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Abstract. Sixteen students took a test that included a Flexilevel stage and a
standard Computer Based Test (CBT) stage. The results were analysed using a
Spearman’s Rank Order correlation and showed a significant positive correlation
(rs = 0.58, p <=0.05). This was taken to provide support for the notion that it is
possible to provide shorter Flexilevel objective tests that are as efficacious as
CBTs. Implications that this finding may have for the use of the Flexilevel Test
in mobile learning contexts is discussed.
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1 Introduction

There has been increased interest in the use of the Flexilevel Test [6, 7] in Higher
Education contexts [2, 3, 5] due to its potential to personalize educational experiences.

This study is part of a programme of research aimed at understanding how the
Flexilevel Test may be applied in genuine educational contexts and an increasingly
important part of our educational context is mobile learning and assessment. This
brings new challenges to the work, particularly in terms of supporting students in
attending to cognitively demanding tasks such as formative assessments in a mobile
context which itself imposes significant cognitive load [8].

However, the case for supporting mobile learning and assessment is compelling,
both from pedagogical and practical perspective [2, 17], for example learners are often
under significant time pressure and, given appropriate opportunities, can make use of
short periods of time to engage in their studies [17].

In principle, one of the possible benefits of the Flexilevel test is the ability to
present fewer items in a test than a standard Computer Based Test (CBT) approach yet
still obtain a comparably accurate measurement of a test-taker’s proficiency [20]. This
is something that the authors have also found in a simulation study [14]. The potential
to provide shorter tests is of interest, since it may provide an opportunity for educa-
tionally useful experiences in a broader range of contexts as noted above [2, 17].
Further, it may provide these opportunities whilst mitigating some of the challenges to
deploying formative assessments in a mobile context. As such, it is of interest to
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investigate whether or not this effect can be reproduced in a genuine educational
context. This study is intended to investigate the extent to which shorter Flexilevel tests
may provide comparably accurate measures of a test-taker’s proficiency as a CBT in a
summative assessment.

2 The Flexilevel Test

The Flexilevel Test was first proposed by Lord [6] as a paper-based test. One of its aims
was to tailor the test difficulty level to the proficiency level of individual test-takers.
This is an important difference between the Flexilevel Test and traditional CBTs as in
the case of the latter, all test-takers are presented with the same set of test items.

The Flexilevel Test is a fixed branched test that supports the personalization of
objective tests by presenting items to test-takers depending on their performance. It
represents an approach to adapting assessment that is less resource intensive than other
forms of adaptive testing, for example approaches based on other pyramidal approaches
[20] or Item Response Theory (IRT) [6, 7].

A Flexilevel Test requires a set of 2n-1 items where n is the number of items to be
presented in the test. Test items are ranked in order of difficulty. There are different
approaches to ranking the items; for example the use of expert calibration or calibration
from an existing set of test-taker responses from preceding tests. In the work reported
here, an existing set of responses from a previous test and the formula shown below,
adapted from Ward [19], were used to calculate the difficulty of individual items in
which np is the number of test-takers who answered the item correctly and nr is the total
number of test-takers answering the item.

D ¼ 1� np
nr

� �
ð1Þ

After the difficulty of each item was calculated, items were ranked from the easiest
to the most difficult.

A Flexilevel Test usually begins with the presentation of the item of median diffi-
culty, typically an item with a difficulty of 0.5. If test-takers answer the item incorrectly,
they are presented with the next available easier item. If they answer the item correctly,
they are presented with the next available more difficult item (as shown in Fig. 1).

Once the true ability of a test-taker is reached, subsequent patterns will show an
increasingly large range of difficulty between the items selected, as illustrated in Fig. 2.

Typical stopping conditions for the test are when the number of items to be
administered have all been presented to the test-taker or the duration of the test has
been reached, whichever happens first.

3 The Study

In this study, a test of 40 items was presented to 18 online distance learning students on
an undergraduate Computer Science programme of study as a formative assessment.
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3.1 The E-Assessment Application

It was necessary that the Flexilevel Test would be made available online, as the
participants were geographically dispersed. A web application using HTML5, Java-
Script and CSS on the client side and PHP and MySQL on the server side was purpose
built for this reason.

The e-assessment application supported two different item selection algorithms: a
traditional CBT and a Flexilevel Test. Test items were selected from the database and
presented individually; this is consistent with the need for the Flexilevel algorithm to
select an appropriate item depending on the performance of individual test-takers.
Figure 3 shows how the user interface contained minimal information and gave no cues
to the approach, CBT or Flexilevel, being used.

3.2 Methodology

The test presented in this study was part of the formative assessment of a group of 18
first year online distance learning Computer Science students. The test related to their
knowledge and understanding of internet technologies and, in particular, ASP.NET.

The test was presented to students online via the web application introduced earlier.
It was invigilated by a remote live invigilation service to ensure students were not

Fig. 2 Example patterns for different proficiencies (from Betz and Weiss, 1975)

Fig. 1 The Flexilevel Test Structure (adapted from Betz and Weiss 1975)

The Potential Use of the Flexilevel Test 273



accessing materials that were not permitted during their test. It was limited to 40 min
and contained 40 items overall. The test items had gone through calibration using data
from the performance of an earlier cohort of students.

An initial stage outside of the scope of the study, but relevant to the coverage of
topics in the module, was presented first for every student. This stage contained 10
items. Then, the examinees were randomly assigned to one of two different groups.
Half the participants were assigned to Group 1, and the second half to Group 2.
Group 1 was presented with Flexilevel followed by CBT, and Group 2 was presented
with CBT followed by Flexilevel. Both the Flexilevel and CBT stages covered ASP.
NET and for the students there was no distinction between these two test stages. The
Flexilevel and CBT stages consisted of 10 and 20 items respectively.

