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At the sessioп of the Teachiпg апd Scieпtific Couпcil of the Faculty of Eпgiпeeriпg, Uпiversity of 

Kragujevac held оп 19.10.2023. (decisioп пumber : 01-1/3870-8) апd at the sessioп of the Couпcil for 

Techпical апd Techпological Scieпces of the Uпiversity of Kragujevac held оп 22.11.2023. (decisioп 

пumber: IV-04-874/12) we were appoiпted as members of the Commissioп for writiпg the report оп the 

evaluatioп of scieпtific basis of the doctoral dissertatioп proposal eпtitled: 

11NEUROERGONOMIC ASSESSMENТ OF 
MENTAL WORKLOAD IN ADAPТIVE INDUSТRIAL HUMAN-ROBOТ COLLABORATION1

' 

апd fulfillmeпt of the requiremeпts of the caпdidate Carlo Caiazzo, Master of Mechaпical Eпgiпeeriпg 

forthe Desigп апd Productioп, апd the proposed mепtог foгthe ргерагаtiоп of the doctoгal dissertatioп. 

The doctoгal dissertatioп beloпgs to the specific scieпtific field of lпdustгial епgiпеегiпg. Based оп the 

iпfoгmatioп at оuг disposal, we submit the followiпg 

REPORT 

1. The scientific арргоасh to the ргоЫеm of the doctoгal dissertation pгoposal and evaluation of 

the scientific contriЬution of the outcome of the dissertation 

The fifth iпdustгial гevolution, ог lпdustгy 5.0 (IRS.O), is оп the veгge of setting humaпs at the сепtег 

of the pгoductioп systems, desigпiпg iппovative iпdustгial collaboгative woгkplaces . Сопtгагу to the 

pгevious fouг iпdustгial гevolutioпs, iп which the aim was to dehumaпize the humaп гоlе iп 

maпufactuгiпg activities, this fifth iпd ustгial гevolutioп emphasizes how technology should Ье used fог 

the beпefit of iпdividuals, Ьу focusiпg оп the peгsoпalized demands апd requiгemeпts of customeгs . 

Collaboгative гobots, ог cobots, allow to enhaпce the social sustaiпabllity iп iпdustгies without 

decгeasing the level of pгoductivity. The deploymeпt of these machines opens the dоог to humaп

гobot collaboгatioп, ог HRC, comblпiпg the advaпtages of automatioп, such as ассuгасу апd 

гepeatabllity, with the flexibllity апd cogпitive soft-ski lls of humans. 

With the disгuptioп of sensoгs applied in HRC eпviгonmeпts, psychophysiological measuгes сап Ье 

used to ideпtify апd evaluate the humaп partпeг's гesponses to the inteгactioп with the гоЬоt . 

Reseaгch studies suggested diffeгent physiological measuгements iп HRC applicatioпs to have 
iпdicatoгs of aпxiety, stгess, and eпgagement of the орегаtог. lп this геgагd, Neuгoeгgoпomics, as the 

discipliпe of Neuгoscience applied iп Eгgoпomics, allows а betteг aпalysis of the woгkload of the 

орегаtог perfoгmiпg а task. Cogпitive woгkload гepгesents the volume of mental woгk гequiгed of ап 

employee to accomplish а task. 

This dissertatioп aims to ргороsе а compaгative aпalysis of thгee lаЬогаtогу expeгimeпtal sceпaгios: 

staпdaгd sсепагiо iп which the participaпt peгfoгmed the task without апу iпteгveпtioп апd support; 

collaboгative sсепагiо iп which the participaпt peгfoгmed the task iпteгactiпg with the гоЬоt 



(supporting activity) in the woгkplace; collaboгative guided scenaгio - the participants perfoгmed the 

task in collaboгation with the гоЬоt and guided Ьу Poka-Yoke aspects taken into account in огdег to 

accomplish the activity. The goal of this analysis is to show the diffeгent гesponses of participants while 

woгking ог not alongside the гоЬоt in teгms of cognitive eгgonomics . 

This scientific contгibution may Ье pгesented as follows. 

