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Abstract — The usage and complexity of learning management
systems is increasing continuously. The System Usability Scale
(SUS) is a well-known and widely used scale to measure
usability of web applications. It is also used in the context of e-
learning and several applications were done in popular
learning management systems. This study uses a version of the
(SUS) translated from English to German on adaptive courses
in Moodle and compares the results with the results from a
previous study on non-adaptive courses. In addition to
comparing results from adaptive and non-adaptive courses,
this study also tests the two-factor structure consisting of
usability and learnability and suggests two additional items to
be included into the learnability factor. In the evaluation of
adaptive courses, the total SUS value is lower than non-
adaptive courses at our university. In particular, the SUS value
for the learnability factor is far lower. It also shows that some
items of our German version of the SUS are not suitable for
evaluating adaptive courses.
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. INTRODUCTION

Along with the advances in technology, the interaction
between education and technology is increasing all over the
world. E-learning platforms and applications are being used
by many institutions in pure online or blended learning
scenarios. Usability of these online tools is an important
factor influencing the learning outcome and satisfaction of
learners. The System Usability Scale (SUS) [1], with its 10
items, is one of the shortest and most frequently used scales
to evaluate web applications. This study uses a version
translated into German, which has been validated once
before, in our previous study for non-adaptive courses [2].

This current study contains data from university students,
participating in adaptive courses in a blended-learning
environment in the autumn semester 2018/19. In a first step,
the data was analyzed to confirm reliability and validity. In a
second step, the results of this study were compared to the
results from non-adaptive courses in the previous study. For
this, reliability, validity, SUS scores and factor structure
were examined and compared. In the original SUS, the two-
factor structure contains 8 items for the usability factor and
only 2 items for the learnability factor, which does not seem
a good distribution. Therefore, the third step was to extend
the 10-item scale with two additional questions in order to
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enhance the learnability factor. Results from the original 10-
item scale were compared to the 12-item scale.

Summarizing: the main goal of this study was to measure the
usability of adaptive courses. We used the SUS in a two-
factor structure with usability and learnability as factors and
compared the results of adaptive courses to the results of
non-adaptive courses.

Section 1l presents background information about the
SUS from the literature and findings from our previous
research on system usability scale with non-adaptive courses.
Section 1l contains a statistical analysis of data and
comparison with previous findings. Section 111 also includes
analyses with two additional items for the learnability factor.
Section 1V discusses findings from both studies. Section V
comprises the conclusion and future work possibilities to
improve our findings.

1. BACKGROUND INFORMATION AND LITERATURE

Usability of web applications and especially learning
management systems is a popular research area [3][4]. There
are different scales for measuring usability such as the
Computer System Usability Questionnaire (CSUQ) [5], the
Questionnaire for User Interface Satisfaction, (QUIS) [6] or
the Software Usability Measurement Inventory, (SUMI) [7],
which contain more questions than the SUS and are more
complex to analyze. Translations of the SUS can be found in
different languages, including Spanish, French, Greek, and
German. In our previous study, we applied and validated a
German version of the SUS.

The original SUS is a one-dimensional tool aiming to
measure usability. Although not used widely, there are
studies that use a two-factor structure, mainly on websites
[81[9]. This two-factor structure was tested and validated for
the German version of the SUS in an e-learning domain with
our previous study [2].

Digital learning systems are considered adaptive if they
can dynamically change to better suit the learning in
response to information collected during the course of
learning rather than on the basis of preexisting information,
such as learner’s age, gender, or achievement test score, as
defined by the U.S Department of Education, Office of
Educational Technology [10]. However, digital learning
systems can also integrate preexisting information such as
gender or the results of entrance tests. It is possible to list
three main groups as a basis for adaptation: (1) gender,
learning style, or emotions can be grouped as personal
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characteristics, (2) topics or task difficulty can be divided as
content-specific characteristics, and (3) learning time or
place can be grouped as context-based characteristics [11].
These groups enable adaptation in different dimensions
throughout the learning experience [12].

Task difficulty, actual knowledge prior to taking the
course and adaptive support (hints, feedbacks, level of detail)
were used in our adaptive courses. The online learning
platform used in our study was Moodle, as this is the
learning management system wused at our university.
Adaptive courses in Moodle were different from classical
courses as they contained more interactive tasks, specific
feedbacks based on learner’s responses and different learning
paths for each learner. Depending on the result in a task, a
new task was recommended to the learner. The learner was
not expected to complete all tasks to be prepared for the
exam at the end of the course.

