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Various studies have shown fl uctuations in task performance during the menstrual cycle. The aim of this 

study was to see the effects of the menstrual cycle on performing fi ne motor and spatial tasks of different 

level of complexity in twenty students aged 18 to 21 years, with regular menstrual cycle (28 to 30 days). 

The students performed O’Connor Finger Dexterity Test and mental rotation test during the menstrual, 

late follicular, and midluteal phase. Before the tests were performed, we administered Spielberger’s 

State-Trait Anxiety Inventory for each phase. After the tasks were completed, the subjects ranked their 

diffi culty on Borg’s scale.

The results showed the best performance in both tests in the midluteal phase (with sex hormones at their 

peak). The anxiety level and task diffi culty ranking were the highest in the menstrual phase, when the 

hormone levels were the lowest.
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In general, men seem to have an advantage over 

women in spatial and mathematical skills, whereas 

women are more profi cient in verbal skills, perceptual 

speed and accuracy, and fi ne motor skills (1, 2). In 

spatial skills, the two sexes mostly differ in tasks 

with three-dimensional mental rotations (3). These 

differences in cognitive functioning are associated 

with exposure of the foetal brain to different levels 

of sex hormones (4). According to Sherwin (4), these 

“organizational effects” of sex hormones permanently 

alter the structure and/or function of specifi c brain 

areas during foetal life, perhaps by directing the 

development of certain neural pathways. Signifi cant 

quantities of a sex hormone seem to arrange neural 

substrates for a certain behaviour or function that 

becomes manifest after puberty, when blood levels of 

the same hormone are high again, which is known as 

the activational effect of that hormone (4).

In normally cycling women progesterone and 

oestrogen levels are low during the menstrual phase 

(cycle days 1 to 5) and high during the luteal phase 

(cycle days 16 to 23). In addition, oestrogen levels 

reach the fi rst peak during the late follicular phase 

(cycle days 6 to 12) (5). Many studies have found that 

women better perform verbal fl uency and articulation 

tasks during the midluteal phase or late follicular 

phase than in the menstrual phase (5-8). Finger 

dexterity has also been found signifi cantly better in 

the late follicular than in the menstrual phase (9). 

Grooved Pegboard Test has shown superior fi ne motor 

coordination in the midluteal phase (6). In contrast, 

healthy young women seem to better perform spatial 

tasks during the menstrual phase than during the 

midluteal or late follicular phase (6, 10, 11). However, 

other studies (7, 9) found no signifi cant differences in 

spatial performance between menstrual cycle phases. 

Furthermore, Epting and Overman (12) found no 

relation between spatial tasks and the cycle phases, 

even though performance in three of the four tasks 

signifi cantly differed from that of men. Higher sex 
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differences were found in three dimensional than in 

two-dimensional spatial tasks of mental rotations, 

while menstrual cycle seems to affect only the fi rst 

type of spatial tasks (10).

Differences between these reports may have to do 

with how precisely they identifi ed cycle phase in each 

subject, whether they excluded anovulatory women, 

and how sex-sensitive were the cognitive tasks 

performed. Moreover, to be more exact, menstrual 

cycle studies should include hormone measurements. 

Early investigations which included measurement of 

hormone levels showed positive correlation between 

verbal fluency and oestrogen levels (6, 13) and 

negative correlation between spatial ability scores 

and oestrogen levels (6, 11) in young women. Early 

investigations also showed that oestrogen negatively 

affected performance of mental rotation task in men 

(14). In addition, menstrual cycle studies could make 

a better use of the midluteal rather than preovulatory 

phase because oestrogen peak in this phase is longer 

(10) and measurement error is less likely than in the 

follicular phase (15). Earlier studies did not compare 

performance in different cognitive tasks between the 

midluteal phase, when both sex hormones are high, 

and the late follicular phase, when only oestrogen is 

high (5,9,11).

