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Abstract: 
 
A significant number of studies have examined the use of action research in different 
learning areas (Lewin, 1947; Hult & Lennung, 1980; McTaggart, 1991; Whyte, 1991; 
Tesch, 1990; Schein, 1987; Selener, 1992; Baskerville & Pries-Heje, 1999; Mordock & 
Krasny, 2001; Baskerville & Wood-Harper, 1996).  Most of these studies have focused on 
the use of action research to promote meaningful learning in a variety of instructional 
settings. Others have employed five cycle action research with an intention to repeat 
action research after certain learning outcomes have taken the place (Checkland, 1981). 
Checkland (1981; cited by Baskerville & Wood-Harper, 1996:237) applied action research 
in the methodology of systems development in Information Systems.  
 
The purpose of this paper is to explain an action research approach during which different 
techniques and instructional strategies were applied with the aim to enhance 
technological problem solving in the ISD context.  
 
This research was based on a qualitative, action research approach. Seventeen students 
at an institution of higher education expressed their experiences in an essay, journals and 
a focus group interview, concerning the interventions during web design. The teacher 
expressed her experience of instructional interventions through the retrospective interview. 
The teacher diagnosed, planned and implemented appropriate instructional strategies and 
techniques in the project-based classroom.   
 
Keywords: Action research, technological problem solving, Information Systems 
Design  
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INTRODUCTION 
 
The current instructional methodology in the project-based classrooms is inadequate to 
promote technological problem solving. Educators must seek to develop an individual who 
has the ability to solve technological problems, evaluate the technology product; one who 
is innovative, critical, responsible and effective (South Africa, 1997: 9-91). These facts 
determine the direction and the urgency of improving techniques and strategies in the 
Information Systems Design (ISD) context including web design, which necessitates an 
activist research paradigm (Jakovljevic, 2002).  
 
The research literature on ISD is mainly concerned with the phases in the design and 
development of information systems, technologies, and technical devices with which to aid 
learning (Powell, 2000; Harris, 1999).  There is no adequate monitoring of teaching and 
learning processes during ISD.  Instructional aspects in a project-based classroom are not 
systematically investigated, and no steps are taken to plan, implement and evaluate 
different instructional strategies and techniques. Little evidence exists in research findings 
on the systematic monitoring of instructional strategies and techniques, as well as the 
influence of the latter on the facilitation of technological problem solving skills of learners.  
Even if the instructional methodology is considered problematic during ISD its change is 
not prepared and executed in phases.  
 
Learners lack the skills for: clearly defining the problem (Cotton, 1995:140); techniques in 
handling the business analysis and design as crucial stages in the system development 
life cycle (SDLC). The SDLC is the structured sequence of operations required to 
conceive, develop and build information systems (IS) (Powell, 1999; Harris; 1999; Shelly, 
Cashman and Rosenblatt, 2001). 
 
Research literature indicates the need to change strategies and techniques in the ISD 
context, to simultaneously create and investigate changes in the process with new 
instructional strategies and techniques (Susman, 1983; Mordock & Krasny, 2001; 
Baskerville & Wood-Harper, 1996). Applying action research in the methodology of 
systems development (Baskerville & Wood-Harper, 1996) could improve instructional 
strategies and techniques and help the teacher in facilitating technological problem 
solving.  Action research is an iterative process with five phases: diagnosing, action 
planning, action taking, evaluating, and specifying learning (Susman, 1983; cited by 
Baskerville & Wood-Harper, 1996: 238).  
 
The purpose of this paper is to explain an action research approach during which different 
techniques and instructional strategies were applied with the aim to enhance 
technological problem solving in the ISD context.  
The research question addressed in this paper is:  
 
How an action researh approach can contribute to  technological problem solving  
 
In considering the purpose of this study, in-depth research on the aspects related to the 
action research approach (Susman, 1983; Baskerville & Wood-Harper, 1996) and its 
application to the ISD environment were emphasised. The inability to handle the 
technological problem solving needs of learners through present instructional strategies 
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and techniques has resulted in the construction of the instructional web design programme 
(IWDP) with the set of pre-defined learners’ tasks and activities and the teacher actions. 
The IWDP provided opportunities for the teacher to apply action research in a project-
based classroom. 
 
