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Interference

Primary Disciplinary Field(s): Cognitive Psychology, Neuroscience, Education

1. Core Definition

Interference is a fundamental phenomenon in the study of human memory, particularly concerning
the acquisition and retention of new information. It describes a situation where the learning of new
material, behaviors, or information interacts with previously acquired knowledge, memories,
thoughts, or behaviors. This interaction can significantly hinder the successful acquisition,
comprehension, or retrieval of either the new or the old information, leading to what is commonly
perceived as forgetting. The core mechanism involves a competition between different memory
traces for access to consciousness or for successful encoding and storage within the memory
system.

The concept highlights that memory is not a passive storage system but an active and dynamic
process, where new and old information constantly influence each other. This interaction can
manifest in various forms, often leading to difficulty in recalling specific details or skills. A classic
example illustrating this principle is the challenge individuals face when attempting to replace
deeply ingrained "bad habits" with more effective ones, particularly in skill-based domains. For
instance, if a person develops inefficient or incorrect techniques while playing a sport during
childhood, they will likely encounter significant difficulty in "unlearning” those habits as an adult and
subsequently acquiring and consistently applying proper, more effective techniques. This struggle
underscores the enduring influence of prior learning on subsequent cognitive and behavioral
adjustments.

Understanding interference is crucial because it provides a robust explanation for many instances
of everyday forgetting that cannot be solely attributed to the simple passage of time or memory
decay. Instead, it posits that forgetting often arises from the active, competitive interplay between
different pieces of information stored in an individual's long-term memory. This perspective has
profound implications for how learning processes are structured, how educational materials are
designed, and how memory-related challenges are addressed in clinical and rehabilitative settings.
The phenomenon is not monolithic but encompasses distinct types, primarily categorized as
proactive and retroactive interference, each with specific mechanisms and implications for memory
performance.

2. Historical Context and Theoretical Development

The formal study of memory and forgetting, including the concept of interference, gained significant
traction with the pioneering work of Hermann Ebbinghaus in the late 19th century. Ebbinghaus,
through his meticulous self-experimentation with nonsense syllables, established quantitative
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methods for studying memory and introduced the "forgetting curve,” which depicted the rapid initial
loss of learned information followed by a more gradual decline. While Ebbinghaus primarily
focused on the temporal decay of memory, his work laid the groundwork for later investigations into
the factors influencing retention and forgetting, including the active role of competing memories.

In the early 20th century, as experimental psychology advanced, researchers began to explore
alternative explanations for forgetting beyond mere decay. The concept of interference emerged as
a leading theoretical framework, particularly in the behaviorist tradition, which sought to explain
learning and memory in terms of associations between stimuli and responses. Early studies, often
conducted with paired-associate learning tasks, demonstrated that the learning of one list of words
could impair the recall of another list, thereby providing empirical support for the notion that prior or
subsequent learning actively "interferes" with memory for specific items. This period saw the
formalization of proactive and retroactive interference as distinct mechanisms.

During the mid-20th century, with the rise of the cognitive revolution, interference theory became a
cornerstone of memory research. Cognitive psychologists refined these concepts, moving beyond
simple associative models to consider more complex cognitive processes involved in encoding,
storage, and retrieval. Theories of interference were integrated into broader models of memory,
such as the multi-store model and later working memory models, acknowledging that interference
could occur at various stages of memory processing. This evolution underscored interference as a
dynamic interaction within the memory system, rather than just a passive consequence of new
learning, positioning it as a critical explanatory factor for memory failures across diverse cognitive
tasks and real-world scenarios.

3. Mechanisms of Interference

The precise mechanisms underlying memory interference are complex and have been the subject
of extensive research and theoretical debate. Fundamentally, interference is understood as a
disruption in the access to or the integrity of a memory trace due to the presence of other, often
similar, memory traces. One primary mechanism is retrieval competition, where multiple memory

traces are associated with the same retrieval cue, making it difficult to selectively access the target
memory. When a person attempts to retrieve a specific piece of information, various competing
memories, especially those that are similar or were learned in a related context, are activated. This
simultaneous activation creates noise and increases the likelihood of retrieving an incorrect or
irrelevant memory, thus "interfering" with the successful recall of the desired information.

Another proposed mechanism is unlearning or response suppression. This theory suggests that
during the learning of new information that conflicts with old information, the old associations are
actively weakened or suppressed to facilitate the acquisition of the new. For example, when
learning a new language, the rules and vocabulary of the native language might be actively
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inhibited to allow the new linguistic patterns to take hold. This suppression, while beneficial for new
learning, can make the original information harder to retrieve later. Furthermore, some models
suggest that interference can occur at the level of encoding, where the processing of new
information distorts or degrades the existing memory trace, or at the level of storage, where new
memories literally overwrite or contaminate older ones, though this "overwrite" hypothesis is less
favored than competition or unlearning.

