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Abstract

Objective: This study aimed to determine 1) whether there are gender differences in the
post-concussion (PC 1-3) recovery process in visual memory after a concussion, and 2)
whether there is interaction between two gender groups and the number of concussions.

Method: 75 athletes with sports-related concussion in two groups by gender. The Immediate
Post-Concussion Assessment and Cognitive Testing (ImPACT) performance was compared
between and within subjects from post-concussion test 1 (PC1) to PC3. The visual memory
composite scores were obtained from ImPACT.

Results: Two gender groups were significantly different in visual memory: female athletes
were higher than male athletes in visual memory composite scores. Two gender groups also
exhibited different recovery pattern: female group showed early recovery from PC1 to PC2
as well as from PC1 to PC3, while male athletes showed significant recovery from PC1 to
PC3 only. There was no significant interaction between visual memory scores and the
number of concussions.
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Conclusions: We can conclude that two gender groups differed in visual memory composite
scores. Additionally, the timing of the recovery was different by gender. There was no
interaction between the visual memory scores and the number of concussions sustained.
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INTRODUCTION

Gender has consistently been a significant topic in concussion research with numerous
studies investigating gender differences, especially in the context of sports-related
concussions. The primary view of previous studies is that female athletes are more
symptomatic, vulnerable, and affected than male athletes, but the results are vary depending
on the tasks. According to a review (20), males were favored on mental rotation (16, 23, 28)
and navigation (2, 23, 30), but females performed better on object location (1, 5, 21) and
verbal memory (17, 25-26) .

Although there are numerous studies on gender differences with concussion, there is limited
literature on visual memory processes, and specifically on the process of recovery by gender
after a concussion. Recent studies (29, 31) reported that visual memory is more impaired in
females than in males, while other studies found no difference in gender for visual memory
(6). In addition, there was no interaction between the number of concussions and the visual
scores (6, 29) regardless of the presence of gender difference in visual memory.

However, these studies on visual memory following a concussion did not indicate whether
the difference was exhibited throughout the recovery process. Therefore, it is important to
explore the gender differences in visual memory throughout the recovery after a concussion
and to verify whether the interaction does not exist between visual memory and the number
of concussions sustained. This study examined the following issues: 1) whether there are
gender differences in the post-concussion recovery processes in visual memory following a
concussion, and 2) whether there is an interaction effect between the gender and the
number of concussions.

METHODS

Participants

75 athletes with sports-related concussion were divided into two groups by: female (N=27,
Age: M=17.61±.45, Age range: 14-21, Education: M =11.31±.44, Number of
Concussion=.7±.26), and male (N=48, Age: M=17.83±.38, Age range: 14-23, Education: M
=11.15±.33, Number of Concussions=.83±.16). Participants’ age, years of education, and
number of concussions were not significantly different between female and male groups
(Table 1).
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This study was conducted at the Concussion Management Clinical Research Lab in the
Speech-Language Pathology Program in the Department of Rehabilitation Sciences College
of Health Sciences at the University of Texas at El Paso. The study was approved by the
Institutional Review Board (IRB) of the University of El Paso, and informed consent was
obtained from all participants.

All participants were selected based on the following selection criteria: They (a) were native
speakers of American English; (b) did not have history in speech-language therapy; (c) did
not have learning disability and other special education issues; (d) did not have other
neurological diseases; (e) were referred by team coaches, trainers or medical doctors for a
post-concussion assessment at the Concussion Management Lab at the University of Texas
at El Paso. Table 1 provides the demographic information for all participants in this study.

Materials & Procedures

The visual memory composite score from the Immediate Post-concussion Assessment and
Cognitive Testing (ImPACT) Version 2 was compared between and within subjects from post-
concussion test 1 (PC1) to PC3. The scores were the average of total percent correct score
from module 2 (Design Memory) and total correct memory score from module 3 (X’s & O’s).

Data analysis

Between and within group analyses were computed for the data analyses. Multivariate
analysis of variance (MANOVA) analyses were performed to compare PC1-3 in between
groups. Arepeated measures ANOVA was used to compare recovery from PC1 to PC3, and
interactions were performed to examine the interaction effects between the visual memory
scores PC1-3 and the number of concussions. IBM SPSS Statistics 28 was used for the data
analyses.