 
This paper reports on findings based on learners’ and the teacher’s experiences of 
changing instructional methodology through action research in a project-based classroom 
at an institution of higher education in Johannesburg, South Africa.  
 
THE FRAMEWORK FOR ACTION RESEARCH IN AN ISD CONTEXT 
 
The IWDP as a basis for action research  
 
The Outcomes-Based (OBE) instructional web design programme was designed, 
developed and implemented at a higher educational institution (HEI). This formed the 
basis for integrating the action research approach into an ISD environment. 
 
In developing the IWDP it was necessary to consider the importance of the 
interdependence between conceptual and procedural knowledge (McCormick, 1997: 149) 
relevant to the ISD context (Jakovljevic, Ankiewicz & De Swardt, 2003). This 
interdependence is supported through the current constructivist focus in technology 
classrooms, which is moving towards facilitating thinking skills and concentrating on 
activity-based and reflective practice, informal and peer-based learning (Jakovljevic, 
2003:11).  
 
Although the IWDP was deeply embedded in the theoretical framework on learning 
theories and instructional strategies its implementation demanded an activist research 
approach (Jakovljevic, 2002).  Changing conditions in the project-based classroom and 
the complex nature of ISD demands innovative techniques and instructional strategies, 
which highlight the application of the action research approach. Learners’ activities and the 
teacher’s actions (instructional strategies) embedded in the IWDP aided the teacher and 
learners whilst following the action research approach.  

 

Action research in the context of this study 
 
Action research first arose in the work of Kurt Lewin (Lewin, 1947). Action research 
provides a clinical research method based upon a qualitative, post-positivist philosophy of 
science (Baskerville & Pries-Heje, 1999: 3). “Action research places the researcher in a 
‘helping role’ within the organisation that are being studied” (Schein, 1987: 11; cited by 
Baskerville & Wood-Harper, 1996:235).  
 
The best approach in studying complex social problems is by observing the processes of 
the latter, applying changes and evaluating changes through the participation of a 
researcher in the study. In this study we use an action research approach which is a part 
of participatory action research (PAR) (Mordock & Krasny, 2001).  
 
May, Bowman, Ramos, Rincones, Rebollar, Rosa, Saldana, Sanchez, Sema, Viega, 
Villegas, Zamarano, Ramos (2002) define PAR as a continuous reflective dialectic 
between the theory and application of knowledge involving a repetitive research cycle. 
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According to these researchers there are three types of shared control: input control 
(whether the study will be done and, if so, with whom and where), process control (how 
the knowledge will be produced) and output control (how the knowledge will be used). 
Innovative classrooms encourage learners to take control of their learning and may be 
particularly well suited for the PAR approach (Mordock & Krasny, 2001). 
 
Mordock and Krasny (2001:18) see participatory action research as a dialogue between 
the researcher “who brings multiple outside perspectives” and the insider “who brings 
experience and detailed understanding of their settings” ... “the researcher must relinquish 
control of the process and make decisions collaboratively.” Similarly, the action research 
approach in a project-based classroom places an emphasis on the collaboration between 
the teacher and the learners involving learners in the process of decision making and 
evaluation of their learning process. 
 
Through the action research approach the researcher identifies a problem, collects 
information and acts upon the problem in collaboration with learners (Dehler, 1995; 
Selener, 1992). This approach calls for collecting data during the action, evaluating the 
impact of changed instruction and engaging learners and the teacher through an iterative 
process. The knowledge embedded in the local context is essential to the accurate 
understanding of problems and the construction of effective interventions (Hughes, 2003). 
 