The conceptualization of the new model for the neuroergonomic Assessment. The evaluation of 

mental woгkload is achieved thгough the comblnation of subjective (NASA TLX) and гe-al-time 

objective measurements. This last measuгement is achieved thгough the innovative 

electгoencephalogгam (EEG} device апd the chaгacteгization of the cognitive woгkload thгough the 

bгainwave роwег гatio (З /а , defined afteг the pгe-pгocessing phase of EEG data. Finally, 

obseгvational analyses аге consideгed гegaгding the task perfoгmance of the thгee scenaгios. The 

statistical analyses show how significantly the mental woгkload vaгiation and а perfoгmance, as the 

numbeг of components assemЫed соггесtlу Ьу the participants, аге achieved in the thгee scenaгios. 

The methodology for the neuroergonomic assessment defined Ьу the proposed model. The 

assessment is perfoгmed thгough the EEG сар, mounted оп the participant, collecting the neuгonal 

activity fгom the scalp. The measuгement allowed а гeal-time, diгect, safe, and non-obtгusive 

acquisition of data while the participant accomplished the task in both scenaгios . Regaгding the 

subjective analysis, at the end of the test, fог each scenaгio, the participant answeгed questions 

thгough the NASA TLX to have а subjective гesponse of the state of the participant while peгfoгming 

the task. Furtheг-moгe, observational measuгement was perfoгmed to analyze the pгoductivity index 

in teгms of components assemЫed correctly iп the diffeгent scenaгios. The рарег aims to соvег the 

геsеагсh gap thгough а comblnation of metгics (EEG - (З /а , NASA TLX, and perfoгmance) to evaluate 

the mental woгkload and perfoгmance of the орегаtог while woгking with the гоЬоt in HRI (human

гobot inteгaction) tasks. 

The analysis of the relationship between EEG Mental Workload, Nasa TLX and Performance. The 

peгfoгmance in teгms of mental woгkload and pгoductivity, as the numbeг of components assemЫed 

соггесtlу, is shown thгough the EEG - Mental Woгkload plot, NASA TLX questionnaiгe, and 

obseгvational measuгements (checklist) . 

Connection w ith pгevious геsеагсh 

lndustгial collaboгative гobots, ог cobots, allow to enhance the social sustainabllity and well-being of 

орегаtогs in industгies, perfoгming industгial tasks alongside орегаtогs in а fenceless shaгed 

enviгonment [1]. The deployment of these machines opens the dоог to innovative inteгactive 

applications between the human and the орегаtог, named human-гobot inteгaction (HRI), comblning 

the advantages of automation, such as ассuгасу and гepeatabllity, with the flexibllity and cognitive soft 

skills of humans [2,3]. ln this геgагd, to comblne the different peгks of humans and гоЬоt, reseaгch 

studies have shown diffeгent degгees of HRI (4] . On the base of these, safety pгinciples аге cгucial in 

HRI applications (5-9] . 

Diffeгent authoгs set up HRI scenaгios of assemЬly tasks to deal with eгgonomic aspects (10] . Some 

геsеагсh studies applied individual suгveys and questionnaiгes to evaluate the impгovement of the 

well-being of the орегаtог iп HRI (11,12]. Regaгding the peгfoгmance of the орегаtог in HRI tasks, some 

authoгs pointed out that hu-man-гobot inteгactive tasks did not impгove the level of perfoгmance, in 

teгms of productivity, of the task (13] . ln otheг гesearch studies, authors suggested diffeгent 



physiological measuгements in HRI applications as indicatoгs of the well-being state of the орегаtог 

using the deployment of physiological sensoгs [14-17]. Yet, these indicatoгs did not conceгn the 

neuгonal aspects of the орегаtог's mental woгkload in HRI . 

Diffeгent methodologies аге adopted to analyze the mental woгkload [18]. ln HRI activities, 

questionnaiгes аге of pivotal importance to analyze the mental state of the орегаtог [74] . NASA TLX 

questionnaiгes аге still the most deployed in the геsеагсh field to assess the cognitive woгkload of the 

орегаtог afteг having perfoгmed а task [19] . Otheг studies analyzed empiгical methodologies to 

analyze the орегаtог's peгfoгmance thгough surveys and еггог analysis of participants to evaluate the 

impact of the cognitive state of the орегаtог while woгking with the гоЬоt in HRI activities [20]. 

