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Short-term memory is an extensively researched topic in cognitive psychology, which has shown the impact of different covariates 

such as age, gender and time of the day, among others. However, the relation of different covariates have not been studied together, 

nor are there many studies conducted in which all or most of these confounding factors have been catered for. The current study was 

conducted to find out whether a definite pattern for the diurnal variation of visual short-term memory exists, if there are any gender 

based differences in these patterns, and whether the pattern of subjective alertness varies in an inverse relation to the pattern of visual 

short-term memory. Thirty one first-year undergraduate medical students, between the ages of 17 and 20, were recruited for this 

purpose. Three memory tests (Digit span test, Picture span test and Corsi block test) were administered to assess their visual short-

term memory span, while the subjective alertness was measured using the Stanford Sleepiness scale, at four timings of the day (0830, 

1030, 1230, and 1430 hours). The scores of the memory tests revealed a distinct variation pattern of visual short-term memory in both 

genders. In males, the memory span initially decreased from 0830 to 1030 hours, and then kept on increasing till 1430 hours. In 

females, on the other hand, the pattern was the same (as in males) up till 1230 hours, but then memory span underwent decay. This 

pattern, however, turned out to be insignificant. A significant inverse relation was found between visual short-term memory span and 

the subjective alertness. We propose that a distinct pattern for diurnal variation of visual short-term memory might exist for both 

genders, but further studies using larger samples should be carried out to confirm this. 

 

INTRODUCTION

A keystone in the cognitive and neuropsychological tasks, 

working memory, is shown to have a strong connection to fluid 

intelligence (Engle, Tuholski, Laughlin & Conway, 1999). 

According to Phillips (1974), working memory is composed of a 

large capacity but short duration sensory memory, and the 

limited capacity with a relatively longer duration short term 

memory (STM). STM is itself classified into two memory stores 

in accordance to the mode of sensory input, namely visual and 

auditory short term memory, with auditory presentation, 

generally, being superior to visual (Penny, 1975), and with both 

having functionally distinct processing pathways (Vallar, n.d.).

 Concerning the capacity of visual short term memory 

(VSTM), there are two commonly accepted models. The 

“discrete model” suggests that there are a fixed number of slots 

or chunks that may be stored, irrespective of the bits of 

information stored per chunk (Awh, Barton & Vogel, 2007). 

Snodgrass (1997) defines chunk as “a piece of information that 

has a unitary representation in memory” (p. 201). Capacity 

according to the discrete model was initially put forth to be 7, 

‘Miller’s magical number’ (Miller, 1956), however, later much 

research has shown that the memory span is limited to 3-5 

chunks (average 4) (Cowan, 2001). As opposed to this, the 

‘flexible resource model’ proposes that the total bits of 

information stored are limited, with the information divided 

among the represented objects (Bays, Catalao & Husain, 2009). 

So basically the capacity of VSTM has an inverse relation 

between the information load per object and the number of 

objects that can be stored (Alvarez & Cavanagh, 2004).

 Memory span, a measure of memory capacity, may be 

defined as “the ability of an individual to reproduce immediately, 

after one presentation, a series of discrete stimuli in their original 

order” (as cited in Blankenship, 1938, p. 1). Many factors have 

been shown to affect the memory span, which have been broadly 

classified into intrinsic and extrinsic factors in the article by 

Blankenship (1938).    

 The effect of age has been shown to vary with different 

age groups. Jenkins, and colleagues, has shown that in children 

visual short term memory increases with age (Jenkins, Myerson, 

Hale & Fry, 1999). However this effect only seems to be evident 

till a particular age, as experiments conducted on adults illustrate 

that as the age increases from young adults to old the time taken 

to encode information in a task into the VSTM is increased, but 

the consolidation efficiency shows neither increase, nor decay 

(Thompson, Cengelci & Ozekes, 1999).  

 Gender has also been shown to affect memory with 

females having an edge in retrieving verbal and non-verbal 

episodic memory from secondary memory store (long-term 

memory), whereas males outscoring females in tasks involving 

visuo-spatial processing (Halpern, 2001; Halpern & LaMay, 

2000; Postma, Jager, Kessels, Koppeschaar & Van Honk, 2004). 

In light of the experiment conducted by Banks, females have an 

overall better short term memory (“Gender differences in short-

term memory,” n.d.), but according to Esteki and Sadeghi (2010) 

visual component of the short term memory is stronger for males.

