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Abstract 

Universities around the globe consume large number o f papers every year for educational and admin istrative purposes. 

A major portion of these papers are consumed for exam purpose only. Post Covid -19, several universities have moved to 

computer-based exams because of health and safety concerns. The purpose of this article is to compare paper and 

computer-based exams primarily from the perspective of their impact on the environment. Our main aim is to perform 

Life Cycle Assessment (LCA) for three scenarios and find out which one of them is better from the environmental 

perspective. The three scenarios that have been considered for LCA modelling are as follows: (1) consumed papers go to 

landfill, (2) consumed papers are recycled, and (3) switching to computer-based exams. The procedure of conducting the 

LCA fo llows the ISO 14040 standard method which consists of four steps: (1) goal and scope definition, (2) inventory 

analysis, (3) impact assessment and (4) interpretation. This research uses GaBi educational soft ware tool for LCA 

modeling and considers Global Warming Potential (GWP) as the impact category for comparison purpose. A further 

comparison from student performance point of view has also been made at the end of the article. The result of this 

research shows that computer-based exams have least impact on the environment based on the selected GWP impact 

category as compared to paper-based exams. Furthermore, it has been found that there is no significant student 

performance difference in either type of these exams.  
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1. Introduction 

Traditional way to conduct exams in an educational sector is by 

using paper. With an expected steady increase in enrollments in 

Saudi higher education institutions [1], the consumption of 

paper will increase in the future. Most recently, the College of 

Engineering at the University of Tabuk (UT) temporarily 
shifted from paper-based exams to remotely arranged 

computer-based exams because of the prevailing Covid-19 

situation. However, this shift was temporary, and now the 

college is conducting in-person exams again. Most universities 

are expected to resume in-person exams starting from the fall 
semester of 2021. This means that the paper consumption trend 

will continue to increase in the future.    

 

The pulp and paper industry pose a significant challenge from 

the viewpoint of addressing environment and climate change 
issues. First, production of one ton of paper requires  

approximately 5-17 GJ of energy, this is extremely energy 
intensive sector [2]. Second, it consumes large amounts of 

water requiring an average of 54 cubic meters per metric ton of 

finished product [3]. Third, based on a study conducted in 

2014, the paper and pulp industry make up roughly 26% of the 

258 million tons of solid municipal waste. Over 14% of the 136 
million tons solid municipal waste ended up in landfills in 2014 

[4]. Because of these factors, the pulp and paper industry are 

attracting an increasing attention of researchers.  

 

Environment degradation and climate change issues are forcing 
governments and policy makers to focus on addressing these 

challenges [5]. There is a greater need to integrate 

environmental considerations when making decisions in both 

private and public sectors [6]. However, making such decisions 

is not straightforward and requires effective tools to support 
such decisions.  

 

Widespread use of computers in all facets of life has become 

common recently. Specifically, the use of computers in higher 
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education sector has increased over the last few years. This is 

due to more variation of prices of computers, wider 

commercial applications, availability of internet services, and 

promotion of such technologies [7]. We argue in this research 
that the availability of computers in higher education sector can 

be exploited for conducting exams if their impact on the 

environment is less as compared to paper-based exams and 

there is no significant difference among student performance in 

either type of exam. Tools such as Life Cycle Assessment 
(LCA) can help to make comparison from environmental 

performance perspective. 

 

LCA is a comprehensive tool for environmental accounting 

with established methods and procedures [8]. The purpose of 
LCA is to quantitively assess the impact on environment 

caused by products and processes [9] from inception to 

disposal more commonly known as cradle to grave. LCA is a 

reliable method to verify environmental impact and offers great 

benefits to private businesses, industries, public sector 
organizations as well as consumers. Organizations that apply 

LCA in overall management and product development can gain 

benefits of environmental, occupational health and safety, risk, 

and quality management as well as developing and applying 

cleaner processes leading to improvement of their brand image 
and value [10].   

 

As mentioned earlier, the focus of this research work is to find 

out which exam method impacts the environment less than the 

other. For this purpose, we conducted our study in the College 
of Engineering at UT. The college uses A4 size papers for 

conducting student exams. During the academic year 2017/18, 

the college consumed 278,361 papers for conducting exams. 

