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Abstract. This paper reports on the use of the flexilevel approach for the for-
mative assessment of Computer Science undergraduates. A computerized
version of the flexilevel was designed and developed, and its scores were com-
pared with those of a traditional computer-based test. The results showed that
the flexilevel and traditional scores were highly and significantly correlated
(p<0.01). Findings from this study suggest that the flexilevel approach is a vi-
able adaptive testing strategy, and may be a good candidate for smaller applica-
tions where IRT-based CATs may be too demanding in terms of resources.
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1 Introduction

The past two decades have seen an increased use of e-assessment applications in
higher education, to the extent that the use of computer technology in student assess-
ment is rapidly becoming a common feature across the sector.

Most of these applications, however, are based on a “one-size-fits-all” approach of
assessment, and tend to mimic traditional forms of static assessment (for example,
paper-and-pencil objective tests). Examples of e-assessment applications that exploit
the interactive nature of computers in order to adapt to the characteristics of individual
students are few; indeed some argue that the full potential of the use of technology in
higher education assessment has not yet materialized (see, for example, [2] and [6]).

An example of an e-assessment application that adapts to the characteristics of in-
dividual students is computerized adaptive testing. Adaptive testing differs from tradi-
tional testing in the way in which the questions to be administered during a given
assessment session are selected. In traditional testing, all students are presented with
the same set of questions, regardless of their proficiency levels within the subject
domain. By contrast, in an adaptive test, the application’s algorithm unobtrusively
monitors the performance of students during the test, and then employs this informa-
tion to dynamically adapt the sequence and level of difficulty of the questions (or
tasks) to individual students.

Adaptive testing has been primarily associated with Item Response Theory (IRT)
[8, 11]. Projects such as SIETTE [3, 4, 9, 10] have shown the efficacy of an IRT-
based approach to adaptive testing in higher education.
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Other studies on the use of adaptive testing in a higher education environment in-
clude research previously conducted by one of the authors [7]. In this work, it was
shown that the application of an IRT-based approach to adaptive testing supported
proficiency level estimates comparable to those obtained using traditional (i.e. static)
tests. The IRT-based approach to adaptive testing was also shown to be effective at
tailoring the level of difficulty of a test to the proficiency level of individual students.
By tailoring the level of difficulty of the question or task to individual proficiency
levels, students were challenged by test items at an appropriate level, rather than de-
motivated by items that were above or below their proficiency level.

Despite these positive findings, procedural factors impeded a greater uptake of the
adaptive approach as proposed in the research [7]. The implementation of IRT-based
adaptive testing applications is a complex task. Most importantly, the IRT model
requires a large and calibrated database of questions. The calibration process usually
requires a large item pool and specialist calibration programs, such as Xcalibre [1, 5].

This paper reports on a pilot study that investigated the implementation of comput-
erized adaptive testing based on the flexilevel approach [8, 11] as an alternative to
IRT-based algorithms. An overview of the flexilevel approach is presented in the next
section of this paper.

2 The Flexilevel Approach

Like IRT, flexilevel algorithms attempt to match the level of difficulty of questions to
the proficiency level of individual students. The Flexilevel approach, however, is
based on a fixed branching strategy that is less complex to implement than IRT-based
algorithms. Database calibration is also simpler; indeed Lord [8, p. 117] suggests that
“any rough approximation” of the difficulty, of the questions will be adequate.

The difficulty of a question is determined by the following formula (adapted from

Ward [12]):
n x100
D=1-|2—— (1)

n

r

In Equation 1, n, is the number of students who answered the question correctly,
and n, is the total number of students who answered the question.

In addition to simpler calibration, smaller question databases are required. The
flexilevel approach requires a database of 2n-1 question (where n is the number of
questions to be administered during the test).

A flexilevel test typically starts with a question of medium difficulty. If the student
answers the question correctly, a more difficult question is presented. Conversely, if
the question is answered incorrectly, an easier question follows.

