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Abstract , 

An experimental-research design was implemented in an 
attempt to understand how different types of conceptual 
models and cognitive learning styles influence novice 
programmers when learning recursion. The results indicate 
that in teaching recursion to novice programmers: 

. concrete conceptual models are better than abstract 
, conceptual models, 
. novices with abstract learning styles perform ,better than 

those with concrete learning styles, 
. abstract learners do not necessarily benefit more from 

abstract conceptual models, and 
. concrete learners do not necessarily benefit more from 

concrete conceptual models. 

tend to develop an incorrect mental model of recursion. 
Conceptual models, such as the Russian Dolls model, the 
process tracing model, and the mathematical induction 
model, have been used in ‘teaching recursion to novice 
programmers. It is hoped that these models will facilitate 
the learning of recursion by helping students develop an 
accurate mental model of recursion. In addition to 
conceptual models, individual differences such as cognitive 
learning styles, cognitive abilities, and previous experiences 
with a similar system play a role in the mental model 
formation process of learning computer systems [2,9,20]. 
There is evidence that individual cognitive learning styles 
are related to programming ability in novice programmers 
[3,231. 

Introduction 
,I: 

The question with which this study is concerned is: Which 
of two conceptual models (concrete or abstract) will best 

A mental model is a conceptual representation of an abstract 
concept or a physical system that provides predictive and 
explanatory powers to a person in trying to understand the 
concept or the system and guides their interaction with it. A 
conceptual model, which is defined by teachers, scientists, 
or engineers, provides an appropriate representation of a 
target system, appropriate in the sense of being accurate, 
consistent, and complete [ 181. Understanding a system can 
be defined as having an accurate mental model of the 
system. Conceptual,’ models are used as tools for the 
understanding or teaching of a system. It is % the 
responsibility of teachers to develop conceptual models that 
will aid studems in developing adequate and appropriate 
mental models. 

help novice programmers with different cognitive learning 
styles (concrete or abstract) to learn recursion? Therefore, 
the research questions for this study are: 

Rl: Are concrete conceptual models better than abstract 
conceptual models in helping students to learn 
recursion? 

R2: Do students with an abstract learning style (i.e., 
abstract learners) outperform students with a concrete 
learning style (i.e., concrete learners) in learning 
recursion? 

R3: Do students with ari abstract learning style learn 
recursion better when provided with abstract 
conceptual models? , 

R4: Do students with a’ concrete learning style learn 
recursion better when provided with concrete 
conceptual models? 

Computer science educators have found that recursion is a 
very difficult concept for students to learn and teachers to Conceptual Models 
teach. Pirolli and Anderson [19] argued that the lack of 

I:* 

everyday analogies; for recursion is what makes it so Gentner [7] proposed a Structural Mapping Theory (SMT) 
difficult to learn. Furland and Pea [14] found that students to explain the process by &hich users make an analogy 
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abstract base domain such as mathematical models. A 
concrete conceptual model has a more concrete base domain 
such as concrete objects. According to SMT, concrete and 
abstract models are actually opposite ends of the same 
continuum. They delineate the target system with varying 
degrees of concreteness. The difference between these two 
models lies in the concreteness of the objects in the base 
domain. Gentner believed that different models lead to a 
predictable difference in understanding of the target domain. 

In the domain of: teaching programming, Mayer [ 151 and du 
Boulay et al. [6] argued for the advantages of explaining the 
process that takes place within the black box (computers). 
They believed that a concrete conceptual model, which 
showed the process of the system at an appropriate level of 
details, would improve learning. However, Kemeny and 
Kurtz [lo] proposed that programming should be taught to 
novices so that they do not have to be aware of how the 
machine functions. It can be concluded that a concrete 
model is a concrete analogy of a target system in terms of 
another system. It shows the internal process of the system 
at an appropriately detailed level. An abstract model is a 
synthetic representation of the underlying conceptual 
structure of a target system. The internal details of the 
system are hidden through abstraction. 

Many conceptual models have been used in introducing 
recursion. Five widely used models are examined below. As 
for the relative concreteness of the models, the first three 
can be categorized as concrete models and the remaining two 
as abstract models. 

