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Understanding and predicting the next term in a sequence is a fundamental
aspect of mathematical problem-solving. Sequences often arise in various
fields such as mathematics, computer science, physics, and even in everyday
problem scenarios. The sequence 1, 4, 20, 120, ... presents an intriguing
pattern that invites analysis to determine its next term. This article offers
a comprehensive exploration of this sequence, including identifying the
pattern, deriving the formula, and understanding the underlying mathematical
principles. Whether you're a student, educator, or math enthusiast, this
detailed guide aims to clarify how to approach such sequences systematically.

Analyzing the Sequence: 1, 4, 20, 120, ...

Before jumping into complex formulas or theories, it is essential to analyze
the sequence step-by-step to discern any obvious pattern or relationship.

Listing the Sequence Terms

- Term 1: 1

- Term 2: 4

- Term 3: 20
- Term 4: 120

Observations and Initial Patterns

- The sequence starts at 1.

- The subsequent terms increase rapidly, suggesting exponential or factorial
growth.

- The ratios between consecutive terms:

-4/ 1=4
- 20/ 4=
- 120 / 20

Ul

6

The ratios are increasing by 1 each time, indicating a possible
multiplicative pattern involving consecutive integers.



Identifying the Pattern: Factorials and
Multiplicative Relationships

Given the ratios, a hypothesis emerges that the sequence may involve
factorials or products of consecutive numbers.

Calculating Ratios and Testing Hypotheses

-Term 2 / Term1 =4 /1= 4
- Term 3 / Term 2 =20 / 4 =5
- Term 4 / Term 3 = 120 / 20 = 6

The ratios increase by 1 each time, from 4 to 5 to 6.

Possible Pattern: Product of Consecutive Integers

The pattern suggests:
- Term 1: 1

- Term 2: 1 4

- Term 3: 4 5

- Term 4: 20 6

But this seems inconsistent because 1 4 is 4, matching Term 2, but the next
steps need clarification.

Deriving a Mathematical Formula for the
Sequence

To accurately determine the next term, let's analyze the sequence to find a
general formula.

Expressing Terms in Factorial or Product Form

Observing the terms:
-1=1

-4 =14

-20=45

- 120 = 20 6

Notice that:
-4 =14
-20=45



- 120 = 20 6
This suggests that:
- Each term after the first is obtained by multiplying the previous term by

an increasing integer.

In other words:

- Term 2 = Term 1 4
- Term 3 = Term 2 5
- Term 4 = Term 3 6

Huh, but the initial term is 1, and multiplying by 4 to get 4 aligns, but
what about the first step? Let's verify:

- Starting with 1 (Term 1)

-Term 2 =14 =4

- Term 3 =45 = 20

- Term 4 = 20 6 = 120

Hence, the pattern is:

Termn=1456 ... (n+ 2)

for n = 1.

Alternatively, the sequence can be written as:

Term n =[] {k=1}"{n} (k + 2)

which is the product of (k + 2) from k=1 to n.

Expressing the Sequence Using Factorials

Recognizing the product:

\ [
\prod {k=1}"{n} (k + 2)
\]

we can relate this to factorials:

\ [
\prod {k=1}"{n} (k + 2) = \frac{(n + 2)!}{2!}
\1]

Because:



\ [

(n +2)!=(n+2)(n+ 1)n(n - 1)...3 \times 2 \times 1
\1

and

\ [
2! = 2 \times 1 = 2
\1]

Thus,

\ [
\prod {k=1}"{n} (k + 2) = \frac{(n + 2)!}{2}
\1]
which perfectly matches the observed pattern:

- For n=1: \(\frac{(1l + 2)!'}{2} = \frac{3!}{2} = \frac{6}{2} = 3\)

But this yields 3, which does not match the first term (1). So, perhaps an
offset is needed.

Let's verify with actual terms:

| n | Product \(\prod {k=1}"{n} (k + 2)\) | Calculated value | Actual
sequence term | Comment |

| 1| 4] 4| 1| mismatch |

| 2 | 45=20 | 20 | 4 | mismatch |

| 3 1456 =120 | 120 | 20 | mismatch |
The pattern seems to be shifted.

Alternatively, note that:

\ [
\text{Term} n = n \times (n - 1) \times (n - 2) \times \dots
\1

But the initial sequence:
-1=1

-4 =14

-20=45

- 120 = 20 6

can be viewed as:

\ [



\text{Term} n = (n - 1)! \times n

\1]

Check this:

- For n=1: (1-1)!1=0!/1=11=1v

- For n=2: (2-1)! 2 = 1! 2 =1 2 = 2 x (sequence has 4)

- For n=3: (3-1)! 3 =2! 3 =2 3 =6 X (sequence has 20)

- For n=4: (4-1)! 4 = 3! 4 =6 4 = 24 x (sequence has 120)

No match here.

Alternative Approach: Recognizing the Pattern
as a Product of Consecutive Integers

The previous calculations suggest that the sequence can be expressed as:

\ [

\text{Term} n = \prod {k=1}"{n} (k + 2)
2) ' 3{2}

\1

\frac{(n + 2)!'}{2!'} = \frac{(n

+

Let's verify this with sequence terms:

- For n=1: \(\frac{3!}{2} = \frac{6}{2} = 3\) (but sequence term is 1) -
mismatch.

