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Mocking in unit tests signals tight coupling. TDD should simplify code, not complicate it with dependency injection.
Summary (TL;DR)
Mocking in unit tests is a code smell indicating tight coupling. TDD should simplify code, not complicate it with dependency injection. Use pure functions and isolate side-effects from logic to reduce coupling and eliminate mocking needs. Declarative composition and tools like redux-saga's effect objects allow testing without mocks. Integration tests are essential for I/O, and unit tests should focus on logic. Chasing 100% code coverage can worsen code quality due to diminishing returns.
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One of the biggest complaints I hear about TDD and unit tests is that people struggle with all of the mocking required to isolate units. Some people struggle to understand how their unit tests are even meaningful. In fact, I’ve seen developers get so lost in mocks, fakes, and stubs that they wrote entire files of unit tests where no actual implementation code was exercised at all. Oops.
On the other end of the spectrum, it’s common to see developers get so sucked into the dogma of TDD that they think they absolutely must achieve 100% code coverage, by any means necessary, even if that means they have to make their codebase more complex to pull it off.
I frequently tell people that mocking is a code smell, but most developers pass through a stage in their TDD skills where they want to achieve 100% unit test coverage, and can’t imagine a world in which they do not use mocks extensively. In order to squeeze mocks into their application, they tend to wrap dependency injection functions around their units or (worse), pack services into dependency injection containers.
Angular takes this to an extreme by baking dependency injection right into all Angular component classes, tempting users to view dependency injection as the primary means of decoupling. But dependency injection is not the best way to accomplish decoupling.
TDD should lead to better design
The process of learning effective TDD is the process of learning how to build more modular applications.

TDD tends to have a simplifying effect on code, not a complicating effect. If you find that your code gets harder to read or maintain when you make it more testable, or you have to bloat your code with dependency injection boilerplate, you’re doing TDD wrong.
Don’t waste your time wedging dependency injection into your app so you can mock the whole world. Chances are very good that it’s hurting you more than it’s helping. Writing more testable code should simplify your code. It should require fewer lines of code and more readable, flexible, maintainable constructions. Dependency injection has the opposite effect.
This text exists to teach you two things:
	You can write decoupled code without dependency injection, and
	Maximizing code coverage brings diminishing returns — the closer you get to 100% coverage, the more you have to complicate your application code to get even closer, which can subvert the important goal of reducing bugs in your application.

More complex code is often accompanied by more cluttered code. You want to produce uncluttered code for the same reasons you want to keep your house tidy:
	More clutter leads to more convenient places for bugs to hide, which leads to more bugs, and
	It’s easier to find what you’re looking for when there’s less clutter to get lost in.

What is a code smell?
“A code smell is a surface indication that usually corresponds to a deeper problem in the system.” ~ Martin Fowler

