


undertake tests and for progress to be monitored by both students and instructors. As a result, the system
was nicknamed, the Task-Test-Monitor (TTM) system.

The system is very simplistic in nature. Instructors upload their instructions for tutorial tasks in PDF
format while test quizzes are uploaded both in PDF and Excel formats. The questions, answers and
feedback contained in the Excel spreadsheet are converted to database records by a web service to
subsequently facilitate administering the tests to students as many times as they wish, at any time and
from anywhere they wish as well as automate the provision of feedback after each attempt and keep track
of results.

The intended usage of the system is for students to perform the tasks in class and on completion of the
task attempt the corresponding test to self-assess understanding of the task. On unsatisfactory
performance, the expectation is for a student to review the task and re-attempt the test until satisfactory
performance (and hence satisfactory understanding of the task) is achieved. This is in line with Bloom’s
(Bloom 1968) Mastery Learning teaching approach and Keller’s Personalised System of Instruction
(Keller 1968). However, in practice these sequences of events may not happen, as some students may
attempt the test the before the task or not perform the test at all. Others may think that the tests are good
for revision and hence are to be attempted at the end of the semester. Others may choose to do neither
tasks nor tests and only attempt the assignments. In any case, no attempt is made to enforce rules on how
to use the system as students are free to use it in the way they think fit or not use the system at all.
Another important point is that the system is not used for graded assessment purposes. It is designed as a
learning system to help students to take control of their learning and self-assess their progress.

Wherever appropriate, each task is accompanied by a short test consisting of five multiple-choice
questions. Students are allowed to re-attempt the tests as many times as they wish. To that end, when
students complete a test, they are provided with immediate feedback (as shown in Figure 1). The
feedback informs students why their selected answer is correct or incorrect. That is, the feedback does not
give away the correct answer when students have selected an incorrect response. This provides value in
students re-attempting the tests.

Figure 1: Feedback provided by TTM system

TTM also provides students with feedback regarding their performance. For example, students are shown
result graphs of their last five attempts for each test they undertake, graphs displaying their highest scores
for each week of the semester, graphs showing their highest scores for each test, and progress bars
indicating overall progress in each TTM course they are undertaking.

There is no prescribed manner on how to use the TTM system. Thus, its simplicity is advantageous as it
allows for flexible usage. Instructors are able to integrate TTM into their teaching approach as best suits
them.



4 EVALUATION

The proposed teaching approach and technology-based supporting systems were trialled in three
information systems (IS) courses. These included two technical courses that focus on programming
applications for business purposes. The first course is an introductory information systems development
course while the second is its successor. These two courses are typically taken in the first and second
years of study respectively. The third course is on the development of e-business systems and although it
contains a technical element (development of web-based systems), it is primarily focused on the business
aspects of information systems. This course is typically taken in the second year of study.

Each of these courses is delivered as a one-hour lecture and a two-hour tutorial per week. The existing
materials for these three information systems courses were significantly re-worked to fit into the teaching
approach. This required the existing tutorial materials to be reviewed and divided into smaller bite-sized
tasks that were scaffolded on top of each other and were made testable (through multiple-choice tests).

During the tutorials, students were given access to the TTM system, which would provide them with their
tasks and tests. Students were told that they could re-attempt the tests, which carried no graded
assessment marks, as many times as they wished. In these information systems courses, the tutors
consulted students individually every few weeks. The consultation typically involved the tutors reviewing
the student’s performance in the TTM system, which recorded their number of attempts and scores for
each test.

The teaching approach and its supporting web-based system was used for the entire 12 weeks of the
semester for each of the three courses. Due to time restrictions, students were asked to volunteer to
participate in the research at the end of week 7 (after it was deemed that they had gained enough
familiarity and experience with the approach and system to make useful contributions to the research).

4.1 Experimental Design

The basis for evaluating the usefulness of the approach was a retrospective pre-test (RPT), also known as
the “then test” (Howard, 1980). Retrospective pre-tests have been used instead of traditional pre- and
post-tests to examine intervention outcomes as they can control some issues associated with pre- and
post-tests approaches. These issues include (Nimon et al. 2010; Pelfrey 2009): (a) understanding of the
question or statement prior to being identified in an intervention (also referred to as sensitisation effects),
(b) exaggerated self-rating of ability prior to intervention (also referred to as response shift bias), and (c)
requiring respondents of the pre-test to also participate in the post-test.