The semester wise breakdown of the consumption of papers for 

exam purpose only is shown in Figure 1. 
 

 
 

Figure 1. Semester wise consumption of A4 size papers for 
academic year 2017/18 

 

To manufacture 278,361 papers consumed by the college, 33 

trees will be cut, 7,35352 gallons of water will be consumed, 
and 50102 MJs of energy will be required [11][12][13]. This 

prompts a need to investigate current practice (paper-based 

exams) and alternative approach (computer-based exams) for 

environmental impact assessment. 

 

2. Methodology 

To assess and compare the environmental impacts caused by 

paper and computer-based exams, a life-cycle assessment 

(LCA) is performed for the mentioned three-scenarios for 

modelling and comparison purposes. The leading standards for 
conducting LCA are ISO 14040 and ISO 14044. This research 

work follows the process of conducting LCA created by ISO 

14044. The four steps used in this methodology are namely (1) 

goal and scope definition, (2) inventory analysis, (3) impact 

assessment, (4) interpretation. We describe these four steps for 
our work in detail in the following sections. 

2.1. Goal and Scope Definition 

2.1.1. Goal of The Study 

The intended application of this LCA study is to support 

decision making in higher education sector in choosing the 
method of conducting student exams. The goal is to identify 

which method; paper or computer-based exams, has the least 

impact on the environment. 

2.1.2. Scope of The Study 

 
The following sections specify  characteristics of 

product/process system used in this LCA study and describes 

all related assumptions: 

2.1.2.1 Functional Unit 

Papers and computers have varying functions depending on 
intended applications. However, for this study we specify that 

the function of these products is to use them for conducting 

student exams. To compare environmental impacts caused by 

these two product systems, we must take the common 

functional unit which is one student. On average, one student 
consumes 264 papers during one academic year for exam 

purpose. Similarly, each student on average will use a 

computer for around 51.6 hours for taking exams during an 

academic year. 

2.1.2.2 System Description and Boundaries 
This research work considers three scenarios for comparison 

purpose. The scenarios are described as follows: 

1. Paper based exams with consumed papers going to 

landfill. 

2. Paper based exams with consumed papers going to 
recycling.  

3. Switching to digital-based exams 

These three scenarios are depicted in Figure 2. The first 

scenario describes the current practice in the College of 

Engineering at the UT. Papers are acquired, printed, used, and 
disposed at the end. In the second scenario, we assume that 

instead of disposing of papers for landfill, they will be 

recycled. The third scenario represents a complete shift to 

digital based exams.    

 

 
 
Figure 2. Three scenarios for modelling and comparison purpose 
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System boundaries for the three scenarios considered in this 

work are collectively shown in Figure 3. For the first scenario, 

trees (raw material in this case) are cut from the forest and are 
transported by trucks to the factory to begin the manufacturing 

process which includes pulp making, bleaching and paper 

making. Paper is then transported from the point of 

manufacturing in Indonesia to the consumers at UT in Saudi 

Arabia. Papers are consumed by students for exam purposes, 
subsequently marked by the instructors and afterwards 

landfilled. During this process, energy is consumed, and 

emissions are released in addition to the consumption of water 

and chemicals.  

 
For the second scenario, recycled papers are mixed with virgin 

material, this is shown in Figure 3 through the connected flow 

between disposal and manufacturing. The rest of the process is 

the same as explained in scenario 1. For scenario 3, the p rocess 

starts with the raw material preparation followed by 
fabrication, assembly and packing of computers.  Computers 

are delivered to consumers.  Student use computers for taking 

exams and finally computers are discarded after their 

appropriate life span.  

2.1.2.3 Assumptions 
To carry out LCA for this research work, various assumptions 

and considerations were made. This includes the study period 

for the research work, which extended for an academic year. 

The sample taken consists of one student studying at the 

College of Engineering who spent approximately 51.6 hours of 

exams per calendar year. The materials that were taken into 

consideration are only two types: the plain paper used in the 

exam in the case of conducting the exams in person (paper-
based exam), and the computer used in the exam in the case of 

conducting the exams remotely (computer-based exam). 