Russian Dolls [4]. A Russian Doll can be taken apart 
into many successively smaller dolls of the same shape. It 
displays the process of invoking a smaller size of itself 
(recursive case) and eventually the recursive process stops 
when the last doll does not contain another (base case). 

Process Tracing [ll]. This approach focuses on tracing 
the process generated by recursive functions, that is, how 
recursive functions work. This model is clearly a concrete 
model, but the degree of concreteness varies depending on 
the method used in tracing the process. 

Stack Simulation [8]. Recursion is introduced in terms 
of computer architectures for execution of recursive 
programs. Calls to functions or procedures are traced with 
explicit reference to the system stack mechanism that is 
used when implementing recursion in a programming 
language. 

Mathematical Induction [ 11. This approach introduces 
recursion in terms of the mathematical basis for its 
correctness; that is, proof by induction. 

Structure Template [ 191. This model provides novice 
programmers with samples of recursive programs and 
describes the base cases and recursive cases. Solving a 
recursive problem is similar to filling in the slots of base 
case(s) and recursive case(s) in a structural template. 

Few studies have been done in the field of programming 
using conceptual models. Mayer’s series studies [16, 171 
have provided experimental evidence that concrete models 
promote learning. However, his series research did not 
explore more the complex conceptual knowledge involved 
in large program segments such as the concept of a loop or 
the concept of a data structure. Nor did he compare the 
effects of different types of conceptual models. The present 
investigation studied the effects of both types of conceptual 
models in a more complex conceptual knowledge domain 
- recursion. 

Cognitive Learning,Styles 

Researchers in mental models [18,22] have pointed out that 
style of information processing (i.e., cognitive learning 
style) is one of the major individual differences that affects 
the formation and acquisition of mental models. Individual 
styles of information processing not only result in 
‘preferences for different modes of presentation of learning 
materials and of analogies, but also lead to individual 
differences in the organization of semantic knowledge. 

Kolb’s experiential learning [12] is a theory of cognitive 
learning styles. He believes that it is the combination of 
how people perceive and how they process information that 
forms the uniqueness of their own learning style, that is, 
the most comfortable and productive way to learn. More 
specifically, thereare two main dimensions of the process 
by which people learn. The first dimension, the concrefe- 
abstract continuum, is the way we perceive new 
information. In new situations, some people prefer to sense 
and feel their way (Concrete Experience) while others prefer 
to think their way through (Abstract Conceptualization). 
The second dimension, the active-reflective continuum, is 
how we process new information. Some people prefer to 
jump in and try things (Active Experimentation) while 
others prefer to process new information by reflecting on it 
(Reflective Observation). According to the theory, the 
extremes of each dimension are mutually exclusive. If we 
try to simultaneously perceive new information, for 
example, by Concrete Experience and by Abstract 
Conceptualization, a conflict situation will arise. To 
resolve the conflict, each individual must choose how to 
perceive the new information and how to process it. 
Therefore, each individual develops a preference, that is, a 
learning style, to perceive and process new information. 
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Kolb’s theory predicts that students with different learning 
styles will respond differently to various teaching methods 
and that instructional strategies should match the learning 
styles of students: Individuals with different learning styles 
tend to learn differently from different teaching methods. 
Some students may grasp abstract concepts readily while 
others need concrete imagery to learn. There appears to be 
some connection between the conceptual models land the 
concrete-abstract dimension of learning styles. Individuals 
with an abstract learning mode tend to discover the rules and 
structures inherent in an abstract model. These individuals 
take an analytical conceptual ‘approach to learning. 
Individuals who prefer a concrete learning mode take an 
experiential-based abproach to learning. Therefore, the 
‘concrete model seems more appropriate. 

)I 11 ., 
There is evidence [2,20] that abstract learners benefit more 
from an abstract model and are hampered by the concrete 
model. Concrete learners, on the other hand, benefit more 
from a concrete model. The active-reflective dimension of 
Kolb’s *learning styles deals with active involvement 
aspects in learning and is less related to any interaction 
with the provided conceptual models. This dimension was 
not investigated further in this study. 