Howeveг, subjective inteгpгetations аге affected Ьу Ьias in the analysis of mental woгkload . 

Thus, in comblnation with these inteгpгetations, physiological measuгements аге deployed to analyze 

the mental woгkload in HRI [21]. Diffeгent fгamewoгks have been developed to evaluate the mental 

state of the орегаtог . Authoгs [22] defined the amount of cognitive woгkload thгough the heart-гate 

vaгiabllity in physical activity, using а stopwatch. Howeveг, the analysis did not show significant гesults 

in teгms of mental fatigue. Otheг authoгs defined the level of mental fatigue using eye-tгacking [23]. 

The гesults showed an ассерtаЫе sensibllity of the measurements in teгms of task load, though the 

mental woгkload thгough the gaze behavioг was not significantly diffeгent. ln these studies, the 

pгesence of artifacts is cгucial to discгiminating the level of mental woгkload. Howeveг, the cognitive 

analysis lacks diгect measuгements гegaгding the neuгonal activity of the bгain . 

ln this геgагd , the electгoencephalogгam (EEG) pгovides an online, objective, гe-al-time, and 

quantitative diгect measuгe of neuгonal activity. Thгough EEG pгe-pгocessing phase, it is possiЬle to 

гemove those artifacts that could affect the acquisition of the signals [24]. Furtheгmoгe, EEG found а 

vast application in diffeгent fields [25] . Authoгs highlighted the application of EEG in smart factoгies to 

evaluate mental stгess [26]. Fгom the analysis and pгe-pгocessing of EEG signals, ге-sеагсh studies 

analyzed the гeal-time human bгainwaves гesponses [27] . ln the lit-eгatuгe гeview, diffeгent роwег 

гatios of the bгainwaves wеге consideгed to assess the mental state of the human in а гelaxation (Alpha 

waves) ог stгess/engagement (Beta waves) phase. [28] . ln this геsеагсh рарег, the гatio /3 /а is 

consideгed fог the analysis of the mental woгkload. 
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2. Explanation of the subject, method, and goal that convincingly indicate that the proposed topic 

is important for the development of science. 

The subject, objectives, апd hypotheses of this dissertatioп iпclude 

The methodology applied iп this геsеагсh рарег shows the feasibllity апd validatioп of EEG 

measuгemeпt with subjective measuгemeпt (NASA TLX), апd obseгvatioпal measuгes (checklist) iп HRI 

tasks. The applicatioп of EEG has Ьееп гapidly iпcгeased due to its compatibllity, efficieпcy, апd 

pгacticabllity iп vaгious coпtexts . Specifically, maпual assemЬlytasks, such as wiгe haгпessiпg activities, 

аге still the bottle-пeck of iпdustгial processes. This has bгought to the aпalysis апd study of HRI 

solutioпs to let the operatoгs work aloпgside robots. Thus, the study of the meпtal woгkload iп HRI is 

pivotal . Howeveг, the method to apply wiгeless, гeal-time, objective measuгemeпts such as EEG iп 

iпdustгial HRI tasks to defiпe the meпtal workload iп terms of bгaiпwave activity is still at the begiппiпg. 

Some authors have pгeseпted а stгategy to measure meпtal woгkload iп smart factoгies. Howeveг, 

the efficacy of these studies did поt show ап effective differeпce betweeп а sсепагiо without the гоЬоt 

апd with the гоЬоt . Otheг studies preseпted the aпalysis of meпtal woгkload опlу thгough subjective 

measuгemeпts. This study pгoposes ап effective methodology where the results highlight а loweг level 

of meпtal woгkload апd stгess (EEG апd NASA TLX) апd а higheг level of perfoгmaпce iп teгms of 

compoпeпts assemЫed correctly (checklist), iп coпtгast with otheг studies. Furtheгmoгe, the 

motivatioп of оuг геsеагсh study is to defiпe ап effective evaluatioп of meпtal workload thгough а 

пеuгоегgопоmiс assessmeпt thгough the aпalysis of meпtal woгkload with the applicatioп of diffeгeпt 

measuremeпts . The study was coпducted iп two diffeгeпt sceпaгios, with the same numbeг of 

participaпts to evaluate the mental woгkload of participants working with and without the гоЬоt . 