RESULTS

MANOVA analyses were conducted to compare the effect of gender groups on the PC1-3
scores. The results MANOVA analyses in between group showed that the effect of gender
was statistically significantly different in PC2 (F(1, 73) = 5.766, p = .019) and PC3 (F(1, 73) =
7.082, p = .01), but not in PC1 (F(1, 73) = 1.862, p > .05): The female group was significantly
higher than the male group in PC2 and PC3.

https://i0.wp.com/thesportjournal.org/wp-content/uploads/2023/08/Yoo-Table-1.png?ssl=1
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The results of a repeated measures ANOVA with a Greenhouse-Geisser revealed that PC1-
PC3 scores differed significantly (F(1.795, 216.393) = 10.436, p < .001) in female athletes.
Post hoc tests using the Bonferroni correction revealed that the visual memory scores from
PC1 to PC2 (35.27 ± 1.88 vs 38.62 ± 1.40, respectively) were significantly different (p < .05)
(see Table 2 and Figure 1).

The visual memory scores in PC3 (40.58 ± 1.49) were also statistically significantly different
from the visual memory scores in PC1 (p = .001). However, the visual memory scores in PC2
(38.62 ± 1.4) were not statistically significantly different from the scores in PC3 (40.58 ± 1.49,
p < .05).

The results of a repeated measures ANOVA with a Greenhouse-Geisser revealed that PC1-
PC3 scores differed significantly (F(1.866, 152.652) = 7.135, p < .005) in male athletes. Post
hoc tests using the Bonferroni correction revealed that the visual memory scores both from
PC1 to PC2 (32.63 ± 6.95 vs 34.62 ± 6.73, respectively) and PC2 to PC3 (34.62 ± 6.73 vs
36.06 ± 6.9, respectively) were not significantly different (p > .05) (see Table 2 and Figure 1).

https://i0.wp.com/thesportjournal.org/wp-content/uploads/2023/08/Yoo-Table-2.png?ssl=1
https://i0.wp.com/thesportjournal.org/wp-content/uploads/2023/08/Yoo-Figure-1.png?ssl=1
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However, the visual memory scores in PC1 (32.63 ± 6.95) were statistically significantly
different from the scores in PC3 (36.06 ± 6.9, p < .05). There was no significant interaction
between visual memory scores and the number of concussion (F(3, 69) = 0.832, p > 0.05).

DISCUSSION

The primary goal of this study was to investigate the gender differences in the post-
concussion recovery process in visual memory after a concussion. Specifically, the current
study examined 1) whether there are differences in the post-concussion recovery stages,
PC1-3 in visual memory between and within male and female groups after a concussion, and
2) whether there is an interaction effect between the gender factor and the number of
concussions.

The results exhibited that there were partially significant gender differences in visual memory
and the female group’s scores were significantly higher than the scores in the male group.
This result is consistent with some of the previous studies (12-13, 24) showing that females
performed better on the verbal memory composite than males. This pattern is opposite to
most of the previous studies showing that the female group was more affected by visual
memory than the male group in the post-concussive testing (10-11, 14, 27, 29, 31).
According to several studies (3-4, 7, 8-9, 10-15), female athletes exhibit more symptoms
than male athletes and the female athletes’ symptoms sustained their symptoms longer than
males.

However, several other gender studies in the literature have shown heterogeneous patterns
in visual memory (22). According to the study (22), neuropsychological studies generally
found that males perform better than females on visual memory measurements, even though
the findings are not consistent, mixed, and heterogeneous. The results in previous literature
on visual memory are 1) there are no statistically significant gender differences (6, 18-19,
32), 2) a male group is better than a female group (10-11, 14, 27, 29, 31), or 3) a female
group performs better than a male group (12-13, 24). Considering these heterogeneous
patterns from the literatures, the findings of the study herein showing gender differences in
the current study are consistent with one of the typical patterns in the literature showing that
the female group’s score was higher than the male group’s score.

In addition, the recovery pattern was also different in each gender group. The female group’s
recovery appeared earlier than the male’s group’s recovery: The female group’s
improvement showed the steep change from PC1 to PC2, while the male group’s
improvement was continued slowly PC1 to PC3. More specifically, the steep recovery
appeared first in the female group between PC1 and PC2, so there were significant changes
between PC1 and PC2. However, there was no steep recovery pattern in the male group’s
recovery even though the PC1 and PC3 are significantly different. Therefore, the
interpretation might indicate that the recovery patterns of each gender could possibly be
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different depending on gender. This interesting pattern could possibly indicate that there
might be different recovery mechanism between male and female group following a
concussion; Timing of recovery after a SRC may differ by gender in recovery processes.

Consistent with the previous studies (6, 29), there was no interaction between visual memory
scores and the number of concussions sustained.  Therefore, the overall results of the
present study indicate that the visual memory scores are affected by the gender factor, not
by the number of concussions.