A code smell does not mean that something is definitely wrong, or that something must be fixed right away. It is a rule of thumb that should alert you to a possible opportunity to improve something.
This text and its title in no way imply that all mocking is bad, or that you should never mock anything.
Additionally, different types of code need different levels (and different kinds) of mocks. Some code exists primarily to facilitate I/O, in which case, there is little to do other than test I/O, and reducing mocks might mean your unit test coverage would be close to 0.
If there is no logic in your code (just pipes and pure compositions), 0% unit test coverage might be acceptable, assuming your integration or functional test coverage is close to 100%. However, if there is logic (conditional expressions, assignments to variables, explicit function calls to units, etc…), you probably do need unit test coverage, and there may be opportunities to simplify your code and reduce mocking requirements.
What is a mock?
A mock is a test double that stands in for real implementation code during the unit testing process. A mock is capable of producing assertions about how it was manipulated by the test subject during the test run. If your test double produces assertions, it’s a mock in the specific sense of the word.
The term “mock” is also used more generally to refer to the use of any kind of test double. For the purpose of this text, we’ll use the words “mock” and “test double” interchangeably to match popular usage. All test doubles (dummies, spies, fakes, etc…) stand in for real code that the test subject is tightly coupled to, therefore, all test doubles are an indication of coupling, and there may be an opportunity to simplify the implementation and improve the quality of the code under test. At the same time, eliminating the need for mocking can radically simplify the tests themselves, because you won’t have to construct the mocks.
What is a unit test?
Unit tests test individual units (modules, functions, classes) in isolation from the rest of the program.
Contrast unit tests with integration tests, which test integrations between two or more units, and functional tests, which test the application from the point of view of the user, including complete user interaction workflows from simulated UI manipulation, to data layer updates, and back to the user output (e.g., the on-screen representation of the app). Functional tests are a subset of integration tests, because they test all of the units of an application, integrated in the context of the running application.
In general, units are tested using only the public interface of the unit (aka “public API” or “surface area”). This is referred to as black box testing. Black box testing leads to less brittle tests, because the implementation details of a unit tend to change more over time than the public API of the unit. If you use white box testing, where tests are aware of implementation details, any change to the implementation details could break the test, even if the public API continues to function as expected. In other words, white-box testing leads to wasted rework.
What is test coverage?
Code coverage refers to the amount of code covered by test cases. Coverage reports can be created by instrumenting the code and recording which lines were exercised during a test run. In general, we try to produce a high level of coverage, but code coverage starts to deliver diminishing returns as it gets closer to 100%.
In my experience, increasing coverage beyond ~90% seems to have little continued correlation with lower bug density.
Why would that be? Doesn’t 100% tested code mean that we know with 100% certainty that the code does what it was designed to do?
It turns out, it’s not that simple.
What most people don’t realize is that there are two kinds of coverage:
	Code coverage: how much of the code is exercised, and
	Case coverage: how many of the use-cases are covered by the test suites

Case coverage refers to use-case scenarios: How the code will behave in the context of real world environment, with real users, real networks, and even hackers intentionally trying to subvert the design of the software for nefarious purposes.
Coverage reports identify code-coverage weaknesses, not case-coverage weaknesses. The same code may apply to more than one use-case, and a single use-case may depend on code outside the subject-under-test, or even in a separate application or 3rd party API.
Because use-cases may involve the environment, multiple units, users, and networking conditions, it is impossible to cover all required use-cases with a test suite that only contains unit tests. Unit tests by definition test units in isolation, not in integration, meaning that a test suite containing only unit tests will always have close to 0% case coverage for integration and functionaluse-case scenarios.
100% code coverage does not guarantee 100% case coverage.
Developers targeting 100% code coverage are chasing the wrong metric.
What is tight coupling?
The need to mock in order to achieve unit isolation for the purpose of unit tests is caused by coupling between units. Tight coupling makes code more rigid and brittle: more likely to break when changes are required. In general, less coupling is desirable for its own sake because it makes code easier to extend and maintain. The fact that it also makes testing easier by eliminating the need for mocks is just icing on the cake.
From this we can deduce that if we’re mocking something, there may be an opportunity to make our code more flexible by reducing the coupling between units. Once that’s done, you won’t need the mocks anymore.
Coupling is the degree to which a unit of code (module, function, class, etc…) depends upon other units of code. Tight coupling, or a high degree of coupling, refers to how likely a unit is to break when changes are made to its dependencies. In other words, the tighter the coupling, the harder it is to maintain or extend the application. Loose coupling reduces the complexity of fixing bugs and adapting the application to new use-cases.
Coupling takes different forms:
	Subclass coupling: Subclasses are dependent on the implementation and entire hierarchy of the parent class: the tightest form of coupling available in OO design.
	Control dependencies: Code that controls its dependencies by telling them what to do, e.g., passing method names, etc… If the control API of the dependency changes, the dependent code will break.
	Mutable state dependencies: Code that shares mutable state with other code, e.g., can change properties on a shared object. If relative timing of mutations change, it could break dependent code. If timing is nondeterministic, it may be impossible to achieve program correctness without a complete overhaul of all dependent units: e.g., there may be an irreparable tangle of race conditions. Fixing one bug could cause others to appear in other dependent units.
	State shape dependencies: Code that shares data structures with other code, and only uses a subset of the structure. If the shape of the shared structure changes, it could break the dependent code.
	Event/message coupling: Code that communicates with other units via message passing, events, etc…

What causes tight coupling?
Tight coupling has many causes:
	Mutation vs immutability
	Side-Effects vs purity/isolated side-effects
	Responsibility overload vs Do One Thing (DOT)
	Procedural instructions vs describing structure
	Class Inheritance vs composition