More contemporary views often emphasize the role of contextual distinctiveness and cue overload.
If multiple memories share too many common features or are encoded within highly similar
contexts, they become less distinct from one another, making it challenging for a specific retrieval
cue to uniquely access the desired memory. When a single cue is associated with too many
different memories, it becomes less effective in triggering any one specific memory, leading to
retrieval failure. These mechanisms highlight that interference is not merely a passive decay but an
active process involving the competition and interaction of various memory representations within
the intricate network of an individual's cognitive architecture, impacting both the accessibility and
the fidelity of stored information.

4. Types of Interference

4.1. Proactive Interference (PI)

Proactive interference (PI) occurs when previously learned information hinders the ability to learn
or recall new information. The "proactive" aspect refers to the influence of past memories moving
forward in time to affect present or future learning. This type of interference is particularly evident
when the old and new information are highly similar, creating a situation where the pre-existing
knowledge base strongly competes with or impedes the encoding and retrieval of novel material.
For example, if you learn to drive a car with a manual transmission, and then later try to learn to
drive an automatic car, your ingrained habits and muscle memory from operating the clutch and
shifting gears might proactively interfere with your ability to smoothly operate the automatic vehicle,
leading to confusion or errors.

The strength of proactive interference is often dependent on several factors. The better the original
learning, the more robust its interfering effect tends to be. Additionally, the similarity between the
old and new material plays a crucial role; the more alike they are, the greater the interference. For
instance, learning a new language that shares grammatical structures or vocabulary with a
previously learned language can lead to significant proactive interference, where words or rules
from the old language pop up when attempting to use the new one. This phenomenon explains
why individuals often struggle when learning a second language if it is closely related to their native
tongue, as the established linguistic patterns can make it harder to encode and retrieve the distinct
patterns of the new language.
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Proactive interference is a pervasive aspect of everyday cognition, influencing various cognitive
tasks beyond explicit memory recall. It can affect skill acquisition, problem-solving, and even
perception. For example, a person who has consistently used an old password for many years
might find it extremely difficult to remember a newly assigned, similar password due to the strong
proactive interference from the long-standing previous password. This type of interference
highlights the powerful and often persistent influence of prior experiences and learning on our
capacity to adapt to new information and situations, making it a critical consideration in educational
design and training protocols.

4.2. Retroactive Interference (RI)

Retroactive interference (RI) describes the phenomenon where the learning of new information
impairs the recall of previously learned information. The term "retroactive” signifies that the
interference works backward in time, from newly acquired memories to older ones. This type of
interference is a common cause of forgetting, as it suggests that memory is not merely about
passively storing information but involves active processes where subsequent learning can modify
or obscure what was previously stored. A typical scenario illustrating Rl would be learning a
second list of items after having learned a first list; the act of learning the second list makes it
harder to remember the items from the first list.

Similar to proactive interference, the degree of retroactive interference is heavily influenced by the
similarity between the old and new material. If the new information is highly similar to the old, the
competition between memory traces is intensified, leading to greater impairment of the older
memory. For instance, if you learn the history of one country, and then immediately proceed to
learn the history of a closely related country with similar political events and figures, recalling
specific details from the first country's history might become challenging due to the retroactive
interference from the second country's history. The new, similar information actively competes with
or even overwrites components of the older, related memory.

Retroactive interference is particularly prominent when the time interval between learning the old
and new material is short, and when the new learning is highly engaging or demanding. This
explains why cramming for multiple exams on similar subjects can be counterproductive, as the
learning of one subject's content can retroactively interfere with the recall of another's. From a
practical perspective, understanding RI is crucial for optimizing learning strategies, such as
suggesting breaks or spacing out the learning of highly similar materials to minimize their mutual
interference. It emphasizes that the process of acquiring new knowledge is not without cost to
existing memories, highlighting the dynamic and often competitive nature of memory consolidation
and retrieval.
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5. Factors Influencing Interference

The extent and impact of memory interference are not uniform; they are modulated by several key
factors that dictate the strength and direction of the interfering effect. One of the most significant
factors is the similarity of the material. Both proactive and retroactive interference are amplified
when the competing pieces of information are highly similar in content, structure, or context. For
example, if a student learns two different historical accounts of the same event from slightly
different perspectives, the similarity between these narratives can lead to significant interference,
making it difficult to recall the specific details attributed to each account. Conversely, if the
materials are highly dissimilar, interference is generally minimized, as the distinctness of the
information helps in its separate encoding and retrieval.

The strength of the original learning also plays a crucial role. Well-consolidated, deeply
encoded, and frequently rehearsed memories are generally more resistant to interference than
weakly learned or recently acquired information. This means that a memory that has been
thoroughly processed and integrated into existing knowledge structures will be less susceptible to
disruption from new learning. This principle underpins effective study strategies, where deeper
processing and repeated retrieval practice are encouraged to strengthen memories and make
them more robust against future interference. Conversely, if the original learning was superficial, it
becomes much more vulnerable to interference from subsequent or prior information.