   

For simplicity of analysis, we consider only the controlled and 

provided materials by the faculty of engineering for both 
exams, the excluding materials includes packaging material,  

staples, and printing processes needed for paper exams. 

Furthermore, any other supplies needed and commonly used 

during paper-based exams are solely the responsibility of the 

students, and therefore excluded, this may include pencils, 
pens, erasers, sharpener, rulers, calculators. In future research 

work, the excluded materials during paper-based exam could 

be considered to understand if there are any changes in the 

results comparing to the obtained results from this study. 

 
In both cases of paper and computer-based exam, one student 

spends around 4.3 hours to complete the quizzes, midterm and 

final exams required for assessment for one course. The 

average student will take 12 courses during the entire academic 

year including summer term. Therefore, the total hours 
considered for exams purposes for one student equal to 4.3 

hours per course multiplied by 12 courses per year which sum 

up of 51.6 hours in a school year.  

 

 

 
 

Figure 3. System boundaries of the three scenarios 

 

 
 

Figure 4. The GaBi model for first scenario 
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It depends on multiple factors to determine the lifespan and 

power consumption of desktop computer. For instance, the 

useful service life of a desktop computer depends on company 

policy and its requirements regarding the use of computers. We 
take an average of five years as the computer lifespan. This 

assumption is based on our observation at the UT as well as is 

backed by the result of a survey conducted by [14] in which the 

researchers found that the average service life of a desktop 

computer wase five years. 
 

The exact energy consumption of a typical desktop computer is 

difficult to determine because of different hardware 

configurations including video cards which have a great impact 

on energy consumption [15]. The minimum consumption of a 
desktop is reported as 60 watts [16] therefore, we assume 80 

watts per hour for the computer-based exam scenario. 

2.2. Life Cycle Inventory (LCI) 

 

According to ISO 14040 standard, the Life Cycle Inventory 
(LCI) step involves compilation and quantification of product 

system inputs and outputs throughout its life cycle. In relation 

to this research work, we considered inputs and outputs of each 

scenario and used them in creating models in GaBi software 

tool. Some examples of input and output data include raw 
materials, energy, products, wastes, and emission to air, water, 

and soil.  

 

The first scenario assumes that papers used for exam purposes 

are made of virgin material and they go to landfill after use. 
Paper goes through a series of manufacturing and 

transportation processes before they are used at the university 

for exam purposes. The process of manufacturing paper starts 

with raw material extraction. The raw material is then 

transported by trucks to the manufacturing facility. The paper 
is then manufactured in four major steps: (1) pulp making, (2) 

bleaching, (3) stock preparation, (4) paper making or sheet 

formation.  

 

The transportation distances considered for this scenario 
include (1) 50.5 km from forest to paper manufacturing 

facility, (2) 20 km from paper manufacturing facility to Jakarta 

port, (3) 7977 km from Jakarta port to Dammam port, (4) 1650 

km from Damam port to the University of Tabuk.  

 
After compilation of the required inputs, the first scenario was 

modelled in GaBi software. As presented in GaBi model of the 

first scenario depicted in Figure 4, the first process is the raw 

material preparation, which requires energy input, followed by 

transportation to the paper making facility. In this facility, 
other processes such as bleaching and paper making are also 

performed. The next process is the transportation of papers 

from manufacturing facility to Jakarta port, transportation by 

ships to Dammam port, and finally the paper is transported 

from Dammam to Tabuk. The last process is the use of papers 
during the exam purpose.  

 

The second scenario assumes that the used paper will be 

recycled. In the recycling process, paper is collected after their 

first use. The used paper is then mixed with virgin raw 
materials for paper manufacturing. The rest of the paper 

manufacturing processes is similar to scenario 1. After 

computations of the required inputs, the second scenario was 

modelled in GaBi software.  