Imperative and object-oriented code is more susceptible to tight coupling than functional code. That doesn’t mean that programming in a functional style makes your code immune to tight coupling, but functional code uses pure functions as the elemental unit of composition, and pure functions are less vulnerable to tight coupling by nature.
Pure functions:
	Given the same input, always return the same output, and
	Produce no side-effects

How do pure functions reduce coupling?
	Immutability: Pure functions don’t mutate existing values. They return new ones, instead.
	No side effects: The only observable effect of a pure function is its return value, so there’s no chance for it to interfere with the operation of other functions that may be observing external state such as the screen, the DOM, the console, standard out, the network, or the disk.
	Do one thing: Pure functions do one thing: Map some input to some corresponding output, avoiding the responsibility overload that tends to plague object and class-based code.
	Structure, not instructions: Pure functions can be safely memoized, meaning that, if the system had infinite memory, any pure function could be replaced with a lookup table that uses the function’s input as an index to retrieve a corresponding value from the table. In other words, pure functions describe structural relationships between data, not instructions for the computer to follow, so two different sets of conflicting instructions running at the same time can’t step on each other’s toes and cause problems.

What does composition have to do with mocking?
Everything. The essence of all software development is the process of breaking a large problem down into smaller, independent pieces (decomposition) and composing the solutions together to form an application that solves the large problem (composition).
Mocking is required when our decomposition strategy has failed.

Mocking is required when the units used to break the large problem down into smaller parts depend on each other. Put another way, mocking is required when our supposed atomic units of composition are not really atomic, and our decomposition strategy has failed to decompose the larger problem into smaller, independent problems.
When decomposition succeeds, it’s possible to use a generic composition utility to compose the pieces back together. Examples:
	Function composition e.g., lodash/fp/compose
	Component composition e.g., composing higher-order components with function composition
	State store/model composition e.g., Redux combineReducers
	Object or factory composition e.g., mixins or functional mixins
	Process composition e.g., transducers
	Promise or monadic composition e.g., asyncPipe(), Kleisli composition with composeM(), composeK(), etc...
	etc…

When you use generic composition utilities, each element of the composition can be unit tested in isolation without mocking the others.
The compositions themselves will be declarative, so they’ll contain zero unit-testable logic (presumably the composition utility is a third party library with its own unit tests).
Under those circumstances, there’s nothing meaningful to unit test. You need integration tests, instead.
Let’s contrast imperative vs declarative composition using a familiar example:
// Function composition OR
// import pipe from 'lodash/fp/flow';
const pipe = (...fns) => x => fns.reduce((y, f) => f(y), x);// Functions to compose
const g = n => n + 1;
const f = n => n * 2;// Imperative composition
const doStuffBadly = x => {
  const afterG = g(x);
  const afterF = f(afterG);
  return afterF;
};// Declarative composition
const doStuffBetter = pipe(g, f);console.log(
  doStuffBadly(20), // 42
  doStuffBetter(20) // 42
);
Function composition is the process of applying a function to the return value of another function. In other words, you create a pipeline of functions, then pass a value to the pipeline, and the value will go through each function like a stage in an assembly line, transforming the value in some way before it’s passed to the next function in the pipeline. Eventually, the last function in the pipeline returns the final value.
initialValue -> [g] -> [f] -> result
It is the primary means of organizing application code in every mainstream language, regardless of paradigm. Even Java uses functions (methods) as the primary message passing mechanism between different class instances.
You can compose functions manually (imperatively), or automatically (declaratively). In languages without first-class functions, you don’t have much choice. You’re stuck with imperative. In JavaScript (and almost all the other major popular languages), you can do it better with declarative composition.
Imperative style means that we’re commanding the computer to do something step-by-step. It’s a how-to guide. In the example above, the imperative style says:
	Take an argument and assign it to x
	Create a binding called afterG and assign the result of g(x) to it
	Create a binding called afterF and assign the result of f(afterG) to it
	Return the value of afterF.

The imperative style version requires logic that should be tested. I know those are just simple assignments, but I’ve frequently seen (and written) bugs where I pass or return the wrong variable.
Declarative style means we’re telling the computer the relationships between things. It’s a description of structure using equational reasoning. The declarative example says:
	doStuffBetter is the piped composition of g and f.