The flexilevel approach was initially devised as a self-scoring paper-and-pencil test
[8]. As an example, consider a paper-based test with 19 questions; the difficulty of the
questions ranging from 0.05 (easiest) to 0.95 (hardest).
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[Q10, difficulty = 0.50]

Red 1 [Q9, difficulty = 0.45]
Red 2 [Q8, difficulty = 0.40]
Red 3 [Q7, difficulty = 0.35]
Red 4 [Q6, difficulty = 0.30]
Red 5 [Q5, difficulty = 0.25]
Red 6 [Q4, difficulty = 0.20]
Red 7 [Q3, difficulty = 0.15]
Red 8 [Q2, difficulty = 0.10]
Red 9 [Q1, difficulty = 0.05]

Blue 1 [Q11, difficulty = 0.55]
Blue 2 [Q12, difficulty = 0.60]
Blue 3 [Q13, difficulty = 0.65]
Blue 4 [Q14, difficulty = 0.70]
Blue 5 [Q15, difficulty = 0.75]
Blue 6 [Q16, difficulty = 0.80]
Blue 7 [Q17, difficulty = 0.85]
Blue 8 [Q18, difficulty = 0.90]
Blue 9 [Q19, difficulty = 0.95]

Fig. 1. Adapted from Lord [8]. Layout of a paper-based flexilevel test, in which Q1 is the
easiest question and Q19 is the hardest question

In the example shown in Fig. 1, the student will start the test by answering Q10
(i.e. question of medium difficulty). The answer sheet will inform the student whether
each response was correct or incorrect; for example, a red spot appears where the
student has selected an incorrect answer and a blue spot appears where the student’s
response was correct. Each time a correct answer is given, the question to be an-
swered next is the lowest numbered “blue” question not previously answered. In the
event of an incorrect response, the next question to be answered is the lowest num-
bered “red” question not previously answered. A student who answers all questions
correctly will answer the following sequence of questions: Q10, Q11, Q12, Q13, Q14,
Q15, Q16, Q17, Q18, and Q19. A student who answers all questions incorrectly will
answer the following sequence of questions: Q10, Q9, Q8, Q7, Q6, Q5, Q4, Q3, Q2,
and Q1. A student who answers the first question incorrectly, and all the following
questions correctly will answer the following sequence of questions: Q10, Q9, Ql11,
Q12,Q13, Q14, Q15, Q16, Q17, and Q18.

Following the directions for a paper-based flexilevel test can be an onerous and
disengaging task. This issue can be avoided by developing a software application to
select, administer and score the questions, and this is the focus of the study reported
here.

3 Methodology

The experiment was designed to model a real formative assessment situation as far as
possible, given the constraints of the experimental design. So, whilst participants were
free to leave without consequence and they were not the subject of the test, they were
encouraged to engage with the test as if it were a real formative assessment.

3.1 Participants

Twenty-four final year Computer Science undergraduates participated in the experi-
ment. They had previously studied the topic that was the subject of the test, but were
briefed that the experiment was a test of the software application and not of them.



The Application of the Flexilevel Approach for the Assessment of Computer Science 143

3.2 Software

The software prototype was developed using VB.NET with an Access database to
store the questions and responses. There were 29 questions; these were separated into
two pools, one to populate the flexilevel test (19 questions), and the other to populate
the statically selected test (10 questions). The questions had previously been used in
standard testing and calibrated based on the calibration formula described previously.
The order of presentation of the two tests was randomised.

The two different sets of questions had different light background colours on the
question screens. This was done in order to enable the experimenters and participants
to refer to the different tests without naming them. The colours used were selected
because they maintained a clear contrast between the text of the questions and the
background of the screen. Fig. 1 shows the layout of the question screen.

Localhost (meaning "this computer") is the standard hostname given to the
address of the loopback network interface. In IPv4, localhost always
translates to the loopback IP address:

< 127.0.0.1
«  255.0.0.0
© 255.0.0.1

There is no standard IP address; it depends on the directory that IIS

maps to.
Pat10of2 | QuestionSof 10 Time remaining: 07:24

Fig. 2. Screenshot of the flexilevel software application

Finally, the software allows for the timing of a test, and displays time elapsed and
number of questions answered throughout the test.