 The time of day has also been examined to affect 

memory span. Experiments show that the short term memory is 

stronger in the morning as compared to evening, or even 

afternoon (Baddeley, Hatter, Scott & Snashall, 1970; Folkard, 

Monk, Bradbury & Rosenthall, 1977; Furnham & Gunter, 1987). 

Physiological measures for general arousal parallel the circadian 
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rhythm of core body temperature (a significant indicator of the 

internal clock), reaching nadir at 4 a.m. and peak by about 8 p.m. 

(Hornik, 1988). Thus, in accordance with Easterbrook’s 

hypothesis that increased arousal parallels increased attention 

(Easterbrook, 1959), it is evident from the past experiments that 

short term memory is inversely associated with subjective 

alertness. Esteki and Sadeghi (2010), studying the short term 

memory efficiency at different times of the day, showed that not 

only time of the day but gender as well affects the memory span. 

They found that in school children short term memory was 

higher for boys at 0800 and 1100 hours, whereas girls scored 

better at 1600 hours.    

 Another factor that may influence the short-term 

memory is chronotype, an indicator of which is the sleeping 

habit. On this basis two categories can be distinguished namely 

‘Morning Larks’ and ‘Night Owls’, differentiated on the basis of 

“the time of the day one prefers to perform intellectual and 

physical activities” (Martin & Prince, 2010, p. 3). Larks are the 

‘morning people’ who wake up early and remain most alert 

during early part of the day. As opposed to this Owls are referred 

to those people who wake up late and remain most active during 

later part of the day. This individuality of morningness and 

eveningness is one of the major masking factors for circadian 

rhythmicity of subjective alertness (Van Dongen & Dinges, 

2000), and therefor may also influence the effect of time of the 

day on memory span.    

 Looking at the above mentioned studies, we see that 

there are many factors which significantly affect the short-term 

memory, however there are few studies in which these covariates 

are studied together or in which all or most of the confounding 

factors have been catered for. Thus this study was performed to 

find the relation between short-term memory, and three major 

factors affecting it, time of the day, gender, and subjective 

alertness. We hypothesize that visual short-term memory has a 

diurnal variation pattern which is different for both males and 

females, and this pattern varies in an inverse relation with 

subjective alertness. 

 

 

 

 

 

 

 

 

 

 

METHODS 

Participants                 

Two hundred and fifty two first year MBBS undergraduate 

medical students of Army Medical College, Rawalpindi, 

Pakistan, filled out a questionnaire, stating their particulars 

(name, age, sex, race), along with any chronic disease or acute 

illness suffered during the past two weeks and the medication 

taken for its treatment. They were also to mention if they had a 

family history of any mental disorder, and whether or not they 

were smokers. Beck’s Depression Inventory (BDI-II) was also 

filled out to assess the level of depression in the subjects. To 

determine their sleeping habits a Morningness-Eveningness 

Questionnaire (MEQ), adopted from International journal of 

chronobiology (Horne & Ostberg, 1976), was administered. The 

inclusion criteria required that the participant should be between 

17-20 years old, be Asians, be non-smokers, should not have 

been or still be suffering from any acute or chronic illness in the 

past two weeks, which are said to affect memory (as mentioned 

on the website of California Pacific Medical Center), nor have, in 

the past two weeks, or still be taking any medication that affects 

memory (as per the list mentioned on the website of Johns 

Hopkins Medicine). They should have no family history of any 

mental disorder which affects memory, should have an MEQ 

score between 16 and 22 (i.e. they are neither ‘Larks’ nor ‘Owls’, 

in accordance to the article by Horne & Ostberg, 1976), and a 

BDI score of less than or equal to 13 (i.e. they may be suffering 

from no or minimal depression) (Groth-Marnat, 2009).

 Fifty three students turned out to be potential 

candidates, but only 31 of them (16 males, 15 females), of ages 

between 17 and 20 years (Mean=18.4+ SD 0.7 years) agreed to 

take part in the study, and so a written informed consent was 

taken from each one of them. They had normal or corrected to 

normal visual acuity and were fluent in English. 

 

 

 

 

  

Figure 1: Variations in average scores for males 

 

Table 1  Average test scores for males. 