Conducting a pre-test prior to the approach being implemented relies on the availability of the same
students to complete the post-test afterwards. This necessity is avoided through the single administration
of the questionnaire in a retrospective pre-test format. Subsequently, it is recommended that retrospective
pre-tests be used for examination of subjective experiences of program-related change (Hill & Betz
2005).

The retrospective pre-test is administered after an intervention has been put in place. Participants are
asked to respond to each question/statement in the survey, as they perceived the response prior to the
intervention. Participants then respond to the same question/statement, as they perceived the response
after the intervention. This is commonly achieved through two Likert scales with one scale representing
the pre-intervention responses and the other representing the post-intervention responses.

To answer the questions in the questionnaire accurately, students must understand the question and its
context in relation to feedback received through their education. Through this questionnaire, students are
asked to compare their feedback experiences between the TTM course they are undertaking and previous
non-TTM courses they have completed. When not exposed to an alternative form of feedback, students
become accustomed to the feedback they receive from most courses. Because of this, students may rate
the feedback they receive from non-TTM courses higher than expected. This is commonly referred to a
response shift bias. Once students have experienced TTM, they are exposed to an alternative feedback



(whether they find this an improvement or not) and can compare this to the usual feedback they are
accustomed to.

4.2 Questionnaire Survey

Research participants completed a questionnaire survey, which focused on their perception of the quality,
quantity and timeliness of feedback they received. Parts of the questionnaire survey used a retrospective
pre-test as a mechanism for students to compare their experience with the new teaching approach against
approaches used in their previous courses.

The questionnaire survey used was composed of four sections. The first section enquired about
demographic details while the second section contained questions about students’ preferences for
different types of feedback (e.g., verbal, written, etc.). The third section focused on students’ perceptions
of feedback using the TTM approach and the fourth section focused on how TTM affected students’
learning.

The third section of the questionnaire used a retrospective pre-test format. Thus, students were asked to
answer each questionnaire item twice: once for courses which they have undertaken that did not use TTM
and once more for the TTM-based course which they were currently undertaking. This allowed us to
determine the difference between what students thought of non-TTM and TTM-based courses. The items
for this section of the survey were adapted from their original source (Rowe & Wood 2008) into a
retrospective pre-test format. The items enquired about students’ feedback experiences in non-TTM and
TTM-based courses and a sample of the questions are shown in Figure 2.

Please circle the option that best indicates how much you agree with the following statements in similar
courses THAT DID NOT USE TTM and THE COURSE THAT USED TTM.

SD=Strongly Disagree D=Disagree N=Neutral A= Agree SA=Strongly Agree
NON-TTM COURSES TTM COURSE

ritten feed.back is often difficult to read or sb o N A SA sb b N A SA
poorly explained
| can discuss & clarify the feedback with my sb D N A SA sD D N A sA
lecturer/tutor
Comparison against the rest of the class is sb D N A SA sD D N A SA
helpful
Personal feedback is better than generic sb D N A SA sD D N A SA
feedback
Written feedback |s.unr.ellable because the sp b N A SA sp D N A SA
assessor can be subjective
The glrade/mark is more important to my sb D N A SA sb D N A SA
learning than the feedback
I like it when | am guided to work out the sD D N A SA sD D N A SA
answers myself

Figure 2: Retrospective pre-test questions
4.3 Data Collection

A pilot study was conducted with selected tutors and students enrolled in the courses where TTM was
used and 10 questionnaires were completed and helped to reword a few ambiguous questions.

Paper copies where distributed to students during week seven of the semester, after it was deemed that
students had enough exposure and experience with the TTM learning approach. Of the cohort of 142
students from the three courses, 65 returned completed questionnaire surveys. Although two of the
returned questionnaires had some missing responses, they were still useful as part of the analysis. The



sample of 65 participants was found to be fairly representative of the population in terms of gender, age
group, mode of study, and student type (refer to Error! Reference source not found.).

