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An innovative higher education is the visible outcome of the combination of the proliferation of Information and

Communication Technologies (ICT) and novel approaches in education.We position our paper in this context, describing

the experience of using an automatic e-learning corrector and its impact on both academic results and aspects of student

perception. A total of 333 students doing technical degrees took a basic business administration course and the field work

was conducted within this framework. An e-learning platform calledACME_Business, which automatically corrected and

assessed all the exercises proposed, was designed, developed and implemented as the novel element of the course. The

validity of the proposal was tested at the Polytechnic School of the University of Girona in Catalonia (Spain). The results

show that implementing the solution is helpful in the learning process and in monitoring courses and that its use improves

academic results. The perception assessment showed that the students had a very good opinion of the learning experience

using the proposed ICT tool. Beyond these highlighted benefits for students, teachers save time and effort, and their

workload is reduced. The novelty of the solution lies in the enormous potential for personalisation, the full automatization

of exercise generation, correction, feedback and grading, and the dual educational approach wherein students gain

knowledge in business administration and mastery in spreadsheet use.
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1. Introduction

Understanding the fundamentals of business
administration should be a must in all Higher

Education Institution (HEI) degrees, without

exception. Engineering education has progressively

promoted business knowledge and skills integration

to complement a predominantly technical degree

[1]. Graduate engineers as future professionals are

encouraged to be able to demonstrate a sound, wide

knowledge base and a deeper understanding of and
competency in their speciality. However, regardless

of their specialisation, they are implicitly expected

to have business knowledge and skills [2, 3]. These

aspects become mandatory given that students will

be employed in business and as future employees

they should understand how the organisations they

opt to serve function [4, 5]. Global solutions

designed, piloted, applied and evaluated by engi-
neers in business settings essentially aim to enhance

an organisation’s competitiveness. Having a fair

basic understanding of financial analysis, cost ana-

lysis, balance sheet and profit and loss account

interpretation further contributes to making the

most opportune decisions where both technical

and non-technical details are important, forming a

complex cohesion [6].

Despite the obvious need and the existing offer,
the contradiction is that engineering students often

struggle to understand the relevance of business

content to their engineering training. Their motiva-

tion is usually lower (compared to specialty sub-

jects) and the class configuration (early degree-stage

subjects mean high numbers of students) places the

educator in a challenging position where they must

go beyond knowledge transmission and pay special
attention to highlighting the usefulness of the sub-

jects using examples from real-life settings and other

motivational strategies and actions [7]. Teaching

business administration content using spreadsheets

is one of the strategies that best fits this reality, and

as such is a solution that has gradually but inten-

sively passed through the different stages from

ideation to design, prototyping and piloting, imple-
mentation and continuous improvement [8].

Business administration is often taught to engi-

neers using business administration-specific soft-

ware tools. To counter engineering students’ lower

motivation for non-speciality subjects, we propose a

spreadsheet-based interactive e-learning solution.

Its proposed value consists in its dual approach:

building on and further developing skills in spread-
sheet use, while simultaneously training the funda-
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mentals of business administration. This approach

adds novelty to early stage engineering education as

it ismoremotivating than traditionalmethods using

field-specific software solutions, connecting stu-

dents to a problem-solution engineering philoso-

phy, while allowing for field-specific problem
statements fully adapted to the idiosyncratic issues

of the different engineering fields (industrial firm,

software development firm, etc.).

To this effect, the aim of this paper is to propose

an innovative approach to teaching business to

technical degree students, highlighting the use and

impact of this solution, which is part of a global

ACME framework (the acronym meaning Contin-

uous Evaluation and Educational Improvement or

Avaluació Continuada i Millora de l’Ensenyament,

in the original language). More concretely, the

paper explains how the ACME_Business solution

was implemented in three business administration

subjects taught as part of three different engineering

degrees at the University of Girona (Catalonia,

Spain) during the academic years 2015/2016 and
2016/2017. It also describes the impact of the global

e-learning experience in terms of subjective and

objective perspectives based on the results obtained

froma student perception evaluation survey and the

analysis of the activities and grades. This objective is

part of wider and more ambitious goals, namely

improving the teaching/learning experience, devel-

oping autonomous learning, furthering the knowl-
edge acquired in academia and providing students

with the opportunity to master ICT skills and

acquire competence in using spreadsheets. Ulti-

mately, we aim to contribute to narrowing the gap

between employer-required and graduate-acquired

competences.

