For centuries, our survival has depended on various forms of memories in our brains, information that has been acquired over the years and stored. Memory comes in many forms, the main ones are short-term memory (STM), sensory memory, and long-term memory (LTM) (Camina & Güell, 2017). We apply our memory in our daily lives, for instance remembering the directions to return home. Based on the highlighted damaged part of the brain given in the module assessment, demonstrates the left region of the hippocampus. The hippocampus is positioned deep inside our temporal lobes and is part of the wider network of structures, the limbic system (Kushner, 2021). The word hippocampus was derived from the Greek words “hippokampos”, where hippo (as in horse) and kampos ( as in sea monster). This is due to its structure being shaped like a seahorse (Yassa, 2024). It is an important component for storing memory, especially episodic and long-term declarative memory, and the ability to form new memory (D. Burman, 2023). Episodic memories are associated with the capability of learning, storing, and retrieving knowledge regarding distinct personal experiences occurring in our daily lives (Dickerson & Eichenbaum, 2009). The discovery of the importance of memory in the hippocampus occurred after an experimental surgical procedure was done on a patient named Henry Molaison (H.M.). H.M. was suffering from epilepsy and doctors suggested removing a part of his brain section, and a bilateral medial temporal lobe resection was done (Augustinack et al., 2014). The experimental brain surgery has indeed stopped the seizures, however, it caused H.M. to develop anterograde amnesia. After understanding the role of the hippocampus, one must know how memory works and its importance in learning. It is stated that if there has been damage to the hippocampus, it affects various neurological disorders such as Alzheimer’s and temporal lobe epilepsy (Engelhardt, 2016). Throughout this essay, a critical discussion will be made on the biological and cognitive effects that may result from the damaged hippocampus, alongside theories that describe these effects. Several theories will be applied to further explain the damaged hippocampus's biological and cognitive effects: Standard Consolidation theory, multiple trace theory, and cognitive map theory.

It is inevitable that once the left hemisphere of the hippocampus is damaged, memory is affected by it. As stated, the hippocampus plays a vital role in forming new autobiographical memories, and based on H.M.’s surgical procedure, his episodic memory was affected. The first signs after his surgery were his inability to retain his caregiver's name, moreover, he was unable to learn new tasks such as his day-to-day hospital routines (McCormick et al., 2018). Apart from his anterograde amnesia, It was also noted that H.M. developed mild retrograde amnesia where he was unable to remember events that occurred 2 years before his surgery however his memories of his childhood were normally intact. H.M. was then given 5 various tasks to assess his amnesia and his performance on his memory. The tasks given were Digit span + 1, Block-tapping memory span task, Mirror drawing test, Incomplete-picture test, and Pavlovian conditioning. Out of the 5 tasks, 2 tasks demonstrated loss of his LTM, however, the remaining 3 tasks showed that H.M. was able to store LTM but was not conscious of its existence (Pinel & Barnes, 2018, p. 298-299). Through this finding, it was noted that the medial temporal lobe plays a significant part in memory. Thus, the ability to store LTM and not being consciously aware of it is a form of medial temporal lobe amnesia. This can be referred to in the case of patient R.B., who had a localized stroke that impacted a part of his temporal lobe and, specifically, the hippocampus (CA1) was damaged (Pinel & Barnes, 2018, p. 300-302). Another finding on patient H.M. was the finding on memory consolidation, where information is stored temporarily in the STM and this information doesn’t consolidate into the LTM (Squire et al., 2015).
Furthermore, damage to the hippocampus causes other biological effects, some of which are Alzheimer's in the elderly. Alzheimer’s disease (AD) is known to be a progressive and irreversible brain disease, that influences memory and the deterioration of cognitive functions. The first brain region affected by AD is the hippocampus which starts showing significant atrophy and neuronal loss. The onset of AD can be seen by the formation of proteins such as tau protein and amyloid-β (Aβ) protein which get combined in the entorhinal cortex and start spreading to the hippocampus (Rao et al., 2022; Mu & Gage, 2011). Neurogenesis is the development of neurons that helps in memory processing, where the main process of new neurons is produced in the hippocampus which allows memories to form (Mu & Gage, 2011). However, impairment in adult neurogenesis hippocampus (ANH) can cause impairment in memory, learning, and cognitive abilities in individuals with AD (Zhou et al., 2023). 