- For n=2: \(\frac{4'}{2} = \frac{24}{2} = 12\) (sequence term is 4) —
mismatch.

- For n=3: \(\frac{5!'}{2} = \frac{120}{2} = 60\) (sequence term is 20) -
mismatch.

- For n=4: \(\frac{6!}{2} = \frac{720}{2} = 360\) (sequence term is 120) -
mismatch.

Thus, this approach does not match our sequence.

Refined Pattern Recognition: Sequence as a
Double Factorial or Other Function?

Given the mismatch, perhaps the sequence relates to factorials with some
division or multiplication.



Let's look at the sequence again:

| Term | Value | Factorial relation? |

| 1] 1| 1! =1 |

| 4 | 4| 2! =2 |

| 20 | 20 | 4! = 24, but no match|
| 120 | 120 | 5! = 120 |

Note that:

- Term 1: 1 = 1!

- Term 2: 4 = 2! 2? No, 2! = 2

- Term 3: 20 # 4! but close

- Term 4: 120 = 5!

Alternatively, compare to factorials:

- Term 1: 1

Frequently Asked Questions

What is the pattern in the sequence 1, 4, 20, 120,
?

The pattern involves multiplying each term by an increasing integer: 1x1=1,
then 1x4=4, 4x5=20, 20x6=120. Each term is obtained by multiplying the
previous term by an increasing factor starting from 1 and then 4, 5, 6, and
SO on.

What is the next term in the sequence 1, 4, 20, 120,
?

The next term is 720, obtained by multiplying 120 by 6 (since the factors
increase by 1 each time: 1, 4, 5, 6).

How is the sequence 1, 4, 20, 120 related to
factorials?

The sequence can be expressed as factorials: 1 = 1!, 4 = 2!x2, 20 = 4x5, 120
= 5!, indicating a pattern involving factorials and multipliers.

Can the sequence 1, 4, 20, 120 be represented using
a formula?

Yes, a possible formula is: a(n) = (n-1)!xn, which generates the sequence



terms for n = 2.

Is the sequence 1, 4, 20, 120 an example of
factorial growth?

Partially, since the sequence involves factorials, but it also includes
multiplication by an increasing integer, making it a modified factorial
pattern.

What is the general rule to find the next term in
this sequence?

Multiply the previous term by an incrementing integer, starting from 1, then
4, 5, 6, etc. So, each next term is previous term x (current position index +
1).

Are there any real-world applications or contexts
for this sequence?

Sequences involving factorials and incremental multipliers often appear in
combinatorics, permutations, and algorithm analysis, although this specific
sequence is primarily mathematical.

Could the sequence be related to factorials in a
different way?

Yes, the sequence resembles factorial patterns and can be expressed as a
product of factorials or as factorial-related functions, such as a(n) =
n!x(some factor).

What mathematical concepts are useful to analyze
this sequence?

Concepts like factorials, recursive formulas, sequence patterns, and
algebraic manipulation are useful in analyzing and deriving the next terms.

How can I verify the next term in the sequence 1, 4,
20, 1207

By identifying the pattern of multiplication, you can verify the next term by
multiplying the last known term (120) by the next incremental factor (6),
resulting in 720.



Additional Resources

Sequence Analysis

Understanding the next term in a sequence requires a deep dive into the
pattern or rule governing the sequence. In this article, we explore the
sequence: 1, 4, 20, 120, ... — uncovering its underlying logic, deriving a
general formula, and predicting subsequent terms. This sequence, at first
glance, appears eclectic, but with careful analysis, we can decode its
structure and project future values with confidence.

Introduction to the Sequence

Sequences are fundamental constructs in mathematics, representing ordered
lists of numbers following specific rules. They serve as models in countless
fields, from computer science algorithms to natural phenomena. The sequence
at hand is:

\[ 1, 4, 20, 120, \ldots \]

Our goal is to determine:

- The pattern or rule governing this sequence.

- The formula that generates its terms.

- The next term(s) in the sequence.

This process involves examining differences, ratios, and factorial
relationships, as well as hypothesizing possible formulas.

Initial Observations and Pattern Recognition

Let's analyze the given sequence:

| Term Number (n) | Term (Tn) | Difference from previous | Ratio to previous

-- |

|11 1| -1-1]

|21 4| 4-1=3|4/1=4|

| 312020 -4=16]20/4=5 |

| 4] 120 | 120 - 20 = 100 | 120 / 20 = 6 |



Key observations:

- The sequence begins at 1.

- The ratio of consecutive terms increases by 1 each time:
-4/ 1=14
- 20/ 4

=5
- 120 / 20 =

6
- The ratios form an increasing sequence: 4, 5, 6,...

- The differences are not uniform, but the ratios suggest a multiplicative
pattern involving incremental factors.