There is a need for an explicit identification and a clear conception of thinking skills in a 
technology-based learning environment (Johnson, 1997:172). This can be established 
through explicit control and activity-based practice using action research approach. 
Furthermore, action research assists problem solving, knowledge gained by learners, and 
increasing competencies in a collaborative and ethical framework (Hult & Lennung, 1980; 
cited by Baskerville & Wood-Harper, 1996:238-239).  
 
The urgency of improving technological problem solving in the ISD context necessitates an 
activist research paradigm: to simultaneously create and investigate changes in the 
process with new instructional strategies and techniques.  It was considered necessary to 
change instructional strategies and techniques in the project-based classroom in order to 
improve technological problem solving.  It was also necessary to practice learners’ 
evaluative and reflective skills through action research approach.   
 
The phases of action research in a project-based classroom  

 
A feature of action research is that participants require a close and collaborative 
relationship in order to change practice and generate new knowledge (Williamson & 
Prosser, 2002). There are typically four phases, namely: a planning phase, an action 
phase, an evaluation phase, and a reflective phase (Williamson & Prosser, 2002). To 
achieve scientific rigor after establishing a research environment an activist research 
approach supports five iterative stages (diagnosing, action planning, action taking, 
evaluating and specifying learning) (Baskerville & Pries-Heje, 1999:4; Susman, 1983). 
Baskerville and Wood-Harper (1996:237) mentioned the importance of imposing a 
structure on action research. The following stages of action research suggested by 
Baskerville and Wood-Harper (1996) have been adjusted to the specific nature of this 
study:  

o Diagnosing refers to the initial identification of problems and their nature in the 
project-based classroom that will produce a working hypothesis. 
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o Action planning is based on a theoretical framework of constructivism and 
behaviourism. This should relieve or solve the identified problem by specifying an 
instructional strategy or technique as well as the aim of action. 

o Action taking means implementing the appropriate action with direct or indirect 
application of an instructional strategy or technique.  

o Evaluating refers to the evaluation of the instructional strategy or technique.  
o Specifying learning is centred on the restructuring of the learning environment in the 

project-based classroom as the result of the acquisition of new knowledge, or 
preparation for further action research and final conclusions which will direct future 
research. 

The five phases of action research were applied in a project-based classroom (Baskerville & 
Wood-Harper, 1996). In addition the sixth phase was included, namely, implementing 
specified learning to allow further improvement of instructional methodology.   
 
RESEARCH DESIGN 

Research approach 
 
This research can be described as a qualitative, single case study as the learning 
experience of students is investigated relating to a specific event in a bounded context 
(Creswell, 1994; Yin, 1994; Merriam, 1998). In this case study, action research was 
applied to simultaneously investigate and create changes during the web design with new 
instructional strategies and techniques. 
 
Profile of the students, setting and intervention   
 
In this study two distinct mixed cultural groups of learners were identified. These consisted 
of five second-year learners (2 females and 3 males – average age of 20) enrolled for the 
Information Systems Diploma at a Technikon, 12 first-year learners (5 females and 7 
males – average age of 19) enrolled for the International Diploma in Computer Studies at 
a Higher Education Institution. Participants from the two groups presented a purposive 
convenient sample, as they were available and inexpensive to this study (Patton, 
1980:104).  
 
The researcher of this study organised an extra-curricular classroom in a well-equipped 
computer centre at a university and presented the IWDP in order to teach learners web 
design (Jakovljevic, 2002). The researcher who played the role of the teacher presented 
the IWDP once a week for 13 weeks, with duration of four hours per session.  
 
 
The implementation of the IWDP had different impacts on learners’ experiences, revealing 
some problems with instructional methodology in the project-based classroom. The 
following learning and teaching aspects in the project-based classroom were diagnosed as 
problematic: understanding of programming techniques through direct instruction, and the 
use of standard data flow diagrams (Jakovljevic, 2002).  Changes in instruction were 
subsequently planned, and the following instructional strategies and techniques were 
implemented through action research approach and evaluated by the learners: 
discussions in small groups, programming techniques and the columnar data flow diagram 
(CDFD). The columnar data flow diagram (CDFD) represents the logical structure of the 
intended information system with input, processing and output elements placed in the 
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visual field of learners in a form of columns (Jakovljevic, 2002:146). The purpose of the 
diagram is to visually depict procedural knowledge pathways (Mende & Mohomed, 
1999:1).   
 