That’s it.
Assuming f and g have their own unit tests, and pipe() has its own unit tests (use flow() from Lodash or pipe() from Ramda, and it will), there's no new logic here to unit test.
In order for this style to work correctly, the units we compose need to be decoupled.
How do we remove coupling?
To remove coupling, we first need a better understanding of where coupling dependencies come from. Here are the main sources, roughly in order of how tight the coupling is:
Tight coupling:
	Class inheritance (coupling is multiplied by each layer of inheritance and each descendant class)
	Global variables
	Other mutable global state (browser DOM, shared storage, network, etc…)
	Module imports with side-effects
	Implicit dependencies from compositions, e.g., const enhancedWidgetFactory = compose(eventEmitter, widgetFactory, enhancements); where widgetFactory depends on eventEmitter
	Dependency injection containers
	Dependency injection parameters
	Control parameters (an outside unit is controlling the subject unit by telling it what to do)
	Mutable parameters

Loose coupling:
	Module imports without side-effects (in black box testing, not all imports need isolating)
	Message passing/pubsub
	Immutable parameters (can still cause shared dependencies on state shape)

Ironically, most of the sources of coupling are mechanisms originally designed to reduce coupling. That makes sense, because in order to recompose our smaller problem solutions into a complete application, they need to integrate and communicate somehow. There are good ways, and bad ways. The sources that cause tight coupling should be avoided whenever it’s practical to do so. The loose coupling options are generally desirable in a healthy application.
You might be confused that I classified dependency injection containers and dependency injection parameters in the “tight coupling” group, when so many books and blog post categorize them as “loose coupling”. Coupling is not binary. It’s a gradient scale. That means that any grouping is going to be somewhat subjective and arbitrary.
I draw the line with a simple, objective litmus test:
Can the unit be tested without mocking dependencies? If it can’t, it’s tightly coupled to the mocked dependencies.
The more dependencies your unit has, the more likely it is that there may be problematic coupling. Now that we understand how coupling happens, what can we do about it?
	Use pure functions as the atomic unit of composition, as opposed to classes, imperative procedures, or mutating functions.
	Isolate side-effects from the rest of your program logic. That means don’t mix logic with I/O (including network I/O, rendering UI, logging, etc…).
	Remove dependent logic from imperative compositions so that they can become declarative compositions which don’t need their own unit tests. If there’s no logic, there’s nothing meaningful to unit test.

That means that the code you use to set up network requests and request handlers won’t need unit tests. Use integration tests for those, instead.
That bears repeating:
Don’t unit test I/O.
I/O is for integrations. Use integration tests, instead.