Limitations & Suggestions for Future Studies

The current study has a few limitations and suggestions for future studies on this topic. First,
the present study did not investigate any mechanisms regarding gender difference.
Pathophysiological differences might be underlying mechanisms affecting the behavioral
differences in gender. In future studies, adding some physiological aspect to the study would
complete the explanation on the potential underlying mechanism. Second, the baseline
testing was not included in this study. Thus, the comparison in two gender groups including
the baseline data might provide solid argument of gender differences in the future studies.

CONCLUSION

The current study is aimed to investigate the gender difference in visual memory. To address
this issue, visual memory scores in PC1-3 were compared two gender groups, and the
number of concussions was computed with visual memory scores. Findings revealed the two
gender groups were significantly different from each other in visual memory: female athletes
with concussions were statistically significantly higher in the visual memory composite scores
than male athletes. The visual memory scores did not interact with the number of
concussions.

[1] Following information provides general descriptions of each term:

Visual memory pertains to the cognitive ability to remember and recall visual images or
information that has been previously seen or observed.
Mental rotation is the cognitive ability to mentally manipulate stimuli, rotating them
either clockwise or counterclockwise from their original orientations.
Object location refers to a specific aspect of spatial cognition involving the ability to
locate and remember the positions of items within spatial arrays.
Verbal memory relates to the cognitive capacity to retain and recall information that
was previously learned through written or spoken means.

Author(s) Disclosures



7/10

The study was supported by a grant from the Department of Health and Human Services
(HHS), National Institute on Disability, Independent Living, and Rehabilitation Research
(NIDILRR), Advanced Rehabilitation Research and Training (ARRT)

References

1. Ardila, A., Rosselli, M., Matute, E., & Inozemtseva, O. (2011). Gender differences in
cognitive development. Developmental psychology, 47(4), 984–990.
https://doi.org/10.1037/a0023819 

2. Astur, R. S., Ortiz, M. L., & Sutherland, R. J. (1998). A characterization of performance
by men and women in a virtual Morris water task: A large and reliable sex
difference. Behavioral Brain Research, 93(1), 185–190. 

3. Baker, J. G., Leddy, J. J., Darling, S. R., Shucard, J., Makdissi, M., & Willer, B. S.
(2016). Gender Differences in Recovery From Sports-Related Concussion in
Adolescents. Clinical pediatrics, 55(8), 771–775.
https://doi.org/10.1177/0009922815606417 

4. Black, A. M., Sergio, L. E., & Macpherson, A. K. (2017). The Epidemiology of
Concussions: Number and Nature of Concussions and Time to Recovery Among
Female and Male Canadian Varsity Athletes 2008 to 2011. Clinical journal of sport
medicine: official journal of the Canadian Academy of Sport Medicine, 27(1), 52–56.
https://doi.org/10.1097/JSM.0000000000000308 

5. Bracco, L., Bessi, V., Alari, F., Sforza, A., Barilaro, A., & Marinoni, M. (2011). Cerebral
hemodynamic lateralization during memory tasks as assessed by functional
transcranial Doppler (fTCD) sonography: effects of gender and healthy aging. Cortex; a
journal devoted to the study of the nervous system and behavior, 47(6), 750–758.
https://doi.org/10.1016/j.cortex.2010.03.007 

6. Brooks, B. L., Silverberg, N., Maxwell, B., Mannix, R., Zafonte, R., Berkner, P. D., &
Iverson, G. L. (2018). Investigating Effects of Sex Differences and Prior Concussions
on Symptom Reporting and Cognition Among Adolescent Soccer Players. The
American journal of sports medicine, 46(4), 961–968.
https://doi.org/10.1177/0363546517749588 

7. Broshek, D. K., Kaushik, T., Freeman, J. R., Erlanger, D., Webbe, F., & Barth, J. T.
(2005). Sex differences in outcome following sports-related concussion. Journal of
neurosurgery, 102(5), 856–863. https://doi.org/10.3171/jns.2005.102.5.0856 

8. Chandran, A., Elmi, A., Young, H., & DiPietro, L. (2020). Determinants of concussion
diagnosis, symptomology, and resolution time in U.S. high school soccer
players. Research in sports medicine, 28(1), 42–54.
https://doi.org/10.1080/15438627.2019.1590834 