Various theories have been brought forward to test the role of the hippocampus in memory, and after H.M.’s surgical procedure theories such as the Standard Consolidation theory (SCT) were found. Scoville and Milner (1957) founded the standard consolidation theory, which suggested that memories are temporarily stored in the hippocampus until it finds a much more stable storage to store them (Pinel & Barnes, 2018, p.306). According to the theory, memory is thought to be dependent on the hippocampus before consolidating, however, it is said that the hippocampus is not needed once the memory has been consolidated as the neocortex would take over (Runyan et al., 2019; Yassa & Reagh, 2013). This is in contrast to when amnesia is present due to hippocampal damage, especially anterograde amnesia where individuals fail to form initial new memories (Runyan et al., 2019). This is due to the inability of encoding in the hippocampus and thus memories are not consolidated to be then retrieved. This theory was carried out to discover H.M.’s anterograde amnesia further. It was found that during one of the tests taken by H.M. which was the Digit span + 1 test, he was given a 5-digit span number to remember and he managed to remember correctly, however as he reached the 8-digit span, he was unable to complete the task (Pinel & Barnes, 2018, p.298). This concludes that when the digits increased his memory could not consolidate it to be retrieved afterwards. Hence, It applies to the notion that the hippocampus is indeed a crucial part of memory formation and retention.

Alternatively, Nadel & Moscovitch (2000) proposed the Multiple Trace theory (MTT) opposing the SCT where even though after the memory is consolidated, the hippocampus is still essential in retrieval even for episodic memories (remote memories). They explored further the need for the hippocampus during memory retrieval, it was done with seven elderly individuals aged 56-72. They were put under Functional magnetic resonance imaging (fMRI) and instructed to recall 10 remote memories which took place 2 years back and were then asked to relax and shown five sets of high-cloze sentences. The results showed that all 7 individuals had actively used their hippocampus during recollection, 5 with bilateral activation and only 1 had the left hippocampus activated (Nadel et al., 2000). Studies have found that when episodic memory is forming, the hippocampus interacts with the neocortex forming “memory traces” and is reactivated during the retrieval of memories. Thus, it was further elaborated that multiple traces are formed when an individual’s memories are reactivated, resulting in strengthened memory recollection (Runyan et al., 2019). However, the MTT model has its limitations where it mainly focuses on retrograde amnesia and not anterograde amnesia. This can be seen as stated by Nadel et al. (2000) that the theory posits obtaining a better understanding of the role of the hippocampus as well as the occurrence of anterograde amnesia, bringing limited explanation to anterograde amnesia. In contrast to the SCT, the MTT model was able to elucidate the differentiation between semantic memory and episodic memory, concluding that episodic memory is dependent on the hippocampus, no matter the type of memory (Sutherland et al., 2019).

The hippocampal function is known to encode and retrieve long-term memories. Based on the memory processing model, there are 3 main ways memories are processed, which are encoding, storage, and retrieval. Encoding is known to be the initial stage of acquiring knowledge either visual or auditory, and then storage takes place in storing this information either in short-term memory or long-term memory, when this information is required, the memory is then retrieved (Mcleod,2023). Damage to the left hippocampus may cause certain cognitive effects when it comes to memory. In humans particularly, when the hippocampus is damaged their ability to form new memories is impaired, meaning they are unable to retrieve memories that were encoded. According to the multi-store model (MSM)(known as the Modal Model) by Atkinson and Shiffrin, suggests that we have three memory stores, which comprise the sensory store, short-term store, and long-term store and each has its’ control processes that control the flow of information being crossed to another. It is attention, consolidation, rehearsal, and retrieval, this processes are used as a form of how memory is passed through (Wixted, 2024). The model states that environmental stimuli (such as sound and vision) are processed by the sensory store, if this information is being attended to, it would be passed to the short-term memory, and with an appropriate amount of rehearsal, information is passed down to the long-term memory (Wixted, 2024). Based on the function of the hippocampus, the long-term memory from this model plays a significant role in retrieval as it states when information from the short-term store consolidates into the long-term store, the memory would not disappear. Thus damage to the hippocampus would result from the individual facing difficulty retaining information in their long-term store (Eysenck & Keane, 2015). While this is the case, another model called the Unitary-Store model (USM) was proposed by Jonides et al. (2008) stating that the MSM was only discussing the differences between STM and LTM. In contrast, USM found that the STM and LTM were interconnected with each other (Eysenck & Keane, 2015). After studies were done to prove this model, it was found that the hippocampus is needed for proximate STM.   However, despite its capability of acquiring information in a straightforward method, it has been found that this model is “oversimplified”. On the other hand, Baddeley & Hitch (1974) came up with an alternative model in opposition to the Multi-store model, which is the Working memory model. This model acts as a temporary storage for memory and can be retrieved when needed, for instance, phone numbers. It is said that this model is capable of storing memories for a longer period of time compared to STM, however, it depends on how the information is grasped. When information is taken in chunks, individuals can store it longer and may have it transferred to the LTM  (Bear et al., 2016, p. 831). The working memory model plays an important role in learning and memory, studies have found that the hippocampus is directly involved in processing relational memories or spatial information (Leszczynski, 2011).