Our contribution is part of a long-term experience

described in a series of publications gathered in a
trilogy. In the first publication [9], the authors

describe the teaching experience using automatic

spreadsheet correctors, while the second paper [10]

focuses on the characteristics of the system and its

integration in the learning experience. The present

paper is the third in the trilogy, describing the most

relevant aspects of ACME_Business and its impact

on academic performance and student perception.
The paper is structured as follows. Following on

from this introduction (Section 1) there is the litera-

ture review (Section2) in which the importance of

spreadsheets is underlined and the published papers

on automatic spreadsheet correctors highlighted.

The description of the methodology follows, cover-

ing the technical and teaching facets of our proposal

(Section 3). The results are presented in Section 4,
which is divided into two sub-sections, one referring

to the academic results and the other to the students’

perception of the experience. The conclusions are

drawn in Section 5, constituting a series of contribu-

tions for both teaching staff and students.

2. Related work and background

Regarding the business administration subjects stu-

dents should be taught in an engineering or techni-

cal degree, we concur with the previous works of

[11, 12], who highlight the importance of financial

analysis, cost analysis, balance sheets and profit and

loss accounts. There are a multitude of unrelated

initiatives on teaching these subjects, all of which

have the shared aim of improving the knowledge
and skills of future engineers. These teaching experi-

ences generally state the importance of theoretical

sessions, emphasising the use of case studies [13] to

illustrate the practical/application facet of the con-

cept taught. As a complement to this traditional

approach, a new stream of recent publications has

emerged from authors such as [14], who consider

that ICT-tools, e-learning platforms and project-
based learning are technologies and trends towards

which engineering education should evolve.

Accordingly, [15] propose a learning system based

on project design and development, while different

authors such as [16] and [17] agree on the impor-

tance of combining face-to-face classes with activ-

ities requiring e-learning solutions, thus supporting

the blended learning approach andpractice.Among
other factors, the authors [17] demonstrate the

success of using 2.0 web tools as facilitators in a

collaborative learning process. Some authors such

as [12, 18, 19] highlight interactive on-line learning

systems, unanimously agreeing on the importance

of business administration training to an engineer’s

education to provide them with a good understand-

ing of the firm—their current or future employment
unit—from an economic perspective.

Complementarily, the use of specific software and

e-learning platforms is emphasised in relation to

innovation in teaching and learning, especially in

specific circumstances such as where non-technical

subjects are imparted to technical degree students.

There are numerous initiatives using specific soft-

ware, among which is [18], who developed an online
system for learning accountancy, evaluating the

effectiveness of its use and the resulting outcomes,

and [21] who describe a financial web application

that provides students with practice in content

typical of these types of subjects such as balance

sheets and profit and loss items. Another notable

trend and the applications proposed by its expo-

nents are the initiatives using spreadsheets, the use
and impact of which are described in multiple

publications. Our publication [10] is a comparative

analysis of various systems already available based

on spreadsheets, focusing on those that enable
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exercises to be automatically corrected and

assessed. Among our references we include [22–27].

Considering all these initiatives as interesting and

useful and continuing in the line of innovative

education, our contribution consists of describing

the experience of using the ACME_Business tool.
This initiative integrates different automatic e-

learning correctors and has been implemented in

the business administration subjects taught as part

of all the technical degrees offered at the Polytechnic

School of our university. The ultimate goal of our

proposition is to increase student involvement and

motivation and to create a learning experience that

is both enjoyable and didactic. Generating indivi-
dual exercises that serve to automatically correct

and assess the practical activities conducted in the

subject has a series of positive impacts.

