems in new contexts. In 
technology, mankind has shown evidence of copying the 
flowering plant’s know-how to solve human health problems 
such as using drip sets to introduce drugs directly into the 
bloodstream; and intubation syringes and needles for 
introducing chemical substances directly into the stomach of 
laboratory animals all of which mimic the structure and 
function of the pollen tube and the male copulating organ in 
mammals. Establishing linkages and associating knowledge 
and methods in this way facilitates the construction and 
elaboration of new knowledge as well as the acquisition of 
problem-solving skills. This should lead to the development 
of self-efficacy which according to Bandura [19] is the belief 
in ones capabilities to organise and execute the sources of 
action required to manage prospective problems.  
 
Study in progress aims to find out the effect that using 
Klopfer’s taxonomy to guide lesson preparation can have on 
promoting the development of inferential thinking skills, the 
acquisition of action competence and therefore autonomy of 
decision and action and consequently self-reliance by 
learners.  
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