 

The third scenario assumes that exams will be conducted using 

computers. For this scenario, we assume that computers are 

being manufactured in Beijing China. In this study, we 

considered desktop computers. Major components of desktop 
computers include motherboard, Central Processing Unit 

(CPU), hard drive and monitor. The average life of university 

computers is estimated to be 5 years. However, these 

computers are used for other purposes such as lab 

demonstrations and experiments. Therefore, it is estimated that 
10% of the utilization is allocated for exam purpose. For 

transportation, the products are shipped from Beijing via naval 

route and received at Dammam port. The distance between 

Beijing and Dammam is estimated 6194 km. From Dammam, 

computers are transported to Tabuk which is 1650 km apart. 
After compilation of the required inputs, the third scenario was  

modelled in GaBi software tool. 

 

2.3. Life Cycle Impact Assessment 

In this phase, the three scenarios are compared with each other 
based on the results of the LCA study. Global Warming  

 

Potential (GWP) is selected as the impact category for 

assessment and comparison purpose. GWP is a measure of how 

much heat a greenhouse gas traps in the atmosphere up to a 
specific time horizon, relative to carbon dioxide (CO2). The 

results of the three models based on GWP are depicted in 

Figure 5. The first scenario has the highest impact on the 

environment than the other two scenarios resulting in emission 

of 1.8 kg of CO2. 
 

 
 

Figure 5. The results of the three scenarios based on GWP  
 

2.4. Interpretation 

 

Results based on the impact category GWP show that both 
alternatives (scenarios 2 & 3) have less impact on the 

environment than the current practice (scenario 1). 

Furthermore, switching to computer-based exams (scenario 3) 

has the least impact on the environment. Results of the three 

scenarios based on GWP show that the first scenario results in 
1.8 kg of CO2 emission which is almost equal to the sum of the 

other two scenarios (1.9 kg of CO2). Furthermore, it also shows 

that the first scenario emits 1.8 kg of CO2 in one year which is 

almost equal to the CO2 emitted by the third scenario (1.83 kg) 

in three years. 

3. Effect of Exam Mode on Student 

Performance 

The LCA results favor the use of digital exams. However, it is 

equally important to investigate student performance in both 
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modes of exam i.e., paper and computer-based exams. A test or 

a written examination, whether conducted using papers or 

computers, is a method to evaluate student performance in 

terms of knowledge, skills, or abilities [17].  The use of such 
assessment techniques for student performance evaluation has 

a long historical record probably dating back to 2357 B.C. [18]. 

However, the use of computers for conducting exams is a 

recent phenomenon as IBM’s model 805 was used in 1935 as 

the first application of computers for scoring of objective type 
questions [19].  

 

Several student performance comparative studies between 

paper and computer-based exams have been found in the 

literature. For instance, in a study conducted by [20], the 
findings suggest that there is no significant difference of 

participants ‘performance in paper and computer-based exams. 

In a most recent study, [21] investigated the performance of 

students in China for English majors using computer and 

paper-based exams. Their research revealed comparable 
performance levels for both modes of exams. [22] reviewed 

fifteen years literature and argue that the full equivalence of 

paper and computer-based exams is not possible. However, 

they concluded that the level of equivalence was increasing 

with the advancement in computing technology.  
 

Other studies explored the effect of technology familiarization 

on student performance in the exam. For example, [23] 

analyzed student performance in both paper and computer-

based exams. Their research reveals that after initial 
familiarization session, the student performance in both exams 

is equivalent. In another study from [24] suggest that the 

knowledge of internet and communication technologies has no 

effect on student performance level in computer-based exams. 

The research also supports the idea that the use of technology 
is growing and offers significant opportunities in the form of 

real time scoring, immediate feedback, and low cost.  

 

Other researchers investigated miscellaneous factors when 

exploring implementation of paper and computer-based exams. 
For example, [25] compared paper and computer-based exams 

based on validity and reliability of administered test for 

English teacher education program. They found that the test 

delivery had no effect on reliability and validity of 

administered exam. Furthermore, their findings also indicate 
that there was no significant difference of student scores 

between the groups who participated in paper-based exams and 

computer-based exams. [26] found that computer-based exam 

approach can be implemented in educational institutions 

without additional cognitive load. [27] concludes findings of 
digital based assessment from teachers, students, and 

administrators’ perspectives. They found that both teachers and 

students had a positive experience of technology-based 

assessment because teachers were required less time to grade 

written examinations and students were able to obtain their 
results quickly. Furthermore, students perceived their grades 

fairer.  