3.3 Questionnaire

The questionnaire document consisted of a briefing section setting out information
about the flexilevel approach, test and questionnaire and 15 statements that partici-
pants could rate using a 5 point Likert scale from 1: Strongly Disagree to 5: Strongly
Agree. The statements are shown in Tables 3 (ease of use) and 4 (perceived useful-
ness). The statements were designed to elicit participants’ views on the ease of use of
the software application and the perceived usefulness of the software application.
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A further 3 questions that asked for free text responses were included, and are
shown in Table 1 below.

Table 1. Open questions included in the questionnaire

Statement
16 What problems, if any, can you see to the uptake of this adaptive testing approach?

17 Is there a question that you would like to have been asked? If so, what is it and
how you would answer it?

18 Can you see any benefits of this adaptive testing approach?

3.4 Experimental Procedure

The participants were briefed that they were about to engage in an assessment using a
new form of software assessment. They were told that the test was of the software and
not of them. However, in order to encourage them to answer the questions to the best
of their ability, participants were informed that the participant with the highest overall
score would be given £20.00.

They were also told that they would be asked to fill in a questionnaire. All partici-
pants were offered £10.00 as a thank you for participating, but it was made clear that
they could leave at any time and did not have to complete the test or the questionnaire
in order to receive the money.

The participants took the test in a computer lab in test conditions. They started the
test in their own time and had 25 minutes to complete the whole test; this was moni-
tored by the software application. This enabled the collection of the performance of
participants in the two tests and the reporting of their results at the end of the test.

Once the participants had completed the tests they were asked to fill in the ques-
tionnaires that had been placed by their computers. This enabled the collection of data
associated with the views of participants.

3.5 Hypothesis

The hypothesis of the experiment was that there would be a significant correlation
between students’ results on the statically generated test and the flexilevel generated
test.

4 Results

A summary of students’ performance is presented in Table 2. Table 2 shows that the
range of scores achieved by participants was relatively large for both test conditions
and that there is little apparent difference between the conditions.
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Table 2. Summary of student scores for each section of the test (N=24)

Test Minimum Maximum Mean Std.
Deviation

Flexilevel 1.0 9.0 4.62 2.10

Static 2.0 8.5 4.89 1.91

A Pearson product-moment correlation coefficient was computed to assess the rela-
tionship between the flexilevel and static scores shown in Table 2, r=0.764, n=24,
p<0.01, Sig. (2-tailed)=.000. A paired-samples t-test showed no significant difference
between the flexilevel and the static scores, t(23) = -.954, p=.350. The scatterplot
shown in Fig. 2 illustrates the results.
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Fig. 2. Scatterplot diagram showing the scores achieved by participants in the two test
conditions

Student responses to the questionnaires were also analysed. Table 3 below shows
that the majority of participants agreed with statements concerning the ease of use of
the software application.

As can be seen from Table 4, participants were also positive when responding to
statements about the perceived usefulness of the software application. This was par-
ticularly the case in terms of using the flexilevel for formative assessment (statement
4), areas that the participants might need to work on (statement 6), or not (statement
11) and that if flexilevel tests were made widely available that they would use them
(statement 13).
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Table 3. Ease of use. Mode and median for the responses.

Statement Median Mode
1. Learning to use the Flexilevel software application would be 4 4
easy for me.

2. I would find it easy to remember how to perform tasks (e.g. 4 4
how to answer a question) using the Flexilevel software

application.

3. I would find the Flexilevel software application easy to use. 4 4

Table 4. Perceived usefulness. Mode and median for the responses.

Statement Median  Mode
4. I would find the Flexilevel approach useful for practice 4 5
tests.

5. I would find the Flexilevel approach useful in summative 3.5 3

tests (i.e. the test score counts towards my final grade).

6. The adaptivity supported by the Flexilevel approach 4 5
would help me to identify the areas in which I need to work
harder more quickly.