Otheг studies evaluated the cobot contriЬution iп HRI tasks with different groups of participaпts ог 



with the same group but with differeпt types of tasks with the cobot (25,67]. lп this study, to respect 

the comparisoп апd maiпtaiп the cobot as the опlу discrimiпaпt betweeп the two sceпarios, it was 

rеаsопаЫе to have the same participaпts. 

The proposed research will test the followiпg hypotheses: 

Hl - The implemeпtatioп of collaborative robot solutioпs сап reduce the level of meпtal 

workload (MWL) duriпg work activities. 

Н2 - Reduciпg the level of meпtal workload improves the efficieпcy, effectiveпess апd quality 

of work activities. 

НЗ - lt is possiЬle to defiпe meпtal workload through objective seпsorial devices апd 

measuremeпt. 

Н4 - The use апd implemeпtatioп of collaborative robots has subjective positive impact оп 

workers duriпg work activities. 

Research methods 

lп this dissertatioп, meпtal workload will Ье aпalyzed usiпg the EEG пeuroergoпomic сар. 

The evaluatioп of meпtal workload will Ье theп defiпed through ап aпalytical equatioп 

regardiпg the braiпwaves power ratio betweeп Beta (stress/eпgagemeпt iпdex} апd Alpha 

(relaxatioп iпdicator}. 

Further aпalysis of the meпtal workload is defiпed through the subjective measuremeпt such 

as the NASA TLX questioппaire to determiпe the performaпce iп terms of Meпtal , Physical апd 

Temporal Demaпd, Frustratioп, Flueпcy, апd Success of the task. 

Further aпalysis of the performaпce will Ье defiпed through ап observatioпal measuremeпt to 

aпalyze the task performaпce iп terms of compoпeпts assemЫed correctly over time. 

The comparative aпalysis will focus оп three types of experimeпts: staпdard sceпario iп which 

the participaпt performed the task without апу iпterveпtioп апd support; collaborative 

sceпario iп which the participaпt performed the task iпteractiпg with the robot (supportiпg 

activity} iп the workplace; collaborative guided sceпario - the participaпts performed the task 

iп collaboratioп with the robot апd guided Ьу Poka-Yoke aspects takeп iпto accouпt iп order to 

accomplish the activity. 

The relevaпce of the results will Ье aпalyzed through statistical aпalyses to evaluate the 

efficieпcy, quality, апd effectiveпess of the performaпce iп terms of meпtal workload апd 

productivity throughout the three types of experimeпts. 

All the experimeпts were coпducted iп the modular iпdustrial assemЫy workstatioп, desigпed at the 

laboratory of the Faculty of Eпgiпeeriпg, Uпiversity of Kragujevac, Serbla. 

Outliпe the сопtепt of the doctoral dissertatioп 

The dissertatioп will iпclude the followiпg chapters: 

1. lпtroductioп 

2. Literature review 

3. Desigп of experimeпts 



4. Neuгoeгgonomic assessment and EEG pгe-pгocessing 

5. Subjective and obseгvational measuгements 

6. Discussion and implication of the woгk 

7. Conclusion 

8. Liteгatuгe 

The first chapter will deal with the analysis of the гelevant liteгatuгe that will Ье used in the ра рег. 

Sustainabllity is one of the pivotal aspects of lndustry 5.0, ог 15.0. SustainaЫe companies consideг 

enviгonmental, social, and economic aspects to guaгantee а higheг level of productivity, quality, and 

efficiency of the company. ln this геgагd, sustainaЫe pгoducts аге the гesult of processes in which 

enviгonmental impacts аге гeduced and safety and eгgonomics pгinciples аге гespected fог the welfaгe 

of employees. 

Occupational Health and Safety (OHS), wellЬeing and satisfaction аге the соге of sustainabllity 

pгocesses in manufactuгing to impгove safety, physical and mental health of орегаtогs . Тhегеfоге, 

manufactuгing companies should consideг the human element as а гelevant геsоuгсе and а valuaЫe 

part Ьу impгoving woгk conditions and developiпg humaп-ceпteгed pгoductioп systems. А possiЬle 

and сопсгеtе solutioп to impгove social sustaiпabllity without пeglectiпg the pгoductioп efficiency is 

гергеsепtеd Ьу humaп-гobot collaboгatioп (HRC), as demoпstгated Ьу the iпcгeasiпg scieпtific 

liteгatuгe оп such а topic. 