 

All the above studies support the use of digital exams. 

However, some researchers have highlighted key issues with 
computer-based exams. For example, [28] specified key 

reasons of why digital exams are uncommon. They argue that 

digital assessment platforms do not provide enough 

capabilities. In another study, [29] compared paper and 

computer-based exams from students’ working memory 
perspective. Their findings indicate that the students’ working 

memory performance was better in paper based exams as 

compared to computer-based exam. [30] has highlighted key 

challenges in implementing computer-based assessments such 

as students and stakeholder resistance, technical issues, and 

student familiarity with basic computing skills.  

With reference to the challenges and issues reported by 
researchers, the authors of this study believe that with 

increasing advancement in technology, the digital exam 

implementation issues will decrease in future. However, to 

further support our claim on student performance comparison, 

we analyzed data of 26 students in computer integrated 
manufacturing course at College of Engineering in UT, Saudi 

Arabia. Figure 6 shows a comparison of two midterm exam 

assessments.  

   

  
Figure 6. Student Performance Comparison in paper and 

computer-based exams 

 
The midterm (1) exam was conducted using paper mode while 

midterm (2) exam was arranged on computers. The level of 

exam difficulty was comparable, however, the computer-based 

exam had comparatively short questions. The next paragraph 

shows comparison of average scores in both exams. 
 

 
 

Figure 7. Average score comparison in paper and computer-based 
exams 

 
As shown in Figure 7, the performance level in computer-based 

exam is slightly more than the paper-based exams. This is 

because of the enhanced use of short and multiple-choice 

questions in computer-based exam. However, the overall 
performance level is comparable. Hence, we contend that if 

exams are properly planned and arranged, the mode of exam 

will have a little impact on the assessment of student 

performance which is the core objective of written exams. 

Therefore, we believe that the decision based on LCA carries 
more weightage and should be considered as one of the key 

criteria when selecting the mode of exams. 
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4. Discussion and Recommendations 

Based on the LCA results of the three scenarios, it is obvious 

that switching to digital-based exams causes less impact on the 

environment. This led us to propose the following 

recommendations to the administration and other stakeholders 
of the College of Engineering at UT: 

 We propose to the UT administration to consider 

policy formation and working towards replacing 

paper-based exams with digital-based exams. Or 

consider selected courses that can be easily shifted to 
computer-based exams. 

 We also propose that a similar approach should be 

applied to other areas in UT such as papers used for 

administration purposes, student handouts, books, 
and assignments which can be replaced with digital 

technologies.  

 If a shift to digital exams is not possible, we propose 

to consider making policies and procedures for 
collection and recycling of paper consumed in the 

campus.  

 We also propose that a policy should be made to use 

both sides of a paper. This can at least reduce the use 
of papers in the university campus and would result 

in having less impact on the environment. 

 Efforts can also be made to look for a local paper 

manufacturer or from one of the neighboring 

countries of KSA, so that the environmental impact 
of paper can be reduced. 

5. Conclusion and Future Work 

 

The study has investigated environmental perspective of 

sustainability with key assumptions and Global warming 

potential (GWP) as the impact category for comparison 

purpose. The research has also explored the effect of exam 
mode on student performance. The issue of paper consumption 

in the College of Engineering at UT is considered. It has been 

found that the college consumes about 278,361 A4 size papers 

every year for exam purposes only. Three scenarios have been 

considered: (1) papers going to landfill, (2) papers are recycled 
and (3) computers are used for exam purpose. The LCA 

modeling of these scenarios have been carried out in GaBi 

Education software tool. The lifecycle inventory data has been 

computed from existing literature as well as using Gabi’s built -

in data and processes. The results show that digital-based 
exams have the least impact on the environment with reference 

to GWP impact category. Furthermore, the mode of exam has 

little impact on student performance.  

A future decision of switching to digital-based exams will 

require further investigation from a more comprehensive set of 
impact categories as well as from social, and economic 

perspectives. The future study can also consider paper 

consumption for other purposes such as handouts, assignments 

and paper used for administration purposes. More specifically, 

LCA comparison studies can be conducted for scenarios such 
as printed books vs. electronic books, printed handouts vs. 

electronic handouts, paper-based assignments vs. electronic 

assignments and paper display boards vs. electronic display 

boards. 