9. Colvin, A. C., Mullen, J., Lovell, M. R., West, R. V., Collins, M. W., & Groh, M. (2009).
The role of concussion history and gender in recovery from soccer-related
concussion. The American journal of sports medicine, 37(9), 1699–1704.
https://doi.org/10.1177/0363546509332497 

https://doi.org/10.1037/a0023819%C2%A0
https://doi.org/10.1177/0009922815606417%C2%A0
https://doi.org/10.1016/j.cortex.2010.03.007%C2%A0
https://thesportjournal.org/%20https://doi.org/10.1177/0363546517749588%C2%A0
https://doi.org/10.3171/jns.2005.102.5.0856%C2%A0
https://doi.org/10.1080/15438627.2019.1590834%C2%A0
https://doi.org/10.1177/0363546509332497%C2%A0


8/10

10. Covassin, T., Elbin, R. J., Bleecker, A., Lipchik, A., & Kontos, A. P. (2013). Are there
differences in neurocognitive function and symptoms between male and female soccer
players after concussions? The American journal of sports medicine, 41(12), 2890–
2895. https://doi.org/10.1177/0363546513509962 

11. Covassin, T., Elbin, R. J., Harris, W., Parker, T., & Kontos, A. (2012a). The role of age
and sex in symptoms, neurocognitive performance, and postural stability in athletes
after concussion. The American journal of sports medicine, 40(6), 1303–1312.
https://doi.org/10.1177/0363546512444554 

12. Covassin, T., Elbin, R., Kontos, A., Larson, E. (2010). Investigating baseline
neurocognitive performance between male and female athletes with a history of
multiple concussion. J Neurol Neurosurg Psychiatry. 81(6):597-601.

13. Covassin, T., Elbin III, R. J., Larson, E., & Kontos, A. P. (2012b). Sex and age
differences in depression and baseline sport-related concussion neurocognitive
performance and symptoms. Clinical Journal of Sport Medicine, 22(2), 98–104.  

14. Covassin, T., Schatz, P., & Swanik, C. B. (2007). Sex differences in neuropsychological
function and post-concussion symptoms of concussed collegiate
athletes. Neurosurgery, 61(2), 345–351.
https://doi.org/10.1227/01.NEU.0000279972.95060.CB 

15. Desai, N., Wiebe, D. J., Corwin, D. J., Lockyer, J. E., Grady, M. F., & Master, C. L.
(2019). Factors Affecting Recovery Trajectories in Pediatric Female
Concussion. Clinical journal of sport medicine: official journal of the Canadian Academy
of Sport Medicine, 29(5), 361–367. https://doi.org/10.1097/JSM.0000000000000646 

16. Epting, L. K., & Overman, W. H. (1998). Sex-sensitive tasks in men and women: a
search for performance fluctuations across the menstrual cycle. Behavioral
neuroscience, 112(6), 1304–1317. https://doi.org/10.1037//0735-7044.112.6.1304 

17. Heinzel, S., Metzger, F. G., Ehlis, A. C., Korell, R., Alboji, A., Haeussinger, F. B.,
Hagen, K., Maetzler, W., Eschweiler, G. W., Berg, D., Fallgatter, A. J., & TREND Study
Consortium (2013). Aging-related cortical reorganization of verbal fluency processing: a
functional near-infrared spectroscopy study. Neurobiology of aging, 34(2), 439–450.
https://doi.org/10.1016/j.neurobiolaging.2012.05.021 

18. Henry, L. C., Elbin, R. J., Collins, M. W., Marchetti, G., & Kontos, A. P. (2016).
Examining Recovery Trajectories After Sport-Related Concussion With a Multimodal
Clinical Assessment Approach. Neurosurgery, 78(2), 232–
241. https://doi.org/10.1227/NEU.0000000000001041

19. Kontos, A.P., Covassin, T., Elbin, R.J., Parker, T. (2012). Depression and
neurocognitive performance after concussion among male and female high school and
collegiate athletes. Arch Phys Med Rehabil. 93(10):1751-1756.

20. Li, R. (2014). Why women see differently from the way men see? A review of sex
differences in cognition and sports. Journal of sport and health science, 3(3), 155–162.
https://doi.or/10.1016/j.jshs.2014.03.012 

https://thesportjournal.org/%20https://doi.org/10.1177/0363546513509962%C2%A0
https://doi.org/10.1177/0363546512444554
https://doi.org/10.1227/01.NEU.0000279972.95060.CB
https://doi.org/10.1097/JSM.0000000000000646
https://doi.org/10.1037/0735-7044.112.6.1304
https://doi.org/10.1016/j.neurobiolaging.2012.05.021
https://doi.org/10.1227/NEU.0000000000001041
https://doi.or/10.1016/j.jshs.2014.03.012%C2%A0


