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1 VERIFICATION OF PSYCHOMETRY RESULTSBY COMBINING OF TEMPOMETRY ANDVIDEO EYE-TRACKING METHODSIvanov O.S.1, Chermianin S.V.1, Kapitanaki V.E.1, Pilkevich S.V.2, Sabirov T.R.21  Leningrad State University named after A.S. Pushkin, Saint-Petersberg, Russia2 Military Space Academy named after A.F. Mozhaisky, Saint-Petersberg, Russiasibivolga@ya.ruAbstract. One of the applied purposes of psychometry is measuring of human characteristics,hidden from the naked eye, while person is regarded as a carrier of meanings, and also as anassemble of these meanings in behavior. This kind of knowledge allows us to understand themotives of human behavior and forecast reactions to cascades of stimuli. The modern arsenal ofpsychometric methods is so large, that they allow to describe with assigned detailing not only apsychoprofile of any person, but also to forecast his or her behavior in different environments.However, this statement works, only if a person does test tasks sincerely, that means, if his orher reaction-answers are truthful. But if the subject intends to disturb a researcher, then there isa possibility, that the trained testee realizes his or her intention without being condemned forfalsification. Practice shows, that “scales of lies”, provided in the standard test methods, areoften not able to locate an intended falsification of trained testees. Within the classicalpsychometry approach this problem – the scale of assesment of authentithity (thruthfulness) ofthe results of performing the test tasks during the active testee’s counteraction – doesn't find asitisfying solution. However, the solution of this task is very important for provision of highquality and productivity of the forecasting activity of psychologists. Verification of truthfulnessof the results of the performed psychological tests by a testee is suggested through unificationof computer psychometry with video eye-tracking checking.Key words: psychometry, verification, behavior, eye-tracking, “Videotsvetomer”.Modern psychometry, if under the condition of adequacy of a selection of methods toperformed task  within a researching troop, is able  to describe minutely andinformatively enough a psychoprofile of a person or a group of people, beinginvestigated, and also to provide forecasting information about them [2, 3; 5; 12; 23;24]. In this clear description of the unclear, hidden in the human mental life and/or inthe collective unconscious (have not been realized), and also in the probabilisticprediction (forecasting) of the future of the behavior of researching object(s)’s underthe given circumstances – that is one of the leading purposes of applied psychometry.However, the leaving objects, instead of the objects of lifeless environment, inparticular – thinking creatures with free declaration of will, are characterized by highvariability of possible reactions. In connection with this issue, psychometry resultscan be informative only in those cases, when an absolutely well testee, being inhis/her own usual cognitive-affective psychophysical condition, performs the testtasks sincerely and gives truthful answers, when he/she doesn’t try to disturb a
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2researcher by intended distortion in the performance of the test tasks [27].If a testee has motivation to give socially approved answers, intentionally falsifyinghis/her own truthful attitude towards a checked topic, then, usually, he/she gives thoseanswers, which being consciously regarded as correct ones, but not those, that he/shesuggests to be acceptable (profitable) in the distinct situation, being investigated [7;18; 19; 26].In the century of ubiquitous “Internetization” no one has difficulty in getting accessto any formalized and restricted by standard acts test psychometry procedure. Such aneasy access allows any interested person to train to perform test tasks in a proper waybeforehand, so, to get according to the results of processing of his/her primaryanswers a mark, that one needs, regardless of what a character is psychologically inreality [22].It was historically formed, that to assess psychological characteristics of the subject,”answer-question” questionnaires are used the most often.  