
www.manaraa.com
January 2002 Journal of Engineering Education 103

JEFFREY P. LANDRY
School of Computer and Information Sciences
University of South Alabama

J. HAROLD PARDUE
School of Computer and Information Sciences
University of South Alabama

MICHAEL V. DORAN
School of Computer and Information Sciences
University of South Alabama

ROY J. DAIGLE
School of Computer and Information Sciences
University of South Alabama

ABSTRACT

This study proposes that structured labs using groups can help fos-
ter individual student acceptance of software engineering method-
ologies. The technology acceptance model (TAM) is employed in
an empirical test using students in freshman and sophomore-level
programming courses. Our findings suggest that a structured
group lab experience does influence a student’s belief system re-
garding the usefulness of a software engineering methodology,
leading to an individual decision to accept and use the methodolo-
gy on a voluntary basis. On average, the  software engineering
methodology was accepted by the students sampled. We recom-
mend that structured group labs be designed to use peer groups, re-
inforce successful results, and use an iterative process design with
phase-by-phase deliverables.

I. INTRODUCTION

In today’s environment of increasingly complex and integrated
systems, software engineering methodologies are vitally important
for improving the quality and predictability of software develop-
ment projects.  Software engineering is widely viewed as a solution
to the chronic crisis of poor software quality, missed deadlines, cost
overruns, and abandoned projects [1]. Success as a software engi-
neering professional depends on a high level of competence and
confidence in software engineering methodologies [2]. To achieve
this competence, students must be taught effectively and encouraged
to use software engineering methodologies.

The task of motivating students to accept and use software engi-
neering methodologies is a difficult one. The aphorism that “you
can bring a horse to water, but you can’t make it drink” seems espe-
cially pertinent. The challenge for educators is similar to that of in-
dustry: given time pressures and other constraints, what can be done
to motivate students to use scientific, systematic, and disciplined
approaches to software development? Far too often, students and
developers rely on ad hoc and undisciplined approaches [1]. This
challenge can be formally stated as: how can computer science edu-
cators influence students so that they are motivated to voluntarily
adopt and use software engineering methodologies? 

In this paper we present a pedagogical solution to the challenge of
motivating students to adopt and use a structured, software engineer-
ing methodology. Our solution was based on research in the diffusion
of innovations [3], social learning theory [4], and the technology ac-
ceptance model [5], and attempted to incorporate some of the best
practices derived from research on group work and interaction. Our
technique of structured group labs [6] involved the use of instructor-
facilitated, peer-to-peer interaction in small groups to affect student
beliefs about the use of engineering methodologies. 

II. BACKGROUND

A. Software Engineering Principles
Basic software engineering principles are taught early in the

computer science curriculum. Most curricula present these princi-
ples as a variation of the traditional software development life cycle
(SDLC). In this cycle, software development is modeled as an iter-
ative, top-down progression of phases, each with clearly defined
and verifiable deliverables. This life cycle is typically presented as a
“formal” problem solving approach.

Student problem solving behavior can be classified along a con-
tinuum from impulsive  to reflective [7]. Reflective problem-solving
is characterized by thoughtfulness and looking back [8]. The
SDLC typifies the reflective problem-solving approach. Impulsive
problem-solving is characterized by a precipitous jump to an imple-
mented solution without either sufficient reflection or thought. Al-
though correct solutions can be conceived from an intuitive leap,
standard practice prescribes reflective approaches to software 
development.

We believe there are at least two reasons why some students tend
toward more-or-less impulsive problem-solving strategies [9]. The
first reason is that students often do not have to use reflective
methodologies. Even when required to submit each phased deliver-
able, the student has the option to behave impulsively and then 
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reverse-engineer the required submission. The second reason, and
the focus of this paper, is that they care not to do so.