The ACME_Business tool is self-developed from

a formula that involves researchers from both the

Department of Computer Science, Applied Mathe-

matics and Statistics and others with different

specialist experience and research and teaching
expertise (from the areas of physics, chemistry and

mathematics, among others). It was developed by

university teaching and research staff for the main

purpose of teaching Business Administration to

Engineers. It incorporates different modules and

automatic exercise generators and correctors, the

most complex of which is the ACME_Spreadsheet.

TheACME_Spreadsheet sub-module enables the
generation of multiple and varied exercises/activ-

ities with immediate correction. The teacher can

shape the activities, programming formative and/or

summative assessments as they choose, radically

improving students’ skills. Moreover, the tool con-

tinually updates the teacher on student activities

andpartial performance, providing valuable knowl-

edge about which content or exercises require
further attention. The automatic feature enables

students to continuously monitor their learning

process with each small fraction completed imme-

diately corrected and feedback provided. Other

characteristics are its flexibility and capacity for

self-organisation, fully adapting to the user’s avail-

ability to practice. Students send their answers via

the web, immediately and automatically receiving a
response, a valuable feature that allows the student

to proceed further or to go back and correct the

previous answer.

3. Methods

In this section, we describe how the course is

organised and the data collection process and

instrument.

3.1 Course organisation

The subject Fundamentals of Business Administra-

tion is compulsory on all the technical degrees

taught. The aim is to train students in the basic

theoretical and practical skills of key managerial

and business organisation concepts and decision-

making tools. Content is provided and practiced in

three separate settings: theory (T), assisted practice

(AP) and computer assisted practice (CAP). The
theoretical content relevant to the field of business is

provided by the teacher. This is followed by prac-

tical exercises addressed during AP, paralleled by

CAP sessions where the theoretical content is prac-

ticed and assimilated, reinforcing the input from T

and AP sessions and showing how spreadsheets can

be used for these purposes. The basic features of the

course are described in Table 1.
The course was designed to achieve specific learn-

ing outcomes formulated as competences, equiva-

lent to what students should be able to:

� Describe, explain and apply fundamental con-

cepts and relationships underlying accounting,

economics, finance, management and managing

information systems.

� Apply information technology and use informa-
tion to support business processes and make

decisions.

� Apply quantitative skills to analyse and solve

business problems and discover opportunities.

� Communicate orally and in writing about busi-

ness topics.

� Demonstrate proficiency in discipline-specific

areas identified as specializations.

Although not explicitly stated, a series of other skills

are also acquired through taking the subjects. One

of the most noteworthy and relevant is spreadsheet

use as a competence, which is especially trained and
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Table 1. Summary of course characteristics
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practiced in all the CAP sessions. Other compe-

tences are implicitly practiced in the same environ-

ment, such as:

� Self-control or self-management: a systematic,

disciplined approach to coping with the daily

workload and dealing with changing require-
ments and stressful situations [28: 92]. The tea-

cher is present, providing the minimum

information required to achieve the objectives

of the session while encouraging students to

make individual decisions about planning, mana-

ging and presenting their own solutions

� Result orientation: focusing attention on key

objectives to obtain an optimum outcome
[28:104]. Each session has a clear objective and

a limited 2-hour duration. At the end of each

session, students upload a file with the results

obtained in the session.

� Efficiency: the ability to use time and resources

efficiently to achieve the agreed outcome and to

fulfil expectations by using methods, systems and

procedures in the most effective way [28: 108].

Sessions are limited in time and each one has a

unique procedure.

The main elements of the course organisation are
captured in Fig. 1. As shown, the platform con-

templates a series of tools organised by type of

exercise and according to specific content. The

basic ACME module is called ACME_Business (as

opposed to ACME_Mathematics, ACME_Physics,

etc.) and it has a specific sub-tool known as

ACME_Spreadsheet, which is used within the con-

text of the CAP sessions. All the tools are used to
perform both formative and summative assessment

apart from the true/false type exercises, which due to

their relative ease are only used for formative

assessment purposes.