The answers for the testtasks are the easiest to falsify. However, if the one wants to falsify his/her answers tothe test tasks, a testee can do it in any test situation, performing test tasks of anyprocedure[25]. Even if it firstly seems, during a sensory-motor testing, that doesn’tobviously tackle personal human structures (his/her world view, self-esteem and soon), and so it is supposed not to provoke intended falsification of answer-reactions, inparticular cases there is a possibility for not only intended, but also for not intended,not being distinctly realized distortions by an investigated object. To accelerate thetime of sensory-motor reactions above his/her own psychophysiological possibilitiesis practically impossible. In this way, falsification is not regarded as somethingpossible. But everyone, having a desire, can make his/her speed of sensory-motorreactions slower [4; 8; 9; 20].Lies, falsification and intended distortions are very largely and often used by peoplein the process of communication, to leave this sphere without control during thecomplex assessment of a person [29].In this way, to regard psychometrical information as truthful, during the procedureof examination one should have mechanisms and indicators of presence/absence oftrying of testees to distort results intentionally.One of the most ergonomic, informative and that’s why effective ways of dealingwith this problem of defining a degree of sincerity of a testee during the performanceof the test tasks is combining of several methods, embodying different principalsduring one procedure of psychometric examination. For example, questionnaires areaimed at measuring psychometric characteristics of the part of personality of thesubject, that understands meanings; projective tests, to an increasing degree, openpithy characteristics of unconscious sphere of human mental life; sensory-motormethods characterize “bioenergetics” resources of material substratum - neuro-sensory muscle complex, through that cognitive-affective activity of the subject arisesthrough his/her behavior in distinct circumstances of physical and social environment,instantly adapting to this environment [9; 20; 21].In this way of logic, questionnaires are connected with realized meanings by theconsciousness of the subject; projective tests are connected with the unrealized bysubject’s consciousness part of mental life; sensory-motor reactions are connectedwith characteristics of neuronic substratum, through that mental life is shown in thephysiological world of behavioral activity of the subject. But all these items are



3characteristics of different levels of one and the same object – human.The mostly valid research of this complex is possible, when in the procedure ofresearch parameters of all parts of this complex are   registered at the same time.Of course, realization of such unification of methods in one procedure is possibleonly in compute-based performance. There is no established architecture of suchsoftware-hardware complexes (SHC). But a steady trend is represented by unificationof different psychological, socially-psychological and psychophysiological methodsunder one program casing, complemented with tools of impersonal biometricalmonitoring of physiological and also sensory-motor reactions [17; 30].In the succession of carried researches (2015 – 2020) the authors used the describedmethod during creation of psychometrical tool – (SHC) “Videotsvetomer” [9-11].“Videotsvetomer” consists of the authorial method ©“Tsvetomer” [10], unified with aside hardware-software (HSC) for video eye-tracking (eye-gaze tracking) “Gaze PointH3” [32]. In the  carried out researches these two methods were unified into onesynchronously functioning psychometric system.The tool, created in this way - (SHC “Videotsvetomer”) allows at the same time inthe unified time scale to measure:1) “semantic” part of human mental life, notional filling of the conscious and thinkingof the subject during his/her perception and comprehension of stimuli, and also toassess his/her attitude to the meanings, built in the stimuli being demonstrated (forthis purpose an indicatory parameter was created – color pair index (IC);2) unrealized characteristics of human mental life – through color stimulatingassociations; meanings, contained in one stimuli of groups of them, – becomeimpossible to be connected with meanings, built in other stimuli and groups of them.What is more, very often the subject is unable to explain rationally presence of thesemantic link between color associations connected concepts. However the “feeling”of presence of such linking is often proved.3) and also to measure parameters of the accompanying behavioral reactions  –sensory-motor (the speed of color-stimulating associations – T1, T2, T3), and alsoeye-gaze tracking parameters (duration of eye focusing (ms) on the stimulus, thespeed (ms), quantity (one item per time unit) and the amplitude (pxl.) of saccades,dynamics of eye-apple diameter (pxl.)).Such technical solution supplied a psychologist with a possibility of carrying outresearches of semantic content of the conscious and subconscious of the subjectthrough the method, being traditional for psychology. But at the same time it alsogave a possibility to carry out impersonal monitoring of behavioral reactionssynchronically with psychometry.For example, Fig.1 demonstrates a temporal sensory-motor profile of color-stimulating associations of one testee, who performed color associating tasks inidentical test circumstances. Temporal profile with sincere answers – continuousgraph; with intended distortions – the dashed one.