It’s perfectly OK to mock and fake for integration tests.
Use pure functions
Using pure functions takes a little practice, and without that practice, it’s not always clear how to write a pure function to do what you want to do. Pure functions can’t directly mutate global variables, the arguments passed into them, the network, the disk, or the screen. All they can do is return a value.
If you’re passed an array or an object, and you want to return a changed version of that object, you can’t just make the changes to the object and return it. You have to create a new copy of the object with the required changes. You can do that with the array accessor methods (e.g, concat, filter, map, reduce, slice), Object.assign(), using a new empty object as the target, or the array or object spread syntax. For example:
// Not pure
const signInUser = user => user.isSignedIn = true;const foo = {
  name: 'Foo',
  isSignedIn: false
};// Foo was mutated
console.log(
  signInUser(foo), // true
  foo              // { name: "Foo", isSignedIn: true }
);
vs…
// Pure
const signInUser = user => ({...user, isSignedIn: true });const foo = {
  name: 'Foo',
  isSignedIn: false
};// Foo was not mutated
console.log(
  signInUser(foo), // { name: "Foo", isSignedIn: true }
  foo              // { name: "Foo", isSignedIn: false }
);
Alternatively, you can try a library for immutable data types, such as Mori or Immutable.js. I’m hopeful that we’ll someday get a nice set of immutable datatypes similar to Clojure’s in JavaScript, but I’m not holding my breath.
You may think that returning new objects could cause a performance hit because we’re creating a new object instead of reusing the existing ones, but a fortunate side-effect of that is that we can detect changes to objects by using an identity comparison (=== check), so we don't have to traverse through the entire object to discover if anything has changed.
You can use that trick to make React components render faster if you have a complex state tree that you may not need to traverse in depth with each render pass. Inherit from PureComponent and it implements shouldComponentUpdate() with a shallow prop and state comparison. When it detects identity equality, it knows that nothing has changed in that part of the state tree and it can move on without a deep state traversal.
Pure functions can also be memoized, meaning that you don’t have to build the whole object again if you’ve seen the same inputs before. You can trade computation complexity for memory and store pre-calculated values in a lookup table. For computationally expensive processes which don’t require unbounded memory, this may be a great optimization strategy.
Another property of pure functions is that, because they have no side-effects, it’s safe to distribute complex computations over large clusters of processors, using a divide-and-conquer strategy. This tactic is often employed to process images, videos, or audio frames using massively parallel GPUs originally designed for graphics, but now commonly used for lots of other purposes, like scientific computing.
In other words, mutation isn’t always faster, and it is often orders of magnitude slower because it takes a micro-optimization at the expense of macro-optimizations.
Isolate side-effects from the rest of your program logic
There are several strategies that can help you isolate side-effects from the rest of your program logic. Here are some of them:
	Use pub/sub to decouple I/O from views and program logic. Rather than directly triggering side-effects in UI views or program logic, emit an event or action object describing an event or intent.
	Isolate logic from I/O e.g., compose functions which return promises using asyncPipe().
	Use objects that represent future computations rather than directly triggering computation with I/O, e.g., call() from redux-saga doesn't actually call a function. Instead, it returns an object with a reference to a function and its arguments, and the saga middleware calls it for you. That makes call() and all the functions that use it pure functions, which are easy to unit test with no mocking required.

Use pub/sub
Pub/sub is short for the publish/subscribe pattern. In the publish/subscribe pattern, units don’t directly call each other. Instead, they publish messages that other units (subscribers) can listen to. Publishers don’t know what (if any) units will subscribe, and subscribers don’t know what (if any) publishers will publish.
Pub/sub is baked into the Document Object Model (DOM). Any component in your application can listen to events dispatched from DOM elements, such as mouse movements, clicks, scroll events, keystrokes, and so on. Back when everyone built web apps with jQuery, it was common to jQuery custom events to turn the DOM into a pub/sub event bus to decouple view rendering concerns from state logic.
Pub/sub is also baked into Redux. In Redux, you create a global model for application state (called the store). Instead of directly manipulating models, views and I/O handlers dispatch action objects to the store. An action object has a special key, called type which various reducers can listen for and respond to. Additionally, Redux supports middleware, which can also listen for and respond to specific action types. This way, your views don't need to know anything about how your application state is handled, and the state logic doesn't need to know anything about the views.
It also makes it trivial to patch into the dispatcher via middleware and trigger cross-cutting concerns, such as action logging/analytics, syncing state with storage or the server, and patching in realtime communication features with servers and network peers.
Isolate logic from I/O
Sometimes you can use monad compositions (like promises) to eliminate dependent logic from your compositions. For example, the following function contains logic that you can’t unit test without mocking all of the async functions:
async function uploadFiles({user, folder, files}) {
  const dbUser = await readUser(user);
  const folderInfo = await getFolderInfo(folder);
  if (await haveWriteAccess({dbUser, folderInfo})) {
    return uploadToFolder({dbUser, folderInfo, files });
  } else {
    throw new Error("No write access to that folder");
  }
}
Let’s throw in some helper pseudo-code to make it runnable:
const log = (...args) => console.log(...args);// Ignore these. In your real code you'd import
// the real things.
const readUser = () => Promise.resolve(true);
const getFolderInfo = () => Promise.resolve(true);
const haveWriteAccess = () => Promise.resolve(true);
const uploadToFolder = () => Promise.resolve('Success!');// gibberish starting variables
const user = '123';
const folder = '456';
const files = ['a', 'b', 'c'];async function uploadFiles({user, folder, files}) {
  const dbUser = await readUser({ user });
  const folderInfo = await getFolderInfo({ folder });
  if (await haveWriteAccess({dbUser, folderInfo})) {
    return uploadToFolder({dbUser, folderInfo, files });
  } else {
    throw new Error("No write access to that folder");
  }
}uploadFiles({user, folder, files})
  .then(log)
;
And now refactor it to use promise composition via asyncPipe():
const asyncPipe = (...fns) => x => (
  fns.reduce(async (y, f) => f(await y), x)
);const uploadFiles = asyncPipe(
  readUser,
  getFolderInfo,
  haveWriteAccess,
  uploadToFolder
);uploadFiles({user, folder, files})
  .then(log)
;
The conditional logic is easily removed because promises have conditional branching built-in. The idea is that logic and I/O don’t mix well, so we want to remove the logic from the I/O dependent code.
In order to make this kind of composition work, we need to ensure 2 things:
	haveWriteAccess() will reject if the user doesn't have write access. That moves the conditional logic into the promise context so we don't have to unit test it or worry about it at all (promises have their own tests baked into the JS engine code).
	Each of these functions takes and resolves with the same data type. We could create a pipelineData type for this composition which is just an object containing the following keys: { user, folder, files, dbUser?, folderInfo? }. This creates a structure sharing dependency between the components, but you can use more generic versions of these functions in other places and specialize them for this pipeline with thin wrapping functions.