3.3 Results

Table 1 shows the range of the scores obtained and the mean score for each stage of the
test. It can be seen that the scores for both of the stages ranged relatively widely. The
responses from two participants were removed from the analysis as they did not
complete one or more test stages.

Fig. 3 Screenshot of the user interface of the application, showing the presentation of an item
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A Spearman’s Rank Order correlation was run to determine the relationship
between the CBT and Flexilevel scores. It showed a significant positive correlation
(rs = 0.58, p <=0.05) between the scores achieved by students in the Flexilevel and
CBT test stages.

These results provide support for the notion that the Flexilevel approach to
e-assessment can provide comparable results to a standard CBT test whilst only pre-
senting half the items.

4 Discussion

There are practical issues to address given the application of the Flexilevel Test in
mobile contexts that have not applied to the desktop and classroom contexts of studies
conducted by the authors so far (for example [5, 13] ). Key to the differences between
desktop and mobile use of Flexilevel testing is the greater competition for limited
attentional resources that mobile environments may impose.

Whilst desktop computer contexts may vary, the difference in mobile usage con-
texts may vary quite substantially [11] and also during a given interaction. In short, the
contexts for mobile use tend to be more diverse and potentially distracting than those
using desktop computers.

Table 1 Summary of test performance (N = 16)

Test Stage Minimum Score Maximum Score Mean Score
Flexilevel (out of 10) 5 9 7.625
CBT (out of 20) 5 19 12

Fig. 4 Scatterplot showing relationship between scores
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Oulasvirta et al. [11] used a range of tasks on a mobile device to elucidate how
different contexts may impact on the attention of users. Factors that impacted upon
users’ attention to the tasks they had been set included the amount of social interaction
that users needed to engage in, for example in managing their personal space whilst
using an escalator, and the predictability of their context. Where there was much going
on in the users’ context, it required that users attended to their contexts for longer and
more often; their attention to the task was interrupted.

These are temporary changes in the focus of attention away from a given task with
a mobile device and it is worth noting that many interruptions are triggered by the user
themselves [18]. Overall, an indication of the impact of such interruptions may be
found in differences in the length of interaction users may have between desktop and
mobile devices whereby desktop interactions have been timed as lasting substantially
longer than mobile interactions [10]. Furthermore, it seems that interruptions may have
an additional cognitive load in terms of switching between tasks [15].

Framing the analysis in terms of cognitive load provides a good basis to understand
how mobile contexts may impact upon users’ usage of a mobile application. Cognitive
load theory [16] has also been influential in learning, particularly multimedia learning
[8] and it seems pertinent also to mobile learning and e-assessment when considering
the impact of extraneous loads on learning [12].

Clearly context of use is an important contributor to extraneous load, and in pro-
viding silent, invigilated exam conditions, extraneous load is minimized freeing cog-
nitive resources for the intrinsic load that tests impose. This is the case for previous
studies conducted by the authors. Whilst the contexts may vary in these desktop
environments, the studies have previously involved environments that were controlled
to some substantial extent, for example in both formative and summative assessments
in computer laboratories [5, 13], or with students taking tests remotely at their own
computers as in the study reported here; all were invigilated and were the focus of the
students’ attention. This was done for both educational and empirical reasons; but the
contexts of use of the Flexilevel assessment have not varied much.

However if a Flexilevel test were deployed in a mobile context, then it could be
competing for attention in a much more diverse context with a relatively high potential
for interruption. As noted, this is something that impacts upon the capacity of learners
to attend to a given task [10, 12].

Effectively it is more likely that there will be a higher extraneous load in the
completion of tasks in a mobile context. This becomes most disruptive to the com-
pletion of tasks when the distractions occupy the same channels as the task, something
that is consistent with the influential account of working memory [1]. For example, it
would be expected that interruptions that require visual perception would impact more
acutely on the performance of a task since the task itself involves visual perception, at
least in this study.

However, it may be expected that some tasks may be attended to with greater
engagement and concentration than others and an important question would be how
mobile contexts may effect interactions that require greater engagement with the mobile
task [11] something that seems pertinent to even relatively short mobile e-assessments.
A possible implication of this is that learners may choose where and when they take
formative assessments such that interruptions are less likely.
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5 Conclusion and Future Work

The study reported here provides further support for the idea that the Flexilevel
approach can provide shorter tests in genuine educational contexts, although this must
be treated with caution given the small scale of the study. It is intended that further
studies will be conducted in order to establish if this effect can be demonstrated
reliably.

It has also been noted that the approach of learners to their formative assessment
activities in mobile contexts is of fundamental importance. As such, future work will
focus on gaining an understanding of the attitude and approach of test-takers to their
mobile formative assessment. How are test-takers using the application in mobile
contexts, specifically in what kinds of contexts are they taking the tests? Also, what
kind of learning activities are they willing to carry out on a mobile device, and does this
include formative assessment? It has been suggested that a formative assessment may
motivate learners to minimize interruptions themselves, but anecdotally learners have
indicated that they learn opportunistically in mobile contexts, for example the short
period of time between tutorials or lectures.

It seems that future studies will need to adopt two main strands of work; estab-
lishing the reliability of the correlation between the shorter Flexilevel test and full
length CBT reported in this study and investigating how this may impact upon learner
attitudes to formative assessment in mobile contexts.
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