Acknowledgments 
 

We are thankful to the College of Engineering at the University 

of Tabuk for sharing the required data to complete the research 

work. We are also thankful to GaBi solutions for providing us 

access to the Gabi Education tool for modelling purpose. 

 

References 

 

[1] PwC. Understanding the GCC Education Sector – a 

country by country guide. PwC. [Online] 2017. 
[Cited: 05 21, 2021.] 

https://www.pwc.com/m1/en/industries/education/pu

blications/education-country-profile-ksa.pdf.  

[2] A world model of the pulp and paper industry: 

Demand, energy consumption and emission scenarios 
to 2030. Szabo, L., et al. 12, Espoo, Finland: Elsevier 

Ltd., 2009. 10.1016/j.envsci.2009.01.01. 

[3] Gunderson, Jeff. Water Treatment in the Pulp and 

Paper Industry. [Online] 2012. [Cited: 05 21, 2021.] 

https://www.watertechonline.com/home/article/1417

1772/water-treatment-in-the-pulp-and-paper-industry 

[4] EPA. Advancing Sustainable Materials Management: 

2014 Fact Sheet. 2016. Fact Sheet. 

[5] Recent developments in Life Cycle Assessment. 

Finnveden, Go¨ran, et al.  2009, Journal of 

Environmental Management, pp. 1-21. 

[6] Environmental policy integration in practice. Shaping 

institutions for learning. Nilsson, Mans and 

Eckerberg, Katarina. 2, 2009, Public Administration, 

Vol. 87, pp. 412-431. 

[7] Using Computers in Teaching in Higher Education. 

Iskrenovic-Momcilovic, Olivera. 4, 2018, 

Mediterranean Journal of Social Sciences, Vol. 9. 

[8] Forest Products Association of Canada. Life Cycle 

Assessment and Forest Products: A White Paper. 

2010. White Paper. 

[9] Emerging approaches, challenges and opportunities 

in life cycle assessment. Hellweg, Stefanie and 

Canals, Llorenç Milà. 2014, Science, pp. 1109-1113. 

[10] Life Cycle Initiative. Benefits of Life Cycle 
Approaches. [Online] 2021. [Cited: 05 22, 2021.] 

https://www.lifecycleinitiative.org/starting-life-cycle-

thinking/benefits/. 

[11] The World Counts. [Online] 07 17, 2021. [Cited: 07 

17, 2021.] 
https://www.theworldcounts.com/stories/paper-

waste-facts 

[12] Ketchill, Misha. How do people make paper out of 

trees, and why not use something else? The 

Conversation. [Online] 04 26, 2021. [Cited: 07 17, 
2021.] https://theconversation.com/how-do-people-

make-paper-out-of-trees-and-why-not-use-

something-else-156625 

[13] Sustainable IT tips: When to print. Associates For 

Progressive Communications. [Online] [Cited: 07 17, 
2021.] 

https://www.apc.org/sites/default/files/SustainableITt

ips5_0.pdf. 

[14] Managing Obsolescence and Prolonging the Useful 

Life of Desktop Computers -An Exploratory 
Analysis. Habsi, Faisal Said Al and Rengasamy, 

https://www.watertechonline.com/home/article/14171772/water-treatment-in-the-pulp-and-paper-industry
https://www.watertechonline.com/home/article/14171772/water-treatment-in-the-pulp-and-paper-industry
https://www.lifecycleinitiative.org/starting-life-cycle-thinking/benefits/
https://www.lifecycleinitiative.org/starting-life-cycle-thinking/benefits/
https://www.theworldcounts.com/stories/paper-waste-facts
https://www.theworldcounts.com/stories/paper-waste-facts
https://theconversation.com/how-do-people-make-paper-out-of-trees-and-why-not-use-something-else-156625
https://theconversation.com/how-do-people-make-paper-out-of-trees-and-why-not-use-something-else-156625
https://theconversation.com/how-do-people-make-paper-out-of-trees-and-why-not-use-something-else-156625
https://www.apc.org/sites/default/files/SustainableITtips5_0.pdf
https://www.apc.org/sites/default/files/SustainableITtips5_0.pdf


Imran et. al. / Int. J. of Thermal & Environmental Engineering, 18 (2021) 71-77 

Page 7 

Elango. 6, s.l. : IAEME Publication, 2020, Vol. 11. 