With those conditions met, it’s trivial to test each of these functions in isolation from each other without mocking the other functions. Since we’ve extracted all of the logic out of the pipeline, there’s nothing meaningful left to unit test in this file. All that’s left to test are the integrations.
Remember: Logic and I/O are separate concerns.
Logic is thinking. Effects are actions. Think before you act!

Use objects that represent future computations
The strategy used by redux-saga is to use objects that represent future computations. The idea is similar to returning a monad, except that it doesn’t always have to be a monad that gets returned. Monads are capable of composing functions with the chain operation, but you can manually chain functions using imperative-style code, instead. Here’s a rough sketch of how redux-saga does it:
// sugar for console.log we'll use later
const log = msg => console.log(msg);const call = (fn, ...args) => ({ fn, args });
const put = (msg) => ({ msg });// imported from I/O API
const sendMessage = msg => Promise.resolve('some response');// imported from state handler/Reducer
const handleResponse = response => ({
  type: 'RECEIVED_RESPONSE',
  payload: response
});const handleError = err => ({
  type: 'IO_ERROR',
  payload: err
});
function* sendMessageSaga (msg) {
  try {
    const response = yield call(sendMessage, msg);
    yield put(handleResponse(response));
  } catch (err) {
    yield put(handleError(err));
  }
}
You can see all the calls being made in your unit tests without mocking the network API or invoking any side-effects. Bonus: This makes your application extremely easy to debug without worrying about nondeterministic network state, etc…
Want to simulate what happens in your app when a network error occurs? Simply call iter.throw(NetworkError)
Elsewhere, some library middleware is driving the function, and actually triggering the side-effects in the production application:
const iter = sendMessageSaga('Hello, world!');// Returns an object representing the status and value:
const step1 = iter.next();log(step1);
/* =>
{
  done: false,
  value: {
    fn: sendMessage
    args: ["Hello, world!"]
  }
}
*/
Destructure the call() object from the yielded value to inspect or invoke the future computation:
const { value: {fn, args }} = step1;
Effects run in the real middleware. You can skip this part when you’re testing and debugging.
const step2 = fn(args);step2.then(log); // "some response"
If you want to simulate a network response without mocking APIs or the http calls, you can pass a simulated response into .next():
iter.next(simulatedNetworkResponse);
From there you can keep calling .next() until done is true, and your function is finished running.
Using generators and representations of computations in your unit tests, you can simulate everything up to but excluding invoking the real side-effects. You can pass values into .next() calls to fake responses, or throw errors at the iterator to fake errors and promise rejections.
Using this style, there’s no need to mock anything in unit tests, even for complex integrational workflows with lots of side-effects.
“Code smells” are warning signs, not laws. Mocks are not evil.
All this stuff about using better architecture is great, but in the real world, we have to use other people’s APIs, and integrate with legacy code, and there are lots of APIs that aren’t pure. Isolated test doubles may be useful in those cases. For example, express passes shared mutable state and models side-effects via continuation passing.
Let’s look at a common example. People try to tell me that the express server definition file needs dependency injection because how else will you unit test all the stuff that goes into the express app? E.g.:
const express = require('express');
const app = express();app.get('/', function (req, res) {
  res.send('Hello World!')
});app.listen(3000, function () {
  console.log('Example app listening on port 3000!')
});
In order to “unit test” this file, we’d have to work up a dependency injection solution and then pass mocks for everything into it (possibly including express() itself). If this was a very complex file where different request handlers were using different features of express, and counting on that logic to be there, you'd probably have to come up with a pretty sophisticated fake to make that work. I've seen developers create elaborate fakes and mocks of things like express, the session middleware, log handlers, realtime network protocols, you name it. I've faced hard mocking questions myself, but the correct answer is simple.
This file doesn’t need unit tests.