B. Diffusion of Innovations Perspective
In trying to understand why students might not want to adopt

engineering methodologies, we looked for a theory that could ex-
plain the causal factors behind their lack of motivation. Diffusion
of innovations theory has been used extensively to explain adop-
tion behaviors [3, 10]. From this perspective, the readiness with
which individuals adopt an innovation is influenced by the way
potential adopters perceive the innovation in terms of its key
characteristics:  relative advantage, compatibility, complexity, tri-
alability, and observability (Table 1). Students, the potential
adopters, perceive that an SDLC methodology, the innovation,
has varying degrees of the qualities that make it attractive for
adoption. For example, a student might perceive that using a soft-
ware engineering methodology provides little relative advantage
over jumping to a coded solution on a simple, narrowly-focused
homework problem. From a cost-benefit perspective, the relative
simplicity of the assignment does not justify the overhead expense
of using the prescribed methodology. A student may also believe
that the SDLC represents a problem-solving approach that is in-
compatible, or at odds, with pre-existing values and norms estab-
lished in early, simple programming assignments. Perhaps a stu-
dent perceives that the formal, step-by-step methodology is
difficult to understand and use. A student may be reluctant to
adopt the SDLC because there is either little or no chance to ex-
periment with it on a trial basis, and reluctance to accept the
SDLC may be explained by the lack of being able to observe any
results and benefits from its use.

C. Social Learning Theory
We believe that a structured group lab can be an effective means

of affecting a student’s perception of the key characteristics of the

prescribed engineering methodology. We submit that this affect
can be explained by social learning theory. According to social
learning theory [4], learning is a social-cognitive process in which
individual beliefs are impacted by the individual’s experiences in the
social context. A key idea is that of vicarious reinforcement [4] in
which learners imitate the behaviors of others when these behaviors
are successful and reinforced.

The structured group lab provides a peer-to-peer environ-
ment for imitating both within and between-group usage behav-
ior. The instructor’s role is to facilitate reinforcement by pointing
out successful uses of the SDLC across the multiple solution
variants.

D. Technology Acceptance Model
A variety of theoretical perspectives have been developed to

examine the factors that influence technology usage. One stream of
research has focused on intention-based models [11, 12]. The
Technology Acceptance Model (TAM) is one such model [5, 13].
Based on the diffusion of innovations and social learning theories,
TAM (Figure 1) explains how beliefs about a technology innova-
tion affect individual decisions to adopt and use it. 

We employed TAM to explain and measure how the structured
group lab approach impacts students’ motivation to adopt software
engineering methodologies. Software engineering methodologies
can be classified as technological innovations. Research has found
that the key to getting individuals to accept a technological innova-
tion is getting the individuals to perceive the technological innova-
tion as useful and easy to use [5, 13]. Usefulness and ease-of-use are
based on Rogers’ generic characteristics (Table 1). The adapted
TAM for this study is depicted in Figure 2.

One aspect of the model that is of particular interest to this study
is the inclusion of external variables. “A key purpose of TAM is to
provide a basis for tracing the impact of external factors on internal
beliefs” [13]. External variables are interventions, such as “system 

Table 1. Innovation characteristics.

Figure 1. Technology acceptance model.
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design characteristics, training, documentation, and other types 
of support” [13], designed to influence user beliefs. A strength of
this inclusion is that external variables can represent interventions
made by change agents, such as either managers or educators, who
are trying to influence individual acceptance of information tech-
nology. We view structured group labs as an intervention that can
positively influence student perceptions about the usefulness and
ease of use of software engineering methodologies, leading to in-
creased acceptance and usage behavior. Research has shown that
external variables, such as participation in training, do influence the
learning process through the beliefs-attitudes-intentions pathway
posited by TAM [14].

III. THE PEDAGOGY—STRUCTURED GROUP LABS

The structured group lab [6, 15, 16] was designed to motivate
students to adopt the prescribed reflective approach over an impul-
sive approach to software development through the use of peer influ-
ence and reinforcement. Peer influence and reinforcement is posited
to occur both within and across groups. Within groups, students as-
sist each other in developing the deliverable for each phase of the
SDLC. Across groups, the instructor facilitates a discussion of the
strengths and weaknesses of various solutions. Peer influence and re-
inforcement in the group lab motivates students to want-to adopt a
more reflective approach in the following way. In the guided class
discussions, the instructor points out to students the relative advan-
tages of using versus not using the SDLC by using examples from
the groups. While working with peers, students go through a step-
by-step process of practicing the use of the SDLC so that: (1) they
are comfortable with the SDLC such that they perceive the SDLC
to be compatible with their own values and problem-solving norms,
especially as they learn vicariously, watching the successful results of
their peers get reinforced; and (2), they perceive that the SDLC is of
relatively low complexity (not difficult to use). The requirement
that groups submit one-at-a-time deliverables provides a trial use of
the SDLC. Through facilitated inter-group discussion, the results
and benefits of using the SDLC are observable by everyone in the
class.