On the other hand, classical courses in Moodle contained
the same tasks and learning content for all learners, in the
same order, disregarding their previous knowledge level,
performance, and progress during the course. Non-adaptive
courses proposed the same path for all learners, and learners
did not receive any feedback nor recommendations about
what to study next.

In our previous study, data from 722 students, enrolled in
non-adaptive courses in Moodle, were collected and
analyzed in two different semesters (211 students in spring
semester 2015 and 511 students in autumn semester
2015/16). Table | summarizes the findings from these two
data sets.

TABLE I. FINDINGS FROM PREVIOUS STUDY
Item L
N SuUS SD a Discrimination Difficulty
Score?
power
211 | 62.87 21.74 091 | 0.54-0.79 0.58 - 0.67
511 | 67.51 19.55 0.90 | 0.51-0.79 0.60-0.73

Legend: N = number of participants, SD = standard deviation, & = Cronbach’s Alpha
a. SUS Score of 10 Items

Exploratory factor analysis of the first data set (n=211)
led to a two-factor structure, consistent with previous models
[8][9]. The usability factor was formed with the items 1, 2, 3,
5, 6, 7, 8, 9 and the learnability factor with the items 4 and
10. In our previous study, after further confirmatory factor
analysis, using Amos [21], of the second data set (n=511)
items 5 and 6 were removed due to high residual values. This
current study aims to compare results from adaptive courses
with the results from the non-adaptive courses.

I1l.  METHODOLOGY AND RESULTS
This section contains statistical analysis of data and
compares results from adaptive and non-adaptive courses.
A. Data

The current study contains data from students enrolled in
courses on Mathematics, Statistics, and Science. The
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evaluation of the adaptive courses with the SUS was carried
out together with the standard module evaluation that takes
place at the end of each course. Module evaluation
questionnaire included questions about the course content
and the performance of the lecturer. Students were asked to
complete the SUS in order to measure the usability, as of the
module evaluation questionnaire focused more on the
module content rather than the usability of the online-course.
To increase completion rate students were asked to take the
module evaluation and therefore the SUS during the last
classroom unit.

271 students received the survey and 118 of these
students completed and returned it, resulting in a high
completion rate of 43%. All courses were adaptive and
contained pre-knowledge tests and tasks in detailed and non-
detailed versions. After each task, the system recommended
a new task to the students. All these courses were taught in a
blended learning environment, with 80% self-study rate
(including online activity using Moodle) and 20% classroom
presence with face-to-face interaction with the lecturer and
other students.

All online SUS-questionnaire items could be answered
on a Likert scale ranging from 1="does not apply” to 5="is
absolutely true”. Half of the items had an inverted scale. To
correctly calculate the SUS value as suggested by Brooke [1]
the scale had to be converted from 1-5 to 0-4 and the
directionality of the scales had to be consistent. For this, one
was subtracted from the value for each odd numbered
question, “value - 17, and the value for each even numbered
question was subtracted from 5, “5 - value” [1]. The sum of
the values for all 10 items was then multiplied by 2.5
resulting in the total SUS score ranging from 0 to 100. The
average SUS score for was 55.08 with a standard deviation
of 20.20.

B. Analysis of Data

This next part contains the reliability analysis of the
scale. Analyses were done using R [13]. The "psych"
package [14] was used to check reliability, validity and
exploratory factor analysis and the "lavaan" package [15]
was used for confirmatory factor analysis.

Cronbach’s alpha value is a good measure to estimate
internal consistency and therefore reliability of the scale.
Cronbach’s alpha value was 0.91 for 10 items, which is well
above the widely used limit of 0.7 [16]. Cronbach’s alpha
values for the two factors, 0.91 for usability factor (items 1,
2,3,5,6,7,8,9) and 0.81 for learnability factor (item 4 and
10) were also above 0.7.