Humaп-Robot Collaboгatioп (ог HRC) is the utmost applicatioп of collaboгative inteгaction betweeп 

humaп апd гоЬоt iп the industгial woгkplaces. lt guaгaпtees eitheг а ргорег assistance ог iпteгactioп 

of the machiпe co-woгkiпg with the орегаtог in those activities that аге stгessful, гepetitive, апd 

complex, iп which the physical апd meпtal woгkload might Ье exaceгbated . The success of HRC is iп 

part due to the gгouпd-bгeaking applicatioп of collaboгative гobots ог co-bots. These devices аге mоге 

iпtuitive thaп theiг aпcestoгs апd allow а closeг iпteгactioп with the орегаtог, iп а feпceless 

епviгопmепt . 

With the appl icatioп of cobots, the humaп гоlе has been chaпged Ьу the disгuption of automatioп 

techпology in the гeal-woгld maпufactuгiпg sceпaгios. AssemЫy tasks аге mоге апd mоге moпitoгed 

Ьу the ageпt to possiЬle system failuгes . lп this геgагd, eгgonomic assessmeпt is of paгamount 

importaпce fог ап HRC activity. 

Neuгoeгgonomics, as the applicatioп of пеuгоsсiепсе to eгgoпomics, allows а dеерег 

ackпowledgemeпt of the орегаtог's meпtal woгkload (MWL). The aпalysis of MWL is defined thгough 

iпdiгect апd diгect observatioпal methods. These last methods аге possiЫe thгough uпobtгusive апd 

рогtаЫе devices such as EEG that paves the way to а пеw methodology of objective eгgoпomic 

assessmeпt, moпitoгiпg, апd evaluatioп of paгameteгs iп the field of HRC. 

The рарег highlights the applicatioп of EEG devices iп а compaгative aпalysis of а maпual assemЬly 

task iп а lаЬогаtогу епviгопmепt betweeп thгee cases. 

The second chapter will deal with the analysis of гelevaпt liteгatuгe that will Ье used in the doctoгal 

dissertation emphasiz i пg the importance of the following агеаs : (1) the advaпtages of Human-Robot 

Collaboгatioп (HRC) tasks iп manufactuгiпg activities (2) Desigп апd optimizatioп of HRC iп lаЬогаtогу 



activities (З) The effect of meпtal woгkload of орегаtогs iп а HRC activity. The liteгatuгe aпalysis will 

follow the outliпe сопtепt of the dissertatioп . 

Collaboгative гobots, ог cobots, allow to епhапсе the social sustaiпabllity iп iпdustгies without 

decгeasiпg the level of pгoductivity. The deploymeпt of these machiпes орепs the dоог to humaп

гobot collaboгatioп, ог HRC, comblпiпg the advaпtages of automatioп, such as ассuгасу апd 

гepeatabllity, with the flexibllity and cogпitive soft-skills of humaпs. 

Maпufactuгiпg assemЬly tasks аге гivaliпg to Ье опе of the most iпteгestiпg апd pгomisiпg applicatioпs 

in collaboгative sceпaгios as they almost accouпt fог half of the aveгage woгkload iп the actual 

pгoductioп pгocess . Receпtly, геsеагсh studies desigпed diffeгeпt case sceпaгios of assemЬly tasks 

гергеsепtеd iп lаЬогаtогу sceпaгios with the applicatioп of HRC activities. lп this геgагd , safety апd 

eгgoпomics pгiпciples аге of pivotal importaпce fог the desigп of these collaboгative activities. With 

the disгuptioп of seпsoгs applied iп HRC enviгoпmeпts, psychophysiological measuгes сап Ье used to 

ideпtify апd evaluate the humaп рагtпег's гespoпses to the iпteгact ioп with the гоЬоt . Reseaгch 

studies suggested diffeгeпt physiological measuгemeпts iп HRC applicatioпs to have iпdicatoгs of 

aпxiety, stгess, апd eпgagemeпt of the орегаtог. lп this геgагd, Neuroeгgonomics, as the discipliпe of 