4Fig. 1. Temporal profiles of a separate testee due to measurements of complexsensory-motor reaction during the performance of color-verbal associations.Temporal parameters of behavioral reactions – sensory-motor and eye-gaze tracking,when we speak of millisecond measuring scale, even a trained person will find itreally difficult or even impossible to forge, without giving oneself out by such trying:either though characteristic changes of temporal profile, or through color-semanticassociations.Alternative approach to identification of truth degree of the messages is embodiedin contact polygraphometry. But, this is more likely, an expert method, withcharacteristic possibilities and restrictions for such methods [1; 16].Any practicing psychophysiologist-polygraphologist is, as a rule, an attentivesupervisor (and thinker). Usage of sensory organs and rational thinking for discourseand correct conclusions is known as method of profiling and verification [9; 10; 20] –not impersonal, but an expert method, being to no less degree art, than science(however, this method is very informative).Drawbacks of this approach are recourse intensity of getting psychometricinformation, length of the procedure of examination and binding data of outcomingdata and target conclusion to a distinct expert [3; 20; 24].Psychological tests are so widespread, because they turned out to be optimalaccording to a series of indications during as individual, as group surveys. But, as itwas mentioned above, and is mentioned by several authors, in case whenquestionnaires are used, a lot of other problems arise [2; 22].Thus, authors of this publication aimed at the development of algorithms to assess adegree of sincerity of testees’ answers to verbal and/or graphically given test tasks.This algorithm is based on unification and systematic assessment of semantic andsensory-motor parameters of testee’s reactions in circumstances of formalized or half-formalized testing.



5 To reach the declared aim in 2017-2020 a scientific research, cipher “Tsvetomer”was carried out. On basis of voluntary conversant agreement 50 people of both sexesaged from 18 to 25 have taken part in the research, being practically healthy (inmedical aspect), not complaining about their health, activity and mood during theexamination, being students of Russian speaking higher education Institute of artprofile.Design of the survey. Every testee was sat in front of the computer monitor in sucha way, that usually sits a person, looking through web-pages. Stimuli were sent to themonitor in the beforehand prepared succession: with distinct form of expression,distinct content, distinct notional filling and identified emotionality. You can watch atypical session, following this link:https://drive.google.com/open?id=1MyCVtxe7V5dVju8pWsmVNdgAOxJ8OkVWAs verbal stimuli there were taken words, that were antonymous pairs, building upthe standard example of test (color-associating) tasks (SETT). As graphical stimuliimages were taken: 1) photos with ranked [28] and 2) with unknown (exanimated)emotionality and semantics.A testee had to look at the monitor with a displayed stimulus (word, phrase orpicture), and, on basis of his/her own inner feeling of “correctness” performassociation of the stimulus with two out of eight available color assessment marks (orwith one and the same color mark twice), as it is provided in the method “Tsvetomer”[10].During the whole session with the length of 10±4 minutes, being carried out at thesame time as the performance of test color-associating tasks, Videotvetomer (eye-gazed tracking) of eye behavior of the testee was carried out [20; 28; 32].As a result, units of primary data on every testee were formed.Table 1.  Stimuli, united into the sense-containing units.№ Primary parameters of processing Remarks1 Words with positive semantics 10 words2 Words with negative semantics 10 words3 Photos with “neutral” emotionality 14 items4 Photos with “negative” emotionality 25 items5 Photos with “positive” emotionality 22 items6 Photos with unknown (examined)emotionality 29 items7 Color pair index for definite stimulus/ Indexof assessment From  1, 00      - “excellent”Over   0,50 ± 0,05 “neutral”up to   0,01      - “disgusting”8 Total time of reaction of choice/associating,needed for assessment of stimulus withmarks (T3) (ms)9 Body of data with parameters of oculogram(separate example) https://drive.google.com/file/d/1ytbYEPKXsBx7JNmdyB7qjZYNsKgG-y-e/viewThe procedure of the performance of test tasks was organized in the following way.Verbal stimuli in quantity of 20 words were given to a testee in a succession. These