The module is integrated into the Virtual Learn-
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Fig. 1. Course organisation.
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ingManagement system.Virtual LearningManage-

ment solutions such as Moodle and others (when

implemented) have a series of advanced features

(true/false type questions, drag and drop type

approaches, questionnaires and quizzes) which,

despite providing a series of advantages, do not
yet have the potential to generate personalized

problem statements adapted to specific needs and

complex situations and neither do they correct and

provide users with immediate and personalized

feed-back. By way of example, the Moodle drag

and drop feature enables the correct result to be

entered into a blank field, while the ACMEmodule

corresponding to mathematics [29] allows for a set
of concepts and datawhich are compared, bymeans

of a template, with the correct answer.

3.2 Data collection

Table 2 is a descriptive summary of the experience

using the ACME platform’s automatic spreadsheet

correctors. Although ACME had already been

implemented in the usual technical subjects taught
in the technical degrees, during the 2013–2014

academic year it was piloted with a small group

taking a business administration subject.

It was gradually extended in use to larger groups

and other business administration subjects, reach-

ing its apogee during the 2015/2016 academic year

when 179 students used it. The figure for the 2016/

2017 academic year was 154 students. The results
presented here refer to the cohort of 333 students, if

not otherwise specifically stated.

3.3 Validation of the perception evaluation

questionnaire

Novel solutions often automatically trigger user

perception evaluation surveys for the purpose of

continuous improvement. Since the solution calls

for specific questions, regular student satisfaction

questionnaires were of no use, so a specific percep-

tion evaluation questionnaire was designed and

applied. It was comprised of 20 items evaluated on

a 5-point Likert-type scale ranging from 1 (strongly
disagree) to 5 (strongly agree). The questions were

grouped into four areas of interest: (i) AP sessions,

(ii) the spreadsheet corrector used in the CAP

sessions, (iii) the ACME_Spreadsheet class experi-

ence, and (iv) the global ACME_Business experi-

ence. To ensure themaximum number of responses,

students were asked to complete the survey at the

end of the teaching period and as an attachment to
the semester exam. The scale consistency was tested

using Cronbach’s Alpha test. The results are shown

in Table 3.

The values obtained for Cronbach’s Alpha

showed good levels of internal consistency for

each course considered in the analysis, both by

thematic dimensions and globally, suggesting a

relationship between the set of items as a group.
All coefficients of reliability with values over 0.7 are

considered as acceptable in most social science

research.

4. Results

The academic results obtained by means of the

ACME experience (Section 4.1) and its perceived

usefulness (Section 4.2) are presented in this section.

4.1 Academic results

First, the students were organised into four groups

according to the grades they achieved in the AP and

CAP sessions, using the method of k-means. The

distinctionwasmade by separating theAPandCAP
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Table 3. Participants and characteristics of subjects using ACME_Business
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Table 4. Grouping students by mean grades and types of sessions (CAP and AP)

Note: The grades take values from 0 (low) to 10 (excellent).

Fig. 2. Groups according to CAP and AP.

Table 5. Group characteristics (descriptive statistics)
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grades into high and low.Hence, theH-Hgrouphad

obtained highgrades inboth settings; theH-Lgroup

had a high CAP grade but a low AP grade; the L-H

group had a low mean grading in the CAP sessions

but a high AP grade; and the L-L group had

obtained low grades in both types of sessions.

Table 4 shows the specific values and the number

of students in each group.
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Table 6. Test of Homogeneity of Variances

Table 7. Between Group and Within Group differences

a. Asymptotically F distributed.
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The centres of the four groups are similar between

academic years, while the largest group is the H-H

group and the smallest is the L-L group. Fig. 2

shows the distribution of the different groups during

the academic years.

Table 5 contains the basic descriptive values of
the mean and standard deviation of grades corre-

sponding to theCAP andAP sessions, the exam and

the final result for the different academic years. It is

interesting to observe that the H-H group is the

largest one and that the mean exam and final grades

of the students in this group are higher than those of

all the other groups. The mean values for the exam

grade and the final grade are similar for theH-L and
L-H groups. The L-L group has the lowest values of

all the groups. The CAP and AP grades are related

to the classification of groups.