Characteristics Population Sample
Count | % Count | %

Gender

Male 114 80% 37 57%
Female 28 20% 20 31%
No Response 0 0% 8 12%
Age Group

18-21 47 72%
22 -28 17 26%
No response 1 2%
Mode of Study

Full time 137 96% 59 91%
Part time 5 4% 5 8%
No response 1 2%
Student Type

Local 105 74% 44 68%
International 37 26% 20 30%
No response 1 2%

Table 1: Demographics of surveyed students

5 RESULTS AND DISCUSSION

Evaluation of the effects of the feedback provided by the learning approach is based on the analysis of
questionnaire items related to each of the seven principles of feedback. The analysis for each item is
based on two sets of data: one based on student responses about courses that they have previously
undertaken which did not use TTM and another on the responses about the TTM-based course they have
undertaken.

Studies have suggested that results from Likert scale format questions such as the ones used in the
questionnaire survey should be analysed using the Wilcoxon Signed Rank Test (Alderman et al. 2003).
The Wilcoxon Signed Rank Test was chosen as the most appropriate to compare two sets of results, not
normally distributed, from the same participant on an ordinal or continuous scale by measuring the shift
in mean between the two sets of data.

A common way to analyse RPT data is to compare the shift in the mean between the two sets of data. The
mean is calculated by dividing the total score by the number of respondents. The score is the summation
of weighed responses (no response = 0, strongly disagree = 1, disagree = 2, neutral = 3, agree = 4,
strongly agree = 5). The shift of the mean is the difference between the two means.

We also refer to the “total agreement” (sum of “agree” and “strongly agree”), “total disagreement” (sum
of “disagree” and “strongly disagree”), and the shift between them in our discussions. Graphs of
responses for courses that did not use TTM (referred to as “Non-TTM Course”) and graphs of TTM-
based courses (referred to as “TTM Course”) are provided as visual aids to facilitate the discussion of
results for the particular principle of feedback.

Since our focus in this paper, is the third principle of feedback, namely, deliver high quality feedback to
students, we only present and discuss the results obtained for that particular principle of feedback.

A common approach to evaluating quality of feedback is to do so on three dimensions based on the 6
strategies for providing feedback: relevance, timeliness, and quantity. In our survey questionnaire,
relevance of feedback is determined by two items: specificity of feedback, i.e., how related it is to the



purpose of the task (refer to Figure 3), and content quantity, i.e., if enough information is provided to
make the feedback useful (refer to Figure 4).

There is a positive shift in the mean of 0.27 in regard to the specificity of feedback in TTM courses (refer
to Figure 3). There is a decrease of 3.08% (from 3.08% to 0.00%) in total disagreement and an increase of
12.31% (from 80.00% to 92.31%) in total agreement. Note that there are no disagreements with the
specificity of feedback from TTM approaches. Thus, students find feedback from TTM to be very
relevant to the purpose of their tasks.
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Figure 3. Specificity of TTM feedback to purpose of task.

There is a positive shift in the mean of 0.33 in regard to feedback containing enough information to be
useful (refer to Figure 4). There is a decrease of 9.23% (from 16.92% to 7.69) in total disagreement and
an increase of 16.92% (from 50.77% to 67.69%) in total agreement. The largest individual shift is a
10.77% increase (from 41.54% to 52.31%) in agreement. These results indicate that students found that
TTM feedback was better at providing an adequate amount of information to make the feedback useful.
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Figure 4. Content quantity of TTM feedback.

There is a large positive shift in the mean of 1.00 in the means of the timeliness of feedback data sets
(refer to Figure 5). It is worth noting that students find the timeliness of feedback from non-TTM courses
to be slow (a mean of 3.09). The total disagreement decreased by 24.62% (from 26.15% to 1.54%) and
the total agreement increased by 41.54% (from 35.38% to 76.92%). The largest shifts are a 29.23%
increase (from 4.62% to 33.85%) in strong agreement and a 20.00% decrease (from 21.54% to 1.54%) in
disagreement. The results show that students found the feedback from TTM to be much more timely than
from non-TTM courses. This is especially true as the feedback from TTM tests were provided
immediately.