7 The adaptivity supported by the Flexilevel approach would 4 4
enhance my overall assessment experience.

8 For practice tests, I would prefer using the Flexilevel 4 4
approach to other forms of objective testing.

9. For summative tests, I would prefer using the Flexilevel 3 3
approach to other forms of objective testing.

10. The system used to score a Flexilevel test makes sense to 4 4
me.

11. T would find the score provided by the Flexilevel 4 4
approach useful at identifying how much I have learned.

12. I would find it useful if the level of difficulty of a test is 4 4
tailored to my level of understanding.

13. Assuming the Flexilevel software was available to me for 5 4
practice tests, I predict that I would use it on a regular basis.

14. In practice tests, test questions that are too easy are less 4 4
engaging than those questions that are tailored to my level of

understanding.

15. In practice tests, test questions that are too difficult are 3 3

less engaging than those questions that are tailored to my
level of understanding.

Participants were less positive in their responses to the use of the flexilevel ap-
proach in summative assessments (statement 5) and tended not to agree that more
difficult questions were less engaging (statement 15).

The open questions were included to enhance the richness of the data collected, but
were too few to be subjected to content analysis. As such, they will be used to inform
the discussion of the results that follows, rather than being reported in this section.
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5 Discussion

The results of this pilot study are very encouraging, there is a high and significant
correlation between participants’ performance on the two different types of test and
participants were positive about their use of the software. Additionally, participants
were positive about the use of the flexilevel approach in formative assessment.

Moreover, there was a reasonably wide distribution of scores. So, it seems that per-
formance of participants in the two tests is consistent across a range of attainment.

Nonetheless, this is a pilot study, and as such there are aspects of this study that fu-
ture experiments will need to replicate. The participants are all final year undergradu-
ate students. It may be expected that such a sample would have no problems with
using the software application. The measures of ease of use are important in control-
ling for potential extraneous variables, and also to identify any usability issues in
these early stages of development.

In this sense a sample of Computer Science undergraduates was a good choice for
the pilot study. Expert analysis of the interface indicated no serious usability issues
that might be expected to trip up even users with a high degree of technical literacy.
The results of the study bear this out. Clearly the downside to using Computer Sci-
ence students as participants is that this sample of participants may not be representa-
tive of a wider student population. Whilst the participants in this study reported no
problems in using the software application, it seems likely that extrapolating this to a
wider population would be unwise. Clearly an important part of future experiments
would be to involve participants from a wider population of students.

One reservation raised about the software application was that “You can't go back
and correct a previous answer”. This is a necessary feature of the system, however,
because if participants were able to go back and review the questions, they would
soon be able to enhance their marks simply by going back and attempting the ques-
tions until they found the correct response.

In terms of the perceived usefulness of the application, there seems to be a differ-
ence in the way participants perceived the flexilevel approach as a tool for formative
and summative assessment.

Participants were positive about the formative use of the flexilevel approach. One
participant commented that “providing multilevel questions after one another is
good”. As noted previously, participants believed it could support them in their aca-
demic progress — “...would really help to outline where problems in understanding lie
and help students to address those areas.” Also “...good approach to learning giving
better students harder questions.”

This attitude did not extend to the use of the flexilevel approach in summative con-
texts: “all students may not be tested equally” and “I think that there would be a
smaller gap in marks between good and bad students than in normal tests which
would not be good for assessment”.

Participants did suggest that the flexilevel approach would enhance their overall
assessment experience (statements 7 and 12), but it seems that this enhancement
would mostly be realised in the formative assessment they engage in.

An informal observation has been that students were uncomfortable using a system
in which the scoring system was not clear to them; for example, maximum likelihood
estimates, used in IRT-based adaptive testing may not be obvious to all. In this study,
participants indicated that they did indeed understand how the scoring system worked
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(statement 10). This could be taken to be support for the use of a simpler adaptive
system than those that had been previously employed. However, this bears further
scrutiny in future work given that participants felt that high-performing students may
be disadvantaged by this scoring in summative assessments.

6 Conclusion

This pilot study was concerned with the efficacy of the flexilevel approach to adaptive
testing when compared to standard computer based testing. The results show a highly
significant correlation between scores achieved by participants on the two tests. This
provides a basis upon which to replicate and extend this research to include larger
groups of students and those in studying in different academic disciplines. This will
be the subject of future work.
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