Table 2  ANOVA test on variation of average test scores for males. 
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Materials and Procedure              

Three memory tests involving recall procedures were conducted 

on the students to estimate their memory spans at four timings- 

0830, 1030, 1230 and 1430 hours. These tests are the Digit span 

test (DST), Picture span test (PST) and the Corsi block test 

(CBT), respectively increasing in complexity because with each 

test the information to be stored per chunk increases. In DST the 

unit of information to be stored is a digit, and the memory span is 

measured as the number of digits that the participant can 

correctly recall. The load of information per chunk is increased 

in PST, but the method to determine the memory span is similar, 

i.e. the maximum number of pictures recalled in the correct 

order. In CBT a block flashes in different places on the slide and 

the participant has to recall in which places the blocks have 

flashed and in which order. Subjective alertness was estimated 

using the Stanford Sleepiness Scale (SSS).  

 Unlike in most of the previous studies (e.g. Esteki & 

Sadeghi, 2010; Folkard et al., 1977; Furnham & Gunter, 1987), 

the same 31 volunteers took part in all the four trials (i.e. at the 

four different timings) to eliminate any inter-individual 

differences thereof. The environment and settings were kept 

constant as much as possible so as to avoid them becoming a 

confounding factor in our study, e.g. seating arrangement, 

position of the display screen, distance between the participants 

and the screen, lighting conditions, and settings of the projector 

and speaker. To avoid distraction, doors and windows of the hall 

were closed (to minimize the outside noise), participants were 

asked to turn their cell-phones silent before the trial began, and 

during the tests no one was allowed to enter or leave the hall. The 

total duration of each trial was 15 minutes and 3 seconds.  

General arrangements:                    

The trials were conducted in a lecture hall, with the tests being 

projected on a screen 280 by 340 cm. Each participant was 

provided with a recall sheet, the use of which was explained 

explicitly beforehand. 

Stanford Sleepiness Scale (SSS):            

Before the tests began, in each of the four trials, participants 

were to choose the most appropriate statement, from the seven 

statements given in the SSS on the recall sheet. Participants were 

given 3 minutes to perform this task. 

Digit Span Test (DST):        

A white square 140 by 170 cm with a red background was 

projected on the screen. 10 sequences of digits were displayed, 

ranging from a digit length of 3 to 12. The digits in each 

sequence were random, showing no pattern. Each sequence 

began with an alerting sound for 1 second, after which digits 

were flashed in the square, one after the other, with a display 

timing of 1 second and no inter-display timing. At the end of the 

sequence, participants were to write down the digits on the recall 

sheet in the order the digits were displayed in the sequence. One 

second was given for writing one digit, so that for a sequence of 

7 digits 7 seconds were given to note down the answer on the 

recall sheet. The test was scored on the number of digits flashed 

in the last sequence which the subject recalled correctly (i.e. the 

digits were correct and in the correct order). For example, if the 

participant correctly recalled up to a sequence containing 7 digits 

and then fails to do so in the next sequence containing 8 digits, 

then the score will be 7, i.e. the memory span contains the 

capacity of 7 chunks. A one minute break was given before 

beginning the next test. 

Picture Span Test (PST):       

A similar white square, 140 by 170 cm, was projected on the 

screen with a red background. 10 sequences of colored pictures, 

along with their names, were shown with a range of 3 to 12 

pictures per sequence. 75 non-gender specific pictures, with their 

names being monosyllabic and of a word length between 3 and 5 

letters, were carefully selected. Each picture was used only once 

in each trial (refer to Appendix for a complete list of the names 

of pictures used in the test). A sound for 1 second marked the 

beginning of each sequence, followed by the display of pictures 

with their names, one by one, in the square, with a 1 second 

display time and no inter-display time. At the end of the 

sequence, participants were to recall the picture names in the 

correct order, on the recall sheet. 3 seconds were given for 

writing 1 word, which means for example that 21 s were given to 

write the answer for a sequence of 7 pictures. In this test, names 

were displayed along with their pictures, because if the pictures 

are displayed alone, they may be retained in the memory store by 

different names. For example, different participants might 

remember a picture of a pen as a ball point, pointer, or a fountain 

pen, etc. These variety of different words have varying word 

length and number of syllables, which can affect the memory 

span (Baddeley, Thomson & Buchanan, 1975). Scoring is similar 

to that of DST, i.e. the score is equal to the number of pictures 

flashed in the last sequence which the subject recalled correctly 

(i.e. the name and order of the picture are correct).  A minute’s 

break was given before the next test started 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2  Variation in percentage change in average test scores for 