Identifying the Pattern: Multiplicative Growth

The ratios indicate that each term might be obtained by multiplying the
previous term by an increasing factor:

-T2 =T1 4
- Ts =T2 5
- Ta =T33 6

Let's verify this pattern:

-T2=14=4v
-Ts =45=20v
- Ta =20 6 = 120 v

This suggests a recurrence relation:
\[ T {n} =T {n-1} \times (n + 2) \]
with the initial term:

\[ T_1=1\]

where n = 1.

Explanation:

- For n=2:

\[ T2 =T1 \times (2 + 2) =1 \times 4 = 4 \]
- For n=3:

\[ T3 =T 2 \times (3 + 2) = 4 \times 5 = 20 \]



- For n=4:
\[ T4 =T 3 \times (4 + 2) = 20 \times 6 = 120 \]
Thus, the recurrence relation is:

\[ T {n} =T {n-1} \times (n + 2), \quad T 1=1 \]

Deriving a Closed-Form Expression

A recurrence relation is useful, but a direct formula provides immediate
computation of any term. To derive a closed-form expression, we analyze the
pattern of the product.

Starting from the recurrence:

\[ T {n} =T {n-1} \times (n + 2) \]

Expanding:

\[ T {n} =T 1 \times \prod {k=2}"{n} (k + 2) \]

since \(T_1=1\).

Expressed explicitly:

\[ T_{n} = \prod_{k=2}"{n} (k + 2) \]

We can manipulate this product:

\[ T_{n} = \prod_{k=2}"{n} (k + 2) \]

Note that:

\[ (k + 2) \]

for \(k=2\) to \(n\) runs from 4 to \(n + 2\):

- When \(k=2\), term is 4
- When \(k=n\), term is \(n + 2\)

So,
\[ T {n} = \prod {k=2}"{n} (k + 2) = \prod {j=4}"{n+2} j \]

In terms of factorials:



\[ T {n} = \frac{\prod {j=1}"{n+2} j}{1 \times 2 \times 3}
\1

because:

\[ \prod_{j=1}"{n+2} j = (n+2)! \]

and dividing out the initial factors 1, 2, 3:
\[ 1 \times 2 \times 3 = 6 \]

Result:

\[ \boxed{T {n} = \frac{(n+2)!}{63}} \]

This formula allows us to compute the nth term directly.

= \frac{(n+2)'!'}{6}

Verification of the Closed-Form Formula

Let's verify this formula with known terms:
- For n=1:

\[ T 1 = \frac{(1+2)!}{6} = \frac{3!}{6} = \frac{6}{6} =1
\1

- For n=2:

\[ T 2 = \frac{4!}{6}

\quad \checkmark

\frac{24}{6} = 4 \quad \checkmark \]

- For n=3:
\[ T 3 = \frac{5!}{6} = \frac{120}{6} = 20 \quad \checkmark \]
- For n=4:
\[ T 4 = \frac{6!}{6} = \frac{720}{6} = 120 \quad \checkmark \]

The formula holds for all initial terms, confirming its validity.

Predicting Future Terms



Using the closed-form expression:
\[ T_{n} = \frac{(n+2)!}{6} \]
we can calculate subsequent terms:

| Term Number (n) | Term \(T_n\) | Calculation | Result |
_________________________ LT ——
\(\frac{5040}{6} = 840\) |
\(\frac{40320}{6} = 6720\) |
\

|
(T 5\) | \(\frac{7'}{6}\) |
|
| \(\frac{362880}{6} = 60480\) |

| 51\
| 6 | \(T_6\) | \(\frac{8!}{6}\)
| 7 | \(T_7\) | \(\frac{9!'}{6}\)

Next term after 120:
\[ T.5 = \frac{7!}{6} = 840 \]
Thus, the sequence continues as:

\[ 1, 4, 20, 120, 840, 6720, 60480, \ldots \]

Implications and Applications

Understanding this sequence's structure has several implications:

- Mathematical elegance: The sequence is directly related to factorials, a
fundamental concept in combinatorics, probability, and algebra.

- Computational efficiency: The closed-form formula allows rapid calculation
of large terms without iterative multiplication.

- Pattern recognition: The sequence exemplifies how complex-looking sequences
can often be simplified to well-known functions.

Potential applications include:

- Counting problems: Since factorials count permutations, this sequence could
model scenarios where arrangements are scaled by additional factors.

- Algorithm design: Recognizing factorial relationships can optimize
algorithms involving permutations or combinations.

- Educational tools: Demonstrates the process of pattern detection,
recurrence relations, and formula derivation.

Conclusion



The sequence 1, 4, 20, 120, ... can be elegantly described by the formula:
\[ \boxed{T {n} = \frac{(n+2)!}{6}} \]

This expression stems from analyzing the ratio pattern, establishing a
recurrence relation, and translating it into a closed-form via factorial
properties. The sequence grows factorially, scaled down by a constant factor,
illustrating the power of factorial functions in describing growth patterns
in sequences.

In summary, what initially appeared as a random list of numbers is, in fact,
a structured sequence rooted in factorial mathematics. Recognizing such
patterns not only simplifies calculations but also deepens our understanding
of the interconnectedness of mathematical concepts. Whether in pure
mathematics, computational sciences, or applied fields, such insights are
invaluable tools in the problem solver’s toolkit.
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