A one-way ANOVA test was performed to

further verify the observed differences between the

means. The test of homogeneity of variances

(Levene statistic) showed that homogeneity of var-

iances could not be assured in all the cases (Table 6).
As observed, the results differ between academic

years. For the 2015/2016 academic year there is

homogeneity of variances between the exam grade

and the final grade, while for the 2016–2017 aca-

demic year there is homogeneity of variances for the

CAP grade and the AP grade. Since there was no

way to guarantee homogeneity of variances for all

the cases beyond the F statistics we applied the
Welch and Brown-Forsythe test, which shows sig-

nificant differences for all the cases (p-value < 0.05)

(see Table 7).

We proceeded with a Post Hoc test to detect

which of the four groups showed significant differ-

ences between the CAP and the AP grades, which

gave unsurprising results considering that these

were the variables used to cluster students and

form the groups. Regarding the mean grade of the

variable exam for each of the groups, we observed

that for the 2015/16 academic year there were

significant differences between the H-H and L-L

groups and between the L-H and the L-L groups,

while this trend was not observed between the other
groups. Regarding the 2016/17 academic year, there

were significant differences between all the groups

except for the groupsH-L andL-H. Last, if we focus

on the mean grade of the variable final, significant

differences were detected in all the cases except for

the groups H-L and L-H. These results were con-

trasted with two additional tests, one assuming

homogeneity of variances (Bonferroni Test) and
the other assuming no homogeneity of variances

(Tamhane Test). The results are shown in Table 8

and Table 9.

4.2 Perception results

As mentioned in section 3.3, innovative solutions
mandatorily require perception evaluation. Using a

specifically designed questionnaire we were able to

capture students’ perceptions of the technical,

didactic and subject aspects, and of the global

experience. Figs. 3, 4, 5 and 6 are visual representa-

tions of the data collected.

The overall perception of all the evaluated aspects

was positive, withmost items at over 70%agreement
levels, calculated from the sum of the ‘‘Agree’’ and

‘‘Totally agree’’ response categories.

Five items reach 85% (and above) agreement

levels: ‘‘ACME exercises are suited to the content

of the subject’’ (86%), ‘‘The teacher was willing to

help solve technical problems’’ (87%), ‘‘It served to

tell me if I was calculating correctly or not’’ (85%)

and ‘‘It improved my ability to use spreadsheets’’
(85%), ‘‘The Balance Sheet corrector was helpful’’

(86%).

Maria Assumpció Rafart et al.8

Table 8.Multiple Comparisons—Bonferroni Test

*The mean difference is significant at the level 0.05.
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Table 9.Multiple Comparisons—Tamhane Test

*The mean difference is significant at the level 0.05.

Fig. 3. Student perception of the Assisted Practice by type of content.

Fig. 4. Student perception of the Computer Assisted Practice by spreadsheet corrector.
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Among the items with the highest levels of dis-

agreement (shown in brackets), which are potential

inputs for further improvement or reformulation,
we find ‘‘True/False exercises contributed to under-

standing the concept’’ (39%), ‘‘Break-even point

exercises contributed to understanding the concept’’

(27%), ‘‘Feedbackmessages provided by the corrector

were clear’’ (36%), ‘‘The Cost exercise corrector was

helpful ’’ (24%), ‘‘The Profit and Loss Statement

corrector was helpful ’’ (20%).

The change in tendencies in the evaluated items
from one academic year to another is also note-

worthy. The overall trend between the 15/16 and 16/

17 academic years was increasing disagreement with

rather negative items. Thismay be explained by how

the subject was evaluated, as thiswas the only aspect

that was modified between the two academic years,

further suggesting that the higher the level of

demand for the subject, the more negative the
perception of the tool used. Last, and as possible

additional proof of motivation and satisfaction,

students asked for more ACME activities and that

theirweighting in the final evaluation be increased, a

further reflection of student awareness of the useful-
ness of the tool.

5. Discussion

In this paper we describe the experience of using an

automatic e-learning solution and its impact on
both academic results and student perception

aspects within the context of an early degree subject,

BusinessAdministration,which ismandatory for all

technical/engineering degrees.