Furthermore, the time interval between the acquisition of competing information and the point of
retrieval can significantly affect interference levels. While interference can occur regardless of the
time elapsed, its dynamics change. For instance, proactive interference might become more
pronounced over longer periods as the strength of older, well-established memories continues to
assert its dominance. Conversely, retroactive interference often has a strong immediate effect,
where new learning quickly disrupts recent old memories. The temporal relationship between
encoding, intervening activity, and retrieval is a critical modulator, underscoring the dynamic nature
of memory processing over time. Other factors, such as the emotional arousal associated with the

memories, attention during encoding, and the availability of distinct retrieval cues, also contribute
to the complex interplay that determines the overall level of interference experienced.

6. Everyday Manifestations and Practical Implications

Interference is not merely a laboratory phenomenon but a pervasive aspect of daily life, influencing
our learning, decisions, and interactions in numerous ways. One of the most common
manifestations is in second language acquisition. Learners often experience proactive interference

when their native language's grammar or vocabulary intrudes on their attempts to use a new
language, or retroactive interference when recently learned foreign language rules make it harder
to recall aspects of their native tongue. Similarly, learning new skills, such as playing a musical
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instrument or adopting a new software interface, often involves battling existing muscle memory or
procedural knowledge, which can proactively hinder the adoption of novel techniques. The
example of unlearning bad habits in sports, as highlighted in the source material, perfectly
illustrates this challenge.

In educational and professional settings, understanding interference has significant practical
implications. Educators can design curricula and teaching methods that minimize interference by
spacing out the learning of similar topics, providing clear distinctions between related concepts,
and encouraging active retrieval practice to strengthen memory traces. For instance, when
teaching mathematics, introducing distinct concepts sequentially rather than concurrently can
reduce confusion. In professional training, particularly for tasks requiring precision and adherence
to new procedures, awareness of proactive interference from old methods is critical for effective
transition and error reduction. Furthermore, the phenomenon impacts everyday tasks like
remembering new phone numbers or parking spots, where the multitude of similar pieces of
information stored in memory can make retrieval challenging.

Beyond learning and skill acquisition, interference plays a role in critical areas such as eyewitness
testimony. Post-event information, such as suggestive questioning or media reports, can
retroactively interfere with an eyewitness's original memory of an event, leading to distorted or
inaccurate recall. This highlights the fragility of memory and the importance of minimizing external
influences immediately following a significant event. In clinical contexts, understanding interference
is relevant for individuals with memory impairments or those undergoing cognitive rehabilitation,
where strategies to reduce interference can be vital for improving daily functioning. Ultimately,
recognizing interference as a fundamental aspect of memory processing allows for the
development of more effective strategies to enhance learning, improve memory performance, and
mitigate the challenges of forgetting in various real-world scenarios.

7. Debates, Criticisms, and Alternative Theories

While interference theory remains a cornerstone of memory research, it has faced criticisms and
has been subject to ongoing debates, particularly regarding its precise mechanisms and its
explanatory power compared to alternative theories of forgetting. One prominent debate centers on
whether interference causes true forgetting, implying a permanent loss or degradation of the
memory trace, or merely a temporary difficulty in retrieval. Some researchers argue that memories
are never truly "forgotten” due to interference but become inaccessible because of competing cues
or a lack of appropriate retrieval paths. This view suggests that the memory trace itself remains
intact, but its retrieval is temporarily blocked or obscured by other memories, akin to an item being
lost in a cluttered room rather than being destroyed.

Interference theory is also often contrasted with decay theory, another prominent explanation for
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forgetting, which posits that memories naturally fade or weaken over time if not rehearsed or
revisited, much like a physical trace eroding. Critics of interference theory sometimes argue that it
overemphasizes active competition and may not fully account for instances of forgetting where no
obvious interfering information exists, suggesting that some forgetting might simply be due to a
passive decay process. However, proponents of interference often counter that even in seemingly
passive forgetting, some form of generalized "noise" or accumulation of similar experiences over
time could constitute interference.

More sophisticated cognitive and neurobiological models of memory have also introduced nuances
and alternative perspectives. Theories like retrieval-induced forgetting (RIF), for example, propose

that the act of retrieving some information can actively suppress related but unretrieved
information, a mechanism that shares similarities with interference but emphasizes the role of
retrieval practice itself in shaping memory accessibility. Furthermore, advances in neuroscience
allow for investigations into the neural correlates of interference, revealing specific brain regions
and mechanisms involved in resolving memory competition. These ongoing debates and the
development of complementary theories underscore the complexity of human memory and the
multifactorial nature of forgetting, continuously refining our understanding beyond the initial
formulations of interference theory.
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