Item discriminatory power and item difficulty were used
to assert item wvalidity. In order to -evaluate item
discriminatory power of our scale, we applied the corrected
item total correlation test. Corrected item total correlation
values were calculated to be between 0.56 and 0.91. These
values are acceptable, based on the common assumption of
being greater than 0.3 [17]. To calculate item difficulties for
each item, we divided the average response for each question
with the maximum possible value (which was 5 for our
scale). The difficulty of the questions lay between 0.55 and
0.69, which is in the acceptable range of 0.20 to 0.80 [18].
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The Kaiser-Meyer-Olkin test was used as a measure of
how suitable our data was for factor analysis. A Kaiser-
Meyer-Olkin test value of 0.89 was calculated for our study,
which is defined as “meritorious” by Kaiser and Rice [19],
implying that our survey data was suitable for factor
analysis.

Exploratory factor analysis performing maximum-
likelihood method supported the two-factor structure with
usability and learnability as factors. The usability factor had
sums of squared loading of 3.745 and the learnability factor
had sums of squared loadings of 2.485. The two factors
explained the variance at 62.3%. The results of the
exploratory factor analysis signaled a problem in some items
(ltem 2, Item 6, and Item 8). These items had similar
loadings for both factors and could not clearly be classified
as belonging to either of the factors. Although the factor
structure was supported, the difference between factor
loadings were very small for Item 2, Item 6 and Item 8 had
0.071, 0.051 and 0.052 respectively. After checking these
items in detail, we found that the wording of the German
translation might have been unclear (in the context of
adaptive courses) and might have affected students’
responses. In the discussion, we will be reflecting on this.

We performed confirmatory factor analysis, keeping this
in mind and calculated the values separately for the complete
10 items and the remaining 7 items after excluding items 2,
6, and 8. Removing the three items, increased the
Confirmatory Fit Index (CFI) (from 0.896 to 0.966) and the
Tucker-Lewis Index (TLI) (from 0.863 to 0.946) and
decreased the Root Mean Square Error of Approximation
(RMSEA) (from 0.136 to 0.097) and the Standardized Root
Mean Square Residual (SRMR) (from 0.073 to 0.05). These
values were in compliance with guidelines to have greater
CFl and smaller RMSEA and SRMR measures [20].
Removing these items clearly improved the findings from
confirmatory factor analysis. Confirmatory factor analysis
was also done with a single factor structure to further test if
two factor structure performs better, which resulted in a low
CFI (0.837) and high RMSEA (0.168) and SRMR (0.09).
These values confirmed that using a two-factor structure was
suitable for this kind of usability test.

Table Il shows the two-factor distribution, with and
without items 2, 6 and 8, calculated with VVarimax Rotation.
When items 2, 6 and 8 were removed, total variance
explained decreased to 47.1% composed of 3.043 for
usability and 1.666 for learnability (sums of squared
loadings). German translation of the SUS items and the
original versions in English can also be found in Table II.

In order to check reliability, we recalculated Cronbach’s
alpha values for all 7 items, 5 usability items and 2
learnability items. These values were found to be 0.86, 0.89
and 0.81 respectively, confirming reliability.

C. Comparison of Adaptive and Non-adaptive Courses

In this part, our current results will be compared to the
results from the second data set (n=511) of our previous
study. As the confirmatory factor analysis was implemented
with the second data set only, we used this data set for the
comparison.
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The overall SUS score for the original 10 items were
55.08 for the adaptive courses (current study) and 67.51 for
the non-adaptive courses (previous study).

TABLE II. EXPLORATORY FACTOR ANALYSIS
10-I1tem 7-1tem
Item It
em
NI F F F F
#1 #2 #1 #2

Ich wiirde gerne haufiger Module # wie
1 dieses besuchen. 0.78 0.09 078 | -0.08
| think that | would like to use this
system frequently.

Dieses Modul war unnétig kompliziert.
2 049 | 056
| found the system unnecessarily
complex

Es war einfach mit diesem Modul zu
3 lernen. 078 | 020 | 083 | -022
| thought the system was easy to use.

Ich brauchte Support fiirs Lernen in

4 diesem Modul. 023 | 077 | -031 | 065
| think that | would need the support of
a technical person to be able to use this

Die verschiedenen Aktivitaten waren
5 in diesem Modul gut integriert. 0.84 021 084 | -014
| found the various functions in this
system were well integrated.

Es gab zu viele Ungereimtheiten in
6 diesem Modul. 0.42 0.47

| thought there was too much
inconsistency in this system.

