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Abstract
Background: The objective of the present work was to determine whether fluid intelligence scores and individual temperamental 
traits may be used to predict drivers’ reaction times in movement anticipation tasks. Material and Methods: The study encompassed 
68 young female drivers (aged 20–26 years), who had received their driver’s licenses at least 2 years prior. Anticipatory performance 
was evaluated using the Perception Anticipation Movement Test (PAMT) consisting of 3 sets of computer tasks differing in the 
speed of the moving objects. The level of fluid intelligence was determined using Raven’s Standard Progressive Matrices, and the 
temperamental traits with the Pavlovian Temperament Survey. Results: Intelligence was found to be significantly correlated with 
reaction time only in the second PAMT task set, for which it was also a good predictor. Findings suggested that a higher level of 
fluid intelligence in young female drivers was associated with longer reaction times in the movement anticipation task with objects 
moving at the medium speed level. Temperamental traits did not correlate with reaction times in all movement anticipation tasks, 
and they did not explain the participants’ performance in the PAMT task sets. Conclusions: This study expands the current literature 
by assessing the relationship between fluid intelligence, temperamental traits and reaction times in movement anticipation tasks with 
objects moving at different speeds. The outcomes of this study are discussed together with those of previous research. Med Pr. 2020; 
71(4):421–7
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THE ROLE OF INTELLIGENCE 
AND TEMPERAMENTAL TRAITS 
IN PREDICTING REACTION TIMES 
IN MOVEMENT ANTICIPATION TASKS: 
A PRELIMINARY STUDY USING 
THE PAMT TEST2DRIVE COMPUTER TEST

ORIGINAL PAPER

INTRODUCTION

In transportation psychology, anticipation is under-
stood as the ability to predict successive upcoming traf-
fic events and is thought to involve a directed percep-
tion of objects, an appraisal of their distance and speed, 
and an understanding of the principles behind their 
motion. An accurate determination of spatiotemporal 
relations between traffic objects is one of the key ele-
ments of situation awareness [1], which is critical for the 
safe behavior of drivers on the road [2]. 

The anticipation ability consists of perception pro-
cesses, attention, and intellectual processes. Involvement 

in road incidents (causing or avoiding them) depends 
on the speed of traffic analysis, processing, and predic-
tion by drivers, which depends, among others, on their 
general intelligence, or capacity to reason [3], and tem-
peramental traits [4].

The objective of the present work was to elucidate 
whether general (fluid) intelligence and temperamental 
traits may serve as reaction time predictors in apprais-
ing the direction and speed of moving objects, using the 
Perception Anticipation Movement Test (PAMT) devel-
oped by Test2Drive (T2D) [5], which purports to recre-
ate conditions similar to those found in real-life vehic-
ular traffic. In particular, this study analyzes the predic-
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tive value of fluid intelligence and temperamental traits 
in relation to reaction times recorded under 3 PAMT 
experimental conditions differing in terms of the speed 
of the computer marker (in 3 successive sets of tasks), 
as well as in relation to the overall PAMT performance. 

Effects of intelligence 
and temperament on driver behavior
The functional role of intelligence and temperament has 
been extensively studied, also in the field of transpor-
tation psychology [3,4,6]. Terelak [2] noted that a reli-
able verification of driver behavior models should in-
volve the individual ability to process data and react in 
complex situations, which is modified, among others, 
by one’s intelligence and temperamental traits. 

Generally speaking, intelligence determines the per-
formance of tasks requiring the use of various cogni-
tive processes, including “reasoning, planning, prob-
lem-solving, abstract thinking, comprehension of com-
plex ideas, fast learning, and drawing on one’s experi-
ence” [7]. Among the many definitions of intelligence, 
this work focuses on 2 approaches, i.e., Spearman’s [8] 
and Cattell’s [9], which have gained currency in transpor-
tation psychology. In Spearman’s 2-factor model, gen-
eral intelligence (g) is strongly associated with perfor-
mance on intellectual tasks, while the specific factor (s) 
is responsible for an individual’s specific intellectual 
abilities, and for his or her performance on tasks that re-
flect them. In turn, Cattell [9] subdivided general intelli-
gence into fluid (Gf), grounded in biology and indepen-
dent of acculturation, and crystallized intelligence (Gc), 
associated with the specific experience, knowledge, and 
acquired skills of the individual. Both approaches point 
to intelligence-based individual differences in terms of 
the speed and efficiency of information processing. They 
also agree as to the physiological underpinnings of gen-
eral/fluid intelligence.