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6words were antonymous pairs, well-known to the Russian-speaking audience fromtheir birth, so that meanings of these words were understandable enough for themembers of the research, and they didn’t need any mental work [13; 14].The succession of  presentation of the verbal stimuli (SETT) for every testee (on theabscissa) is represented in Fig.2.Fig.2. Calibrating verbal stimuli SETT: a succession of their presentation andcharacteristic meanings of color-pair indexesAlso Fig. 2 shows on the ordinate axis cognitive-emotional testees’ attitudes to themeanings, put up into the words during the language evolution by the culture, and,accordingly, meanings, found by testees in this words-stimuli in the process ofexamination.Analysis of the results shown in picture 2 proves, that colour-semanticdifferentiation of words-stimuli is neatly implemented depending on the notionalfilling of the stimulus. In this regard, coloursemantic differential is identical withpsychosemantic differential [11; 14].Unit test task (unit colour-stimulus reaction) is represented by the following phases:1) presentation of a successive stimulus for perception → 2) sensory perception of thestimulus → 3) actualization in the focus of meanings in his/her conscious, so to say,meanings, existing in the individual world-image An important moment – the world-image → 4) association of the stimulus (and of meanings, connected with it) with twocolour evaluative marks.The evaluative marks were represented by the following colour tints: (left to right):1_red-orange, 2_lemon-yellow, 3_grass-green, 4_crimson, 5_dark blue, 6_brown,7_asphalt grey, 8_black (not to mistake for colour stimuli of the short variant ofLüscher color test. Similarity is minimal!; requirements for colour marks in Lüschermethod and “Tsvetomer” are different).All possible pairwise combinations of colour marks are given empirically tucked upnumerical values: https://yadi.sk/i/b52qejDkdZf9pw . 



7 To perform every simple colour stimulus associating task a testee spent some time,that characterized his/her psychophysiology for a period of the session. A typicalvariant of a result of simple test tasks completed by testees  is shown in Table 2.Table  2. Parameters of result of the performance of simple test task№Stimulus IC Time of reactionT3 (ms) Remarks21 “Happiness” 0,98 259 Т3 = Т1 + Т2, where Т1 is the time ofstimulus emerging to the click on thefirst chosen colour mark, and T2 isthe time period between the clicks onthe first and the second marksThereby, every simple test task completed by a testee content biopsychometricalinformation about: Emotional attitude expressed through colour associations Time, that a testee needed to perform difficult visual motor reaction (PVMR) ofcolour stimulating association; Semantic polarity of the presented stimulus.The same thought is encoded through numbers in Table 3.Table 3. Conjugation of parameters of emotional attitude towards stimulus(color index) and time (T3) needed to carry out this ratio№ IC  ↓      T3→ Quickly Middling Slowly1 2 31 Positive 11 12 132 Neutral 21 22 233 Negative 31 32 33In general form complex parameter “IC - T3” characterizes:A) subjective cognitive strain connected with implementation of colour-verbalassociating choice andB) individual style of reaction.For example, colour-verbal association for a verbal stimulus “Happiness” (Table 2)shows, that separate testee connects this word with concepts from semantic field, thatincludes a lot of positive meanings (IC = 0,98); in this case the testee needed 259 msto grasp and express his/her own attitude towards “Happiness”.Provided that IC of “Happiness” among the Russian-speaking population usuallyequals 0,90±0,01 (picture 2) and time to implement this attitude through activity isusually 270±50 ms (picture 1), then a conclusion can be made, that this testee has gotan adequate (for this populace) positive attitude towards the word with positivecontent. Meanwhile, the testee didn’t have any difficulty to understand and to expressattitude towards the meaning of the word quickly enough. In this case the code of“complex parameter” IC T3 will be “11”.As it was shown above, graphical stimuli were used in the research together withthe verbal ones. You can see grouped represented graphic stimuli in table 4.