males  
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Corsi Block Test (CBT):                   
On a red background, 9 white squares, 55 by 55 cm were 

arranged randomly in a grid of 3 by 5 squares, and this 

arrangement remained constant throughout the test. The squares 

turned black, one by one, in a particular sequence, with a 

sequence length ranging from 3-9 squares. The sequences were 

random and resembled no set pattern. The beginning of the test 

was marked by a sound for 1 second, which was followed by a 

sequence of squares turning black, one by one, remaining black 

for 1 second and without any interval between two consecutive 

squares turning black. After the square remained black for 1 

second, it turned white again before the next square in the 

sequence turned black. At the end of each sequence, participants 

were to write down the proper sequence on the recall sheet, 

which contained the schematic of the arrangement of the 9 

squares identical to their arrangement on the screen. Again the 

score is equal to the number of boxes flashed in the last sequence 

that the participants recalled correctly. Participants were to write 

down digits in the squares in the arrangement that they appeared 

in the sequence. Two seconds were given for writing a digit in 

each box, which means that for a sequence of 7 squares 14 

seconds were given to write the answer. 

RESULTS                  

The scores for males in Digit Span test (DST) seem to vary in a 

particular manner (Table 1). The variation shows an initial 

decrease from Time 1 to 2 by 10.53%, which then increases by 

5.04% by the Time 3, followed by a further increase of 5.76% till 

Time 4. This same pattern is also maintained in the other two 

tests. In the Picture Span test (PST) there is a decrease by 7.06%, 

an increase by 1.27%, and a further increase by 2.50% from 

Times 1 and 2, 2 and 3, and 3 and 4 respectively. The scores of 

Corsi Block Test (CBT) show a similar initial decrease of 

14.29%, followed by an increase of 3.03%, and again an increase 

of 1.47% from Timings 1 to 2, 2 to 3, and 3 to 4 respectively. 

This pattern also shows that in males the greatest change in the 

memory span takes place between Time 1 to Time 2 (i.e. it 

decreases), after which the memory span increases gradually till 

Time 4 (Figures 1 and 2). To test the hypothesis that a specific 

pattern of variation of visual short-term memory exists, ANOVA 

was applied to the data. Even though all the three tests showed 

the same pattern of variation, ANOVA revealed that neither 

DST, F(3, 63) = 1.938, p = .133, nor PST, F(3, 63) = .423, p = 

.738, nor CBT, F(3, 63) = .966, p = .415, showed a pattern which 

was significant (Table 2).  

 

 

 

 

      

The scores of females in the three tests (Table 3) also reveal a 

pattern, which is somewhat different from that seen in males. In 

DST, the scores of females show a decrease of 11.72%, an 

increase of 6.20%, and a final decrease of 0.83% from Timings 1 

to 2, 2 to 3, and 3 to 4 respectively. Similarly, the scores of PST 

show an initial 12.79% decrease, followed by a 5.33% increase, 

and lastly a 3.80% decrease from Timings 1 to 2, 2 to 3, and 3 to 

 

 

 

 

Figure 3  Variation in average test scores for females 

Table 3:   Average test scores for females 

Table 4   ANOVA test on variation of average test scores for females 
Table 5   Comparison of average test scores for males and females 

Table 6   ANOVA test on relationship between average test scores and 

subjective  alertness 
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4 respectively. CBT scores follow a 21.43% decrease, 12.73% 

increase, and a 1.61% decrease from Timings 1 to 2, 2 to 3, and 3 

to 4 respectively. Although this data shows a different pattern 

than that of males, but the fact remains that the maximum change 

in the memory span of females also results between Time 1 and 

Time 2, which is again a decrease in the scores. After this initial 

decrease there is an increase in the memory span from Time 2 to 

Time 3, just as seen in males. However the difference between 

the two genders lies between Timings 3 and 4, where females 

show a decrease in their scores, in contrast to males who exhibit 

an increase (Figures 3 and 4). Again in the case of females, 

ANOVA was applied to the data to see if the pattern of variation 

is significant. However, neither the scores for DST, F(3, 59) = 

1.122, p = .348, nor for PST, F(3, 59) = 1.169, p = .330, nor for 

CBT, F(3, 59) = 1.209, p = 0.315, showed no significant pattern 

(Table 4). 