Based on the model of memories put forward, the cognitive map theory is found to explain the importance of the hippocampus in learning, memory formation, and spatial orientation. Tolman was the first to introduce the cognitive map in rodents to further understand their spatial behaviors (Tolman, 1948). During the late 1990s, researchers conducted the first-ever neuroimaging spatial study, and various networks of brain regions were discovered to be active. The study discovered that the hippocampus was the main activation, following other entorhinal cortical and parahippocampal regions in the brain (Epstein et al., 2017). However, further studies that were done on neuroimaging indicated that not only the hippocampus and entorhinal cortex are responsible for long-term spatial memories, as after damage to the hippocampus the cognitive map was stil fully intact (Epstein et al., 2017). Later on, according to Nadel & O’Keefe (1978), they proposed a different view of the cognitive map, focusing more on the function of the hippocampus. Thus it was proposed as “the cognitive map theory”. They identified that the left hippocampus is responsible for semantic mapping in human function and the right hippocampus is responsible for retaining spatial information (Robins et al., 2022). Following the highlighted region of the brain, the left hippocampus can be seen damaged. Thus, it is further understood that once the hippocampus is damaged, spatial information is unable to register in the brain. Another approach to this theory was made by Michael Hasselmo (2011), he dedicated his work mainly to rodents, however focusing more on the episodic memory of humans (Robins et al., 2022). His understanding of the cognitive map theory is that the hippocampus and its surroundings consist of structures that are phase-coding mechanisms in which map-making of place and grid cells are combined, making the hippocampus construct a series of cognitive maps (Robins et al., 2022). Critics have been placed forward in explaining Hasselmo’s work on the cognitive map theory. Hasselmo’s focus on episodic memory was mainly on encoding, however, it is questioned on how does the brain knows. Thus, Robins (2015) stated that it is called a “retrieval problem” and Hasselmo has not directly critiqued on this method. The “retrieval problem” mainly comprises memory traces of remembering.

In brief, it can be said that both biological and cognitive effects have their strengths and limitations for an individual with left hippocampus damage. It can be seen that the hippocampus plays a major role in memory, mainly their episodic memory. Damage to the left hippocampus can lead to notable real-world implications, especially in human memory and learning processes. One of which is their ability to maintain verbal processes such as the ability to retrieve and encode information. As an example, patient H.M. could not remember or recognize his caretaker whilst at the hospital after his surgery. Thus, it is important to note that individuals would find difficulty in social behaviors and remembering specific information, depending if it's a retrograde or anterograde amnesia. Another implication would be decision-making, as the role of the hippocampus is to construct and manipulate future predictions is impacted (Rubin et al., 2014). Hippocampal damage usually involves cognitive dysfunctions and/or epilepsy. Studies have found having a neural stem cell (NSC) grafting early after damage would help prevent/ease memory loss, and the development of temporal lobe epilepsy and depression (Shetty, 2014). Another possible treatment would be cognitive rehabilitation, a nonpharmacological treatment. This treatment is done to improve and increase specific mental processes. Having said so, cognitive rehabilitation would also help delay their dysfunction and improve neural plasticity. Neural plasticity plays a role in the brain’s ability to adjust its response and the brain would be able to relearn those functions (Farokhi-Sisakht et al., 2019). In short, treatment options may or may not help in a positive recovery from damaged hippocampus as most studies were done on animals. Various studies of human lesions were collected and most were unable to regain their episodic memory, however had their short-term memory perfectly intact. 
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