Interestingly, throughout the 20th century, there was 
some confusion in the field of intelligence research 
about the abilities that should be considered as the con-
tent of Spearman’s g. However, the issue has been solved 
thanks to the research on Cattell’s theory. It turned out 
that the reasoning factor that relates closely to Cattell’s 
Gf, might also exemplify Spearman’s g [7]. The reason-
ing abilities are the key factors measured in Raven’s 
Standard Progressive Matrices test [10].

A substantial body of research [3,11–17] indicates 
the existence of a relationship between higher fluid in-
telligence levels and shorter reaction times (both in sim-
ple and decision reaction tasks), showing that individuals 

with higher Gf need less time to arrive at desired solu-
tions. Jensen [11] noted that persons exhibiting high-
er intelligence not only react faster, but their response 
patterns are also more regular (with a lower variance of 
outcomes). Such persons make fewer errors and need 
fewer attempts to complete psychomotor tasks. Interest-
ingly, in a subsequent study Jensen [12] found weak cor-
relations between intelligence levels and reaction times 
in simple reaction tasks. This finding was attributed to 
the fact that such reactions are triggered by stimulus de-
tection rather than derived from decision making pro-
cesses, in contrast to the more complex choice reaction 
tasks (in which the correlation between Gf and the re-
action time is much stronger). Similar results have been 
reported by other researchers [18,19]. 

Other studies [3,20] have pointed to a link between 
fluid intelligence and the speed and accuracy of eye-
hand coordination tasks. Truszczyński et al. [3] also 
found a significant relationship between Gf and a faster 
and more accurate visual tracking in a test requiring di-
rected visual perception. In contrast to the above, Cze-
schlik [21] reported a negative correlation between flu-
id intelligence and reaction time, which was explained 
by the stronger reflectivity of individuals scoring high-
er on Gf. Still others [22] have claimed that the results 
of existing research have been affected by small sample  
sizes.

Research on temperament [4,23] has indicated that 
it is significantly associated with driver behavior on the 
road. According to Strelau [24,25], temperament, which 
is directly linked to the properties of the human ner-
vous system, fulfills a regulatory function by modify-
ing (moderating) the stimulatory (energetic) and tem-
poral value of reactions, and the value of the situations 
in which the individual finds him or herself [25]. In oth-
er words, temperament affects the intensity (strength) 
and temporal parameters (mobility and speed) of hu-
man reactions. 

Similarly to Pavlov, Strelau enumerated the following 
temperamental characteristics: strength of excitation (SE), 
strength of inhibition (SI), and mobility of nervous pro-
cesses (M) [26]. The first trait reflects one’s readiness to 
engage in, or refrain from, activity in strongly stimulat-
ing situations, e.g., in the presence of a threat. High SE 
levels predict a better ability to work under highly stim-
ulating conditions and to maintain task performance ef-
ficiency over time. High SE is also associated with a pref-
erence for risk-taking, greater resistance to fatigue, and 
responding with emotional reactions that are more ap-
propriate to the situational requirements [25]. In turn, 
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SI facilitates restraining task performance as well as de-
laying responses and interrupting activity if necessary.  
It also makes it easier not to reveal one’s emotions if need 
be [25]. Finally, M enables adequate responses to chang-
es, rapid adaptation to new conditions, and a readiness 
to switch between activities or to perform several tasks  
at a time [25]. 

In light of Strelau’s approach, temperament may be 
expected to be also associated with reaction times in sit-
uations requiring object movement anticipation. While 
Strelau himself [27] did not find a conclusive relation-
ship between temperamental traits and reaction times, 
some scholars [28] reported a correlation between SE 
and reaction times to stimuli of varying intensity. In ad-
dition, they found a negative correlation of SE and SI 
with anxiety and neuroticism, and a positive correla-
tion of M with extraversion and Zuckerman’s sensation 
seeking. Finally, according to Pascalis et al. [29], the 
high levels of sensory sensitivity associated with SE are 
also predictive of shorter reaction times. 

Despite the fact that differences in reaction times 
arising from temperamental factors are associated with 
differences in the processing of cognitive information, 
the relationship between temperament itself and intelli- 
gence is inconclusive [30,31]. While some studies [30,31] 
have shown that fluid intelligence is correlated with 
temperament weakly and only in some age groups, oth-
er reports [32] do not corroborate any such correla-
tions. In fact, little scholarly attention has been given 
to the effects of both intelligence and temperament (es-
pecially as defined with reference to the properties of 
the nervous system) on reaction times. Therefore, fur-
ther investigation into the relationship between these 
variables seems necessary, and especially in the context  
of movement anticipation.