Reseakh pesign ’ 
r 

An experimental research design was implemented to study 
the research problem. The design was a pretest-posttest, 2 X 
2 (conceptual models X learning styles) factorial design. 
Two hundred -thirty-seven students ~enrolled in an 
introductory computer science class at a major southwest 
research uniyersity served as the,subjects‘ for, this study. 
Subjects were randomly assigned to either an abstract model 
group or a concrete model group. Within each model group, 
subje,cts were identified as either an abstract learner or a 
concrete learner based ,on their *scores on the scrambled 
Kolb’s Learning’ Style Inventory (L&) 1985 [13]. Four 
treatment groups were formed: abstract learners with 
abstract models, abstract learners ,wifh concrete models, 
concrete lehmers with abstract models, and concrete learners 
with concreie’ models. Table 1 shows the distribution of 
s$jects in each ,group. 

Table 1 bistribution of Subjects 
Abstract Model ,Concrete hiodel 

Learners Group Group Total 
Concrete ) 37 39 76 
Abstract 75’ ‘. s’6 161 

Total ’ 112 125 237 
I 

Treatmeni’ , , ” ‘ I 
‘b” 

Different conceptual models (abstract or concrete) were used 
to present recursion to the two model groups. Two sets of 
instructional materials were developed based on the concrete 

and abstract conceptual models respectively. The major 
differences between these two sets of instructional materials 
are in the introduction section of the lecture and the 
verification step of each given example. For the concrete 
model group, Russian Dolls serves as a literal metaphor in 
introducing recursion,~and block diagram tracing is used to 
verify recursive functions. For the abstract model group, 
recursion is introduced in terms of a recursive mathematical 
definition and verified by mathematical induction. 

To compare students’ performance in the different groups, a 
posttest and two retention tests (two weeks and six weeks 
later, respectively) were administered after the treatment. A 
pretest administered prior to the treatment was used to 
equate the variance caused by students’ prior knowledge in 
the statistical analysis; The’statistical procedure two-way 
ANCOVA (Analysis of Covariance) was employed to 
analyze all of the performance data. Two pilot studies were 
carried out to verify the instruments and to debug the 
experimental design and procedures prior to the 
investigation. 

Results and Discussion 

Table 2 is a summary of the hypotheses tested. The four 
research questions proposed in the investigation are 
discussed below. 

,Table 2 Summary of Hypotheses Tested 
Hypotheses Results 

RI: Conceptual Models Effects 

Hl Concrete models superior to abstract Support 
models on the posttest measure 

H2 Concrete models superior to abstract Weak 
models on the two retention measures support 

R2: Learning Styles Effects 

H3 Abstract learners superior to concrete support 
learners on thepostteft measure 

H4 Abstract learners superior to concrete support 
learners on the two retention measures 

R3 & R4: Interaction Effects 

H5 Abstract models better for abstract No 
learners on thepostteit measure support 

H6 Abstract models better for abstract No 
learners on the two retention measures support 

H7 Concrete models better for concrete , No 
learners on theposttest measure support 

H8 Concrete models better for concrete No 
learners on the two retention measures support 
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RI: Are concrete concejtual models better than abstract 
conceptual models in helping students to learn 
recursion? 6 

The results of Hypotheses 1 (F = 5.09, p = .03) and 2 (F = 
0.89, p = .35 and F = 1.22, p = .27, respectively) provided 
answers to this research question. Concrete conceptual 
models were better than abstract conceptual models in 
helping novice programmers to learn recursion. However, 
the effect was weak several weeks after the instructions 
These findings are in accordance with Mayer’s series studies 
[16-181. Mayer believed that a concrete model allows 
novices to “see the works” and consequently helps them 
assimilate new information in a more coherent and useful 
way. On the other hand, an abstract model hides the internal 
details of a system from the users. Novices are likely to 
assume the system is just not understandable and thus they 
tend to memorize algorithms that “work” and are not able to 
develop a real understanding of the system. The result of 
Hypothesis 2 shobed that the concrete model group only 
performed marginally better than did the abstract model 
group for the retention tests. These inconclusive results 
may be due to the fact that the instruction on recursion 
lasted only one lecture session in the present investigation 
and this may be’ too short to demonstrate the retention 
effects. 

R2: Do students with an abstract learning style outperform 
students with a concrete learning style in learning 
recursion? 

