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DESCRIPTION
Multi-step mathematics learning in school settings frequently 
requires students to sustain engagement across sequences of 
interconnected operations. These tasks may include algebraic 
transformations, multi-stage word problems, ratio reasoning, and 
geometric proof construction. Within such contexts, cognitive 
load oscillation refers to the fluctuating intensity of mental 
effort experienced by learners as they move between easier and 
more demanding components of a task. Problem persistence 
behavior describes the extent to which learners continue 
working through difficulty without abandoning the task or 
shifting prematurely to unrelated strategies.

Mathematics tasks rarely maintain a uniform level of difficulty 
across all steps. Instead, students often encounter alternating 
phases of relative ease and sudden complexity. These 
fluctuations produce shifts in mental effort, requiring learners to 
repeatedly adjust their cognitive resources. Cognitive load 
oscillation captures this dynamic pattern of rising and falling 
mental demand, which may influence both performance quality 
and willingness to continue working through challenges. 
Problem persistence behavior is a critical component of 
mathematical success because it determines whether students are 
able to reach completion of multi-step reasoning tasks. Learners 
who demonstrate strong persistence tend to remain engaged 
even when intermediate steps become confusing or 
computationally demanding. Those with lower persistence may 
disengage early, skip steps, or rely on incomplete reasoning 
strategies that reduce accuracy.

One of the central cognitive mechanisms underlying these 
phenomena is working memory capacity. Multi-step problems 
require students to hold intermediate results while 
simultaneously processing new information. When cognitive 
load increases sharply, working memory may become temporarily 
saturated, producing a sense of difficulty. If learners interpret 
these fluctuations as failure rather than as a natural feature of 
complex problem solving, they may reduce persistence.

Attention regulation also plays an important role. During 
oscillating cognitive load conditions, attention must be 
continuously reallocated between understanding the problem 
structure, executing calculations, and monitoring accuracy. 
When attention becomes unstable, learners may lose track of 
intermediate steps, increasing the likelihood of error and 
reducing motivation to continue. Stable attentional control 
supports sustained engagement despite variations in task 
difficulty.

Instructional design can significantly affect cognitive load 
oscillation patterns. Well-sequenced problems that gradually 
increase in complexity allow learners to build confidence and 
develop strategies incrementally. In contrast, poorly structured 
tasks with abrupt difficulty spikes may overwhelm students and 
reduce persistence. Scaffolding techniques help stabilize 
cognitive load by distributing complexity across manageable 
stages. Teacher guidance during problem-solving activities also 
contributes to persistence behavior. Encouraging students to 
verbalize reasoning steps, check intermediate results, and reflect 
on strategies can reduce the negative impact of cognitive load 
fluctuations. Such guidance helps learners interpret difficulty as a 
normal part of learning rather than as an indication of 
inability.

Peer collaboration provides another mechanism for supporting 
persistence. When students work in pairs or small groups, 
cognitive load can be distributed across participants. Discussion 
allows learners to externalize reasoning, reducing internal 
memory demands and stabilizing engagement during difficult 
phases. However, unequal participation within groups may 
reduce the effectiveness of this support. Digital learning 
environments introduce additional complexity. Adaptive 
mathematics platforms often adjust problem difficulty 
dynamically, creating structured oscillations in cognitive load. 
While this can personalize learning experiences, rapid or 
unpredictable changes in difficulty may still challenge persistence 
if learners are not prepared for variability. Systems that include 
explanation prompts or step-by-step guidance tend to support 
better engagement.
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accurate reasoning. Over time, repeated exposure to oscillating 
cognitive load conditions may lead to improved tolerance for 
complexity. Students may develop strategies for managing mental 
effort, such as breaking problems into smaller parts, using 
written representations, or checking intermediate results more 
frequently. These strategies contribute to long-term mathematical 
resilience.

CONCLUSION
Cognitive load oscillation and problem persistence behavior 
represent closely linked phenomena in multi-step mathematics 
learning. Fluctuations in mental effort influence how students 
engage with complex tasks, while persistence determines 
whether they continue through difficulty toward successful 
completion. Understanding this interaction provides valuable 
insight for instructional design aimed at supporting sustained 
engagement and effective mathematical reasoning.

Vermeer A

Metacognitive awareness is an important factor influencing 
persistence behavior. Students who recognize that cognitive 
difficulty naturally fluctuates are more likely to continue working 
through challenging steps. Those who interpret difficulty as a 
fixed indicator of ability may disengage prematurely. Instruction 
that promotes awareness of cognitive processes can therefore 
strengthen persistence. Prior knowledge significantly affects how 
cognitive load oscillation is experienced. Learners with stronger 
foundational skills may perceive fluctuations as manageable 
variations, while those with weaker backgrounds may experience 
the same tasks as overwhelming. This difference highlights the 
importance of diagnostic assessment and differentiated 
instruction.

Time pressure can intensify the effects of cognitive load 
oscillation. When students are required to complete tasks within 
strict time limits, they may become more sensitive to difficulty 
spikes and less willing to persist through complex steps. Reduced 
time pressure often supports deeper engagement and more
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