Last but not least, it should be noted that the major-
ity of transportation psychology research has been con-
ducted on professional male drivers, and there is a scar-
city of reports on the behavior of female drivers. More-
over, few studies have examined ordinary car drivers. 
According to police records [33], most vehicular acci-
dents are caused by non-professional drivers, but there 
are no data concerning their psychomotor abilities. 
Moreover, an increasing number of accidents are caused 
by the growing population of female drivers (albeit not 
as many as are caused by males).

Research problem and hypotheses
The main objective of this work was to identify temper-
ament- and intelligence-related predictors of reaction 

times in dynamic situations requiring movement antic-
ipation, in a group of young female drivers. The follow-
ing research questions were formulated: 
1. Are reaction times in movement anticipation tasks 

correlated with intelligence (reasoning) or temper-
amental traits?

2. What predictors could be useful in estimating reac-
tion times in movement anticipation tasks? Can the 
same predictors be used to estimate reaction times 
in situations differing in terms of the speed of the 
moving objects?
In relation to the above questions, the following hy-

potheses were made:
 ■ H1: intelligence is negatively correlated with reac-

tion times in movement anticipation tasks. Thus, 
the higher the intelligence level, the shorter the 
reaction time in dynamic situations requiring an 
appraisal of spatiotemporal relations between moving 
objects. The hypothesis is assumed to hold true irre-
spective of the speed of objects, i.e., for each of the 
3 PAMT task sets and for the overall PAMT perfor-
mance.

 ■ H2: temperamental traits are associated with reac-
tion times in situations requiring movement antici-
pation as follows: SE and M are negatively correlated 
with reaction times in anticipation tasks, while SI 
is positively correlated with that variable. Thus, the 
higher the SE and M, the shorter the reaction time, 
while the higher the SI, the longer the reaction time. 
The hypothesis is assumed to hold true for each of 
the 3 PAMT task sets and for the overall PAMT per-
formance.

 ■ H3: both intelligence and temperamental traits are 
good predictors of reaction times in dynamic situations 
requiring movement anticipation in each PAMT task 
set and in the overall PAMT perfor mance.

MATERIAL AND METHODS

Study group
The study encompassed 68 females aged 20–26 years 
(M = 21.66), who had received their driver’s licenses 
at least 2 years prior to the study. None of the partic-
ipants was a professional driver and all of them were 
right-handed. All were recruited for the study when 
taking a course in the psychology of stress, and were 
awarded additional academic credits for their partic-
ipation. The final statistical analysis was conducted 
on 62 sets of test results obtained from the study group 
described above. 
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Procedure and methods
All tests were administered individually at the Trans-
port Psychology Laboratory, which is part of the In-
ter-Institute Central Psychological Laboratory of the 
Cardinal Stefan Wyszyński University in Warsaw. Each 
session lasted approx. 1 h and 30 min. The participants 
first completed the paper-and-pencil questionnaires, 
and then took the computer tests. The methods are pre-
sented below.

Raven’s Standard Progressive Matrices classic ver-
sion (SPM-C) in paper-and-pencil format, in the Pol-
ish adaptation by Jaworowska and Szustrowa [10], was 
used to assess fluid intelligence. The test is consistent 
with Spearman’s concept of intelligence [10]. It mea-
sures one’s educative ability responsible for gaining new 
insights, making sense of chaos, as well as for going be-
yond the available information and the creation of new 
conceptions. It measures non-verbal abilities which are 
independent of experience, and which facilitate effective 
thinking. The SPM-C test consists of 60 items present-
ed in 5 series (series A-E) of 12 items each. Each item in  
a given series consists of an incomplete pattern (matrix) 
and the participant’s task is to determine which bit best 
completes the missing cell of the matrix. In the current 
study, the SPM-C test was given without a strict time 
limit, in paper-and-pencil format. The tool is character-
ized by high internal consistency and test-retest reliabil-
ity [10].

The Pavlovian Temperament Survey (PTS) by Strelau 
and Zawadzki [26] was used to measure 3 temperamen-
tal traits: SE, SI, and M. These traits draw on the prop-
erties of the central nervous system as defined by Pav-
lov. The PTS is a paper-and-pencil questionnaire that 
consists of 57 statements in which respondents decide 
whether they agree or disagree with each of them, on a 
1 (“definitely agree”) to 4 (”definitely disagree”) Li-kert 
scale. The PTS exhibits good psychometric properties 
[26].