The results of Hypotheses 3 (F = 6.24, p = .Ol) and 4 (F = 
5.34, p = .02 and F = 3.21, p = .05, respectively) showed 
that students with abstract learning styles performed better 
than $ose with concrete learning styles in learning 
recursion. The effect was independent of the type of 
conceptual models used in instruction. The finding is in 
agreement with previous work [3, 231 that found that 
abstract or analytical learners tend to perform better than 
concrete or non-analytic learners in learning programming. 
The result is also consistent with Kolb’s theory. Research 
on the Kolb’s LSI has found a strong correspondence 
between individuals’ learning styles and the careers people 
choose. Individuals found in the same careers tend to have 
similar learning styles. In other words, there is a jlt 
between individuals’ learning styles and the requirements of 
their careers. People in the field of computer science are 
more likely to have an abstract learning style [21]. Learning 
computer science requires using logic and symbols, 
abstracting concepts, developing theories and models, and 
systematically analyzing problems. Clearly, abstract 
learners are much more comfortable with these kinds of 
learning situations. This may be the reason why abstract 
learners performed better than concrete learners in learning 
recursion. 
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R3: Do students with an abstract learning style learn 
recursion better when provided with abstract 
conceptual modek? 

R4: Do students with a concrete learning style learn 
recursion better ‘when provided with concrete 
colice$ual models? 

These two research’ questions deal with the interaction 
effects between conceptual models used in instruction and 
an individual’s cognitive learning style. The test of 
Hypotheses 5 through 8 provided the answer for these two 
research questions. No interaction effects detected on any of 
the three recursion performance measures (posttest: F = 
0.02, p = :89; retention test 1,~ F = 0.18, p = .67; and 
retention test 2: F = f.65, p = .20). These results suggested 
that abstract learners did not necessarily benefit more from 
abstract conceptual models, and concrete learners did not 
necessarily benefit more from concrete conceptual models in 
learning recursion. 

Conclusion 

The importance of conceptual models in teaching a complex 
domain has been established in the literature. The current 
investigation supports the use of concrete models in 
teaching novice programmers recursion. Yet, for 
intermediate or experienced programmers who may or may 
not have prior knowledge about recursion, which types of 
conceptual models are ‘favorable is still an open issue. 
Teachers shou$l be very cautious in adapting or designing 
concrete models. A concrete model needs not only to 
employ an analogy from a relatively concrete object but 
also to demonstrate the ,appropriate level of details of the 
internal mechanism. 

Though ,an individual’s learning style is not a measure of a 
characteristic such as intelligence, some styles may be more 
effective than others in certain situations. The results of 
this investigation as well as other studies suggest that 
,mdividuals with an abstract learning style tend to perform 
better in learning progr amming. In other words, individuals 
with a concrete learning style may have more difficulty in 
learning programming concepts such as recursion. As a 
teacher, it is important to identify these students and 
provide them with the support they need in order to succeed. 
Awareness of students’ learning styles may assist teachers 
in aligning their< teaching methods with their . students, 
rather than to their own personal learning style. In addition, 
teachers can assist students in evaluating and adapting their 
own learning styles and can use more versatile learning 
strategies to adjust to the instructional setting [S]. 

Finally, the match of learning styles with conceptual 
models is a theoretically sound instructional approach. 



However, the results of this study did not support this 
assertion.,Research in this field seems still too young to 
draw a definiie conclusion. More research needs to be done 
in the field. The present study investigated the abstract- 
concrete dimension of Kolb’s learning styles in learning 
recursion. It would also be interesting to know how the 
other dimension, active-reflective. relates to students 
learning recursion. The active-reflective dimension deals 
with aspects of active involvement in learning and may 
have interaction @Fe&s with the type of instructional 
methods provided. For example, reflective learners rely on 
observation and viewing things from different perspectives, 
but may not take any action in their learning. Traditional 
lecture-based instruction might be more appropriate for 
these students. On the other hand, active learners prefer 
experimenting with changing situations and getting things 
done through action. Activity-based instruction .such as 
group discussions ,or closed laboratory might be more 
appropriate for students .with this learning style. Future 
research should be designed to investigate how the active- 
reflective dimension of learning styles relates to the 
instructional methods provided. 
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