Several studies have shown increased anxiety and 

other negative emotional states during the menstrual 

and/or luteal phase, while positive mood was present 

around the ovulation time (8, 16-19). These shifts 

in mood might be related to changes in cognitive 

functions during the menstrual cycle.

Earlier studies did not investigate how subjects 

score the diffi culty of a cognitive task. The exception 

is our study (18) showing that reaction time tasks 

were deemed more diffi cult during the premenstrual 

and menstrual phase. Diffi culty assessment turned out 

to be signifi cantly associated with menstrual pain and 

anxiety in the menstrual phase. This suggest that other 

cognitive tasks will also be assessed more diffi cult in 

the menstrual phase, due to the presence of various 

psychosomatic symptoms.

The aim of this study was to see how phases of 

the menstrual cycle affect performance in O’Connor 

Finger Dexterity Test and mental rotation tasks with 

different levels of complexity. For more precise 

results, we used sex-sensitive tasks during the late 

follicular and midluteal phase with high levels of 

oestrogen and progesterone and the menstrual phase 

with low hormone levels. We also wanted to see if 

performance was related to anxiety and assessment 

of task diffi culty during the menstrual cycle.

METHODS

Participants

The study included twenty students aged 18 to 

21 years with a regular menstrual cycle of 28 to 30 

days who had not been using oral contraceptives. 

Other exclusion criteria were irregular periods, 

gynaecological disorders, pregnancy, history of head 

injury, substance abuse, and mental disorder.

Every morning the subjects took oral temperature 

to verify that they had normal ovulatory menstrual 

cycle, as demonstrated by postovulatory increase in 

basal body temperature (biphasic curve). All subjects 

were right handed and in good physical health. They 

had not taken medication, caffeine or alcohol within 

24 hours of the experiment.

O’Connor Finger Dexterity Test

O’Connor Finger Dexterity Test is used to measure 

fi nger speed and dexterity and consists of a board with 

a pin tray and 100 pin holes. The subjects are asked 

to take the pins from the tray with their right hand 

and place them in the holes. The simple task involves 

placing one pin per hole and the complex task three 

pins per hole. The goal is to fi ll all holes in as little 

time as possible. Every subject was measured the total 

task time, expressed in seconds.

Mental rotation test

In this study we used three-dimensional objects 

developed by Shepard and Metzler (20) for the mental 

rotation test. In comparison with two-dimensional 

objects, three-dimensional objects better represent 

the spatial world and are more sensitive to sex 

differences and phases of the menstrual cycle (10). 

We asked the subjects to decide whether pairs of 

three-dimensional objects displayed on a computer 

screen were identical or mirror images of each other 

by pressing a corresponding key as quickly as possible. 

The object on the left side was presented in the upright 

position and the object on the right was rotated (at the 

angle of 0°, 60°, 120°, or 180°). The test involved three 

levels of complexity (easy, medium, and diffi cult), 

and each level included eight tasks. To determine 

task diffi culty, we ran a separate test with 10 students, 

who did not participate in the main study. They had to 

score the diffi culty of comparing 96 pairs of mental 

rotation objects using a 21-point Borg’s scale, where 0 

corresponded to simple and 20 to extremely diffi cult. 

The easiest tasks involved a simple object rotated 
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along the x-axis and the most diffi cult tasks involved 

complex objects rotated along the y-axis or z-axis. 

The average scores were 4.78 points for the easy level, 

8.71 for the medium level, and 13.67 for the diffi cult 

level. Based on these scores, we selected eight tasks 

per level to be performed in the main study.

As more than 70 % of answers in the pre-

investigation phase were correct, we decided to use task 

completion time as the main measure of performance 

(in milliseconds). This measure is highly reliable (14) 

and indicates a strong positive correlation with the 

degree of angular disparity between three-dimensional 

objects (20). If we had also analysed accuracy, the 

number of tasks would have been higher due to post 

hoc correction for guessing (answer same/different) 

and due to a high percentage of correct answers. That 

would have considerably prolonged each of the three 

test sessions and resulted in lower response rate.