8 Table 4. Graphic stimuli, that have certain expressive demonstration andsemantic filling, being shown to testees in the research.Class of graphic stimuli Quantity and title of the filePhotos with “neutral” emotionality In total   19 itemsPhotos with positive emotional polarity In total 22 itemsPhotos with negative emotionality: Killed and suffering animals Human sufferings Snakes and spiders 14 items15 items18 itemsIn total 47 itemsThe colour-graphic associations were performed in a way, parallel to colour-verbalassociations. Fig. 3 demonstrates results of assessments of stimuli, presented in theresearch (for selection N=50)Fig. 3. IC statistics for different incentivesAnalysis of the information, displayed in picture 3, allows us to make the followingconclusions.The unit «IC+» contains statistics of verbal stimuli with positive semantics.The unit «IC-» reflects assessment of verbal stimuli with negative semantics. A smaller dispersion of statistics for stimuli with negative semantics is in general



9characteristic for the general aggregate of testees. Probably, it is connected with the fact, that all the bad is identified in the personalworld views more distinctly and univalent.The unit «N» contains statistics, that characterize the attitude of testees to, so to say,not emotive, emotionally neutral (according to the authors – implementations of thesestandardized stimuli  – DB GAPED (Geneva′s university)), graphic stimuli. However, according to the steady impressions of the authors of the implementedexamination, when a person is given the task to reflect his/her attitude towardsstimulus in a rational way (using words as assessment), then it activates work of themind, and then a testee assesses usual well-known household objects (an electricbulb, a lamp, an so on), as the positive ones. And it is correct from the rational pointof view. But when a person is proposed to express his/her attitude towards the formand the content of a graphic stimulus, then mostly the irrational channel (colourmarks) is used, and then the emotional part of mental life works, and it isdemonstrated through this, that externally inexpressive images without any emotivecontent are assessed not as neutral, but as the neutral-negative ones. Thisphenomenon demonstrates, that the result to get  in the performed test depends on thetype of assessment marks (a maxima for comparison: “what is the question, that is theanswer”).Units «А » and «Н» demonstrate the anticipated testees’ attitude towards the formas content of stimuli with suffering animals and suffering people. Assessments areexplicitly negative. What is more, dispersions of statistics in this case are minimal. In unit «Р» results were anticipated: as the photos with positive content weredemonstrated, these photos were assessed positively. In unit «Sp-Sn» photos of snakes and spiders were demonstrated. According to theplan of the authors of DB GAPED, perception of insects and reptiles must causedisgust-abruption. However emotional experiences from these stimuli were notunivocal for the testees. Students-psychologists do not treat pictures of snakes andspiders as something unambiguously disgusting.Interpretation of the results reflected in the unit «Any» presents special interest.At this stage of the research it can be affirmed, that in the whole statical advertisingis assessed moderately negatively by our compatriots.Unification of these assessments into one massif is very exponential. However, oneshould observe, the assessment of an advertising banner by a specific testee, becausethis phase is especially interesting due to the ability to show reaction of a specificperson to a specific stimulus.During the process of treatment of the experimental data the parameters ofvideooculography were overlapped on all the results, got with the help of the method“Videotsvetomer”.Preliminary data testify complex interrelations between the parameters of sight andthe parameters performance of colour-stimulig associations towards the stimuli ofdifferent form and content.Nevertheless, numerical parameters of the videooculogram allow to controlunambiguously the fact, that a testee perceives stimuli and tries to implement the testtasks correctly. During face-to-face examination this function was performed byspecialists. But the usage of video oculography in this way allows to carry out theexamination distantly, without losing any important forecasting information. 