 

 

 

 

 

 

 

 

By comparing the maximum and minimum average 

scores of both sexes (Figure 5 and 6), it is evident that both males 

and females have the highest scores at Time 1, and the lowest 

scores at Time 2, in all the three tests. Also, looking at the 

performances of both genders in each test at the four different 

timings (Table 5 and Figure 7), shows that in DST and PST 

females scored higher than males at the first three timings. 

However males took the lead in these two tests at Time 4. Males 

also outscored females in CBT at all of the four timings. 

 Testing the relationship between memory span and 

subjective alertness, ANOVA revealed that a weak yet 

significant relation exists between visual short-term memory 

span and subjective alertness. An inverse relation is shown with, 

r = -.180, p = .045 for DST and SSS, r = -.220, p = .014 for PST 

with SSS, and r = -.185, p = .040 for CBT with SSS (Table 6). 

DISCUSSION 

The results above illustrates that a pattern of Visual Short Term 

Memory span (VSTM span) might exist which is distinct for both 

genders. For males, it decreases from 0830 to 1030 hours, and 

then gradually increases through 1230 to 1430 hours. In females, 

however, the variation shows an initial decrease from 0830 to 

1030 hours, followed by an increase from 1030 to 1230 hours, 

and finally again decreasing from 1230 to 1430 hours. So 

although the previous studies have greatly emphasized on the 

gender based variations in short term memory spans (Banks, n.d.; 

Esteki & Sadeghi, 2010; Halpern, 2001; Halpern & LaMay, 

2000; Postma et al., 2004), this study elucidates that when 

considering the pattern of variation of VSTM, gender might not 

play as much a significant role as it plays in the strength of 

memory span, at least during the day, which is evident because 

the only difference in male and female patterns lies between the 

time from 1230 to 1430 hours. Even though each of the three 

tests used, confirmed the same patterns for both the sexes, the 

variation pattern for short-term memory span turned out to be 

insignificant.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A closer visual analyses of the data shows that not only 

is the VSTM span highest in the morning (i.e. 0830 hours), as 

suggested by Baddeley et al. (1970), and many others (Folkard et 

al., 1977; Furnham & Gunter, 1987; Hornik, 1988), but also the 

greatest degree of variation in the memory spans takes place 

between 0830 and 1030 hours, by showing a decrease in its 

value, so much so that it reaches the minimum value (for the 

period measured) at 1030 hours. After this, the changes are more 

gradual, irrespective of whether they are increasing or 

decreasing.     

 Finally, the study also finds a significant inverse 

relation between subjective alertness and short term memory 

 

 

 

Figure 4  Variation in percentage change in average test scores for 

females  

Figure 5  Variation in average test scores for males  

Figure 6  Variation in average test scores for females 
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span, as also suggested by Folkard and Monk (1978) who after 

carrying out three different experiments, reached to the 

conclusion that short-term memory was better in morning, and it 

showed decay with increasing levels of general arousal. Similar 

findings that short-term memory is stronger in morning as 

compared to afternoon or evening have also been reported in 

other studies (Baddeley et al., 1970; Folkard et al., 1977; 

Furnham & Gunter, 1987), which augments the fact that short-

term memory varies in an inverse relation to subjective alertness, 

as general arousal increases from morning to evening (Hornik, 

1988) and subjective alertness varies in a parallel relation to 

general arousal (Easterbrook, 1959). Even though there is much 

data to support this finding, the reason for this relation between 

short-term memory and subjective alertness is not understood. 

Therefor further studies should also focus on this aspect.  

 

 

 

 

 

 

 

 

 

 

Although much care was taken in the planning of this 

study to cater for most of the confounding factors, one major 

source of error could be the small size of sample. This may have 

been the reason for the patterns variation of memory span being 

insignificant. Also the sample selected for the study does not 

truly represent the population as a convenient sampling was done 

keeping in mind the selection criterion. Regarding methodology, 

the trials were performed on a single day and were not repeated 

successively to validate the results. Furthermore, the level of 

alertness, depression and assessment of sleeping habits were 

done using subjective methods (SSS, BDI and MEQ), which are 

itself subject to influence by many factors like subject’s mood 

and motivation at the time of the test. 
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