Die meisten wiirden mit diesem Modul
7 sehr schnell zurechtkommen. 0.70 027 0.70 0.26

| would imagine that most people
would learn to use this system very

Es war sehr mihsam mit diesem
8 Modul zu lernen. 067 0.62

| found the system very cumbersome
to use.

Ich fuhlte mich in diesem Modul sehr
9 sicher. 064 | 036 | 068 | -0.34
| felt very confident using the system.

Es brauchte viel Vorarbeit, bevor ich
10 mit diesem Modul lernen konnte. 0.08 0.80 0.09 | 0.99

| needed to learn a lot of things before

| could get going with this system.

a. Courses are named as “Modules” in our university.

To be able to compare the SUS values with our altered
item numbers we standardized the results to be in the same
range as the original SUS, namely to be between 0 and 100.
Table 111 below presents these "normalized SUS scores" for
learnability (items 4 and 10) and usability (items 1, 3, 5, 7, 9)
factors. It is worth noting that, in the previous study, item 5
was removed from the model together with item 6 due to
high residuals, but in order to make comparison easier we
included item 5 in the Table Il results. We observe that,
scores for new data set, which is for adaptive courses are
lower than that of the previous data set for non-adaptive
courses for both usability and learnability related items with
similar standard deviations.

45




CENTRIC 2019 : The Twelfth International Conference on Advances in Human-oriented and Personalized Mechanisms, Technologies, and Services

TABLE III. FACTOR BASED SUS SCORES
Items for Old Data (N=511) New Data (N=118)
Calculation
SUS SD SUS SD

2 Items
(Learnability) 62.13 27.01 48.41 25.92
5 Items
(Usability) 68.47 20.00 57.80 21.67

For the confirmatory factor analysis, we compared results
from our current study (n=118) to our previous study
(n=511). Our previous study reported slightly higher CFI
(0.94 versus 0.966) and lower RMSEA (0.070 versus 0.097)
values after excluding the low-loading items. Table IV
summarizes these findings from confirmatory factor analysis.

TABLE IV. COMPARISON OF CONFIRMATORY FACTOR ANALYSIS
Data Confirmatory Factor Analysis Results
Set N Remarks CFI RMSEA
8 Items (5 and 6
1 511 removed) 0.94 0.070
2 |1g | dMems@6and |, qq4 0.097
8 removed)

D. SUS with 12-ltems

The factor learnability has only two items in the original
version of the SUS. In order to strengthen this factor and for
a better explanation in the variance, we formulated two
additional questions and added them as listed below. Table V
presents the new items in English and German.

which implies extensive usage and increasing time spent
with the system enables enough knowledge to support others.

Item 12 "I frequently had questions about this online
course" focuses on learner’s reflection about the system and
having questions regarding the system as a dimension of
learnability.

As a first step of analysis, the reliability of the survey
with the added questions was tested. Cronbach’s alpha value
was calculated for all 12 items, the remaining 9 items after
removing items 2, 6 and 8, the (remaining) 5 items for the
usability factor and the 4 items for the learnability factor.
Table VI shows these values in addition to item
discriminatory power and item difficulty. We applied the
same calculation as in part “C” to calculate the “normalized
SUS score” for the learnability factor with 4 items
(44.76x25.04), which is slightly lower than the value
presented in Table 1l (48.41+25.92) for the “normalized
SUS scores” of usability and learnability factors for 511 and
118 participants.

In a next step, exploratory and confirmatory factor
analyses including the new items were conducted. All items
showed clear distributions in factor loadings (Table VII) and
appropriate CFI (0.964), RMSEA (0.084) and SRMR (0.05)
values.

TABLE VI. COMPARISON OF QUALITY CRITERIA

Item discriminatory

Included Items a Difficulty
power

12 Items 0.92 0.59 - 0.9 0.52 - 0.69
9 Items (2,6, 8 excluded) | 0.89 0.58 - 0.79 0.52 - 0.69
5 ltems (Usability) 0.89 0.74 - 0.83 0.65 - 0.69
4 ltems (Learnability) 0.87 0.69 - 0.89 0.52 - 0.62

TABLE V. NEW ITEMS FOR LEARNABILITY FACTOR
Item Language New Item
Ohne Unterstitzung (von Kommilitonen,
German Dozierende etc.) hatte ich diesen Online-Kurs
Item 11 nicht verstanden.
Without support (from fellow students, lecturers
English etc.), I would not have understood this online
course.
German Ich hatte immer wieder Fragen bzgl. dieses
Item 12 Online-Kurses.
English | frequently had questions about this online
course.