Anxiety scoring

To measure anxiety, we used a Croatian version of 

Spielberger’s State-Trait Anxiety Inventory (STAI-S), 

whose reliability (Cronbach Alpha) is 0.93, based on 

a test with 531 Croatian female students (21). Before 

taking either test, the students were asked to rank 

how well each of the 20 statements described their 

current state using a score range from 20 to 80, which 

corresponds to the anxiety level.

Procedure

All tasks were repeated at the menstrual (day 2 of 

the cycle), late follicular (day 12 of the cycle), and 

midluteal (day 22 of the cycle) phase according to 

the Latin square principle. The menstrual phase is 

characterised by the lowest levels of oestrogen and 

progesterone and may involve physical discomfort 

and/or the use of pain relievers, which might affect 

performance. The late follicular phase is characterised 

by high oestrogen and low progesterone levels 

while the levels of both hormones are the highest 

in the midluteal phase. Each phase was determined 

by counting forward from the fi rst day of the last 

menstrual cycle. These phases were also confi rmed 

by counting backwards from the onset of the next 

menstrual phase.

One third of the subjects entered the study in the 

follicular phase, one in the menstrual phase, and one 

in the midluteal phase. Ten subjects performed the 

O’Connor Finger Dexterity Test fi rst and other ten 

performed the mental rotation test fi rst.

After completing the tasks, the subjects assessed 

their difficulty on the Borg’s scale. All subjects 

completed the tasks with their right hand.

Statistical analysis

All data were analysed using the Statistica 7.0 

software package. Analysis of variance (ANOVA) for 

repeated measures on one factor (phases of menstrual 

cycle) were used to test the signifi cance of changes. 

Signifi cant effects were analysed using Scheffe’s 

post-hoc test.

Pearson’s correlation coefficients were also 

calculated between performance in either task and 

anxiety or diffi culty scores. The value of p<0.05 was 

considered statistically signifi cant.

RESULTS

ANOVA confi rmed a signifi cant effect of cycle 

phase on performance in O’Connor Finger Dexterity 

Test (Table 1). Regardless of task complexity, the 

shortest completion times were recorded in the 

midluteal phase and the longest in the menstrual 

phase (p=0.026 for the simple task and p=0.005 for 

the complex task). Scheffe’s test showed signifi cant 

differences in completion time between the menstrual 

and late follicular phase, as well as between the 

menstrual and midluteal phase regardless of task 

complexity (p<0.05) (Figures 1 and 2).

For easy and medium diffi culty mental rotation 

tasks, ANOVA again confi rmed signifi cant effects of 

the menstrual phase (p=0.005, p=0.01, respectively) 

* p<0.05

Figure 1  Performance in O’Connor Finger Dexterity Test 
(simple task) through menstrual cycle phases
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(Table 1). The shortest completion times were 

recorded in the midluteal phase and the longest in 

the menstrual and late follicular phase (Figure 3). 

Scheffe’s test showed no differences in performance 

between these two phases.

Anxiety changed significantly between the 

menstrual phase and the other two phases (p=0.05) 

(Figure 4), but not between the late follicular and 

midluteal phase.

Task diffi culty scores followed a similar pattern. 

For both tests, diffi culty scores were the highest in 

the menstrual and the lowest in the midluteal phase 

(Figure 5). For fi ne motor test, post-hoc analysis 

showed significant differences only between the 

menstrual and the midluteal phases (p=0.02), while 

for mental rotation test the differences were signifi cant 

between all three phases (p=0.01).

We also calculated Pearson’s correlation 

coeffi cients between completion time, anxiety level, 

and task difficulty rating based on data sets that 

included data from all three menstrual cycle phases. 

As expected, completion time correlated with task 

diffi culty in both tests (Table 2). Anxiety, however, 

correlated with completion time, but not with task 

diffi culty in O’Connor Finger Dexterity Test (r=0.02, 

p>0.05) and in the mental rotation test it correlated 

with diffi culty rating (r=0.26, p=0.04), but not with 

completion time (Table 2).