53.15: Feedback is always provided in a timely manner - Non-TTM Course 53.15: Feedback is always provided in a timely manner - TTM Course
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Figure 5. Timeliness of TTM feedback.

There is also a large positive shift in the mean (0.74) in the quantity of feedback received by students
(refer to Figure 6). It is also worth noting that students find the quantity of feedback from non-TTM
courses to be low (a mean of 2.95). There is a decrease of 20.00% (from 26.15% to 6.15%) in total
disagreement and an increase of 29.23% (from 27.69% to 56.92%) in total agreement. The largest
individual shift is an 18.46% increase (from 0.00% to 18.46%) in strong agreement. Thus, TTM is a
drastic improvement in providing adequate amounts of feedback to students. The strongest indicator of
this is the increase in strong agreements: from none to 18.46%.
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Figure 6. Quantity of TTM feedback.
5.1 Implications for Pedagogy

The results of the study are positive as participants found that feedback from TTM-based courses is an
improvement over courses that do not use TTM. In particular, timeliness of feedback was drastically
improved, however, that was expected as TTM provides immediate feedback on test submissions. From
our experience of using TTM and the results of the study, we recommend the following: (1) Particular
care should be taken in how tests, and especially feedback for answer options, are devised; (2) The tests
should strongly align with the tasks; (3) The feedback for incorrect answer options should provide
students with information about why that option is incorrect and not give away the correct answer; (4)
The feedback for correct answer options should explain why the answer is correct (in case the student
guessed the answer). The graphs are also important aspects of feedback as they provide students with
their improvement trends. Some instructors found it beneficial to use these to conduct brief reviews in
class with students every few weeks.



The two main limitations of the work is that the TTM feedback is simple as the tests typically target the
lower levels of Bloom’s taxonomy (knowledge, comprehension, and application), and students were only
exposed to TTM for seven weeks before completing the questionnaire. Further research should be
conducted to determine how to best use TTM to address more complex tasks (higher levels of Bloom’s
hierarchy) and feedback. A longer-term study to investigate the effects of TTM over time would also be
beneficial.

This work only addressed one principle of feedback (quality of feedback), albeit that was more complex
(composed of a number of dimensions) compared to the other principles of feedback. However, future
work should investigate if the TTM-approach positively affects the remaining six principles of feedback.

5.2 Implications for Research

This research is an initial attempt to improve the quality of feedback using a scalable (i.e, automated
provision of detailed and specific feedback) technology-based approach. The participants reported that the
quality of feedback from TTM-based courses was an improvement over other courses. However, it should
be noted that the results are self-reported. Further research should be conducted to verify this both
quantitatively and qualitatively. For example, the TTM log data could be analysed and compared against
the self-reported data to verify the results to a greater level of accuracy. Also, qualitative interviews could
be conducted to increase a depth of understanding in the effects of the TTM system.

6 CONCLUSION

Our objective was to develop a technology-supported learning approach for providing high quality
feedback to students to improve their learning. The learning approach was designed based on sound
pedagogical concepts and feedback principles and a web-based supporting system was implemented. The
approach was trialled in three undergraduate IS-related courses and evaluated using a retrospective pre-
test on several dimensions of feedback. In this study, we only report our findings that are related to the
third principle of feedback, that is, delivering high quality information to students about their learning.
The results show that this particular implementation of the learning approach was an improvement on
traditional approaches as students found the feedback to be relevant, adequate and timely. Although, the
current work is a preliminary attempt to address contemporary issues regarding feedback, it did achieve
promising results, despite the simplicity and depth of the feedback provided to students. Future work
should investigate providing more complex feedback to guide students through tasks designed to achieve
higher-order skills on the Bloom’s taxonomy of learning skills.

Although TTM was used in IS-related courses, it was designed to be non-discipline-specific. Thus, it
should be experimented with non-IS-related courses to determine if it really is suitable for other
disciplines. For example, TTM could be used to help students better understand a case study rather than
the hands-on approach of developing an information system.

Although not feasible during the course of this research, in the future, a crossover experiment could be
conducted in which half of the students are exposed to the TTM system for only half of the semester. The
other half of the students in this time, complete the same work without the implementation of TTM. At
the halfway point, the two halves could then swap exposing them to the alternative approach.
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