The server definition file for an express app is by definition the app’s main integration point. Testing an express app file is by definition testing an integration between your program logic, express, and all the handlers for that express app. You absolutely should not skip integration tests even if you can achieve 100% unit test coverage.
Instead of trying to unit test this file, isolate your program logic into separate units, and unit test those files. Write real integration tests for the server file, meaning you’ll actually hit the network, or at least create the actual http messages, complete with headers using a tool like supertest.
Let’s refactor the Hello World express example to make it more testable:
Pull the hello handler into its own file and write unit tests for it. No need to mock the rest of the app components. This obviously isn't a pure function, so we'll need to spy or mock the response object to make sure we call .send().
const hello  = (req, res) => res.send('Hello World!');
You could test it something like this. Swap out the if statement for your favorite test framework expectation:
{
  const expected = 'Hello World!';
  const msg = `should call .send() with ${ expected }`;  const res = {
    send: (actual) => {
      if (actual !== expected) {
        throw new Error(`NOT OK ${ msg }`);
      }
      console.log(`OK: ${ msg }`);
    }
  }  hello({}, res);
}
Pull the listen handler into its own file and write unit tests for it, too. We have the same problem here. Express handlers are not pure, so we need to spy on the logger to make sure it gets called. Testing is similar to the previous example:
const handleListen = (log, port) => () => log(`Example app listening on port ${ port }!`);
All that’s left in the server file now is integration logic:
const express = require('express');const hello = require('./hello.js');
const handleListen = require('./handleListen');
const log = require('./log');const port = 3000;
const app = express();app.get('/', hello);app.listen(port, handleListen(port, log));
You still need integration tests for this file, but further unit tests won’t meaningfully enhance your case coverage. We use some very minimal dependency injection to pass a logger into handleListen(), but there is certainly no need for any dependency injection framework for express apps.
Mocking is great for integration tests
Because integration tests test collaborative integrations between units, it’s perfectly OK to fake servers, network protocols, network messages, and so on in order to reproduce all the various conditions you’ll encounter during communication with other units, potentially distributed across clusters of CPUs or separate machines on a network.
Sometimes you’ll want to test how your unit will communicate with a 3rd party API, and sometimes those API’s are prohibitively expensive to test for real. You can record real workflow transactions against the real services and replay them from a fake server to test how well your unit integrates with a third party service actually running in a separate network process. Often this is the best way to test things like “did we see the correct message headers?”
There are lots of useful integration testing tools that throttle network bandwidth, introduce network lag, produce network errors, and otherwise test lots of other conditions that are impossible to test using unit tests which mock away the communication layer.
It’s impossible to achieve 100% case coverage without integration tests. Don’t skip them even if you manage to achieve 100% unit test coverage. Sometimes 100% is not 100%.
Next Steps
	Learn why I think every development team should be using TDD on the Cross Cutting Concerns podcast.
	JS Cheerleader is documenting our adventures on Instagram.

Learn More at EricElliottJS.com
Video lessons on unit testing are available for members of EricElliottJS.com. If you’re not a member, sign up today.

Eric Elliott is a tech product and platform advisor, author of “Composing Software”, cofounder of EricElliottJS.com and DevAnywhere.io, and dev team mentor. He has contributed to software experiences for Adobe Systems, Zumba Fitness, The Wall Street Journal, ESPN, BBC, and top recording artists including Usher, Frank Ocean, Metallica, and many more.
He enjoys a remote lifestyle with the most beautiful woman in the world.
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