The PAMT which is part of the T2D battery [5] was 
used to measure movement anticipation in dynamic sit-
uations. The T2D system is a standardized tool produced 
by Alta sp. z o.o. All tests in this battery are displayed on 
the Iiyama Pro Lite T2435MSC Full HD touch screen, 
which is provided by Alta sp. z o.o. to ensure standard 
conditions for all research using T2D. In the PAMT, the 
participants are required to guide a marker between 
2 moving objects. The test is divided into 3 parts dif-
fering in marker speed (which successively decreases). 
The measurement trials are preceded by a training tri-
al, in which the marker speed corresponds to the initial 

(fastest) test speed. Each part of the PAMT consists of 
a set of 6 tasks with an overall completion time of ap-
prox. 6 min [5]. Notably, the psychometric properties of 
the PAMT are still updated by the authors of the scale. 
The reliability obtained by the Spearman-Brown split-
half method (r = 0.843) and Cronbach’s α (α = 0.775) 
showed acceptable coefficients. However, due to the fact 
that the PAMT is a relatively new test, its diagnostic va-
lidity has only been partially confirmed. Nonetheless, 
the authors consider the PAMT to be good enough for 
use in psychological practice [5, p. 118–21].

Analysis of results
Relationships between the variables were assessed using 
Pearson’s r correlations [34]. In turn, a hierarchical re-
gression analysis was applied to predict reaction times 
in movement anticipation tasks (RTMAT) based on fluid 
intelligence and temperamental traits. In the first step, 
the regression equation contained general fluid intel-
ligence scores, while the second step incorporated the 
3 temperamental traits. Analyses were conducted for 
the 3 PAMT task sets and for the overall PAMT perfor-
mance. 

It should be noted that prior to the analyses, which 
were conducted for median reaction times, the data were 
standardized, outliers significantly affecting the regres-
sion plots were rejected, and the common logarithm 
was applied [35,36]. In addition, as 2 of the tempera-
mental traits (SE and M) were found to be collinear, an 
analysis of semi-partial correlations was planned to be 
done to verify the results of the regression analysis.

RESULTS

Results for the relationships between variables posited 
in hypothesis 1 are given in Table 1. It was found that 
fluid intelligence levels were positively correlated with 
reaction times in movement anticipation tasks only in 
the second PAMT task set, which featured a medium 
speed of the computer marker.

Results for the relationships between temperamen-
tal traits and RTMAT (hypothesis 2) are also included in 
Table 1. The findings indicate no significant correla-
tions between all of these variables and the overall per-
formance on the PAMT. 

The results of multivariate regression analysis verify-
ing hypothesis 3 are presented in Table 2. In the case of 
the overall PAMT performance, the first and the third 
PAMT set, the composite model including all predictors 
did not explain RTMAT well.
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Table 1. Correlation coefficients of fluid intelligence scores and temperamental traits with reaction times in movement anticipation 
tasks (RTMAT) for the 3 PAMT task sets and the overall PAMT performancea

Correlation matrix
RTMAT

for the overall PAMT 
performance

RTMAT1  
for the 1st PAMT set

RTMAT2  
for the 2nd PAMT set

RTMAT3  
for the 3rd PAMT set

Fluid intelligence

correlation coefficients 0.19 0.11 0.34* 0.12

significance 0.135 0.386 0.006 0.349

Strength of excitation

correlation coefficients –0.13 –0.07 0.03 –0.18

significance 0.323 0.582 0.822 0.173

Strength of inhibition

correlation coefficients 0.02 0.16 0.01 –0.13

significance 0.887 0.222 0.923 0.318

Mobility of nervous processes

correlation coefficients –0.17 –0.07 –0.02 –0.19

significance 0.182 0.584 0.877 0.148

a Number of subjects: N = 62.
* Correlation is significant at the 0.01 level (2-tailed).
Values in bold are statistically significant.