In creating an environment that addresses the motivational fac-
tors thought to influence adoption and usage, we submit that par-
ticipation in a structured group lab will lead to increased individual
voluntary adoption and usage of reflective problem-solving ap-
proaches. The next section discusses the methods used for assessing
the impact of our particular approach.

IV. METHODOLOGY

In order to assess the influence of structured group labs on stu-
dent acceptance, we used a survey design to gather data from under-
graduate computer information science students enrolled in an 
introductory programming sequence (CS1 and CS2). The target be-
havior of this study was individual student use of a software engi-
neering methodology, defined as the software development life cycle
methodology, on take-home programming assignments. We were
interested in the extent to which a structured group lab experience—
where students practiced the SDLC in groups of three to five stu-
dents—would influence usage behavior on individual, take-home,
programming assignments.

A. Description of the Structured Group Lab
Early in the semester and before the structured group lab, the

students were lectured on the use and importance of the SDLC
methodology. The lab, conducted during a single class period, uses
an iterative approach. A class of students was separated into multi-
ple groups consisting of three to five students each. All groups
worked on the same introductory programming problem, such as
computing the amount of boards needed to build a fence around a
building. The groups were given a specific amount of time to devel-
op each deliverable (i.e., a design diagram or a coded solution) for
each step of the SDLC. At the end of this period, the instructor fa-
cilitated a discussion of the various solutions. The instructor provid-
ed feedback to reinforce the value of that step in the SDLC in solv-
ing the overall problem. For example, if one group found an
anomaly in the specifications and asked either a clarification ques-
tion or made a certain assumption, the instructor pointed out the
ramifications of that decision on the rest of the project, or asked if
any other group had thought of that issue. This process repeated for
each phase in the SDLC. The instructor’s final reinforcement was
the proclamation to “go out and do likewise” on the individual,
take-home, programming assignment.

B. Measures
We designed and piloted a survey questionnaire to test our model

(Figure 2) and the impact of the structured group lab on student mo-
tivation and adoption behavior. Items for the scales to measure each
of the variables listed in Table 2 were derived from prior studies of
TAM [13, 17]. From TAM, usefulness and ease-of-use are retained
as the salient beliefs proposed to influence an individual’s attitude
about adoption. These constructs were operationalized as perceptions
of usefulness and ease-of-use as formed in the structured group lab 

Figure 2. Adapted TAM.
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environment. Since this study was interested only in the impact of
the structured group labs on student beliefs about using SDLC, and
not on the impact of either readings or the instructor’s lectures, the
belief constructs were operationalized so as to isolate student percep-
tions to their experiences in the group lab. All items were formulated
using a seven-point semantic differential scale with bipolar adjec-
tives. Behavior items represented self-reported usage.

C. Pilot Study
A pilot study was conducted to assess the validity and reliability

of all measurement instruments and to make a preliminary assess-
ment of the model relationships. Twenty-five CIS students en-
rolled in an introductory programming (CS1) course were adminis-
tered the instrument. Item analysis was used to streamline the scales
to either three or four items per construct. Items with low reliability
were either dropped or revised. 

D. Data Collection
The final instrument was administered to 34 students. The data

were collected in two waves in order to reduce the effects of com-
mon method variance. Shortly after participating in the structured
group lab and before working on an individual assignment, the stu-
dents responded to survey questions on all variables except the de-
pendent variable. The variables measured in the first phase included
student beliefs, determinants of intention and their intention to use
the SDLC on programming assignment. After completing the in-
dividual, take-home, programming assignment, students were ad-
ministered the dependent variable items to assess the extent to
which they used the SDLC.