In terms of academic performance, our results

show that the proposed solution improves both

partial and overall evaluation grades. The learning

experience performance, which can be read from the
perception evaluation, has a rather positive reso-

nance, hinting of further improvements. Students’

requests for more activities using the same tool and

approach are sound evidence of their level of

Maria Assumpció Rafart et al.10

Fig. 5. Student perception of the ACME_Spreadsheet corrector experience.

Fig. 6. Student perception of the global ACME_Business experience.
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satisfaction. While the knowledge gained is impor-

tant and is still a core issue in HEI training today,

the competence-oriented approach is also visible.

The proposed solution is perceived as useful in

training the skill of using spreadsheets (76% and

85%), a cross-cutting skill that is highly valued in
both academic and business settings.

Current limitations equating to future improve-

ments are related to being able to self-assign exer-

cises, enabling students to choose as many and as

varied exercises as they wish, providing even greater

autonomy and self-management compared to the

current solution. Further sophistications include a

‘‘smart’’ learning plan provided by the system based
on historical data and performance indicators, as

well as an even higher integration into the LMS,

especially for grade computing and export in the

academic record.

6. Conclusions

As an e-learning system for teaching business sub-

jects to engineers, the ACME_Business module is

innovative both as a solution and as an educational

approach. Like any novel solution, it has followed a

regular innovation path through the different stages

of design, prototyping and pre-testing, implementa-

tion and continuous improvement. It is the culmina-

tion of several years’ work and consists in a long-
lasting experience gathering a multidisciplinary

team in a collaborative formula. Framed within a

global family of applications that fall under the

umbrella term Continuous Evaluation and Educa-

tional Improvement (ACME), it had been imple-

mented as a solution for motivating engineering

students in non-specialty subjects and as a way of

optimising the work of educators in managing
early-stage high volume classes of future engineers.

Froman educational approachperspective, imple-

menting ACME_Business in class settings is set

apart from other strategies since it generates a

highly valuable e-learning experience from several

perspectives and in terms of the following associa-

tions: (i) student-educator, with both groups gaining

valuable benefits from using the novel solution
compared to more traditional teaching/learning

approaches, (ii) present-future, where a competence

trained in the present is highly likely to be used in

future professional situations irrespective of the

labour market sector, (iii) knowledge-competence,

meaning that usingACME_Business helps to trans-

mit and consolidate both knowledge—fundamen-

tals of business administration—and competence—
spreadsheet use, (iv) university-business, where the

approach used in a university setting is equipping

future professionals with one of the competences

most used and valued by businesses and firms.

References

1. S. A.Male, Generic Engineering competencies: A review and
modelling approach, Education Research and perspectives,
37(1), pp. 25–51, 2010.

2. J. J. Lee, S. Y. Kang and J. Heo, Business and Management
Competency of Engineers: Curriculum and assessment,
Proceedings of IEEE Educon Education Engineering. pp
295–302, 2010.

3. R. Clar, Engineering Management—The lost discipline?
Innovation, good practice and Research in Engineering Educa-
tion, pp. 1–11, 2008.

4. D. C. Momete, Joining economic and engineering perspec-
tives—a tool for successful entrepreneurs. Procedia- Social
and Behavioral Sciences, 180, pp. 395–400, 2015.

5. W. Sunthonkanokpong, Future Global Visions of Engineer-
ing Education, Procedia Engineering, 8, pp. 160–164, 2011.

6. P. J. Gregory, Building a financial perspective into an
engineering program, 36th Annual Conference 2008, Euro-
pean Society for Engineering Education.

7. P.V.Reddy,EngineeringEducation:Challenges, threats and
opportunities. Journal of engineeringEducation, pp. 165–170,
2015.

8. J. D. Pemberton andA. J. Robson, Spreadsheets in business,
IndustrialManagement&Data Systems, 100(8), pp. 379–388,
2000.

9. M.A.Rafart,A.Bikfalvi, J. Soler and J. Poch, Improving the
learning experience of business subjects in engineering stu-
dies using automatic spreadsheet correctors, Journal of
Technology and Science Education, 7(2), pp. 203–220, 2017.