0976-6510. 

[15] Electricity usage of a Desktop Computer. Energy 

Calculator. [Online] EnergyUseCalculator.com, 02 
02, 2022. [Cited: 02 02, 2022.] 

https://energyusecalculator.com/electricity_computer

.htm. 

[16] Power Management Statistics. Northwestern . 

[Online] Northwestern.edu, 12 20, 2018. [Cited: 02 
02, 2022.] 

https://www.it.northwestern.edu/hardware/eco/stats.h

tml. 

[17] Buchwald, P. and Schwarzer, C. Impact of 

Assessment on Students’ Test Anxiety. International 

Encyclopedia of Education. s.l. : Elsevier Ltd. , 2010. 

[18] Motta, Robert W. and Joseph, Jamie M. Chapter 6 - 

Group Intelligence Tests. Handbook of Psychological 

Assessment. s.l.: Elsevier Science Ltd., 2000. 

[19] Testing and Technology: Past, Present and Future. 
Parhizgar, Salma. 1, s.l.: ACADEMY PUBLISHER 

Manufactured in Finland., 2012, Vol. 2. 1799-2591. 

[20] Student Performance and Attitudes During the 

Transition from Paper to Computer-Based 

Examinations. Foutch, Brian K. and Fortepiani, 
Lourdes. 1, s.l.: Optometric Education, 2019, Vol. 

45. 

[21] Comparison of test performance on paperbased 

testing (PBT) and computer-based testing (CBT) by 

English-majored undergraduate students in China. 
Yu, Wenjing and Iwashita, Noriko. s.l. : Springer 

Open, 2021. 

[22] Computer- vs. paper-based tasks: Are they 

equivalent? Noyesa, Jan M. and Garland, Kate J. 9, 

Leicester, UK: Taylor & Francis, 2008, Vol. 51. 

[23] Guimaraes, Bruno, et al. Performance Equivalency 

Between Computer-Based and Traditional Pen-and-

Paper Assessment: A Case Study in Clinical 

Anatomy. s.l.: American Association of Anatomists, 

2017. 

[24] A comparative study of scores on computer-based 

tests and paper-based tests. Jeong, Hanho. 4, s.l. : 

Taylor & Francis, 2014, Vol. 33. 1362-3001. 

[25] Computer-based and paper-based testing: Does the 
test administration mode influence the reliability and 

validity of achievement tests? Öz, Hüseyin and 

Özturan, Tuba. 1, 2018, Vol. 14. 1305-578X. 

[26] Computer-based versus paper-based testing: 

Investigating testing mode with cognitive load and 
scratch paper use. Prisacaria, Anna Agripina and 

Danielson, Jared. s.l.: Elsevier Ltd., 2017, Vol. 77. 

[27] Digital examination in higher education – 

Experiences from three different perspectives. 

Berggren, Björn, Fili, Andreas and Nordberg, Olle . 

3, 2015, Vol. 11. 

[28] Ruijte, Keijzer-de Meta and Draaijer, Silvester. 

Digital Exams in Engineering Education. Technology 

Enhanced Assessment. 2019. 

[29] Computer Versus Paper-Based Testing: Are They 
Equivalent When it Comes to Working Memory? 

Carpenter, Rachel and Alloway, Tracy. 3, s.l.: Sage, 

2019, Vol. 37. 

[30] Challenges and opportunities in implementing 

Computer Based Test (CBT) of national assessment 
for non-formal education. Suryadi, Bambang and 

Rahmawati, Yuli.  Jakarta: Faculty of Education, 

Universitas Negeri Surabaya, 2018. 

 

 

 

 

https://energyusecalculator.com/electricity_computer.htm
https://energyusecalculator.com/electricity_computer.htm
https://www.it.northwestern.edu/hardware/eco/stats.html
https://www.it.northwestern.edu/hardware/eco/stats.html