E. Construct Validity
The revised scales exhibited a high level of construct validity. The

scales were subjected to iterative factor analysis to assess construct va-
lidity. The analysis of the factor loadings � for each construct revealed
significant loadings as predicted. The factor loadings ranged from
0.745 to 0.996. Internal consistency, or reliability, was assessed using
Cronbach’s Alpha coefficient. Overall, the scales exhibited high levels

of reliability. The reliabilities ranged from 0.849 to 0.977. A summary
of the scale characteristics is provided in Table 3.

V. RESULTS

Scale limits for all of the measurement constructs ranged from 1 to
7, with “1” at the high end of the scale, “4” at the midpoint, and “7” at
the low end. The mean score for usage behavior of 2.65 indicates that
students, on average, did consistently apply the SDLC on their take-
home assignment. Mean scores for student beliefs about the ease of
use and usefulness of the SDLC, attitude toward using the SDLC,
and intentions to use the SDLC were also high, ranging from 2.30 to
2.90 (Table 3).

The overall fit, predictive power, and path significance for the
model (Figure 3) were examined using Amos 3.6, a structural
equation modeling software tool [18]. Overall, the fit statistics
suggest that the model fits the observed data quite well (�2�3.74, 
p� 0.442). The �2 is not significant at any alpha level, and all the
other fit statistics are well within range. The model accounts for
33% of the variance in behavior, 60% of the variance in intention,
and 84% of the variation in attitude.
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Table 2. Constructs used in this research.

Table 3. Scale characteristics.

Figure 3. Model with path coefficients.
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The hypothesized relationship between perceived usefulness and
usage was significant along the beliefs-attitudes-intentions-behav-
ior path. These results are consistent with prior TAM studies,
which suggest that perceived usefulness indirectly influences usage
and intention through attitudes. The level of statistical significance
is somewhat impressive in light of the small sample size (N� 34).
The direct effect of perceived usefulness on intention was not sig-
nificant. This is not surprising given that this path was included to
account for intentions formed in an organizational setting above
and beyond the positive or negative feelings evoked toward the be-
havior. Students in a classroom are not exposed to the same reward
structures found in most organizational settings. The direct effect of
perceived ease of use on attitude was not significant. Prior studies of
TAM have found that the influence of perceived ease of use is
equivocal and often mediated by perceived usefulness. Our findings
confirm this observation. The significant path from perceived ease
of use to perceived usefulness suggests the influence of the perceived
ease of use on attitude is mediated by perceived usefulness.

VI. DISCUSSION

In this study we examined the influence of structured group
labs on student acceptance and usage of software engineering
methodologies by measuring student usage behavior of a software
engineering SDLC on take-home programming assignments.
Our findings suggest that the structured group labs motivated stu-
dents to adopt voluntarily and use software engineering method-
ologies on their individual programming assignments by influenc-
ing their beliefs about the usefulness and ease-of-use of the
SDLC.

The emphasis of the structured group lab was not so much how
well individuals and groups performed in the lab, but how the lab
experience affected their motivation to use the methodology in
completing an individual programming assignment. The implica-
tion of this study is that a structured group lab can influence student
beliefs about a prescribed software engineering methodology such
that the student, as an individual, will  want to use the methodolo-
gy. The results indicate, furthermore, that the motivational impact
of structured group labs can result in a high level of acceptance of a
software engineering methodology. These results are important be-
cause the promise of software engineering methodologies can only
be realized if students believe that these approaches work and use
them accordingly.

We believe that structured group labs have the potential to work
for a variety of software engineering methodologies. The following
key recommendations for designing a structured group lab are of-
fered: use peer groups for vicarious learning; reinforce successful 
results for the observability of specific benefits of using the methodo-
logy; and structure the lab iteratively, with phase-by-phase deliver-
ables, so that students can start to become more comfortable with
and proficient with the methodology through trial uses. If these
guidelines are followed, our results suggest that student adoption will
be affected through the beliefs-attitudes-intentions causal chain, re-
sulting in the desired motivational effect.

Furthermore, our study provides educators with a means of eval-
uating the effectiveness of their structured group labs. Although the
TAM-based survey questions used are specific to the SDLC used
in this study, the items can easily be modified to fit any prescribed

engineering methodology. Educators can use the modified ques-
tionnaire to track changes in student beliefs, attitudes, intentions
and behaviors over a semester, thereby assessing the impact of the
structured group labs on student motivation.
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