10Hereby, it has been demonstrated, that unification of “Videotvetomer” withbiomertrical videomonitoring is a perspective solution from the point of view ofprovision of automatical verification of the results of psychometrical testing.The authors suggest, that SHCs with the described above functionality are correct toregard as a new subclass of “sincerity detectors”. Such tool is able to realise themaxima of psychometrics: “You can’t show anything unexisting and you can’t hideanything, that exists”. This subclass of SHC can be called “videopolygraph”, and aparticular variant of implementation of this subclass of psychometrical tools can becalled “Videotsvetomer”.References1. Abdul`manov A.A., Deulin D.V. K voprosu primeneniya poligrafa v ramkaxpredvaritel`nogo rassledovaniya po delam ob e`konomicheskix prestupleniyax //Vestnik Moskovskogo universiteta MVD Rossii, №6 2018, S.330-336. (AbdulmanovA.A., Deulin D.V. «On the issue of the use of polygraph in the framework of apreliminary investigation in cases of economic crimes» // Bulletin of MoscowUniversity of the Ministry of Internal Affairs of Russia, No. 6, 2018, P.330-336.) (inRuss).2. Alyohin A.N. K kritike osnovanij psixologicheskoj diagnostiki // Ucheny`e zapiskiuniversiteta Lesgafta. 2010. №9 (67) S. 3-7. (Alekhin A.N. «On criticism of the basis ofpsychological diagnostics» // Scientific notes of the University of Lesgaft. 2010. №9(67) P. 3-7). (in Russ).3. Belobry`kina O.A., Lemyasova N.S. K poisku algoritma ob``ektivizacii «Ob``ektivny`xmetodov» v sovremennoj Rossijskoj psixologicheskoj praktike // PEM: Psychology.Educology. Medicine, №2, 2016., S.80-99. (Belobrykina O.A., Lemyasova N.S. «Onthe search for an algorithm for objectification of «Objective Methods» in modernRussian psychological practice» //PEM: Psychology. Educology. Medicine, №2, 2016.,P.80-99.). (in Russ).4. Vasishhev A. A. “Psychometric Expert” kak bazisnaya komp`yuternaya sistemaorganizacii psixodiagnostiki i nauchno-issledovatel`skoj deyatel`nosti // Prikladnayayuridicheskaya psixologiya, №3, 2008., S. 122-129. (Vasishchev A. A. «PsychometricExpert as a basic computer system for organizing psychodiagnostics and researchactivities» //Applied Legal Psychology, No. 3, 2008., P. 122-129.). (in Russ).5. Vasserman L.I., Iovlev B.V., Chervinskaya K.R. Komp`yuternaya psixodiagnostika vteorii i praktike medicinskoj psixologii: e`tapy` i perspektivy` razvitiya // Sibirskijpsixologicheskij zhurnal, №35, 2010. S. 20-24. (Wasserman L.I., Iovlev B.V.,Chervinskaya K.R. «Computer psychodiagnostics in the theory and practice of medicalpsychology: stages and prospects for development» //Siberian Psychological Journal,No. 35, 2010. Р. 20-24.). (in Russ).6. Vinogradov M.V., Kasperovich Yu.G., Karavaev A.F. Sovershenstvovaniepsixofiziologicheskix metodov ocenki dostovernosti informacii, soobshhaemojchelovekom // Psixopedagogika v pravooxranitel`ny`x organax, №4 (75), 2018, S. 96-102. (Vinogradov M.V., Kasperovich Yu.G., Karavaev A.F. «Improvement ofpsychophysiological methods for assessing the reliability of information reported by aperson» //Psychopedagogics in law enforcement agencies, No. 4 (75), 2018, S. 96-102.). (in Russ).7. Guseva I. S. Proyavlenie lzhi i social`noj zhelatel`nosti predstavitelyami silovy`xstruktur kak stremlenie skry`vat` «Vazhny`e fakty` o sebe // Pravoporyadok: istoriya,teoriya, praktika, №1 (20) 2019., S. 60-65. (Guseva I. S. «Manifestation of lies and
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