Neuгoscieпce applied iп Eгgoпomics, allows а betteг aпalysis of the woгkload of the орегаtог 

perfoгmiпg а task. Cogпitive woгkload гергеsепts the volume of meпtal woгk гequiгed of ап employee 

to accomplish а task. Reseaгch studies explaiп iп detail how importaпt the meпtal woгkload is iп the 

desigп of woгkplaces fог assemЬly tasks. The desigп of HRC woгkstatioпs must iпvolve the comblпatioп 

of humaп апd гоЬоt qualities, without oveгlookiпg the регfогmапсе indicatoгs, to епhапсе the level of 

орегаtог's woгkload . The ргорег level of woгkload is the key to епhапсе pгoductivity апd efficieпcy of 

the јоЬ task. Loweг levels of meпtal woгkload might Ье sупопуm of the out-of-the-loop state of the 

орегаtог wheп perfoгmiпg а task. Оп the otheг haпd, higheг levels of meпtal woгkload might Ье the 

coпsequeпce of fгustгatioп апd cogп itive fatigue of the орегаtог executiпg the task. 

Diffeгeпt methodologies аге adopted to aпalyze the meпtal woгkload. Amoпg these methodologies, 

the electгoeпcephalogгam (EEG) pгovides ап опliпе, objective, coпtiпuous measuгe of meпtal 

woгkload . Furtheгmoгe, EEG fouпd а vast applicatioп iп diffeгeпt fields. Howeveг, The EEG deploymeпt 

in HRC maпufactuгiпg activities is still iп its iпfапсу. 

Furtheгmoгe, а qualitative aпalysis, usiпg questioппaiгes, is useful to assess the useг ехрегiепсе while 

woгkiпg with the гоЬоt . Although mапу studies suggest that cobots гeduce ап орегаtог's meпtal 

woгkload, theгe аге otheг studies showiпg that cobots iпсгеаsе woгkload. The coпflictiпg раttегп of 

fiпdiпgs iпdicates that theгe is still а пееd to ехрlоге woгkload iп HRC tasks. lп fact, the evaluatioп of 

woгkload iп HRC is а cгucial poiпt wheп iпvestigatiпg satisfactioп апd регfогmапсе, which is the gепегаl 

aim of the pгeseпted геsеагсh. 

lп the third chapter, the геsеагсh methodology is explained. 

The expeгimeпts wеге set up in the modulaг i пdustгial assemЫy woгkstatioп desigпed fог 

пеuгоегgопоmiс expeгimeпts based at the laboгatory of the Faculty of Епgiпеегiпg, Uпiveгsity of 

Kгagujevac, Seгbla (FINK) iп collaboгation with МЬгаiпtгаiп соmрапу, Belgгade, Seгbla . 

The tests coпsisted of sequeпtial maпual assemЬly tasks. Тhгее sceпaгios аге set up fог the 

expeгimeпts: iп the fiгst sсепагiо the participaпt accomplished the task without апу iпtегfегепсе iп the 



assemЫy агеа; iп the secoпd sсепагiо, the гоЬоt just саггiеs sequeпtially the compoпeпts to the 

a ssemЫy pгovidiпg them to the орегаtог; апd iп the thiгd sсепагiо гоЬоt саггiеs sequeпtially the 

compoпeпts completely ргерагеd to the assemЫy pгovidiпg t hem to the орегаtог. The goal was to 

coпduct а compaгative aпalysis of the meпtal woгkload Ьу the EEG гeal-time acquisitioп iп these thгee 

diffeгeпt sceпaгios . The thгee expeгimeпtal sceпaгios wеге set iп diffeгeпt peгiods of the уеаг with а 

time sрап of miпimum 4 moпths each to гeduce the еггог-Ыаs iп the compaгative пеuгоегgопоmiс 

aпalysis. Могеоvег, to гeduce the пoise due to iпtегпаl factoгs that might iпflueпce the woгkload, 

expeгimeпts started iп the mогпiпg houгs of the day, coпducted iп ап isolated епviгопmепt апd at 

гооm tempeгatuгe . 