9/10

21. McGugin, R. W., Gatenby, J. C., Gore, J. C., & Gauthier, I. (2012). High-resolution
imaging of expertise reveals reliable object selectivity in the fusiform face area related
to perceptual performance. Proceedings of the National Academy of Sciences of the
United States of America, 109(42), 17063–17068.
https://doi.org/10.1073/pnas.1116333109 

22. Merritt, V. C., Greenberg, L. S., Guty, E., Bradson, M. L., Rabinowitz, A. R., & Arnett, P.
A. (2019). Beyond measures of central tendency: Novel methods to examine sex
differences in neuropsychological performance following sports-related concussion in
collegiate athletes. Journal of the International Neuropsychological Society, 25(10),
1094–1100. https://doi.org/10.1017/s1355617719000882

23. Moffat, S. D., Hampson, E., & Hatzipantelis, M. (1998). Navigation in a “virtual” maze:
Sex differences and correlation with psychometric measures of spatial ability in
humans. Evolution and Human Behavior, 19(2), 73–87. 

24. Moore, D. W., Ashman, T. A., Cantor, J. B., Krinick, R. J., & Spielman, L. A. (2010).
Does gender influence cognitive outcome after traumatic brain injury?
Neuropsychological Rehabilitation, 20(3), 340–354.  

25. Murre, J. M., Janssen, S. M., Rouw, R., & Meeter, M. (2013). The rise and fall of
immediate and delayed memory for verbal and visuospatial information from late
childhood to late adulthood. Acta psychologica, 142(1), 96–107.
https://doi.org/10.1016/j.actpsy.2012.10.005 

26. Neri, A. L., Ongaratto, L. L., & Yassuda, M. S. (2012). Mini-Mental State Examination
sentence writing among community-dwelling elderly adults in Brazil: text fluency and
grammar complexity. International psychogeriatrics, 24(11), 1732–1737.
https://doi.org/10.1017/S104161021200097X 

27. O’Connor, K. L., Dain Allred, C., Cameron, K. L., Campbell, D. E., D’Lauro, C. J.,
Houston, M. N., Johnson, B. R., Kelly, T. F., McGinty, G., O’Donnell, P. G., Peck, K. Y.,
Svoboda, S. J., Pasquina, P., McAllister, T., McCrea, M., & Broglio, S. P. (2018).
Descriptive Analysis of a Baseline Concussion Battery Among U.S. Service Academy
Members: Results from the Concussion Assessment, Research, and Education
(CARE) Consortium. Military medicine, 183(11-12), e580–e590.
https://doi.org/10.1093/milmed/usx130 

28. Sharps, M. J., Welton, A. L., & Price, J. L. (1993). Gender and task in the determination
of spatial cognitive performance. Psychology of Women Quarterly, 17(1), 71–
83. https://doi.org/10.1111/j.1471-6402.1993.tb00677.x 

29. Sicard, V., Moore, R. D., & Ellemberg, D. (2018). Long-term cognitive outcomes in male
and female athletes following sport-related concussions. International journal of
psychophysiology: official journal of the International Organization of
Psychophysiology, 132(Pt A), 3–8. https://doi.org/10.1016/j.ijpsycho.2018.03.011 

30. Silverman, I., Choi, J., Mackewn, A., Fisher, M., Moro, J., & Olshansky, E. (2000).
Evolved mechanisms underlying wayfinding: Further studies on the hunter-gatherer
theory of spatial sex differences. Evolution and Human Behavior, 21(3), 201–213. 

https://doi.org/10.1073/pnas.1116333109
https://doi.org/10.1017/s1355617719000882
https://doi.org/10.1016/j.actpsy.2012.10.005
https://doi.org/10.1017/S104161021200097X%C2%A0
https://psycnet.apa.org/doi/10.1111/j.1471-6402.1993.tb00677.x
https://doi.org/10.1016/j.ijpsycho.2018.03.011


10/10

31. Tanveer, S., Zecavati, N., Delasobera, E. B., & Oyegbile, T. O. (2017). Gender
Differences in Concussion and Postinjury Cognitive Findings in an Older and Younger
Pediatric Population. Pediatric neurology, 70, 44–49.
https://doi.org/10.1016/j.pediatrneurol.2017.02.001 

32. Tsushima, W. T., Siu, A. M., Ahn, H. J., Chang, B. L., & Murata, N. M. (2018). Incidence
and risk of concussions in youth athletes: Comparisons of age, sex, concussion history,
sport, and football position. Archives of Clinical Neuropsychology, 34(1), 60–69.
https://doi.org/10.1093/arclin/acy019






https://doi.org/10.1016/j.pediatrneurol.2017.02.001%C2%A0
https://doi.org/10.1093/arclin/acy019