Because variations in the IWDP implementation are not assessed, and controls for aspects 
other than the instructional intervention are absent, one cannot conclude that observed 
improvements are the result of the programme. However, implementing and re-evaluating the 
instructional intervention by both parties (the teacher and learners) could contribute to a more 
accurate conclusion regarding specified learning.  
 

Data gathering methods and analysis of data  
 
An experienced interviewer conducted the retrospective interview with the teacher and a 
focus group interview with the learners. Learners wrote an essay expressing their 
experience on learning after a particular instructional strategy/technique was implemented 
in the project-based classroom. Their experience of the adaptation of instruction was also 
recorded in journals written after each session of the course, as well as in the focus group 
interview.  
 
The constant comparative method was applied to the data within interviews and between 
interviews (Merriam, 1998). The following measures were used for judging the validity of the 
research design: reliability, construct validity and internal validity (Creswell, 1994; Yin, 1994; 
Merriam, 1998).   
 
RESULTS 
 
The results of the teacher and learners’ experience of a change in instructional methodology 
during the action research approach were presented in this section. 
 
Figure 1 presents an overview of the teacher’s and learners’ experience of the action 
research approach. 
 
[Place Figure 1 here] 
 
 
Figure 1: An overview of the teacher’s and learners’ experience of the action research 
approach 
 
The symbols in the diagram (Figure 1) represent the following categories: 
 
a) Innovative techniques such as columnar data flow diagrams and a variety of 

programming techniques were implemented during the action research approach 
advancing technological problem solving  

b) A pre-defined set of learners’ tasks and a variety of teacher’s actions were utilised 
during the action research approach in promoting technological problem solving  

c) Six phases of action research approach guided the change and sequence of instruction 
providing the means for enhancing technological problem solving 

d) Opportunities to experience innovative strategies and techniques and to evaluate their  
impact on learning processes through the action research approach enhanced 
technological problem solving 

e) ISD is easier to learn through discussions in small groups applied during the action 
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research approach which in turn, will advance technological problem solving 
 

Findings regarding the teacher’s experience of action research approach  
 
Emerging from the interview and classroom observations relating to the teacher’s 
experience of action research approach, the following findings were made: 
 

a) Innovative techniques such as columnar data flow diagrams and a variety of 
programming techniques were implemented during the action research approach 
advancing technological problem solving  

 
The teacher made the following observations: Learners expressed difficulties in drawing, 
reading and understanding the standard data flow diagram during the system analysis. 
The teacher diagnosed the problem, planned and implemented the CDFD. A set of pre-
prepared self-reflective questions in addition to questions proposed by Mende, et al (1999) 
accompanied the use of the diagram, which promoted their thinking skills. 
 
The following are some of the more important extracts from the interview with the teacher: 
”They were completely lost [learners], they had no clue how to complete the design (using 
the standard data flow diagram)… the shift in teaching was applied… the columnar type 
DFD … this helped in system design…” 
 
During the action research approach it was observed that in drawing the CDFD, learners 
broke up the design process into simple steps. They sketched the contents of each 
column on the paper and afterwards they used a word-processing program to draw all 
components for each column in a clear readable format. They drew CDFD using the 
columnar format asking themselves several questions and thinking loudly.  Learners were 
excited, discussing components of each column.   
  
The teacher recognised the problems in teaching programming skills and a variety of 
programming techniques were planned, immplemented and evaluated through action 
research approach. The teacher commented: “… programming tools are very difficult tools 
for learning… programming takes months and hours of training… I had to adapt teaching 
methods… different programming techniques were applied”. 