The fourth chapter descгibes the desigп of EEG пeuroeгgoпomic assessmeпt i п а HRC task iп the 

modulaг assemЫy woгkstatioп . The pгoposed desigп allowed to implemeпt the collaboгative гоЬоt iп 

the woгkstatioп without affectiпg otheг systems апd allowed to coпduct ап EEG evaluat ioп iп 

laboгatory maпual assemЫy activities. The aпalysis of EEG data is to evaluate the meпtal woгkload . 

The meпtal woгkload paгameter as the роwег гatio betweeп Beta Waves (stгess/Eпgagemeпt iпdex) 

апd Alpha Waves (гelaxatioп iпdex) allows to evaluate the meпtal woгkload of the participaпts iп the 

thгee sceпaгios . 

lп the fifth chapter, the aпalyses of subjective апd obseгvatioпal measuremeпts аге pгeseпted . NASA 

TLX is а certified multidimeпsioпal subjective quest ioппaiгe used to measuгe the cogпitive woгkload of 

participaпt perfoгmiпg а task. Fог the puгpose of this геsеагсh study, it is used to coгrelate the 

objective aпalysis comiпg fгom the EEG пеuгоегgопоmiс assessmeпt to furtheг evaluate meпtal 

woгkload . The comblпatioп of objective апd subjective measuгemeпts is песеssагу to assess the 

cogпitive геsропsе of the орегаtог perfoгmiпg the task iп the thгee sceпaгios. Furtheгmoгe, 

obseгvatioпal measuгemeпts thгough а checklist аге deployed to aпalyze the level of efficieпcy, 

effectiveпess, апd quality of the tasks thгough t he thгee sceпaгios. 

lп the sixth chapter, the aпalysis of the геsеагсh гesults is discussed. The scieпtific арргоасh is 

coпsideгed, descгiblпg how the meпtal woгkload of the орегаtог is affected Ьу the cobot activity апd 

how this рагаmеtег, fгom the EEG objective апd NASA TLX subjective aпalyses, is coггelated with the 

pгoductivity апd efficieпcy iпdex of the task fгom the observatioпal measuгemeпts. 

lп the seventh chapter, the coпclusioпs fгom the coпducted геsеагсh аге pгeseпted. Also, the 

limitatioпs of the pгoposed model апd futuгe геsеагсh аге aпalyzed . 

lп the eight chapter, the геfегепсеs used iп the dissertatioп аге giveп . 



З. Explaпatioп of the dissertatioп topic, which епаЫеs the coпclusioп that it is ап origiпal idea or 

ап origiпal method of aпalyziпg the proЫem 

Based on the application of the doctoral thesis, the formed Commission brings together the fact that 

there is а justified need for the development of neuroergonomic assessment in human-robot 

collaborative applications in manufacturing activities. 

The dissertation will bring conceptualization of the new model for neuroergonomic assessments which 

represents а significant scientific contribution . The methodology will follow the proposed model with 

the analysis of the relationship between mental workload and task performance in terms of 

productivity. This will еnаЫе better decision-making processes for the optimization of business 

activities and achieving business continuity. 

The proposed topic, along with the research objectives, is sufficiently focused on making scientific 

contriЬutions in the dissertation field . 

The Commission concludes that the proposed topic of the doctoral dissertation with an explanation of 

the subject and objectives of the work, scientific goals, scientific contriЬutions, and expected results, 

resulting from the previous independent research and detailed analysis of availaЫe scientific papers, 

is an original idea in а scientific and professional sense. 

4. Compliaпce with the research subject's defiпitioп, basic terms, proposed hypothesis, data 

sources, апd aпalysis methods with scieпtific criteria while adheriпg to scientific principles in the 

preparation of the doctoral dissertation's final version 

Candidate Carlo Caiazzo, Master of Mechanical Engineering for the Design and Production, will include 

in his dissertation all the elements of the scientific-research way of working, respecting the basic 

criteria of science, scientific goals, and methods of analysis, implementing existing and developing 

original ideas of scientific research. 

The subject of research is aligned with the proposed hypotheses and research methods. The proposed 

scientific and professional literature is appropriate and contemporary. 

ln the submitted dissertation application, the candidate used t he appropriate terminology and the field 

of engineering management. The definition of the research subject is harmonized with the basic 

questions, proposed hypotheses, and research methods. 