Although there are several definitions of learnability, the
improvement in performance after repeated trials can be
taken as a simple definition. A good learnability should lead
to a high level of proficiency of the user, within a short time
and with minimal effort [22]. The original SUS scale has
only two items to measure learnability, item 4 states support
from technical staff needed and item 10 addresses one’s own
effort to be able to use the system.

Newly proposed item 11 "Without support (from fellow
students, lecturers etc.) | would not have understood this
online course", points to support from other users including
fellow students and lecturers, but not technical experts,
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The usability factor had sums of squared loadings of
3.116 and the learnability factor 2.636, and both factors
explained 57.5% of the variance. Table VII presents the
factor loadings with the remaining 9 items after removing
items 2, 6 and 8 and adding items 11 and 12. The usability
factor contains items 1, 3, 5, 7 and 9 and the learnability
factor contains items 4, 10, 11 and 12.

TABLE VII. FACTOR LOADINGS AFTER REMOVAL OF ITEMS
Item Usability Learnability
1 0.782 -0.107
3 0.798 -0.312
4 -0.207 0.913
5 0.816 -0.216
7 0.724 -0.19
9 0.678 -0.276
10 -0.138 0.698
11 -0.261 0.731
12 -0.299 0.717

Results presented in the tables above, show that the
addition of two new questions for the learnability factor
increased overall performance of the SUS tool by increasing
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the total variance explained to 57.5% ( 31.1% from usability
and 26.3% from learnability) from 47.1% (30.4% from
usability and 16.6% from learnability). In addition, the
RMSEA value was reduced from 0.097 to 0.084, causing
almost no change in the CFI (0.966 to 0.964) and SRMR
(0.05 for bhoth cases) values.

IV. DISCUSSION OF THE RESULTS

This study uses a German version of the System
Usability Scale, applied to an e-learning content with
adaptive courses and compares the results to previous
findings for non-adaptive courses. The reliability and validity
of the German version of the SUS are intact for both the
current and the previous study. This also holds true when
two newly created items are added to the scale in order to
counterbalance the two-factor structure.

The application of a short questionnaire like the SUS in
order to measure the usability of a learning portal has the
potential shortcoming of not differentiating clearly between
the usability and the content. It is hard for the students to
answer some of the questions considering only the usability
without including their experiences and feelings about the
learning content. In order to make content and usability more
distinguishable, a detailed module evaluation was directed to
the students prior to the SUS. This module-evaluation
contained questions about lecturer, course content, course
literature, and classroom presence.

Exploratory factor analysis supported the two-factor
structure of the SUS. This is in accordance with our previous
study and further literature [6][7]. The exploratory factor
analysis further uncovered 3 items with unclear factor
loading, items 2, 6, and 8. This lead to an unacceptably high
RMSEA value. After exclusion of these three items, the
RMSEA was found to be in an acceptable range. The
wording of these three items might have been unclear and
might have led to some confusion in the assessment of the
adaptive courses. For example Item 8: | found the system
very cumbersome to use (in German “Es war sehr mihsam
mit diesem Modul zu lernen”). We wanted to measure the
usability of the module, but in this question, we did not
clearly separate the learning content (e.g. the adaptive online
tasks) of the module from the usability of the module.
Despite answering the detailed module evaluation prior to
the SUS questionnaire, students still might have assessed the
complicated usability, the more complex online tasks, or
even the complexity of the content. This could be a reason
for which the factor load for this item is unclear. This
supports the unsuitability of this item in our context. The
same problem can also be seen in items 2 and 6.

To balance out the two-factor structure of the SUS we
added 2 items meant to load onto the learnability factor. The
new 9-item SUS (excluding items 2, 6, 8 and including items
11 and 12) had a clear distribution of factor loadings and
CFI, RMSEA and SRMR very similar to the 7 item SUS
(excluding items 2, 6, and 8) but had a higher explained
variance (57.5% instead of 47.1%). These results validate the
inclusion of the new items.