 
The teacher observed that the following programming techniques applied during the action 
research approach stimulated learners’ efforts in programming tasks: demonstrating the 
syntactical and semantic meaning of code using visual means; guiding learning programming 
through the Internet; breaking the code into logical blocks; using case studies; providing 
multiple programming tasks; working in teams with peer tutoring.  
 
b) A pre-defined set of learners’ tasks and a variety of the teacher’s actions were utilised 

during the action research approach in promoting technological problem solving  
 
The teacher commented that:  “…it was very important to have a structure consisting of 
tasks, activities … as well as a variety of the teaching actions … which have guided me in 
changing instruction and helped me to organise the work and to lead them towards thinking..” 
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It was observed that the set of learners’ tasks and activities and a variety of the teacher 
activities to choose from (for example, explanation, demonstration, modelling, questioning, 
discussions, dialogues, inquiry/investigation, lecture, and whole class instruction) set a basis 
for the action research approach. 
 
c) Six phases of the action research approach guided the change and sequence of 

instruction providing the means for enhancing technological problem solving 
 
The teacher commented: “I had to adapt teaching methods…I had to implement teaching 
methods again in order to test and teach thinking skills and reflective strategies…”  
 
The teacher observed that implementing and evaluating the change in instruction during 
the action research approach resulted in positive reactions from learners. However, this 
specified learning raised a need for further evaluation of the instructional strategies and 
techniques in the project-based classroom. An additional phase of the action research 
approach was included, namely  ‘implementing specified learning‘. This was included to 
evaluate the applicability of the instructional strategies and techniques in promoting 
technological problem solving. 
 
Instructional strategies and techniques (CDFD and small group discussions) were 
implemented again with different sets of learners’ tasks and activities. The teacher and 
learners observed the impact of the instructional strategies and techniques, the following 
problem was identified: the diagram was not ideal for the detailed system design. The 
teacher planned and implemented peer tutoring to accompany the use of the diagram 
which raised learners’ self-confidence in technological design and helped them to visualise 
the intended system.  
 
Findings regarding learners’ experience of action research approach  
 
Emerging from the focus group interview, an essay and journals relating to the learners’ 
experience of the action research approach, the following findings were made: 
 
d) Opportunities to experience innovative techniques and to evaluate their  impact on 

learning processes through the action research approach enhanced technological 
problem solving 

 
Learners were exposed to the CDFD as an innovative technique through the action 
research approach. The following are some of the more significant extracts from the focus 
group interview regarding drawing, reading and checking data flows: “ good, enjoyable, 
awaking, busy, alert, productive, fine, fair, nice, difficult, knowledge building, exciting, 
difficult but good, inspiring…” 

 
Learners evaluated the use of the CDFD in an essay and the following comments were 
made: “ Drawing DFD in columns helped us to focus on the major design steps. I could 
trace data… there was no confusion when I was checking for an error in the flow... I could 
not link data using the standard DFD… now I can see the whole picture… I understand 
what comes first and last… everything was clearly visible... when I was drawing other 
diagrams I had to turn pages, I was lost…” 
e) ISD is easier to learn through discussions in small groups applied during the action 

research approach which in turn, will advance technological problem solving 
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Direct teaching was perceived as inefficient in teaching web design. Discussions in small 
groups were planned and implemented during the action research approach, becoming 
the predominant method of instruction in the project-based classroom.  
 
Learners evaluated the change in strategies and made the following comments in an 
essay: “It is better to have a discussion with the teacher than attempting to do it 
yourself”… “If the lecturer is part of the group each student gets individual attention”... “I 
think that the group method is better because everyone shares their ideas”… “ When I am 
sitting in a group I find it easier to think and put across my ideas”… “ I prefer talking within 
the group because we are more attached (close) to the lecturer than when she is 
lecturing”... “Individual questions are better attended without distracting other students”… 
 
Discussions in small groups left learners with the notion that it was “…easier to think and 
put across my ideas” and feel  “close” to the lecturer. The direct participation of the teacher 
proved to be essential during the action research approach, as learners felt lost if left on 
their own.  
 