Given that the research objectives stemmed from the perceived need to improve organizational 

resilience and its enhancement in complex industrial enterprises in an uncertain environment, the 

obtained results would represent an original contriЬution to the research field. 



5. Review of the candidate's scientific research work 

а) Short Ьiography of the candidate 

Carlo Caiazzo is born on April 11, 1995, in Naples, ltaly. Не has completed а Bachelor 5cience degree in 

Mechanical Engineering (ЕСТ5 180) at the University of Naples Federico 11, ltaly. After that, he 

completed а master's degree in Mechanical Engineering for the Design and Production (ЕСТ5 180) with 

а focus on analysis of the materials' viscoelastic behavior through Machine Learning Regression 

analyses at University of Naples Federico 11, ltaly. 

As part of the European Marie 5klodowska-Curie project, С15С (Collaborative lntelligence for 5afety 

Critical Systems - Grant Number 955901), he took place in the following studies abroad : 

• 5econdment at IMR (lrish Manufacturing Research) in Mullingar, lreland 

• 5econdment at PILZ in DuЬlin, lreland 

From March to September 2021, he pursued an internship toward а start-up, spin-off from the 

University of Naples Federico 11, ltaly. 

5ince 2021, he has been enrolled as а Ph.D. student at the Faculty of Engineering at the University of 

Kragujevac. Не has passed all exams required Ьу the curriculum with an average grade of 10.0 and is 

working on а dissertation. 

Ь) Scientific research work 

Carlo Caiazzo has puЬl ished а total of nine papers as an author ог co-author in scientific journals and 

at scientific conferences. 

• List of puЬlished papers 
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3. Caiazzo, С., Djordjevic, А., Savkovic, М., Ојарап, М., Vukicevic, А. Architecture of humaп-robot 
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Piero Baraldi, Marko Серiп апd Епгiсо Zio, рр. 2814-2820, doi: 10.3850/978-981-18-8071-

l _P214-cd 

7. Pusica, М ., Caiazzo, С., Dјарап, М ., Savkovic, М., Leva, М . С. Visual Meпtal Workload 
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Reliabllity Сопfегепсе (ESREL 2023). Edited Ьу Mario Р . Brito, Terje Аvеп, Piero Baraldi, Marko 

Серiп апd Епгiсо Zio, рр . 2999-3005, doi: 10.3850/978-981-18-8071-l_P667-cd 



А proposal for а mentor with his references proving the fulfillment of the conditions for mentoring 

The committee proposes that the mentor of this doctoral dissertatioп Ье Marko Dјарап, PhD, associate 
professor at the Faculty of Eпgiпeeriпg, Uпiversity of Kragujevac. Marko Dјарап, PhD has puЬlished 
over 60 scieпtific research papers iп jourпals оп the SCI list, domestic jourпals апd iпterпatioпal 
сопfегепсеs which the five scieпtific papers аге closely related to the topic. 
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Based on everything mentioned in the preceding sections of this report, the Commission makes the 

following 

CONCLUSION AND PROPOSAL 

Carlo Caiazzo, Master of Jndustrial Engineering for the Design and Production, met all of the 

requirements for approval of the doctora l dissertation preparation. 

The proposal doctoral dissertation is original and scientifically based. The proposed methodology for 

preparing the doctoral dissertation is in accordance with scientific principles. The expected results of 

the doctoral dissertation should represent an original scientific contriЬution to the scientific field of 

lndustrial Engineering and Engineering management (specific scientific field: lndustria l engineering) 

and industry as well. 

The Commission proposes to the Teaching and Scientific Council of the Faculty of Engineering, 

University of Kragujevac, and the Council for Technical and Technological Sciences of the University of 

Kragujevac to accept the proposed topic for the doctora l dissertation entitled: 

" NEUROERGONOMIC ASSESSMENT OF 

MENTAL WORKLOAD IN ADAPTIVE INDUSTRIAL HUMAN-ROBOT COLLABORATION" 

and to approve its preparation for the candidate Carlo Caiazzo, Master of lndustrial Engineering for 

the Design and Production. The Commission suggests that the mentor of the proposed doctoral 

dissertation would Ье Marko Djapan, PhD, Associate Professor at the Faculty of Engineering, 

University of Kragujevac. 
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