10. M.A.Rafart, A. Bikfalvi, J. Soler and J. Poch,A generic tool
for generating and assessing problems automatically using
spreadsheets, International Journal of EmergingTechnologies
in Learning, 13(10), pp. 23–41, 2018.

11. D. J. Kulonda and T. O’Neal, Preparing tomorrow’s entre-
preneur: what must engineers know about finance?, ASEE
Southeast section conference 2004.

12. M. Rambocas and M. Sastry, Teaching business Manage-
ment to Engineers: the impact of interactive lectures, IEEE
Transactions on Education, 60(3), pp. 212–220, 2017.

13. D. J. Kulonda,Using cases to teachAccounting concepts for
engineering Managers, Proceedings of the 2003 American
Society for engineering education annual Conference.

14. S. Martin, M. Castro, U. Cukierman, R. Meier and
D. Waigandt, ICT needs and trends in engineering educa-
tion, International Conference on Interactive Collaborative
Learning (ICL), 2015.

15. M. Kim, A systematic project-based learning model for
accounting education in Engineering and its application to
web-based practice System, International Conference on
Education and Management Technology, pp. 54–59, 2011.

16. D. Delaney, L. McManus and C. Ng. A blended learning
approach to teaching first year accounting. Proceedings of
International Conference of Education, Research and Innova-
tion, pp. 4019–4026, 2010.

17. G. Elia, G. Secundo,W. F. Assaf andA. Fayyoumi.Web 2.0
blended learning to introduce e-business contents in engi-
neering education:Apilot case study in Jordan, International
Journal of Engineering Education, 30(3), pp. 543–559, 2014.

18. B. N. Potter and C.G. Johnston, The effect of interactive on-
line learning Systems on Student learning outcomes in
accounting, Journal of Accounting Education, 24, pp. 16–34,
2006.

19. R. Sava, Using interactive methods in teaching accounting,
Studies in business and economics, 11(2), pp. 130–139, 2016.

20. U. Tanlamai and O. Soongswang, Learning from balance
sheet visualization, US-China education review, 7, pp. 910–
925, 2011.

21. M. Hasan, M. Ibrahimy, S. Motakabber, M. Ferdaus, M.
Khan and M. Mostafa, Development of a web-based finan-
cial application System, IOP Conf. Series: Materials Science
and Engineering, 53, pp. 1–8, 2013.

22. B. A. Bertheussen Power to business professors: Automatic
grading of problem-solving tasks in a spreadsheet, Journal of
Accounting Education, 32(1), pp. 76–87, 2014.

Impact of Using Automatic E-Learning Correctors on Teaching Business Subjects to Engineers 11

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57



23. M. Nnadi and M. Rosser, The ‘Individualised Accounting
Questions’ Technique: UsingExcel toGenerateQuantitative
Exercises for LargeClasseswithUnique IndividualAnswers,
Accounting Education, 23(3), pp. 193–202, 2014.

24. T. Mays. Using spreadsheets to develop applied skills in a
business math course: Student feedback and perceived learn-
ing, Spreadsheets in Education, 8(3), pp. 1–16, 2015.

25. M. Siepermann and C. Siepermann, Automatically Gener-
ated and Marked E-Learning Exercises for Logistics Cost
Accounting, International Journal ofEconomics andManage-
ment Engineering, 2(2), pp. 105–109, 2008.

26. C. R. McNeil, Excel Modeling Assignments and Automatic

Grading, Journal of Financial Education, 41(3), pp. 86–97,
2015.

27. Z. J. Kovacic and J. S. Green, Automatic Grading of
Spreadsheet and Database Skills, Journal of Information
Technology Education, 11, pp. 53–70, 2012.

28. International Project Management Association (2006)
ICB—IPMA Competence Baseline, Version 3.0.

29. J. Poch, I. Boada, J. Soler and F. Prados, Automatic
Creation and Correction of Mathematical Problems, Inter-
national Journal of Engineering Education, 32(1A), pp. 150–
162, 2016.
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