DISCUSSION

Our results have shown significant effects of 

menstrual cycle phases on finger dexterity. We 

however did not fi nd differences between the midluteal 

phase when both oestrogen and progesterone are high 

and the late follicular phase, when oestrogen is high 

and progesterone low. This confi rms earlier fi ndings of 

positive correlation between oestrogen levels and fi ne 

motor performance (6) and suggests that progesterone 

has no such effect. Jennings et al. (13) suggest that 

oestrogen improves fi ne motor performance through 

the dopaminergic neurotrasmitter system and Fink 

et al. (23) have shown that oestrogen signifi cantly 

increases D2 receptors in the striatum.

Generally speaking, mental rotation tasks are 

measured with completion time or accuracy. We have 

opted for completion time, as it is highly reliable and 

adequately refl ects spatial skills (14). The shortest 

times were found in the midluteal phase, while longer 

times were found in the menstrual and late follicular 

phase. Longer completion time in the late follicular 

phase than in the menstrual phase echoes the results of 

earlier studies (6, 10), but in our study the difference 

is not signifi cant.

With their fertility and parental-care hypothesis, 

Sherry and Hampson (24) suggest that high oestrogen 

adversely affects spatial performance, yet we have 

found signifi cantly better performance in the midluteal 

* p<0.05

Figure 2  Performance in O’Connor Finger Dexterity Test 
(diffi cult task) through menstrual cycle phases

Table 1 Differences in performance, anxiety levels, and task diffi culty ratings analysed by ANOVA

Variable df F p
Completion time (fi nger dexterity test, simple task) 2/38 4.018 0.026

Completion time (fi nger dexterity test, diffi cult task) 2/38 6.080 0.005

Completion time (easy mental rotation task) 2/38 6.160 0.005

Completion time (medium mental rotation task) 2/38 5.200 0.01

Completion time (diffi cult mental rotation task) 2/38 1.200 0.312

Anxiety levels 2/38 8.70 0.001

Task diffi culty rating (fi nger dexterity test) 2/38 3.05 0.05

Task diffi culty rating (mental rotation test) 2/38 19.36 0.001
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phase than in the late follicular phase, even though 

oestrogen levels are similar between these phases. 

This may suggest that better spatial performance 

is more related to high progesterone levels or a 

complex interaction between both sex hormones than 

to oestrogen alone. This is indirectly supported by 

two studies (25, 26) which suggest that high levels 

of progesterone reduce lateralisation, which in turn 

improves spatial performance through the use of 

verbal strategies in solving mental rotation tasks in 

women (27). Hausmann and Güntürkün (25) propose 

that progesterone reduces cortico-cortical transmission 

by suppressing the excitatory responses of neurons 

to glutamate as well as by enhancing their inhibitory 

responses to GABA. This combined effect can result 

in a reduction of functional asymmetry and in the best 

performance in the midluteal phase.

As expected, hormone defi cit during the menstrual 

phase adversely affected performance in mental 

rotation tasks. It may have additionally been affected 

by menstrual pain and/or anxiety in the menstrual 

phase.

To our knowledge, our study is the fi rst to include 

different levels of complexity for mental rotation tasks. 

We found no signifi cant differences in performance 

between the cycle phases for the most diffi cult set of 

mental rotation tasks. This suggest that performance 

of complex tasks might be affected by other variables 

in addition to sex hormones. According to Roberts 

and Bell (28) one of these variables is familiarisation 

with the computer on which mental rotation tasks 

are performed. It is also possible that our subjects 

used different strategies to solve complex tasks. 