DISCUSSION 
 
Learners enjoy innovative techniques such as CDFD and small group discussions, which 
support varying knowledge demands in the technology classroom (McCormick, 1994). 
Learners prefer the action research approach that gives them opportunities to monitor their 
own thinking processes and evaluate changes in instruction during the ISD. Furthermore, 
the action research approach helps them to concentrate on the development of conceptual 
and procedural knowledge (McCormick, 1997).  
 
Five phases of action research were applied in a project-based classroom (Baskerville & 
Wood-Harper, 1996). One more phase was established, namely ‘implementing specified 
learning’ that lead to an iterative action research process with six phases.  Moderative and 
reflective processes are necessary to re-evaluate the instructional strategies “as the 
newly-changed practices can be further investigated and spirally re-visited” (Williamson & 
Prosser, 2002: 2).  
 
Previous researchers have found that developers often have difficulties in drawing, 
reading and checking DFD’s, even when the systems they are developing are relatively 
simple (Hahn & Kim, 1999: 183; Mende & Mohomed, 1999: 4). By changing the common 
representation of the data flow diagram to a columnar representation in conjunction with 
the action research approach (Mende & Mohomed, 1999:1), the teacher noted an 
improvement in teaching system design.  
 
Technology discussion provides a ground for “… independent and resourceful thinking” 
(Smallwood, 1995: 5).  Literature supports the idea that the most striking influence on 
creativity is reflected in the refinement of ideas through discussions, teamwork, 
brainstorming and problem solving exercises, which are applied as tools for creativity 
(Edminson, 1995:28).  The fact that learners were involved in the generation and 
refinement of ideas within small groups, with the application of the action research 
approach positively influenced their technological problem solving skills. 
 
Conducting the action research approach in cooperation with the teacher while working on 
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real-life projects enhances critical thinking and problem solving skills (Morrow, 1999; Hart, 
1997).  Creation of the ideal learning environment and the interpersonal context frees 
learners to learn through an interactive model of teaching and learning (Laurillard, 1994: 
268). It involves the teacher and learners to be “…personally and professionally inviting 
with each other and with themselves” (Purkey & Novak, 1984: 55).  
 
Through the action research approach, the researcher of this study was able to discover 
how thinking evolves by changing instructional strategies and techniques, during the 
implementation of the IWDP.  The implementation of different instructional strategies and 
techniques through the action research approach served as an aid to the teacher in 
promoting technological problem solving.  
 
By comparing the findings it is possible to conclude that the theoretical framework on 
action research and implementation of six phases of action research was adequate in 
promoting technological problem solving of learners in the project-based classroom. 
IMPLICATIONS OF ACTION RESEARCH FOR INSTRUCTION IN AN ISD CONTEXT 
 
The following implications from an action research approach in an ISD context, for 
technology instruction, can be drawn: 
- An action research approach can contribute to technological problem solving as learners 

are actively involved in evaluating and testing the instructional strategies and techniques. 
They choose the instruction which corresponds to their style of learning, technological 
knowledge and experience. 

- During the six stages of the action research appraoch, innovative strategies are 
enhanced and, in turn aid the teacher in the facilitation of technological problem solving. 

- A pre-defined set of learners’ tasks and activities and corresponding teacher activities 
placed within the IWDP guide learners and the teacher during the action research 
approach and provide the opportunity to concentrate on the facilitation of technological 
problem solving.   

- Changing instructional methodology through the action research approach suite the 
dynamic and complex nature of learning and teaching in the ISD context. 

 
Based on the findings of this research, attention should be given to the relevant conceptual 
framework of the IWDP, which influenced an appropriate instructional methodology in the 
implementation of the action research approach in an ISD context. 
 
Learners should take control of their learning by encouraging a change in instruction and 
contributing to its evaluation. If teachers are taught how to implement an action research 
approach in a project-based classroom, many instructional pitfalls could be discovered and 
solved. 
 
In conclusion, action research holds great promise, particularly as a way of empowering 
learners through innovative techniques and instructional strategies during information 
systems design.  The implementation of the action research approach revealed new paths 
in the facilitation of technological problem solving in the ISD context. 
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