It is to be noted, that the total SUS value for adaptive
courses was lower than the total SUS value for non-adaptive
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courses. This might be due to the richness or the
voluntariness of the course. The adaptive courses include a
variety of learning content, such as the previous knowledge
tests, adaptive online tasks and various recommendations.
Breaking down the total SUS value both factors were lower
for the adaptive courses than for the one on non-adaptive
ones. The difference in learnability factor is much bigger,
which might mean, that students need more time to find their
way around the course. In addition, students are free to use
the adaptive learning system and following the
recommendations. They are free to leave their adaptive
learning path at any time. They do not have to follow the
recommendations. All tasks can be accessed without
limitations. Consideration of all these options can lead to an
additional cognitive load for some students and therefore
lead to a decrease in the usability of the course. We are
conscious of this problem in usability and are constantly
searching for possibilities to improve the course structure
and try to present a simpler overview for adaptive courses.
As part of this work (for example after changes in the course
structure), we need a short questionnaire that students can
answer to evaluate if and how the changes affected them. For
this, we need the SUS with 12 items.

As the adaptive courses are quite complex a two factor
(Usability and Learnability) structure for the SUS made
sense. As with the total SUS value both factors were lower in
the analysis of the adaptive courses than the one on non-
adaptive ones. The difference in learnability factor is much
bigger, which might mean, that students need more time to
find their way around the course.

From the course-development side, we understand that
the first orientation for students in adaptive courses requires
more time. Students are accustomed to non-adaptive courses
at the university and therefore, they have to adapt to the new
adaptive course structure and hence sometimes have
questions about how to work with the adaptive courses. We
are working on making this transition seamless and rapid and
on making adaptive courses more self-explanatory.

User experience was not measured in this current study
(2018/19), nor was it measured in the reference study
(2015/16). Therefore the user experience could not be
compared. Future studies can take user experience into
consideration, specially looking at improvements in user
experience across studies.

German translation of some items (items 2, 6, and 8)
were not clear and in the context of adaptive learning, could
cause misunderstanding and misinterpretation. This problem
in translation is an important limitation of this study, which
should be considered in future studies.

V. CONCLUSION AND FUTURE WORKS

The blended learning offer of the examined university is
based on a concept with around 20% interaction with a
teacher (i.e in classrooms) and 80% self-learning time, which
is guided and supported by the online learning system
Moodle. The introduction of adaptive online courses was
primarily designed to support the self-study phase of the
students. In this context, the efficient use of the
functionalities of the learning platform plays an important
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role with regard to a high degree of usability and learnability.
This is especially important in order to prevent the students
from a high cognitive load due to a difficult handling of the
learning platform or within the courses, which would affect
negatively the learning performance of the students. In fact,
the SUS value (55.08) was considerably lower than that of
the non-adaptive courses examined (62.87 and 67.51,
respectively). This is a distinct indication that the usability of
adaptive courses should be increased. If we consider the SUS
value of usability (57.8) and learnability (48.41 respectively
44.76) we see, that the value for learnability is much smaller.
It takes a longer time for a student to understand the
orientation and flow of the course in their first appearance in
an adaptive course. We are currently working on improving
the clarity of the adaptive online courses and we have started
to produce short explanatory videos, explaining how to learn
with adaptive courses. We aim to make the process of
introduction (learnability) to adaptive course structure easier
with these explanatory videos.

The limits of the short scale were also shown here.
Accordingly, after calculating the SUS values, we propose to
examine more closely how the students have used the course
and what progress they have made. We suggest that we have
already done this in previous studies, to analyze the log files
from the Learning Management Systems database more
closely and to relate them to indicators of the students'
learning progress. This form of analysis has the advantage
that objective data was collected without interfering with the
students' learning process, for example by asking questions.
This type of data collection also made it possible to
efficiently evaluate large datasets or datasets over a longer
period of time. In individual cases, these forms of data
collection could be supplemented by questions or interviews.
To sum up, the SUS has proven to be a reliable instrument
also for adaptive courses. However, it also turned out that its
German version still has some weaknesses, as demonstrated
by the linguistic problems and the exclusion of items. The
next step is to test the original scale again in larger samples
and test it for potential effecting variables, such as
experience with Moodle or satisfaction with IT support or
classroom sessions. In our previous study [2], we found that
satisfaction with classroom sessions or the lecturer has an
influence on the SUS value. These factors may also be
important in adaptive online courses.
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