For example, Peters et al. (29) found that 37.8 % of 

the female students used a hand or fi ngers to better 

* p<0.05
**Borg’s scale

Figure 5  Task difficulty rating through menstrual cycle 
phases

Figure 3  Performance in mental rotation Test through 
menstrual cycle phases

* p<0.05

Figure 4 Anxiety levels through menstrual cycle phases

Table 2 Correlations between task completion times, anxiety, and task diffi culty ratings

Finger dexterity test
Time / s

Mental rotation test
Time / ms

Simple task Diffi cult task Easy task Medium task Diffi cult task
Anxiety level 0.36** 0.33** 0.10 0.07 0.02

Diffi culty rating 0.32* 0.36** 0.36** 0.30* 0.10

 *p<0.05; r=0.254
** p<0.01; r=0.330
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visualise and solve more diffi cult tasks with rotation 

along the top/bottom axis and left/right axis. They 

also found a significant correlation between the 

frequency of playing with Lego blocks in childhood 

and performance in more diffi cult mental rotation 

tasks.

In our study, anxiety levels and diffi culty ratings 

showed a similar pattern. In the midluteal phase they 

were the lowest. This could partly explain improved 

performance in O’Connor Finger Dexterity Test, 

but not in the mental rotation test, as we found 

no significant correlation between these two and 

performance in the midluteal phase. Our anxiety 

pattern corresponds to earlier investigations (17-19), 

which have shown the highest anxiety in the menstrual 

phase and low anxiety in the late follicular and 

midluteal phases. Sherwin (30) explains mood changes 

during the menstrual cycle through the agonistic effect 

of oestrogen on serotonin. At high levels, it is expected 

to induce a positive mood. Furthermore, Smith et al. 

(31) report progesterone’s anti-anxiety effect, but we 

found no inverse correlation between anxiety and 

progesterone in our study, as anxiety states did not 

differ between the late follicular (high oestrogen/low 

progesterone) and midluteal (high oestrogen and 

progesterone) phases.

CONCLUSION

Our study is somewhat limited by the small sample 

restricted to a female university student population. 

In addition, our assumptions on hormone levels are 

based on basal body temperature and not on actual 

measurements. In addition, we have not included a 

matching male population to act as control and perhaps 

show sex differences in task performance.

However, this study has its merits too. It confi rms 

earlier fi ndings on the effect menstrual cycle phases 

(that is, oestrogen and progesterone levels) on fi ne 

motor and spatial performance, but it also shows 

for the fi rst time that other variables become more 

involved as mental rotation tasks become more 

complex. We hope that future studies will address 

this issue further.
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Sažetak

UČINKOVITOST U ZADACIMA FINE MOTORIKE I PROSTORNIH ODNOSA TIJEKOM 

MENSTRUALNOG CIKLUSA

Različita su istraživanja pokazala promjene učinkovitosti tijekom menstrualnog ciklusa. U zadacima u 

kojima su uspješnije žene, najveća učinkovitost događa se tijekom kasne folikularne ili srednje lutealne faze. 

U zadacima u kojima su pak uspješniji muškarci najveća je učinkovitost nađena u menstrualnoj fazi.

Na osnovi uporabe zadataka fi ne motorike i prostornih zadataka različitih razina kompleksnosti, cilj ovog 

istraživanja bio je ispitati utjecaj menstrualnog ciklusa na kognitivne funkcije.

U istraživanju je sudjelovalo dvadeset ispitanica, dobi od 18 do 21 godinu, s redovitim menstrualnim 

ciklusima (28 do 30 dana). Ispitanice su izvodile O’Connorov deksterimetar i zadatke mentalne rotacije 

tijekom menstrualne, kasne folikularne i srednje lutealne faze. Prije izvođenja zadataka, u svakoj fazi 

ciklusa primijenjen je Spielbergerov upitnik stanja anksioznosti. Nakon izvođenja zadataka, ispitanice su 

procjenjivale njihovu težinu na Borgovoj skali.

Rezultati su pokazali najbolju učinkovitost u oba zadatka u fazi visokih razina spolnih hormona (srednja 

lutealna faza). Stanje anksioznosti i procijenjene težine zadataka bili su najviši u menstrualnoj fazi, kada 

su razine spolnih hormona najniže.

KLJUČNE RIJEČI: estrogen, fi ne motoričke vještine, progesteron, prostorne sposobnosti, stanje 
anksioznosti
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