Table 2. Regression analysis for predictors of reaction times in movement anticipation tasks (RTMAT) for the 3 PAMT task sets  
and the overall PAMT performancea

Model

RTMAT

overall PAMT performance 1st PAMT set 2nd PAMT set 3rd PAMT set

β* t p β** t p β*** t p β**** t p

1. Fluid intelligence 0.192 1.514 0.135 0.112 0.873 0.386 0.342 2.821 0.006 0.121 0.944 0.349

2. Fluid intelligence 0.196 1.516 0.135 0.128 0.980 0.331 0.341 2.710 0.009 –0.096 –0.492 0.625

Strength  
of excitation

–0.045 –0.230 0.819 –0.089 –0.450 0.654 0.022 0.114 0.909 –0.113 –0.881 0.382

Strength  
of inhibition

0.035 0.271 0.787 0.170 1.308 0.196 0.028 0.228 0.820 –0.110 –0.563 0.576

Mobility 
of nervous 
processes

–0.137 –0.706 0.483 –0.008 –0.039 0.969 –0.034 –0.180 0.858 –0.096 –0.492 0.625

a Number of subjects: N = 62.
 * R2 = 0.068, ΔR2 = 0.031, ** R2 = 0.048, ΔR2 = 0.035, *** R2 = 0.118, ΔR2 = 0.001, **** R2 = 0.067, ΔR2 = 0.052.
Values in bold are statistically significant.

In the second PAMT task set, the reaction time could 
be predicted only by the fluid intelligence scores of the 
examined drivers at F(1, 61) = 7.958, p = 0.006, but not 
by any of their temperamental traits, at F(4, 61) = 1.915, 
p = 0.120. A model with fluid intelligence as the only 
predictor explained 12% of the variance in the depen-
dent variable (R2 = 0.12; corrected R2 = 0.10). The val-
ue of the coefficient standardized for the general intelli-
gence variable was β = 0.34, p < 0.006 (Table 2), which 

suggests that the higher the intelligence, the longer the 
reaction time in the second PAMT task set.

DISCUSSION

The present study set out to determine to what extent 
intelligence and temperamental traits could explain re-
action times in movement anticipation tasks differing 
in the speed of moving objects. It was found that flu-
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id intelligence was significantly associated with reac-
tion times only in the second PAMT task set (in which 
the marker moves more slowly than in the first set).  
In that set, fluid intelligence scores explained 12% of 
the variability in RTMAT. Interestingly, the reaction time 
was found to increase with fluid intelligence. This may 
be attributed to a change in the level of task difficulty  
(a slower speed of the computer marker): individu-
als with higher intelligence may be more reflective and 
they may take more time to react under more complex 
test conditions, which is consistent with the findings re- 
ported by Czeschlik [21]. On the other hand, most 
scholars [12,18,19,22] have indicated that individuals 
scoring higher on intelligence exhibit shorter reaction 
times in choice reaction tasks. However, it should be re-
membered that typical choice reaction tasks do not in-
volve movement anticipation. In this study, intelligence 
was not a good predictor of reaction times either for the 
other PAMT task sets or for the overall PAMT perfor-
mance. These results could be attributed to the structure 
of the PAMT itself. In the first set, the tasks are very sim-
ple due to the high speed of the computer marker, and 
so solutions do not require complex reasoning, which is 
in line with the study by Jensen [11,12]. In the third set, 
with the computer marker moving very slowly, success-
ful solutions require the discovery of certain rules that 
were not needed in the previous tests. Rule discovery 
should be linked to higher levels of fluid intelligence. 
However, taking into consideration the overall perfor-
mance, intelligence could not be used as a predictor of 
reaction times. This is inconsistent with the existing lit-
erature on choice reaction times [3,11–17].

The results concerning the correlations and predic-
tive power of temperamental traits in movement antici-
pation tasks are not in agreement with the expectations, 
either. It was found that all temperamental traits were 
not associated with the reaction time for all tasks, and 
were not good predictors of these variables. 

It should be noted that these results refer to reac-
tion times without making a distinction between laten-
cy time and movement time, as the PAMT does not re-
cord these times separately. In addition, the PAMT does 
not measure anticipation per se, but only the speed and 
accuracy of reactions. Moreover, the diagnostic validity 
of the PAMT has still not been fully confirmed [5]. An-
other limitation of the present study is the fact that sta-
tistical analyses took into account only the overall fluid 
intelligence scores as the sample size was not sufficient to 
incorporate more fine-grained predictors and the partic-
ipants were exclusively female. Therefore, future research 

should address the presented limitations and re-analyze 
the research problems formulated in this work. One op-
tion would be to develop a new test enabling the mea-
surement of latency and movement times in anticipatory 
tasks involving objects moving at different speeds.

CONCLUSIONS

Even though the results presented by the author should 
be interpreted cautiously, they provide some interesting 
and important insights into reaction time predictors in 
situations where individuals are required to anticipate 
the motion of objects moving at different speeds.
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